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ITU-T Recommendation G.992.3

Asymmetric digital subscriber line transceivers 2 ADSL2)

Summary

This Recommendation describes Asymmetric Digitabssuber Line (ADSL) Transceivers on a
metallic twisted pair that allows high-speed datnsmission between the network operator end
(ATU-C) and the customer end (ATU-R). It definesaiety of frame bearers in conjunction with
one of two other services or without underlyingvgss, dependent on the environment:

1) ADSL transmission simultaneously on the same i voice band service;

2) ADSL transmission simultaneously on the same wiéh ISDN (Appendix | or 11/G.961
[1]) services;

3) ADSL transmission without underlying servicetiopzed for deployment with ADSL over
voiceband service in the same binder cable;
4) ADSL transmission without underlying servicetiopzed for deployment with ADSL over

ISDN service in the same binder cable.

ADSL transmission on the same pair with voicebagdises and operating in an environment with
TCM-ISDN (Appendix 111/G.961 [1]) services in anjadent pair, is for further study.

This Recommendation specifies the physical layearatteristics of the Asymmetric Digital
Subscriber Line (ADSL) interface to metallic loops.

This Recommendation has been written to help enth#&egroper interfacing and interworking of
ADSL transmission units at the customer end (ATUaR{l at the network operator end (ATU-C),
and also to define the transport capability ofuhés. Proper operation shall be ensured when these
two units are manufactured and provided indepemygefitsingle twisted pair of telephone wires is
used to connect the ATU-C to the ATU-R. The ADSAnsmission units must deal with a variety of
wire pair characteristics and typical impairmemtg(, crosstalk and noise).

An ADSL transmission unit can simultaneously convay of the following: a number of
downstream frame bearers, a number of upstreamefia@arers, a baseband POTS/ISDN duplex
channel, and ADSL line overhead for framing, ewontrol, operations, and maintenance. Systems
support a net data rate ranging up to a minimur@ bfbit/s downstream and 800 kbit/s upstream.
Support of net data rates above 8 Mbit/s downstraachsupport of net data rates above 800 kbit/s
upstream are optional.

This Recommendation includes mandatory requiremeat®ommendations and options; these are
designated by the words "shall", "should" and "meagpectively. The word "will" is used only to
designate events that take place under some defetenf circumstances.
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This Recommendation defines several optional céipabiand features:

. transport of STM and/or ATM and/or Packets;
. transport of a network timing reference;

. multiple latency paths;

. multiple frame bearers;

. short initialization procedure;

. dynamic rate repartitioning;

. seamless rate adaptation.

It is the intention of this Recommendation to pd®yi by negotiation during initialization, for
U-interface compatibility and interoperability bet@n transceivers complying with this
Recommendation and between transceivers that iedifterent combinations of options.

History

This Recommendation describes the second generafickDSL, based on the first generation
ITU-T Rec. G.992.1. It is intended that this Recasmatation be implemented in multi-mode devices
that support both ITU-T Recs G.992.3 and G.992.1.

This Recommendation has been written to provideitiaddl features, relative to ITU-T
Rec. G.992.1. ITU-T Rec. G.992.1 was approved ineJ&999. Since then, several potential
improvements have been identified in areas suctiats rate versus loop reach performance, loop
diagnostics, deployment from remote cabinets, spectontrol, power control, robustness against
loop impairments and RFI, and operations and maamtee. This Recommendation provides a new
ADSL U-interface specification, including the iddid improvements, which the ITU-T believes
will be most helpful to the ADSL industry.

Relative to ITU-T Rec. G.992.1, the following amgliion-related features have been added:

. Improved application support for an all digitabde of operation and voice over ADSL
operation;

. Packet TPS-TC function, in addition to the exigts TM and ATM TPS-TC functions;

. Mandatory support of 8 Mbit/s downstream and Bbil¥s upstream for TPS-TC function #0
and frame bearer #0;

. Support for IMA in the ATM TPS-TC;

. Improved configuration capability for each TPS-W&h configuration of latency, BER and

minimum, maximum and reserved data rate.
Relative to ITU-T Rec. G.992.1, the following PM&-Felated features have been added:

. A more flexible framing, including support for op 4 frame bearers, 4 latency paths;
. Parameters allowing enhanced configuration ofotlerhead channel;

. Frame structure with receiver selected codingupaters;

. Frame structure with optimized use of RS codiaipyg

. Frame structure with configurable latency andebior ratio;

. OAM protocol to retrieve more detailed performamaeonitoring information;

. Enhanced on-line reconfiguration capabilitieduding dynamic rate repartitioning.

i ITU-T Rec. G.992.3 (07/2002)



Relative to ITU-T Rec. G.992.1, the following PMBlated features have been added:

. New line diagnostics procedures available fohlmiccessful and unsuccessful initialization
scenarios, loop characterization and troubleshgptin

. Enhanced on-line reconfiguration capabilities luding bitswaps and seamless rate
adaptation;

. Optional short initialization sequence for recgvdrom errors or fast resumption of
operation;

. Optional seamless rate adaptation with line canges during showtime;

. Improved robustness against bridged taps witbivec determined pilot tone;

. Improved transceiver training with exchange daded transmit signal characteristics;

. Improved SNR measurement during channel analysis;

. Subcarrier blackout to allow RFI measurementrdymnitialization and SHOWTIME;

. Improved performance with mandatory support effis' coding;

. Improved performance with mandatory one-bit celfations;

. Improved performance with data modulated on filo fone;

. Improved RFI robustness with receiver determitweet ordering;

. Improved transmit power cutback possibilitie®ath CO and remote side;

. Improved Initialization with receiver and transtar controlled duration of initialization
states;

. Improved Initialization with receiver-determinedrriers for modulation of messages;

. Improved channel identification capability withextral shaping during Channel Discovery
and Transceiver Training;

. Mandatory transmit power reduction to minimizecess margin under management layer
control,

. Power saving feature for the central office ATithasnew L2 low power state;

. Power saving feature with new L3 idle state;

. Spectrum control with individual tone masking endperator control through CO-MIB,;

. Improved conformance testing including increasdata rates for many existing tests.

Through negotiation during initialization, the capiy of equipment to support the G.992.3 and/or
the G.992.1 Recommendations is identified. Foraea®f interoperability, equipment may choose
to support both Recommendations, such that it lis @badapt to the operating mode supported by
the far-end equipment.

Source

ITU-T Recommendation G.992.3 was approved by IT@ilidy Group 15 (2001-2004) under the
ITU-T Recommendation A.8 procedure on 29 July 2003.

It integrates the modifications introduced by ITUREc. G.992.3 (2002) Amendment 1 approved on
22 May 2003.
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FOREWORD

The International Telecommunication Union (ITU)tie United Nations specialized agency in the figfld
telecommunications. The ITU Telecommunication Sgadidation Sector (ITU-T) is a permanent organ of
ITU. ITU-T is responsible for studying technical,pevating and tariff questions and issuing
Recommendations on them with a view to standargitgiecommunications on a worldwide basis.

The World Telecommunication Standardization AssemBNTSA), which meets every four years,
establishes the topics for study by the ITU-T stgdyups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is coverethieyprocedure laid down in WTSA Resolution 1.

In some areas of information technology which failthin ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Adminigirdt is used for conciseness to indicate both a
telecommunication administration and a recognizegtating agency.

Compliance with this Recommendation is voluntarpwidver, the Recommendation may contain certain
mandatory provisions (to ensure e.g. interopetgbilbr applicability) and compliance with the
Recommendation is achieved when all of these mandatovisions are met. The words "shall" or some
other obligatory language such as "must" and tlyatnes equivalents are used to express requirememnés
use of such words does not suggest that compliaithehe Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the giree or implementation of this Recommendation may
involve the use of a claimed Intellectual PropdRight. ITU takes no position concerning the evidenc
validity or applicability of claimed Intellectualr&perty Rights, whether asserted by ITU membermstivers
outside of the Recommendation development process.

As of the date of approval of this Recommendatidi) had received notice of intellectual property,
protected by patents, which may be required to émgint this Recommendation. However, implementors
are cautioned that this may not represent thetlatfessmation and are therefore strongly urgeddosuilt the
TSB patent database.

© ITU 2003

All rights reserved. No part of this publication ynae reproduced, by any means whatsoever, withaut t
prior written permission of ITU.
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ITU-T Recommendation G.992.3

Asymmetric digital subscriber line transceivers 2 ADSL2)

1 Scope

For interrelationships of this Recommendation watiher G.99x-series Recommendations, see
ITU-T Rec. G.995.1 [B1].

This Recommendation describes the interface betwleertelecommunications network and the
customer installation in terms of their interactemd electrical characteristics. The requiremehts o
this Recommendation apply to a single asymmetgtalisubscriber line (ADSL).

ADSL provides a variety of frame bearers in confiorcwith other services:

. ADSL service on the same pair with voiceband isesr (including POTS and voiceband
data services). The ADSL service occupies a frequéand above the voiceband service,
and is separated from it by filtering;

. ADSL service on the same pair as ISDN serviceedmed in Appendices | and 11/G.961
[1]. The ADSL service occupies a frequency bandvalibe ISDN service, and is separated
from it by filtering;

ADSL also provides a variety of frame bearers withbaseband services (i.e., POTS or ISDN)
being present on the same pair:

. ADSL service on a pair, with improved spectramgatibility with ADSL over POTS
present on an adjacent pair;
. ADSL service on a pair, with improved spectraingatibility with ADSL over ISDN

present on an adjacent pair.

In the direction from the network operator to thustomer premises (i.e., the downstream direction),
the frame bearers provided may include low-speaahdr bearers and high-speed frame bearers; in
the other direction from the customer premiseshto @entral office (i.e., the upstream direction),
only low-speed frame bearers are provided.

The transmission system is designed to operatevoanre twisted metallic copper pairs with
mixed gauges. This Recommendation is based onsth@fucopper pairs without loading coils, but
bridged taps are acceptable in all but a few uriustuations.

Operation on the same pair with voiceband servieas, POTS and voiceband data services), and
with TCM-ISDN service as defined in Appendix IlI@1 [1] on an adjacent pair, is for further
study.

An overview of Digital Subscriber Line Transceiveen be found in ITU-T Rec. G.995.1 [B1].
Specifically, this Recommendation:

. defines the Transmission Protocol Specific Trassimn Convergence Sub-layer for ATM,
STM and Packet transport through the frame bearersded;

. defines the combined options and ranges of dadrbearers provided,;

. defines the line code and the spectral compositb the signals transmitted by both
ATU-C and ATU-R;

. defines the initialization procedure for both th€U-C and the ATU-R,;

. specifies the transmit signals at both the AT@fd ATU-R,;

. describes the organization of transmitted andived data into frames;

. defines the functions of the OAM channel.
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In separate annexes it also:

. describes the transmission technique used to csuppe simultaneous transport of
voiceband services and frame bearers (ADSL over $OAnnex A) on a single
twisted-pair;

. describes the transmission technique used toosufipe simultaneous transport of ISDN

services as defined in Appendices | and 11/G.9g1dtd frame bearers (ADSL over ISDN,
Annex B) on a single twisted-pair;

. describes the transmission technique used toosughe transport of only frame bearers on
a pair, with improved spectral compatibility withD&L over POTS present on adjacent
pair (All Digital Mode, Annex |);

. describes the transmission technique used toosufhe transport of only frame bearers on
a pair, with improved spectral compatibility wittD&L over ISDN present on adjacent pair
(All Digital Mode, Annex J).

This Recommendation defines the minimal set of irequents to provide satisfactory simultaneous
transmission between the network and the customierface of a variety of frame bearers and other
services such as POTS or ISDN. The Recommendagioni{s network providers an expanded use
of existing copper facilities. All required physidayer aspects to ensure compatibility between
equipment in the network and equipment at a rertuatation are specified. Equipment may be
implemented with additional functions and procedure

2 References

The following ITU-T Recommendations, and other refices contain provisions which, through
reference in this text, constitute provisions a$ tRecommendation. At the time of publication, the
editions indicated were valid. All Recommendaticare subject to revision; all users of this
Recommendation are therefore encouraged to inatstige possibility of applying the most recent
edition of the Recommendations listed below. Adisthe currently valid ITU-T Recommendations
is regularly published. The reference to a documethtin this Recommendation does not give it, as
a stand-alone document, the status of a Recommendat

[1] ITU-T Recommendation G.961 (199B)igital transmission system on metallic local lines
for ISDN basic rate access

[2] ITU-T Recommendation G.994.1 (200B)andshake procedures for digital subscriber line
(DSL) transceivers

[3] ITU-T Recommendation G.996.1 (200Tgst procedures for digital subscriber line (DSL)
transceivers

[4] ITU-T Recommendation G.997.1 (1992hysical layer management for digital subscriber
line (DSL) transceivers

[5] ISO 8601:2000Data elements and interchange formatsformation interchange —
Representation of dates and times

[6] ITU-T Recommendation 0.42 (198&gquipment to measure non-linear distortion using
the 4-tone intermodulation method

For Annex B

[7] ETSITS 102 080 V1.3.2 (2000)ransmission and Multiplexing (TM); Integrated Sees
Digital Network (ISDN) basic rate access; Digiteamsmission on metallic local lines

For Annex E
[8] ETSITS 101 952-1 V1.1.1 (2003 pecification of ADSL splitters for European
deployment
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For Annex F

[9] DSL Forum TR-048 (2002ADSL Interoperability Test Plan

For Annex G

[10] ETSITS 101 388 V1.3.1 (2002), ADSLEdropean Specific Requirements
For Annex K

[11] ITU-T Recommendation 1.361 (1998;ISDN ATM layer specification

[12] ITU-T Recommendation 1.432.1 (1998ISDN user-network interface — Physical layer
specification: General characteristics

[13] ITU-T Recommendation G.993.1 (200¥gry high speed digital subscriber line
foundation

3 Definitions
This Recommendation defines the following terms:

3.1 ADSL line The ADSL Line is characterized by a metallic smmssion medium utilizing
an analogue coding algorithm, which provides bothl@gue and digital performance monitoring at
the line entity. The ADSL Line is delimited by th&o end points, known as Line Terminations.
ADSL Line Terminations are the points, where thalague coding algorithms end, and the
subsequent digital signal is monitored for intggrithe ADSL Line is defined between theand
thep reference points (see Figure 5-1 and 8§ 5.1/G.997.1

3.2 ADSL overhead data All data transmitted at the U-x reference poimgeded for system
control, added by the PMS-TC in any one directiogluding CRC octets, OAM overhead
messages and fixed indicator bits for OAM; it doesinclude Reed-Solomon FEC overhead.

3.3 ADSL system overhead dataAll data transmitted at the U-x reference pomgeded for
system control and error protection, added by t&HC in any one direction; that is the ADSL
overhead plus the Reed-Solomon FEC overhead.

3.4 aggregate data rate The data rate transmitted at the U-x referencetpa any one
direction; it is the net data rate plus ADSL ovexthelata rate.

3.5 anomaly A discrepancy between the actual and desiredactestics of an item. The
desired characteristics may be expressed in the dba specification. An anomaly may or may not
affect the ability of an item to perform a requirkahction. Performance anomalies are defined
in 8.12.1.

3.6 bridged taps Sections of unterminated twisted-pair cables eated in parallel across the
cable under consideration.

3.7 channelization Allocation of the net data rate to frame bearers.

3.8 data frame A grouping of bits from different latency pathseo a single symbol time
period, after addition of FEC octets and afterriegeving, which is exchanged over theeference
point between PMS-TC and PMD layer through the PBAfS.primitive (see Figures 5-1 and 5-2).

3.9 data symbol A DMT symbol modulating a data frame.

3.10 data symbol rate The net average rate (after allowing for the bead of the
synchronization symbol) at which symbols carryingtad frames are transmitted (= 4000 data
symbols/second).

3.11 dBrn: Ratio (in decibels) of a power level with resptct reference power of 1 pico-Watt
(equivalent —90 dBm) (see ITU-T Rec. 0.41 [B2)]).
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3.12 dBm Ratio (in decibels) of a power level with respeca reference power of 1 milliwatt,
i.e., dBm =10 x log(PSD[watts]/1 mW).

3.13 dBm/Hz Power spectral density in watts/Hz where the pasiexpressed in units of dBm,
i.e., dBm/Hz = 10 x log(PSD[watts/Hz]/1 mW).

3.14 defects A defect is a limited interruption in the abiligf an item to perform a required
function. It may or may not lead to maintenancaoactiepending on the results of additional
analysis. Successive anomalies causing a decneake @ability of an item to perform a required
function are considered as a defect. Performanfeeideare defined in 8.12.1.

3.15 DMT symbol A set of complex valuesZ{} forming the frequency domain inputs to the
inverse discrete Fourier transform (IDFT) (seed.8The DMT symbol is equivalently the set of
real valued time samples, related to the set of4} via the IDFT.

3.16  downstream The transport of data in the ATU-C to ATU-R ditiea.

3.17 far-end performance Term used at ATU-C to indicate the performancesuneed at the
downstream loop-side input of the ATU-R, where thé&formance is reported to the ATU-C in
upstream overhead messages and indicators, oruseoh at ATU-R to indicate the performance
measured at the upstream loop-side input of the &£TWhere this performance is reported to the
ATU-R in downstream overhead messages and indgator

3.18 FEC data frame The grouping of mux data frames within a latepayh, after addition of
FEC octets, and before interleaving (see 7.4).

3.19 frame bearer A data stream of a specified data rate betweenTiRS-TC entities (one in
each ATU), that is transported transparently byRMS-TC and PMD sublayers.

3.20 indicator bits. Overhead bits, part of ADSL overhead data, ussddJAM purposes;
embedded in the sync octets (see 7.8.2.2).

3.21 line rate The bit rate transmitted at the U-x referencenpoi any one direction, that is
total data rate plus trellis coding overhead, distined asYhb;) x 4 kbit/s.

3.22 loading coils Inductors placed in series with the twisted-diregular intervals in order to
improve the voiceband response; loading coils emeored for DSL use.

3.23 MEDLEYset The set of subcarriers transmitted during the ndkh Analysis Phase. It

consists of the subcarriers in the SUPPORTEDset ifdgcated by the transmitter in the
Initialization G.994.1 Phase), with removal of thébcarriers in the BLACKOUTset (as indicated
by the receiver in the Initialization Channel Digeoy Phase) (see 8.13.2.4).

3.24  multiple latency Simultaneous transport of multiple frame beargersyhich frame bearers
are allocated to more than one latency paths {iive,, three or four).

3.25 monitored subcarrier. A subcarrier in the MEDLEYset, to which the reei allocates
zero bits = 0) and a non-zero poweg; & 0).

3.26 mux data frame The grouping of octets from different frame besrwithin the same
latency path, after the sync octet has been added.

3.27 near-end performance Term used at ATU-R to indicate the performancasueed at the
downstream loop-side input of the ATU-R, or ternediat ATU-C to indicate the performance
measured at the upstream loop-side input of the £TU

3.28 net data rate The sum of all frame bearer data rates overatdincy paths in any one
direction.

3.29  network timing reference An 8 kHz timing marker used to support the dmition of a
timing reference over the network.
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3.30 nominal transmit PSD level The transmit PSD level (expressed in dBm/Hz) rabiin
this Recommendation for each of the operating mddes Annexes A, B, | and J) in any one
direction, which is used at the start of initiativa and relative to which subsequent transmit PSD
level changes may occur, as determined necessathebyransceivers during initialization and
showtime.

3.31 power cutback Reduction of the transmit PSD level (expresseddB) in any one
direction, relative to the nominal transmit PSDédlevlhe same transmit PSD level reduction is
applied over the whole frequency band (i.e., flaback).

3.32  primitives. Primitives are basic measures of performanceallysobtained from digital
signal line codes and frame formats, or as reponmedverhead indicators from the far-end.
Performance primitives are categorized as eventsnalies and defects (see 8.12). Primitives may
also be basic measures of other quantities (eay.Qrabattery power), usually obtained from
equipment indicators . Alternatively, the term lisoaused to indicate logical information flows over
thea, B, 6, v, and U reference points shown in Figure 5-2.

3.33 reference transmit PSD levelThe nominal transmit PSD level, lowered by theveo
cutback, in any one direction.

3.34  showtime The state of either ATU-C or ATU-R, reached a#kinitialization and training
is completed, in which frame bearer data are tréattestn

3.35 single latency Simultaneous transport of one or more frame lgareany one direction,
in which all frame bearers are allocated to theeskatency path.

3.36  splitter: Filter that separates the high frequency siggalBSL) from the voiceband or
ISDN signals; (frequently called POTS or ISDN gplit even though the voiceband signals may
comprise more than POTS).

3.37  subcarrier. A particular complex valued inpu;, to the IDFT (see 8.8.2).

3.38 superframe A grouping of 68 data frames and one sync fram@dulated onto
69 symbols, over a total time duration of 17 me @4}).

3.39 symbol rate The rate at which all symbols, including the dyiomization symbol, are
transmitted; that is ((69/68) x 4000 = 4058.8 sylsisecond); contrasted with the data symbol rate.

3.40 sync octetAn octet of data that may be present at the @ginof each mux data frame,
that contains ADSL overhead.

3.41 sync frame A frame with deterministic content, modulatedaatsync symbol.
3.42  sync symbolA DMT symbol modulating a sync frame.

3.43 total data rate Aggregate data rate plus Reed-Solomon FEC ovdrhea
3.44  upstream The transport of data in the ATU-R to ATU-C ditiea.

3.45 used subcarrier A subcarrier in the MEDLEYset, to which the re@i allocates a
non-zero number of bitd(> 0).

3.46  voicebandO to 4 kHz; expanded from the traditional 0.3t¢ kHz to deal with voiceband
data services wider than POTS.

3.47  voiceband servicePOTS and all data services that use the voicebasdme part of it.
3.48 xDSL Any of the various types of digital subscriberes technologies.
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4 Abbreviations
This Recommendation uses the following abbreviation
ADSL Asymmetric Digital Subscriber Line

AFE Analogue Front End

AGC Automatic Gain Control

AN Access Node

ATM Asynchronous Transfer Mode
ATU ADSL Transceiver Unit

ATU-C ATU at the central office end (i.e., netwagerator)
ATU-R ATU at the remote terminal end (i.e., CP)
ATU-x Any one of ATU-C or ATU-R

BER Bit Error Ratio

CO Central office

CP Customer Premises

CPE Customer Premises Equipment
CRC Cyclic Redundancy Check
DAC Digital to Analog Converter

DC Direct Current

DMT Discrete multitone

DSL Digital Subscriber Line

EC Echo Cancelling

EMS Element Management System
eoc embedded operation channel
ES Errored Second

FDM Frequency-Division Multiplexing
FEC Forward Error Correction

FEXT Far-End crosstalk

FFEC Far-end Forward Error Correction

FHEC Far-end Header Error Check
FLCD Far-end Loss of Cell Delineation
FNCD Far-end No Cell Delineation
FOCD Far-end Out of Cell Delineation

GF Galois Field

GSTN General Switched Telephone Network
HEC Header Error Control

HPF High pass filter

IB Indicator Bit
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ID code Vendor identification code

IDFT Inverse Discrete Fourier Transform

IMA Inverse Multiplexing over ATM

ISDN Integrated Services Digital Network

LCD Loss-of-Cell Delineation

LOF Loss-of-frame defect

LOS Loss-of-signal defect

LPR Loss-of-power defect

LSB Least Significant Bit

LTR Local Timing Reference

MC Maximum Count indication

MDF Mux Data Frame

MIB Management Information Base

MPS Management Protocol Specific

MSB Most Significant Bit

MTPR Multitone power ratio

NCD No cell delineation

NEXT Near-End crosstalk

NID Network Interface Device

NMS Network Management System

NT Network Termination

NTR Network timing reference: 8 kHz reference tafamsmitted downstream
OAM Operations, Administration and Maintenance
OCD Out of Cell Delineation

PHY Physical Layer

PMD Physical Media Dependent (sublayer)
PMS-TC Physical Media-Specific TC

POTS Plain old telephone service; one of the sesvitsing the voiceband; sometimes used as

a descriptor for all voiceband services
ppm parts per million
PRBS Pseudo-Random Binary Sequence

PSD Power Spectral Density

PSTN Public Switched Telephone Network
PTS Packet Transport Specific

QAM Quadrature Amplitude Modulation
RDI Remote Defect Indication

rms Root mean square
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RS Reed Solomon

RT Remote Terminal

RX Receiver

SEF Severely Errored Frame

SM Service Module

SNR Signal-to-Noise Ratio

TC Transmission convergence (sublayer)

TP Twisted Pair

TPS-TC  Transmission Protocol Specific TC Layer

T-R Interface(s) between ATU-R and switching lag&TM or STM or Packet)

TIS Interface(s) between ADSL network terminatiod £PE or home network

TX Transmitter

uU-C Loop Interface — Central Office end

U-R Loop Interface — Remote Terminal end

uTC Unable to comply

V-C Logical interface between ATU-C and a digitatwork element such as one or more
switching systems

ZHP Impedance high-pass filter

4-QAM 4 point QAM (i.e., two bits per symbol)

W Exclusive-or; modulo-2 addition

[x] Rounding to the higher integer

5 Reference models

(G.992.3 devices fit within the family of DSL Recoranudations described in ITU-T Rec. G.995.1
[B1]. Additionally, G.992.3 devices rely upon catsnt components described within ITU-T
Rec. G.994.1 [2] and ITU-T Rec. G.997.1 [4]. Thiause provides the necessary functional,
application, and protocol reference models so ttatsubclauses of this Recommendation may be
related to these additional Recommendations.

51 ATU functional model

Figure 5-1 shows the functional blocks and inteefacf an ATU-C and ATU-R that are referenced
in this Recommendation. It illustrates the mostib&snctionality of the ATU-R and the ATU-C.
Each ATU contains both an application invarianttisecand an application specific section. The
application invariant section consists of the PMS-dnd PMD layers and are defined in clauses 7
and 8, while the application specific aspects trat confined to the TPS-TC layer and device
interfaces, are defined in Annex K. Management tions, which are typically controlled by the
operator's management system (EMS or NMS), areshotvn in the Figure 5-1. Figure 5-3
provides a high level view that includes the managa interface.
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Figure 5-1/G.992.3 — ATU functional model

The principal functions of the PMD layer may inaudymbol timing generation and recovery,
encoding and decoding, modulation and demodulagohg cancellation (if implemented) and line
equalization, link startup, and physical layer tnead (superframing). Additionally, the PMD layer
may generate or receive control messages via tbdead channel of the PMS-TC layer.

The PMS-TC layer contains the framing and frameckyonization functions, as well as forward
error correction, error detection, scrambler andscoEmbler functions. Additionally, the
PMS-TC layer provides an overhead channel thasesl wo transport control messages generated in
the TPS-TC, PMS-TC or PMD layers as well as messggrerated at the management interface.

The PMS-TC is connected across thendp interfaces in the ATU-C and the ATU-R, respectyyel

to the TPS-TC layer. The TPS-TC is application gmeand consists largely of adaptation of the

customer interface data and control signals to(#)synchronous data interface of the TPS-TC.
Additionally, the TPC-TC layer may also generaterexeive control messages via the overhead
channel of the PMS-TC layer.

The TPS-TC layer communicates with the interfaceckd across ther and yc interfaces.
Depending upon the specific application, the TPSKy@r may be required to support one or more
channels of user data and associated interfaces.définition of these interfaces is beyond the
scope of this Recommendation.

The MPS-TC function provides procedures to fad#itahe management of the ATU. The
MPS-TC function communicates with higher layer fumas in the management plane that are
described in ITU-T Rec. G.997.1 [4] (e.g., the Ebemn Management System, controlling the
CO-MIB). Management information is exchanged betwélee MPS-TC functions through an
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ADSL overhead channel. The PMS-TC multiplexes thBSA overhead channel with the
TPS-TC data streams for transmission over the DBie management information contains
indications of anomalies and defects and relatafbpeance monitoring counters. In addition,
several management command procedures are definedd by higher layer functions, specifically
for testing purposes.

Thea, B, yr andyc interfaces are only intended as logical separatamd need not be physically
accessible. Ther and yc interfaces are logically equivalent to respectiviie T-R and V-C
interfaces shown in Figure 5-4.

5.2 User plane protocol reference model

The User Plane Protocol Reference Model, showngar€ 5-2, is an alternate representation of the
information shown in Figure 5-1. The user planetqgrol reference model is included to emphasize
the layered nature of this Recommendation and twige a view that is consistent with the
generic XDSL models shown in ITU-T Rec. G.995.1][B1

LT ATU-C ATU-R NT1, NT1/2
l Yc YR l
Transport protocols (e.g., ATM) Transport protocols (e.g., ATM)
TPS-TC | ! TPS-TC
<« >
Not PMS-TC ! . PMS-TC Not
specified < 3 5>l specified
| PMD : | PMD |
| Internal interface Physical TP media User data interfacel
LT internal U SIT

interface G.992.3_F05-2

Figure 5-2/G.992.3 — User plane protocol referencaodel

The one way payload transfer delay betweeny¢rendyg reference points is the sum of:

. Delay through the TPS-TC at ATU-C and ATU-R;
. Delay through the PMS-TC at ATU-C and ATU-R;
. Delay through the PMD at ATU-C and ATU-R.

The delay through the TPS-TC depends on the TP8#fi€used. The delay through the PMS-TC
and PMD sublayer (i.e., the delay between thend p reference points) can be modelled
independently of the TPS-TC type used, and is mefeto as the nominal one-way maximum
payload transfer delay. It is defined as:

delay, g = 3.75+(S|'+4DP—| ms

where the|_x—| notation denotes rounding to the higher integer,
and $ and » are PMS-TC control parameters defined in 7.5 ad 7

Table 5-1 illustrates the data rate terminology definitions as applicable at various reference
points. The reference points refer to those shawthe reference model in Figure 5-2 and the
PMS-TC block diagram in Figure 7-6.
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Table 5-1/G.992.3 — Data rate terminology and defitions

Data rate Equation (kbit/s) | Reference point
Net data rate z Nety 4t a, B
(see Table 7-7)
Aggregate data rate= Net data rate + Frame overhead rate Z(Netp.act+ ORP) A
(see Table 7-7)
Total data rate = Aggregatedata rate + RS Coding overhead réELP)x4 B,C,o
(see Table 7-6)
Line rate = Total data rate + Trellis Coding overhead rate (Zq )x4 u
(see Table 8-4)

5.3 Management plane reference model

The Management Plane Protocol Reference Model, shaw Figure 5-3 is an alternate
representation of the information shown in Figurgé. 3he management plane protocol reference
model is included to emphasize the separate fumctiprovided by the MPS-TC and
TPS-TC functions and to provide a view that is ¢stest with the generic xDSL models shown in
ITU-T Rec. G.995.1 [B1].

LT ATU-C ATU-R NT1, NT1/2
Transport protocol(s) (G.997.1) OAM Transport protocol(s) (G.997.1)
MPS-TC ! interface MPS-TC
NI PMS-TC ! : PMS-TC NI
specified < 3 bt specified
| PMD ! | : PMD |
| Internal interface Physical TP media User data interfac#
LT internal U SIT

interface G.992.3_F05-3

Figure 5-3/G.992.3 — Management plane protocol refence model

54 Application models

The application models for G.992.3 is based upengéneric reference configuration described in
6.1/G.995.1 [B1]. There are four separate appbestimodels, one each for ADSL data service
only, ADSL data service with underlying POTS seeviADSL data service with underlying ISDN
service and Voice over ADSL service.

Two generic application models for G.992.3 exidte Tapplication model for remote deployment
with splitter is shown in Figure 5-4.
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CPE]

AN V-C NT T-R T/S
P P
Broadband H X ATU-C ATU-R X H Home
network % Y network
CPE
T U-C2 T UR2
1 i Toumb
LT | st | | hef]
! ! | | — Customer
TorHiie e | [ HC 2= ) vicssamamosen
nework /" GSTN or ISDN | L+ iU'C UROLE | wiring or ISDN terminal -
| |
Splitter ! Splitter ! - .
i pC ! i pR | CP Wiring carries G.992.3_F05-4
Signal lines e [ [ I POTS or ISDN service
— Interfaces

Figure 5-4/G.992.3 — Generic application referencaodel for
remote deployment with splitter

The application model for splitterless remote dgplent is shown in Figure 5-5. An optional
low-pass filter may be included to provide isolatiand protection of telephone sets, voiceband
modems, ISDN terminals, and the ATU-R. The locabbfilters in all application model diagrams
is intended to be functional only. The specificdtions of the filter may be regionally specific.elh
filter may be implemented in a variety of ways,luttng splitters, in-line filters, integrated fite
with ATU devices, and integrated filters with voieguipment.

AN VC NT TR /S CPE
Broadband P X P Home
H ) ATU-R H
network Y X ATU-C v network
CPE
T-U-C2 h-p
— | —+ UR
— hpf !
| | Customer Teleoh :
Narrow-ban I Ipf : premise Ipf voi:eﬁ)gnglnric?ge’m
[ wirin . '
network GSTN or ISDN B | 9 - or ISDN terminal
| Splitter 1 (optional)
I C_ CP Wiring carries ©.992.3 F05-5
. . POTS or ISDN and ADSL service
— Signal lines

— Interfaces

Figure 5-5/G.992.3 — Generic application referenceodel for
splitterless remote deployment

NOTE 1-The U-C and U-R interfaces are fully definin this Recommendation. The V-C and T-R
interfaces are defined only in terms of logicaldiions, not physical. The T/S interface is not wedi in this
Recommendation.

NOTE 2 — Implementation of the V-C and T-R intedacis optional when interfacing elements are
integrated into a common element.
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NOTE 3 — One or other of the high-pass filters, ahare part of the splitters, may be integrated the
ATU-x; if so, then the U-C 2 and U-R 2 interfacescbme the same as the U-C and U-R interfaces,
respectively.

NOTE 4 — More than one type of T-R interface maylbfined, and more than one type of T/S interfaag m
be provided from an ADSL NT (e.g., NT1 or NT2 tym#dunctionalities).

NOTE 5 — A future issue of this Recommendation mhegl with customer installation distribution andrie
network requirements.

NOTE 6 — Specifications for the splitters are giuennex E.

5.4.1 Data service

Figure 5-6 depicts the typical application model delivering data service over G.992.3, showing
reference points and attached equipment. In su@pplication, an ATU-R is part of the ADSL NT
which will typically connect to one or more userntnals, which may include data terminals,
telecommunications equipment, or other devices.s&hennections to these pieces of terminal
equipment are designated S/T reference points.cbhaection between ATU-R and ATU-C will
typically be a direct one through a DSL, with thestomer premises endpoint of the DSL
designated as U-R reference point and the netwadbant designated U-C reference point. The
ATU-C is part of the Access Node, which will typligaconnect to a broadband access network at
the V reference point. In this application modetrth will be no associated narrowband service
carried on the same DSL.

The ADSL may be operated in all digital mode, withanderlying service, or, may be operated in
the mode for underlying POTS or ISDN service, whke bandwidth reserved for the underlying
service being unused.

| User
| terminal

AN NT

\% uU-C U-R

co | | DSL |
nework ] ATU-C | | ATUR

! |
T |
! |
| |
| |
: | User !
! | terminal !
! l
! l
! |
! 1
! l
! l

(Optional)
G.992.3_F05-6

Figure 5-6/G.992.3 — Data service application model

5.4.2 Data with POTS service

Figure 5-7 depicts the typical application model delivering data service over G.992.3 with an
underlying POTS service on the same DSL, showifgreace points and attached equipment. In
such an application, an ATU-R is part of the ADSL Which will typically connect to one or more

user terminals, which may include data terminakdommunications equipment, or other devices.
The connections to these pieces of terminal equiprage designated S/T reference points. The
ATU-R will not be directly attached to the U-R reface point but will be separated from the DSL
by a high- pass filter element. Additionally, onerore voice terminals will also be part of the

application model at the customer premises. Thesm\erminals may include POTS telephones,
telephone answering devices, voiceband analog medenother devices. The voice terminals may
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be attached directly the U-R reference point or tmayonnected through a low-pass filter element
per voice terminal (splitterless remote deploymemt)may be connected through a common
low-pass filter element (remote deployment withtsg)). At the central endpoint of the DSL, the
ATU-C will connect to the U-C reference point thghua high-pass filter element. The ATU-C is
part of the Access Node, which will typically coehdo a broadband access network at the
V reference point. Additionally, there will be anepass filter element attached at the U-C reference
point to connect with the GSTN core network.

SIT
| User
| terminal
AN u-c2 UR?2 NT
V u-C U-R
band—| | DSt |
broadband ATU-C hpf hpf ATU-R o .
network | | | ! !
| |
i | User i
| | terminal !
| SIT !
|
| . |
| - |
oS ipf ot | @) e J
(Optional)
(2)
Voice
Ipf terminal
e
| |
: 2 :
L o Voice |
! P terminal |
: Z |
| . !
o . ]
(Optional)

(1) One low-pass filter present for remote deplaytmeéth splitter

(2) Multiple low-pass filters present for splitesk remote deployment ©:992:3.F057

Figure 5-7/G.992.3 — Data with POTS service applitan model

NOTE - The low-pass filter shown at the customempses in Figures 5-5 and 5-7 is also known as an
in-line filter. The specification of in-line filtecharacteristics is outside the scope of this Resendation.
However, in-line filters are specified by regiostdndards bodies, e.g., see [B10].

5.4.3 Data with ISDN service

Figure 5-8 depicts the typical application model delivering data service over G.992.3 with an
underlying ISDN service on the same DSL, showirfgremce points and attached equipment. In
such an application, the ATU-R is part of the ADRI which will typically connect to one or
more user terminals which may include data terrsinedlecommunications equipment, or other
devices. The connections to these pieces of teframapment are designated S/T reference points.
The ATU-R will not be directly attached to the Ur&ference point but will be separated from the
DSL by a high-pass filter element. One ISDN NT vailléo be part of the application model at the
customer premises. The ISDN NT is not attachedctlreahe U-R reference point but will be
separated from the DSL by a low-pass filter elemadtitionally, one or more voice terminals will
also be part of the application model at the custopnemises. These voice terminals are connected
to the ISDN NT and may include POTS or ISDN telaps) telephone answering devices,
voiceband analog modems, or other devices. At émeral endpoint of the DSL, the ATU-C will
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connect to the U-C reference point through a higsspfilter element. The ATU-C is part of the
Access Node, which will typically connect to a katband access network at the V reference point.
Additionally, there will be a low-pass filter elenteattached at the U-C reference point to connect
with the GSTN core network.

SIT
| User
| terminal
AN u-c2 UR?2 NT
V U-C U-R
aband—| | DSt |
broadband | ATU-C hpf i i hpf ATU-R pmm e .
network ! |
| |
i | User i
| | terminal !
| SIT !
|
| s |
nGet?N-I;)I\rlk Ipf — Ipf !_____________. ______ J:
(Optional)
S/IT/IR
| Voice
| terminal
ISDN-NT | (oo .
l |
| |
| 3 |
I | Voice !
| | terminal !
| SITIR |
| . |
| . |
| . i
(Optional)

G.992.3_F05-8

Figure 5-8/G.992.3 — Data with ISDN service appli¢eon model

5.4.4 Voice over data service

Figure 5-9 depicts the typical application modeldelivering data and voice services over G.992.3,
showing reference points and attached equipmerguc¢h an application, an ATU-R is part of the
ADSL NT which will typically connect to one or moreser terminals and to one or more voice
terminals. The data terminals may include data iteal®s, telecommunications equipment, or other
devices. The voice terminals may include POTS @NSelephone devices, telephone answering
devices, voiceband analog modems, or other devides.connections to these pieces of terminal
equipment are designated S/T reference points. ARg-R and ATU-C will include a voice
interworking function that allows a connection fratme GSTN network to the voice terminal
equipment. The connection between ATU-R and ATU-C typically be a direct one through a
DSL, with the customer premises endpoint of the R8kignated as U-R reference point and the
network endpoint designated U-C reference poine ARU-C is part of the Access Node, which
will typically connect to a broadband access nekwair the V reference point. In addition, the
ATU-C will connect to the GSTN core network.
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The ADSL may be operated in all digital mode, withanderlying service, or, may be operated in
the mode for underlying POTS or ISDN service, whk bandwidth reserved for the underlying
service being unused, or, although not depicte&igure 5-8, there may also be an underlying
POTS or ISDN service delivered through the DSL.

SIT
| User
| terminal
AN NT
u-c U-R
Cco | | DSL |

broadband | ATU-C | | ATU-R e 1
network ! |
I |
| | User i
| | terminal !
| SIT !

I
Voice Voice | . |
interworking interworking | '___________* _____ )

function function (Optional)
GSTN
network Voice
terminal
r--—-r———~>""~>""~>~""~>""~>""~>""~>""~>"™>"™"7™T hl
I |
I |
' :
| Voice !
i terminal | |
| |
1 |
I . |
I L4 |
l . J'
(Optional)
G.992.3_F05-9
Figure 5-9/G.992.3 — Voice over data service appditon model
6 Transport Protocol Specific Transmission Convergace (TPS-TC) function

6.1 Transport capabilities

This Recommendation provides procedures for thesprart of the output frame bearers of one to
four unidirectional TPS-TC functions in both thestnream and downstream directions. For
purposes of reference and identification, eacthefltPS-TC functions within an ATU is labelled as
if it were mapped to a particular frame bearer, iT#S-TC #0, #1, #2, #3 would be mapped on
frame bearer #0, #1, #2, #3 respectively. The TESuhctions may be of differing types, and each
type is described in detail in Annex K.

After each of the transmit and receive TPS-TC fiamst has been mapped to a frame bearer during
the G.994.1 phase of initialization, transport leé fTPS-TC functions on frame bearers is carried
out by underlying PMS-TC and PMD layers througleaes of data frames and PMD symbols. The
TPS-TC transport capabilities are configured bydbetrol parameters described in Annex K. The
control parameters provide for the application pprapriate data rates and characteristics of each
TPS-TC function as if it were mapped to a particitame bearer. Any receive TPS-TC function
can be logically connected to any transmit TPS-T@cfion that supports the same TPS-TC
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function type. Unless specifically described to doatrary in Annex K, the control parameters of
the connected transmit and receive TPS-TC functairal be configured with identical control

parameter values during initialization and recamfégion of the ATUs. The receive PMD, PMS-TC
and TPS-TC functions recover the various input agrof the corresponding transmit TPS-TC
function whose signals having been transportedsadioe TPS-TC, PMS-TC, and PMD functions
of an ATU-C and ATU-R pair.

As a management plane element, there are no spaciinsport functions provided by the
TPS-TC function. Each TPS-TC type may have its awigue set of management primitives as
defined in Annex K. The management primitives aemdied in a transparent manner by the
PMS-TC and MPS-TC functions.

6.2 Interface signals and primitives

Each ATU-C TPS-TC function has many interface dgj@es shown in Figure 6-1. Signals at the
upper edge are defined in Annex K for each TPSy[€;tthe depicted signals on the upper edge in
Figure 6-1 are merely examples. However, signathetower, left, and right edges shall conform
to the signals required by the PMS-TC and MPS-TRctional interfaces shown in Figure 6-1.
Each named signal is composed of one or more [wisit as denoted by the directional arrows.
The primitive type associated with each arrow soading to the figure legend.

The diagram is divided by a dotted line to sepatia¢edownstream function and signals from the
upstream. The signals shown at the top edge copueytives to a higher layer function and are

defined for each TPS-TC type in Annex K. The sigrslown at the bottom edge convey primitives
to the PMS-TC function and shall conform to thenptives defined in 7.3. One very important

characteristic of the data signals presented t&M8-TC is that they shall be synchronized to local
PMD clocks.

Each ATU-R TPS-TC function has similar interfacgnsils as shown in Figure 6-2, although the
upper edge will vary depending on the TPS-TC typerigure 6-2 the upstream and downstream
labels are reversed from Figure 6-1.

TPS-TC. TPS-TC.
Streami) f Streamq) 4
|
| V-C
Transmit ATU-C Receive
TPS-TC TPSTC function TPS-TC
function function
L
e ¢
Frame. ;v ; Frame. Frame. _ . Frame.
Bearer() * Synchflag: Bearer() Synchflag
Downstream Upstream
G.992.3_F06-1
Primitives:
[ » .request W +» .indicate
ST ——— .confirm <+-———-—-——- .response

Figure 6-1/G.992.3 — Signals of an ATU-C TPS-TC fugtion
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— 1 : :

s P
Frame. iv ; Frame. Frame. U . Frame.
Bearer() * Synchflagi Bearer() Synchflag

Upstream Downstream

G.992.3_F06-2

Primitives:
- > .request [ +» .indicate
e .confirm = -response

Figure 6-2/G.992.3 — Signals of an ATU-R TPS-TC fugtion

The signals shown in Figures 6-1 and 6-2 are usethtry primitives between functions of this
Recommendation. Primitives are only intended forppees of clearly specifying functions to
assure interoperability.

The primitives that are used between a higher laysstion and TPS-TC function are dependent on
the type of the TPS-TC function. These are defineéinnex K.

The primitives that are used between the TPS-TCPMS8-TC functions are described in 7.3.

6.3 Control parameters

The configuration of the TPS-TC functions is colé by a set of control parameters. Some of the
control parameters are displayed in Table 6-1.r€hginder of the control parameters is dependent
on the TPS-TC type and is described in Annex K.

Table 6-1/G.992.3 — TPS-TC Parameters

Parameter Definition

Nac The number of enabled TPS-TC functions and the eumbenabled frame bearers. Th¢
TPS-TC functions and frame bearers are labeled®@2 and #3N\gc is the number of

nonzero values in thetype, typa, type, type} set. The value may be different for the
ATU-C and the ATU-R.

type, The TPS-TC type mapped to frame bearefr= 0 to 3). The TPS-TC type shall be set to
a value described in Annex K. Thgoe, value of zero shall be used to disable TPS-TC
function #n and frame bearer

maxtype The maximum number of TPS-TC functions of typsupported.

D

The values of all control parameters listed in €a®i1l shall be set during the G.994.1 phase of
initialization, in accordance with common capataitof the ATU devices as described in 6.6. The
capability to support these control parameters bBgheATU in each direction may also be
exchanged during the G.994.1 phase of initialirgtias described in 6.6. All valid control
parameter configurations are described in 6.3.d,aperation of the ATU with other configuration
is outside the scope of this Recommendation. Alhaa#ory control parameter configurations,
which are described in 6.3.2, shall be supporteddnh ATU.
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6.3.1 Valid configurations

An ATU may support up to four simultaneous TPS-T@ctions in each direction. The control
parameteNgc shall be in the 1 to 4 range.

The valid values of the control parametgre, shall be those contained within the Annex K or the
value of zero. All other values are reserved fa bg the ITU-T. If thetypeg, parameter is nonzero
for upstream and downstream, then it shall haveinee value for upstream and downstream.

An ATU shall support mapping of all supported TPS-ypes to all supported frame bearers. The
valid labelling of supported frame bearers shalltstrom 0 and increase by one. Thus there are
only 4 cases: {0}, {0, 1}, {0, 1, 2}, or {0, 1, Z3}.

6.3.2 Mandatory configurations

An ATU shall support at least one combination offRS-TC function (of a type defined in
Annex K) and a frame bearer in each direction.

6.4 Data plane procedures

Each TPS-TC function shall provide transmit datanpl procedures as defined in Annex K that
terminate in the assertion of the PMS-TC transmiihjpives defined in 7.3. These procedures are
otherwise transparent to the PMS-TC function.

6.5 Management plane procedures

Each TPS-TC function may provide local managemaentipves as defined in Annex K. Up to two
of these primitives may be transported to the fad asing the PMS-TC procedure defined in
7.8.2.2. These are transported in a manner tlheswise transparent to the PMS-TC function.

Each TPS-TC function may additionally provide logabcessing of the primitives per ITU-T
Rec. G.997.1 [4]. The results of local processingyrbe made available through management
counter read commands of the MPS-TC function ddfimne9.4.1.6. The format and syntax of the
returned data from these commands is defined ireAiq

6.6 Initialization procedure

TPS-TC functions shall be fully configured prior tbe initialization of the PMS-TC and
PMD functions or be configured after initializatiof the PMS-TC and PMS function in a manner
that is outside the scope of this Recommendatidre Gonfiguration prior to initialization is
performed via a G.994.1 MS message. Information begxchanged prior to the mode select to
ascertain capabilities using G.994.1 CL or CLR ragss. Most of the information conveyed
through G.994.1 messages is dependent on the TRgp€@Nd is defined in Annex K.

6.6.1 G.994.1 Phase

6.6.1.1 G.994.1 Capabilities list message

The following information about the TPS-TC functi@hall be communicated through ITU-T
Rec. G.994.1 [2] as part of the CL and CLR messafyéditional information appropriate to each
TPS-TC function shall be arranged in blocks of infation as described in Annex K. This
information may be optionally requested and regbs@ G.994.1 CL and CLR messages at the
start of a session. However, the information shallexchanged at least once between ATU-C and
ATU-R prior to enabling a TPS-TC function but nacessarily at the start of each session. The
information exchanged includes:

. Supported combinations of downstream frame beaned TPS-TC types;
. Supported combinations of upstream frame bearsisT PS-types;
. Supported number of TPS-TC functions of type
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This information on supported combinations is repreed using a G.994.1 tree model of the
information as described in Annex K. An ATU shatbpide both the upstream and downstream
information in CL and CLR messages. Correspondingach Spar(2) bit from Annex K that is set

to a 1, one additional block of information shadl provided in the CL and CLR messages. The
supported number of TPS-TC functions of types represented using a G.994.1 tree model of the
information as in Table 6-2.

Table 6-2/G.992.3 — Format for TPS-TC capabilitiesformation

Spar(2) bits Definition of Npar(3) bits

Maxtype Upstream Parameter block of 2 octets that describegriagtypevalues for upstream, using
an unsigned 3-bit value in the 0 to 4 range fohad#dhe TPS-TC types 1
(STM), 2 (ATM) and 3 (PTM).

Maxtype Downstream| Parameter block of 2 octets that describesrhgtypevalues for downstream,
using an unsigned 3-bit value in the 0 to 4 ramgeséich of the TPS-TC types
(STM), 2 (ATM) and 3 (PTM).

=

6.6.1.2 G.994.1 Mode select message

The following control parameters of TPS-TC functishall be configured through ITU-T
Rec. G.994.1 [2] as part of the MS message. Additicontrol parameters appropriate to each
TPS-TC type shall be arranged in blocks of infoioratis described in Annex K. This information
shall be selected prior to the PMD and TPS-TCah#ation. The information includes:

. Mapped combinations of downstream frame bearalsT®S-TC types;
. Mapped combinations of upstream frame bearersT&83iTC types.

The Maxtype information shall not be included inNM8 message. The Spar(2) bit shall be set to 0.

This configuration for TPS-TC is represented usin.994.1 tree model of the information as
described in Annex K. An ATU provides both the upatn and downstream trees in the
MS message. Corresponding to each Spar(2) bit Aormex K (one bit per combination of a frame

bearer and TPS-TC type) that is set to a 1, onekbid information shall be provided in the

MS message as defined in Annex K. For each frameebeno more than 1 corresponding Spar(2)
bit shall be set. A frame bearer that has one spomding Spar(2) bit set, shall be enabled
(i.e.,type, > 0). Any frame bearer that is supported but th@#s not have any its corresponding
Spar(2) bit set shall be disabled (i./pe, = 0). Ngc is the number of nonzero values in the

{ type, type, type, type; } set.
6.6.2 Channel analysis phase

No TPS-TC capabilities or control parameter settinge exchanged during the Channel Analysis
Phase.

6.6.3 Exchange phase
No TPS-TC capabilities or control parameter settiage exchanged during the Exchange Phase.

6.7 On-line reconfiguration

On-line reconfiguration procedures are defined ualyg for each TPS-TC type in Annex K. The
procedure may rely on the primitives associatedh WWMD.Synchflag for synchronization of the
on-line reconfiguration changes.

6.8 Power management mode

The procedures defined for the TPS-TC functionsirtended for use while the ATU link is in
power management states LO and L2.
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6.8.1 LO link state operation

The TPS-TC function shall operate according todatia plane and management plane procedures
defined in 6.4 and 6.5 as well as any specifieAnnex K while the link is in power management
state LO. All control parameter definitions and ditions provided in 6.3 and Annex K shall apply.
6.8.1.1 Transition to L2 link state operation

Entry into the L2 link state shall be preceded Iy protocol described in 9.5.3.3. Following the
successful completion of the protocol, the coorgidaentry into the L2 link state may rely on the
primitives associated with PMD.Synchflag for syratization as further defined in Annex K.

6.8.1.2 Transition to L3 link state operation

The orderly shutdown of the ATU is intended to pdavthe transition from link state LO to state
L3. The transition should be as described in 915@. 9.5.3.2. Any specific TPS-TC tear-down
procedure shall be as provided in Annex K.

6.8.2 L2 link state operation

The TPS-TC function shall operate according todatia plane and management plane procedures
defined in 6.4 and 6.5 as well as specified in AnKewhile the link is in power management state
L2. All control parameter definitions provided irBGand Annex K shall apply.

The low power trim procedure shall not effect tipemtion of the TPS-TC function.

6.8.2.1 Transition to LO link state operation

Entry into the LO link state shall be preceded gy protocol described in either 9.5.3.4 or 9.5.3.5.
Following the successful completion of the protpdbe coordinated entry into the LO link state

may rely on the primitives associated with PMD.Syftag for synchronization as further defined in

Annex K.

6.8.2.2  Transition to L3 link state operation

If operating in link state L2, the ATUs are intedde transition to link state LO and make use ef th
orderly shutdown procedure. However, in the evérdunlden power loss, the link may transition
from link state L2 to state L3 directly. The tramsn should be as described in 9.5.3.2. Any specifi
TPS-TC tear-down procedure shall be as providethimex K.

6.8.3 L3 link state operation

In the L3 link state, any specified procedures tfeg TPS-TC function shall be as provided in
Annex K.

6.8.3.1  Transition to LO link state operation

The initialization procedures of the ATU are inteddo provide the transition from link state L3 to
state LO. The transition shall be as described6n 6

7 Physical Media Specific Transmission Convergen¢®MS-TC) function

7.1 Transport capabilities

The primary purpose of the ATU PMS-TC functionasprovide for the multiplexing and transport
of several channels of information. The ATU PMS-Tt@ction provides procedure to multiplex
and transport:

. one to four frame bearers in upstream and dowastrdirections;
. NTR signal from the ATU-C to the ATU-R; and
. an overhead channel in both directions to suphertMPS-TC function of each ATU.
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After transmit PMS-TC procedures have been apptieshsport of the frame bearers to a receive
PMS-TC function is carried out by a pair of PMD ¢tions through a series of PMD symbols. The
transport capabilities of the PMS-TC function aoaftgured using a number of control parameters
described in 7.5 to provide application appropridéta rates and characteristics for each frame
bearer. The values of control parameters are setglinitialization or reconfiguration of the ATU.
The ATU receive PMS-TC function recovers the vasimput signals to the corresponding transmit
PMS-TC function, those signals having been trantegascross the PMS-TC and PMD functions of
an ATU-C and ATU-R pair.

The transmit PMS-TC function accepts input sigriedsn the data plane and control plane. As a
data plane element, the transmit PMS-TC functiarepts one to four input frame bearers from the
TPS-TC functions. All transmit data plane inputnsil$ are synchronized to the local PMD transmit
clocks. These inputs are conveyed to the receivésH#® function interface as depicted in

Figure 7-1. Octet boundaries in the frame beareds the position of most significant bits are

maintained from the input interface of the transRS-TC function to the output interface of the

receive PMS-TC function.

ATU-C TPS-TC(s ATU-R TPS-TC(s HJ
Upstream frameLLl 7Y ©) Dowr;)stream frame 7y (s) Upstream frame
bearer(s) o earer(s) N . bearer(s)
a B
\ 4 \ 4
ATU-C PMS-TC ATU-R PMS-TC
Upstream Downstream
PMD bits 7y PMD bits y Y Upstream
o - . PMD bits
O O
v u 4
LT ATU-C PMD ‘ ATU-R PMD NT1, NT1/2

G.992.3_F07-1

e |

Physical TP media

Figure 7-1/G.992.3 — PMS-TC transport capabilitiesvithin the user plane

As an element of the control plane, the pair of PMS functions transports the NTR timing
reference signal from the ATU-C to the ATU-R asidegal in Figure 7-2.

Downstream Downstream
control signals TR el i R » NTR  control signals
ATU-C PMS-TC ATU-R PMS-TC

LT ATU-C PMD L‘J ATU-R PMD NT1, NT1/2

Physical TP media 6.992.3_F07-2
!
Figure 7-2/G.992.3 — PMS-TC transport capabilitiesvithin the control plane
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As a management plane element, there are no speaifisport functions provided by the PMS-TC
function. However, the PMS-TC function provides m@ement primitive indications to the
MPS-TC function within the ATU, as depicted in Figu/-3.

Up- and downstream control signals Up- and downstream control signals
P Normal operation P
ATU-C <1 71T - - - - = = - — — — € ATU-R
management Primitives ATU-C PMS-TC ATU-R PMS-TC Config management
entity +— el e . s entity
(MPS-TC) Config .| | Initialization Primitives (MPS-TC)
» U »
LT ATU-C PMD ‘ ATU-R PMD NT1, NT1/2

Physical TP media G.992.3_F07-3

Figure 7-3/G.992.3 — PMS-TC transport capabilitiesvithin the management plane

7.2 Additional functions

In addition to transport functionality, the ATU mismit PMS-TC function also provides procedures
for:

. scrambler;

. insertion of redundancy for Reed-Solomon-baseddad error correction;

. insertion of checksums for block based error cieia; and

. interleaving of data frames to spread the efééamnpulsive impairments on the U interface.

These functions are configured by a number of cbrgarameters described in 7.5 to provide
application-appropriate FEC protection, latencyy ampulse noise immunity for each frame bearer.
The values of the control parameters are set dumitiglization or reconfiguration of the ATU. The
ATU receive PMS-TC function reverses each of tistetl procedures so that the transported
information may be recovered. Additionally, the ATeceive PMS-TC function provides several
supervisory primitives associated with some of éhfeictions (e.g., block checksum error, forward
error correction event) as described in 7.9.1.

7.3 Block interface signals and primitives

The ATU-C PMS-TC function has many interface signas shown in Figure 7-4. Each named
signal is composed of one or more primitives, asoted by the directional arrows. The primitive
type associated with each arrow is according tdithee legend.

The diagram is divided by a dotted line to sepatia¢edownstream function and signals from the
upstream. The signals shown at the top edge cqmuantives to or from the TPS-TC function. The
signals shown at the bottom edge convey primitiees from the PMD function. The signals at the
left and right edges convey control primitives witthe ATU-C.

The ATU-R PMS-TC function has similar interfacersts as shown in Figure 7-5. In this figure,
the upstream and downstream labels are reversedtfre previous figure. Also, the NTR signal is
conveyed as an output of the receive PMS-TC fundaiahe ATU-R.
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Figure 7-4/G.992.3 — Signals of the ATU-C PMS-TC fiwction
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Figure 7-5/G.992.3 — Signals of the ATU-R PMS-TC fwction

The signals shown in Figures 7-4 and 7-5 are ugethtry primitives between functions of this
Recommendation. Primitives are only intended fappses of clearly specifying function to assure
interoperability.

The primitives that are used between the TPS-TCtiom and the PMS-TC function are described

in Table 7-1. These primitives support the exchamigbearer data and regulation of data flow to
match PMS-TC control parameters. They also suppmotdinated on-line reconfiguration of the

ATU-C and ATU-R.
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The primitives that are used between the PMS-TCRMB® functions are described in clause 8.

The primitives for the transport of control messagm the shared overhead channel are described
in Table 7-2. These primitives may be used by tlOPTPS-TC, and other functions of the ATU.
These primitives support the exchange of contratgages and bits and regulation of data flow to

match PMS-TC overhead channel configuration.

A miscellaneous primitive for the transport of Ny the PMS-TC function via the shared
overhead channel is described in Table 7-3. Prumstiused to signal maintenance indication

primitives to the local maintenance entity are dégd in Table 7-4.

Table 7-1/G.992.3 — Signalling primitives betweerhe TPS-TC function

and PMS-TC function

Signal

Primitive

Description

Frame.Bearen)

request

This primitive is used by the transmit PMS-TC fuastto request
one or more octets from the transmit TPS-TC fumctambe
transported. By the interaction of the request@ndirm, the data
flow is matched to the PMS-TC configuration (andlertying
functions). Primitives are labelled= 0 to 3 corresponding to fran
bearer #0 to #3.

.confirm

The transmit TPS-TC function passes one or mortotd the
PMS-TC function to be transported with this prineti Upon
receipt of octets with this primitive, the PMS-Tahttion shall
perform the Mux Data Frame Selector proceduredril7l.

.indicate

The receive PMS-TC function passes one or mordtig¢he
TPS-TC function that has been transported withglimgitive.

Frame.Synchflag

.request

The transmit TPS-TC function passes requests tBMS8-TC
function to cause the PMS-TC to relay a PMD.Syrathflequest to
the PMD layer. This Frame.Synchflag primitive iedi$o
coordinate various reconfigurations of the TPS-Tiiction pairs.

.confirm

This primitive is used by the transmit PMS-TC fuactto confirm
receipt of a Frame.Synchflag.request primitive iy interaction
of the request and confirm, the transmit TPS-TCfiom is notified
that a PMD.Synchflag.confirm primitive has beereieed by the
PMS-TC function. In particular, any Frame.Beamgréquest
primitives that have not yet been confirmed upareig of the
Frame.Synchflag.confirm primitive are known to lasged to the
transmit PMD function after the PMD.Synchflag.comfiprimitive.

.indicate

The receive PMS-TC function makes use of this giaito
indicate to the TPS-TC function that a PMD.Synalptanfirm
primitive has been received by the PMS-TC functitamy
indications already received by the TPS-TC functomknown to
have been passed from the receive PMD function fithe
PMD.Synchflag.confirm primitive.
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Table 7-2/G.992.3 — Signalling primitives to transprt control messages
over the pair of PMS-TC functions

Signal Primitive Description

Frame.Control .request The MPS-TC function uses this primitive to pass entre control
message for transport to the transmit PMS-TC fonctUpon
receipt of a message, the PMS-TC function shalinbig
Transmitter Protocol procedure in 7.8.2.4.1.

.confirm This primitive is used by the transmit PMS-TC fuactto confirm
receipt of a Frame.Control.request primitive. By thterworking of
the request and confirm, the data flow is synclmedito the rate
that can be accommodated by the overhead rate of th
PMS-TC functions.

.indicate The receive PMS-TC function uses this primitivgpéss a single
control messages or indications that are receivde
MPS-TC function.

Table 7-3/G.992.3 — Signalling primitives to transprt NTR
information over the pair of PMS-TC functions

Signal Primitive Description

Frame.NTR .indicate This primitive is used to convey the current phafsthe NTR
signal to the transmit PMS-TC function. Upon reteijpthis
primitive, the PMS-TC transmit function shall exexthe NTR
Transport procedure in 7.8.1. At the ATU-R, thigmtive is
passed by the receive PMS-TC function.

Table 7-4/G.992.3 — Signalling primitives to convesgnaintenance
indications to the local maintenance entity

Signal Primitive Description

Management.Prim | .indicate This primitive is used by various local functionghin the ATU
to pass management anomalies, defects and paranwethe
transmit MPS-TC function. Upon receipt of this pitike, the
transmit PMS-TC function shall execute the Indic&iis
procedure in 7.8.2.2. This primitive is used by tbeeive
PMS-TC function to signal a number of anomaly suisery
primitives to the MPS-TC function.

7.4 Block diagram and internal reference point sigals

Figure 7-6 depicts the functions within a transAMS-TC function that supporbdsc frame bearers

(1 £ Ngc < 4). These frame bearers (i.e., Frame.Beayeqnfirm primitives from the transmit
TPS-TC function) are shown at the leftmost edgdrigure 7-6. Within the transmit PMS-TC
function, there are one to four latency path fuonei that accept input from zero, one, or more of
the frame bearers. Within each latency path functibere are three reference points labeled A, B,
and C. The output signals from each latency pathtion at Reference Point C are combined by an
additional multiplexing function to form the PMDtsi(i.e., PMD.Bits.confirm primitives to the
transmit PMD function), depicted at the rightmadge of Figure 7-6.

The control input signals are depicted at the uppst edge of Figure 7-6. These are encoded onto
a shared overhead channel, one octet associatectadh of the latency path functions. These sync
octets are combined with frame bearer data withenlatency path function at Reference Point A.
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Figure 7-6/G.992.3 — Block diagram of transmit PMSFC function

Because of the various functions depicted in Figiu& the data within the transmit PMS-TC
function has a different structural grouping asnitves from the frame bearers to the PMD bits.
Reference points are defined within the block diagrfor purposes of helping to depict this
structure. These reference points are for clanity.orhe reference points with which the PMS-TC
procedures will be described are depicted in Figufeand listed in Table 7-5. It is important to
note that all octet boundaries and positions of tnsagificant bits in the frame bearers will be
maintained at each of the reference points ligtetable 7-5.

Table 7-5/G.992.3 — PMS-TC function internal referace points

Reference point Definition
A: Mux Data Frame The data within a latency path function after tiiecsoctet has been
added.
B: FEC Data Frame The data within a latency path function after thgat of the

FEC redundancy octets are merged with scrambled dat

C: Interleaved FEC Data Framg The data and redundancy octets that have beefemted. This is the
output signal of a latency path function.
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7.5 Control parameters

The configuration of the PMS-TC function is conliedl by a set of control parameters displayed in
Table 7-6.

Table 7-6/G.992.3 — Framing Parameters

Parameter Definition

MSGin The minimum rate of the message based overheadtaktoe maintained by the ATU.
MSGin is expressed in bits per second.

MSGax The maximum rate of the message based overheashthiabe allowed by the ATU.
MSGnaxis expressed in bits per second.

Ngc See Table 6-1. This is a TPS-TC configuration patar repeated here for clarity.

NLp The number of latency paths enabled to transpamtdrbearers and overhead. The latengy
path functions are labeled #0, #1, #2 and #3.

MSGp The label of the latency path used to transperntiessage based overhead information.

MSG: The number of octets in the message based patithre overhead structure.

Bo.n The nominal number of octets from frame bearepér Mux Data Frame at Reference Pajnt

A'in latency path functiongt WhenT, is not set to 1 and s the lowest index of the frame]
bearers assigned to latency paphtiie number of octets from the frame bearein#the
latency path functiongtvaries betweeB, , andB,, + 1.

M, The number of Mux Data Frames per FEC Data Franheténcy path functionp#

Tp The ratio of the number of Mux Data Frames to thelper of sync octets in the latency path
function #. A sync octet is inserted with evefyth Mux Data Frame. WheR, is not set to
one, an extra frame bearer octet is carried whergesgnc octet is not inserted.

R The number of RS redundancy octets per codewdaténcy path functiongt This is also
the number of redundancy octet per FEC Data Frartteei latency path functiorp#

Dp The interleaving depth in the latency path functip.

Ly The number of bits from the latency path functiprrtluded per PMD.Bits.confirm
primitive.

The first two control parameters listed in Tablé #stablish persistent constraints upon the
operation of the PMS-TC function that apply duriad initialization and reconfiguration
procedures. The values of these control parameteai be set during the G.994.1 phase of
initialization, in accordance with common requirenseof the ATU devices. The requirements for
these control parameters by each ATU in each daecnay also be exchanged during the
(G.994.1 phase of initialization.

The remaining control parameters listed in Tabk &stablish the specific parameters that control
the PMS-TC procedures described in this clause.vahees of these control parameters shall be set
during the PMD initialization procedure in accordanwith capabilities of each ATU and
requirements of each ATU's higher layers as detexthiby TPS-TC initialization procedures.
Additionally, some of the control parameters in [Balf-6 may be modified during on-line
reconfiguration procedures.

All valid control parameter configurations are désed in 7.6.2. All mandatory control parameter
configurations described in 7.6.3 shall be supgosieeach ATU.
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7.6 Frame structure

The various transported data can be assigned asiouctural groupings as it moves through the
transmit PMS-TC function. These taken together t@rened the frame structure. The frame
structure is defined for clarity only and the attgabupings within an ATU implementation may
vary.

The ATU frame structure for the case of two franearers transported over a single latency path
(Nec = 2,Np =1, T, = 1) is illustrated in Figure 7-7. This figure st®the frame structure and data
groupings at the start of the PMS-TC proceduregaah Reference Point A, B, and C of latency
path function #0, and at the end of the PMS-TC gdace.

Frame bearer #0
Data from
Frame.bearer(0).confirm and (ByoOctets)

Frame.Bearer(1).confirm

Frame bearer #1
Bgp + By octets

(B, octets)
Reference point A Sync | Frame bearer #0 Frame bearer #1
Mux data frame
octet (B Octets) (By; octets)
Bgp + Bgy + 1 octets
#0 #1 T #My-1) (R, octets)

Mg x(Bgg + By, + 1) +R, octets
Reference point C

Interleaved FEC data frame (Interleaved FEC data frame)

x +By, + 1) +
Mo *(Bgg + Bgy + 1) +R, octets 6.992.3_FO7-7

Data frame in
PMD.Bits.confirm

L, bits

Data frame Data frame Data frame
#i-1) #i #(0+1)

» »
> >

L, bits L, bits L, bits

A

Figure 7-7/G.992.3 — lllustration of frame structure with
single latency dual bearers and, = 1

As a further illustration, Figure 7-8 depicts thanme structure when the PMS-TC function is
configured to support two frame bearers with twenay pathsNsc = 2,N.p = 2,Bgo = 0,B1; = 0).
MSGp is set to one andlp = 1. Figure 7-8 illustrates PMS-TC functions foMaix Data Frame
(MDF) that does not include the sync octet for $keond latency, assuming tiatis not set to 1
for this example and the current mux data framecset counter modul®, is not equal to 0.
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My x(Byq + 1) +Rq octets
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< = = >
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PMD.Bits.confirm Data frame # (i) Data fram # (i + 1)

L, +Lgbits

y
A
4

A

L, +Lg bits 5 Ly +Lg bits

Figure 7-8/G.992.3 — lllustration of frame structure with
dual latency and dual bearers

7.6.1 Derived definitions

Table 7-7 displays several definitions of symbaist tderive from the PMS-TC control parameters
and that are used to describe characteristicseoATU data frame. These definitions are for clarity
only.

Table 7-7/G.992.3 — Derived characteristics of th&TU data frame

Symbols Definition and value
Kp Definition: The number of octets per Mux Data Frame in latgath function #
NBC_l
Kp= D Bpi+1
i=0
Neecp Definition: The number of octets per FEC Data Frame andiéateed FEC Data

Frame in latency path functiop#
Neecp=Mp X Kp + Ry

S Definition: The number of PMD.Bits.request primitives (andrespondingly the

number of PMD symbols) over which the FEC Data Framans, not accounting for
the

:8x Nrecp

p
Lp

The value of§, may represent a non-integer value.
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Table 7-7/G.992.3 — Derived characteristics of th&TU data frame

Symbols Definition and value
net_act. Definition: Net data rate of frame beareri latency path functionp#
WhenT, = 1:
B,,xM B..xM.,xL
net_act,, =———F x32kbit/ls=—P"——F P x 4kbit/s
' Sp Kp*Mp+Rp

WhenT, # 1, for bearers associated to the lowest index:

Bon*Mp (T, —1)xM
PP +( Y p]XBZkbitls
S p

net_act,, :[ X xS
(o x(Bp_’n +1)-1)xM xL
Tpx(KpxMp+Ryp)

P x 4kbit/s

for bearers associated with subsequence valuée ilist:

Byn XM Bpn XM pxL
net_acty, =%x32 kbit/s=—P1—P P x 4kbit/s

p Kp*Mp+Ry
Neb act Definition: Net data rate of latency path functign #
K,=-1)xM K,-1/JxM_,xL
WhenT, = 1, Net, 5t =MXS2kbit/s: (Kp-1pxMpxLp x 4Kbit/s
' Sp KpxMp+R,

(Kp-2xM,p N (T ~2)xm

pjxsz Kbit/s
Sp Tp XSy

(Tp xKp -1)xMp %Ly % 4Kbit/s
Tpx(KpxMp+Ryp)

WhenT, # 1, Net, a¢t =[

OR, Definition: Overhead rate of latency path functign #
Mp _ MpxL,

ORs = x32kbit/s= f

Tp*Sp Tpx (KpxMp+Rp

)x 4 kbit/s

delay, Definition: PMS-TC delay of latency path functiop #

wherd x |denotesoundingto thehigherinteges)

delay, :wms (

Nominal one-way maximum transport delay of latepash function # is defined as:

SEQ Definition: Length of the sync octet sequence of latency fatbtion #

2 if p# MSQG p andlatencypath # p isnotthelowestatencypath (See7.8.2.1)
SEQ, = 6 if p#MSQG p andlatencypath # p isthelowestatencypath (See7.8.2.1)

MSG: +2 if p=MSQG p andlatencypath # p isnotthelowestatencypath (See7.8.2.1)

MSG +6 if p=MSQG p andlatencypath # p isthelowestatencypath (See7.8.2.1)
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Table 7-7/G.992.3 — Derived characteristics of th&TU data frame

Symbols Definition and value
PER, Definition: The period of the overhead channel in latenci piat
Ty, xSy, xSE
PER,=—"—"F D s
4xM
PMS-TC Definition: Impulse Noise ProtectidiNP, in number of DMT symbols of latency path
function #
INP, = L)k (sxD)x| —2
2 N_FEC

7.6.2 Valid framing configurations

Table 7-8 displays the allowable range of each PINISeontrol parameter. Additionally, the
control parameters shall satisfy some relationstopsne another for the set of control parameter
values to be valid as displayed in Table 7-8. Scamges of the valid control parameter values are
expressed in terms of NSC, which is the numbeub€arriers as defined in clause 8.

An additional requirement is made on the valuehefB, .. Each frame bearer shall be transported
in one and only one latency path. This means thany valid framing configuration, there shall be
no more than one non-zero control parameter in sat{Bon, B1n, B2n, Ban}.

Table 7-8/G.992.3 — Valid framing configurations

Parameter Capability
MSGhin 4000< MSG,, < 64000
MSGhax MSGax = 64000
Nec 1<Ngc<4
Np 1<Np<4
MSGp 0<MSGp<3
MSG The valid values oMSG: are those required to support valid minimum andimam
overhead rate$]SG,,andMSG; .
Bo.n 0<B,,<254,) B, <254
n
M, 1,2,4,80r16.IR,=0thenM, =1
To 1I<T,<64
Ry 0,24,6,8,10, 12, 14, or 16
Dp 1,2,4,8,16,32,64.R,=0thenD, =1
L, 1<L,<15x (NSC-1)
and ) L, shall be such that® > L, <15 x NSC- 1)
Relation ofS, Configurations that satisfy the following relatibiys are validM, /2< §, < 32 xM,
andM, (see Note 1).
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Table 7-8/G.992.3 — Valid framing configurations

Parameter

Capability

Overhead Rate

Configurations that satisfy the following relatibins are valid:

Constraints | g g kpit/s< OR, < 64 kbit/s (see Note 2).

Configurations that satisfy the following relatibins are valid:

Delay
Constraints 1
5 < Sp < 64(see Note 3).

Overhead
Channel Period

Configurations that provide a period for each oeachchanndPER, between 15 and
20 ms are valid.

NOTE 1 — This condition is a bound on the numbéviak Data Frames per symbol.

NOTE 2 — The 0.8 kbit/s overhead rate lowerboundesponds to aBEQ = 2 (see Table 7-14) and an
overhead channel period of 20 ms.

NOTE 3 — This condition puts bounds on the numih&EC codewords per symbol.

7.6.3 Mandatory configurations

7.6.3.1

An ATU shall support all combinations of the valug#sPMS-TC control parameters for latency
path function #0 displayed in Tables 7-9 and 74iQhe downstream and upstream direction,
respectively. Configurations that result in noreger valuesS, shall be supported. The values
shown in the tables shall be supported in all wratiser and receivers.

Mandatory latency path function

Table 7-9/G.992.3 — Mandatory downstream control
parameter support for latency path #0

Parameter Capability
MSGin All valid values ofMSG,,, shall be supported within latency path #0.
MSGax MSGax shall be set to 64000 within latency path #0.
Number of Nac
frame bearers
Boo All valid values ofBgy, shall be supported up to a maximum required tpsuphe

highest mandatory downstream data rate for any T@Supported by the ATU.
MSGp 0

MSG All valid values ofMSG: shall be supported within path #0.

Mo All valid values ofM, shall be supported.

To All valid values ofT, shall be supported.

Ro All valid values ofR, shall be supported.

Do All valid values ofDq shall be supported.

Lo All valid values oflL, shall be supported up to a maximum required t@stjhe

highest mandatory downstream data rate for any T@Supported by the ATU.
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Table 7-10/G.992.3 — Mandatory upstream control
parameter support for latency path #0

frame bearers

Parameter Capability
MSGyin All valid values ofMSG,,, shall be supported within latency path #0.
MSGax MSGax shall be set to 64000 within latency path #0.
Number of Nac

BOO

All valid values ofBgy, shall be supported up to a maximum required tpsuphe
highest mandatory upstream data rate for any TPSupported by the ATU.

MSGp 0

MSG& All valid values ofMSG: shall be supported within latency path #0.

Mo All valid values ofM, shall be supported.

To All valid values ofT, shall be supported.

Ry All valid values ofR, shall be supported.

Do All valid values ofD, shall be supported such tHp < 8.

Lo All valid values oflL, shall be supported up to a maximum required tpstpghe

highest mandatory upstream data rate for any TPSupported by the ATU.

7.6.3.2  Other latency path functions

An ATU shall support all combinations of the valuglsPMS-TC control parameters for each
optional latency pathptthat is supported as displayed in Tables 7-117afh#@ in the downstream

and upstream direction, respectively. Configuraitimat result in non-integer valu€s shall be
supported. The values shown in the tables shalpgorted in transmitter and receiver.

Table 7-11/G.992.3 — Mandatory downstream control
parameter support for optional latency paths

frame bearers

Parameter Capability
MSGuin All valid values ofMSG,;, shall be supported within any supported latendk.pa
MSGax MSG;ax shall be set to 64000 within any supported latgyaiy.
Number of Nac

All valid values ofBy, shall be supported up to a maximum required t@stighe
highest mandatory downstream data rate for any T@Supported by the ATU.

MSGp Any supported latency path function shall be capalblcarrying the message based
portion of the overhead structuMSG r = p shall be supported.

MSG& All valid values ofMSG: shall be supported within any supported latendii.pa

Mp All valid values ofM, shall be supported.

Tp All valid values ofT, shall be supported

R, Ry maxis identified during initialization. All valid vales ofR, up to and includingR, max
shall be supported.

Dp Dy maxis identified during initialization. All valid vales ofD, up to and including
Dy maxshall be supported.

Ly All valid values ofL, shall be supported up to a maximum required tpsughe

highest mandatory downstream data rate for any T@Supported by the ATU.
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Table 7-12/G.992.3 — Mandatory upstream control
parameter support for optional latency paths

Parameter Capability

MSGuin All valid values ofMSG,, shall be supported within any supported latendk.pa

MSGax MSGax shall be set to 64000 within any supported latqrati.

Number of Nac

frame bearers

Bro All valid values ofBy, shall be supported up to a maximum required t@stighe
highest mandatory upstream data rate for any TPSupported by the ATU.

MSGp Any supported latency path function shall be capalblcarrying the message based
portion of the overhead structuMSG p = p shall be supported.

MSG: All valid values ofMSG: shall be supported within any supported latendi.pa

M, All valid values ofM,, shall be supported.

Tp All valid values ofT, shall be supported

R Ry maxis identified during initialization. All valid vales ofR, up to and includingr, max

shall be supported.

Dp Dy maxis identified during initialization. All valid vales ofD, up to and including
Dy maxshall be supported.

Ly All valid values ofL, shall be supported up to a maximum required tpsughe
highest mandatory upstream data rate for any TPSupported by the ATU.

7.7 Data plane procedures
7.7.1 Latency path function

7.7.1.1 Mux data frame selector

Within latency path functionpf the Mux Data Frame Selector multiplexes the frdnaarers with
the overhead channel for latency path functipn®he output of the Mux Data Frame Selector is in
the structure of the Mux Data Frame at ReferenadetRPa The control parametendl,, T, and
Bo, ... , Bpz determine the selection and the order of the sdi®m Frame.Bearer).confirm
primitives, the CRC octet described in 7.7.1.2, #mel Overhead Channep#rom the Overhead
Access Function described in 7.8.2.

The Mux Data Frame Selector maintains a countdrishanitialized to zero at the completion of
initialization. The counter is incremented eachetimcomplete Mux Data Frame is constructed and
is used in conjunction with the control paramélgrin the following manner. The first octet of
every Mux Data Frame is nominally used to transpgbg shared overhead channel of the
PMS-TC function. However, this octet is used tayaata sometimes if the value Bf is not 1. If

Tp is not one and if the counter value modUjas zero, then the octet is used to transport @masth
otherwise an extra octet of data is transporteac ddta is taken from the frame bearer with the
lowest index that is assigned to latency pathi# the case that there is no frame bearer assigne
latency path g, an octet with the value of zero is used.

When the octet is used for overhead, the next egtetken from the overhead message structure
described in 7.8.2.1. Because the counter usednjuection withT, is reset at the completion of
initialization, the first Mux Data Frame generat@dvays has a sync octet carrying the overhead
channel.
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The remaining octets of every Mux Data Frame ieray path # are constructed by taking

Bpo Octets from Frame.Bearer(0).confirm primitivé,, octets from Frame.Bearer(1), etc. The
octets are taken from the primitives so that tleetet alignment, MSB position, and order within
the frame bearer are maintained. Each Mux Data &@mays contains a total Kf, octets.

The Mux Data Frame Selector procedure of the Istgrath function $ createsM, Mux Data
Frames, a total d¥l, x K, octets. This procedure is followed by the CRC pchre.

7.7.1.2  Cyclic redundant checksum

Each latency path periodically calculates a CR@toctcO to crc7, to enable error detection. The
CRC coverslp x SEQ x K, — 1 message octets, starting from the first cafter the sync octet of
the first Mux Data Frame and ending with the lagebof the last Mux Data Frame.

The crcO to crc7 bits shall be computed frorid x SEQ x K, — 1) x 8 message bits at Reference
Point A using the equation:

cre(D) = M (D)D® moduloG(D)
where:
M(D) = mgDkt+my DK 2 +..+ m._, D+m_4, is the message polynomial,
k = (T, xSEQ xK,-1)x8,
G(D) = D8+D*+D3+D?+1, is the generating polynomial,
cre(D) = coD’ +¢,D® +...+cgD + ¢, is the check polynomial,
andD is the delay operator.

That is, the CRC is the remainder whé(D) D? is divided byG(D). Each octet shall be input into
thecrc(D) equation least significant bit first.

The CRC value calculated is presented to the Muta Paame Selector described in 7.7.1.1 for
transport during the next available overhead chlaoctet, i.e., first octet in the next repetitioh o
the overhead channel structure (see 7.8.2.1).prbisedure is followed by the scrambler procedure.

7.7.1.3 Scrambler

The binary data streams at Reference Point A sleaficrambled as illustrated in Figure 7-9 using
the following equation:

dn = dn O dn—18 O dn—23
whered, is then-th input to the scrambler,
and d}, is then-th output from the scrambler.

Each octet shall be input into the scrambler equateast significant bit first. The scrambler
procedure of the latency path functiop ghall scrambléM, Mux Data Frames, avl, x K, octets.
This procedure is followed by the FEC procedure.

NOTE — The starting state of the scrambler is npecs#ied. Receiver implementations should use
self-synchronizing descrambler designs.
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Par/Ser
LSB first
d, v
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4 dig di di1s dos
Ser/Par
LSB first
G.992.3_F07-9

l Output octet

Figure 7-9/G.992.3 — Scrambler procedure

7.7.1.4 Forward error correction function

The FEC procedure inserts Reed-Solomon FEC redegdactets to provide coding gain as an
outer coding function to the PMD function. The FRfdcedure of latency path functiop ghall
calculateR, octets fromM, x K, input octets. The octets are appended to the etk onput octets
in the structure of FEC Output Data Frame at Refezdoint B.

WhenR, = 0, no redundancy octets are appended and thesval the FEC Output Data Frame are
identical to the input values. For all other valuésR,, the following encoding procedure shall be
used to create tHg, octets:

The FEC procedure shall take My, scrambled Mux Data Frames comprising messagespnigt
My, ... , Mypxkp-2, Mupxkp-1. The procedure shall produéy redundancy octetsy, Cy, ... , Crp2,
Crpa. These two taken together comprise the FEC codkwbsizeM, x K, + R, octets. Thdr,
redundancy octets shall be appended to the mességfs to form the FEC Output Data Frame at
Reference Point B.

At the end of the initialization sequence, the HEfction always starts with the first bf, Mux
Data Frames.

The redundancy octets are computed from the messagis using the equation:
C(D) = M (D)DRP moduloG(D)
where:

M(D) = mgDMPHKPLym DMPRP24 4 Mypxip—2 D + Mypxkp-1 IS the message
polynomial,

C(D) =coDRP ™ +¢ DRP?+. .+, D +Crpy is the check polynomial, and

G(D) = |_| (D +ai) Is the generator polynomial of the Reed-Solomareco

where the index of the product runs fromO0 toR, — 1.

That is, C(D) is the remainder obtained from dividing(D) D¥ by G(D). The arithmetic is
performed in the Galois Field GF(256), wherés a primitive element that satisfies the primativ
binary polynomiab® + x* + x2 + x* + 1. A data octetd;, d, ... , di, do) is identified with the Galois

Field elementd o’ +dga®...+ dyor +dy_
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The FEC procedure of the latency pafhcteatesNrec p octets in the structure of a FEC Output
Data Frame at Reference Point B. This procedui@l®ved by the interleaver procedure.

7.7.1.5 Interleaver

To spread the Reed-Solomon codeword and theregdiece the probability of failure of the FEC in
the presence of impulse noise, the FEC Output Bedanes shall be convolutionally interleaved.
The interleaver creates the Interleaved FEC Oubatid Frames at Reference point C, at the output
of the latency path function. This procedure isolwkd by the frame multiplexing procedure.

Convolutional interleaving is defined by the rulesiqg the currently defined values of the framing
control parameter®, and the derived parametegec p):

Each of theNrec , octetsBg, By, ... , Burec.pg) in @an FEC Output Data Frame is delayed by
an amount that varies linearly with the octet inddere precisely, octdd; (with indexi) is
delayed by[D,—1) xi octets, wher®, is the interleaver depth.

An example folNrecp = 5, Dp = 2 is shown in Table 7-13, when‘.&;j denotes théth octet of the
j-th FEC Output Data Frame.

Table 7-13/G.992.3 — Convolutional interleaving exaple for Negcp = 5,Dp = 2

Interleaver j j j j j j+1 j+1 j+1 i+l j+l
input Bo B/ B, B; By Bo B/ B, B; By
Interleaver| nj j-1 j j-1 j j+1 j j+l j j+l
output Bo B3 B/ By B, Bo B; B/ B, B,

With the above-defined rule, the output octets ftbminterleaver always occupy distinct time slots
whenNrecp is odd andD, is a power of 2. WheNrecp is even, a dummy octet shall be added at
the beginning of the codeword at the input to titerleaver. The resultant odd-length codeword is
then convolutionally interleaved, and the dummyebshall then be removed from the output of the
interleaver.

The interleaving procedure of the latency path fianc#p shall interleave a single FEC Output
Data Frame, oM, x K, + R, octets. This procedure is followed by the Frame tMlaxing
procedure.

7.7.2 Frame multiplexing

The output signals of all latency paths are mudtipd together to form the output of the PMS-TC
function. The frame multiplexing procedure combirés from each configured latency path in
decreasing label order, starting frgn¥ 3 down top = 0. L, bits are taken from each latency path.
L, = 0 if latency path g is not supported or disabled. The bits are tak8B ffirst. The data is
packed into a PMD.Bits.confirm primitive in ordefrlatency pattp = 3 down top = 0.

7.8 Control plane procedures

7.8.1 NTR transport

An ATU-C may optionally transport an 8 kHz timingarker as NTR to support the transport of a
timing reference from voice PSTN access networleqaipment located with the ATU-R. The
8 kHz timing marker is provided to the ATU-C astpaf the interface at the V reference point.
Additionally, if this capability is supported, th@ecal PMD shall provide a PMD sampling clock that
is a multiple of 2.208 MHz 50 ppm along with ardication of when each overhead message
structure (described in 7.8.2.1) begins.

If NTR transport is configured during initializatior reconfiguration of the PMS-TC function, the
ATU-C shall generate an 8 kHz local timing refeecTR) by dividing the PMD sampling clock
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by the appropriate integer. The ATU-C shall compghtechange in phase offset between the input
NTR and the LTR from the previous overhead mess#ageture start indication to the present one.
The phase offset shall be measured as a differencgcles of a 2.208 MHz clock in units of
approximately 453 ns. The phase offset shall bedsutt into a single octet, denoted by bitls to
ntrO, representing a signed integer in the —128 to/7+#HAge in 2's-complement notation. When
ntr7 is a 0, the number shall represent a positive vafube change of phase offset, indicating that
the LTR is higher in frequency than the NTR.

An ATU-C may choose to lock its transmit PMD fumcti clocks to a multiple of the NTR
frequency. In that case, all phase changes betthednlTR and NTR would be measured as zero. In
this case, the ATU-C shall signal that NTR is supgmb during initialization and encode the
indicator bitsntr7 tontrO to zero.

The bitntr7 tontrO shall be transported using the overhead chasnd¢scribed in 7.8.2.2.

NOTE 1 - The NTR should have a maximum frequenayatian of + 32 ppm. The LTR should have a
maximum frequency variation of £ 50 ppm. The maximmismatch should therefore be + 82 ppm. The
offset is communicated via the overhead channt#leasame rate as the CRC indicators and can beadapp
into a single octet.

NOTE 2 — The NTR phase offset value is transmitiede per Overhead Channel Period (see Table 7-8).
The Overhead Channel Period in the L2 state mdgrigger than in the LO state (see 7.12.2). For thR kb
work properly, the ATU-C should maintain a maxim@werhead Channel Period in the L2 state, which
allows NTR phase offset changes over that perideeteepresented in the [-128 to +127] range. A ratsm

of £82 ppm allows for an Overhead Channel PeriathénL2 state of up to 700 ms.

7.8.2 Overhead channel access

Each latency path that is enabled carries an oadrlthannel structure. Various primitives and
messages are signalled over these overhead chamadlse overhead channel access procedures
described in this clause.

7.8.2.1 Overhead channel structure

Each latency path that is enabled carries an oadrbbannel to be transported in the sync octets.
Generally, each overhead channel can contain a |@R®n, a bit oriented portion, and a message
oriented portion over a repeating sequence of sgtets of lengtfSEQ. The specific structure of
the overhead channel for latency paghshall have one of four formats as displayed inldabhl4
depending upon the value of the derived paran&€p,

The value ofSEQ shall be calculated as shown in Table 7-14 ancemigp upon the value of
MSGp as well as the latency of all paths. The valuSE€) shall be implicitly defined through a
PARAMS message exchanged during initialization, améll not be updated otherwise. To
determine the value GEQ, the indicator bits shall be allocated to theratepath that has the
lowest value of the derived parametietay, and the message-based overhead shall be alldcated
latency path MISGp. If more than one latency path has the same \cfldelay, the path with the
lowest latency shall be the latency path with laveeday, and lowest labgb. The values 0BEQ
shall be determined during the initialization prdeees, and shall not be changed through on-line
reconfiguration or power management transitions meolving the initialization procedures
(although the latency path with the lowest delay izange).

An overhead structure frame counter is maintaime@ach latency path with the frame counter
incremented by one for each sync octet transmifié@. overhead structure frame counter starts
from zero at the end of the initialization proceslWhen the counter reaches the maximum value
SEQ and the end of the sequence is reached, the caanteset and the information sequence is
begun again from octet sequence 0. This same aosimél be used to control the behavior of the
CRC procedure in 7.7.1.2 and the behavior of th&Nfansport procedure in 7.8.1. The value of
MSG: is identified during initialization and shall résin a message-based overhead data rate in the
MSGnin to MSGraxrange.

ITU-T Rec. G.992.3 (07/2002) 39



The first sync octet following the initializatioreguence shall always contain a CRC octet in each
latency path. The value of the CRC octet for thstfisync octet following initialization is
implementation specific.

The CRC octet shall be carried in the path for Whigs calculated.

Table 7-14/G.992.3 — Overhead channel structure depding onSEQ,

nSr%tgér Information I‘:’ng]
Case ifp# MSGr and latency path # is not the lowest latency path according to the 2
definition in this clause
0 CRC octet
1 Reserved for use by ITU-T. This octet shall be@&Fg in all latency paths
Case ifp# MSGr and latency path # is the lowest latency path 6
0 CRC octet
1,2,3,4 Bit-oriented portion of overhead channel
5 Reserved for use by ITU-T. This octet shall be@&Fg in all latency paths

Case ifp = MSG.p and latency path # is not the lowest latency path according to the MSG¢ + 2
definition in this clause

0 CRC octet

1 Reserved for use by ITU-T. This octet shall betaéif; in all latency paths
2,3, ... Message-oriented portion of overhead channel

MSG+ 1

Case ifp = MSGr and latency path # is the lowest latency path according to the MSGc + 6
definition in this clause

0 CRC octet

1,234 Bit-oriented portion of overhead channel

5 Reserved for use by ITU-T. This octet shall betaéif; in all latency paths
6,7, ... Message-oriented portion of overhead channel

MSG:+ 5

7.8.2.2 Indicator bits

The following indicator bits are particularly tinsensitive and shall be transported as indicatasr bit
in the bit-oriented portion of the overhead chant&ur octets shall be reserved to carry the
indicator bits. The following indicator bits shdlé transported relating to the PMS-TC and PMD
functions:

- NTR7 to NTRO downstream (PMS-TC-related);
- LOS and RDI in both directions (PMD-related);
- LPR upstream (PMD-related).

Additionally, each TPS-TC function may provide uptwo indicators, designated asB#0 and
TIB#1. These are transported transparently by the P $unction. The definition o IB#0 and
TIB#1 are provided in Annex K.

The structure of the bit-oriented overhead port®shown in Table 7-15. The PMD and PMS-TC
bits are active lowTIB#0-n andTIB#1-n are the TPS-TC function indicator bits belonginghe
TPS-TC function labeled r# Indicator bits which are not used (e.g., upstreBifiR and
downstream LPR) shall be set to 1.
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Table 7-15/G.992.3 — Bit-oriented structure of ovdread channel

Octet Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Sequence (MSB) (LSB)
1 (NTR) NTR7 NTR6 NTR5 NTR4 NTR3 NTR2 NTR1 NTRO
2 (PMD) LOS RDI LPR 1 1 1 1 1
3 (PMS-TC) 1 1 1 1 1 1 1 1
4 (TPS-TC) | TIB#0-0 | TIB#0-1| TIB#0-2 | TIB#0-3 | TIB#1-0 | TIB#1-1 | TIB#1-2| TIB#1-3
7.8.2.3 Overhead message format

An HDLC-based frame structure as shown in Table,7shall be used to encapsulate overhead
messages. These functions carried by these messaljete:

a) On-line reconfiguration messages (PMS-TC and R&lBted);
b) Command/response messages (MPS-TC-related);
C) Performance monitoring messages (MPS-TC-related)

The message oriented portion of the overhead chasthadl be carried in the latency path as
determined by the control variabWSG p.

Table 7-16/G.992.3 — HDLC frame structure

Octet# | MSB LSB

7Es — Opening Flag

1 Address field

2 Control field

3 Message octet 1

P+2 Message octét

P+3 FCS high octet

P+4 FCS low octet
7E— Closing Flag

A maximum message length of 1024 octéts (1024 maximum) is defined.
7.8.2.4  Overhead channel protocol

7.8.2.4.1 Transmitter protocol

The transmitter shall accept messages from the WP $unction, as described in 9.4.1, with the
priorities displayed in Table 7-17.

Table 7-17/G.992.3 — Overhead message priorities

Priority | Address field Associated time-out Command type
value | value (2 LSBs) value
1 00 400 ms High Priority Overhead Messages in Talite 9-
2 0% 800 ms Normal Priority Overhead Messages in T@i8e
3 10, ls Low Priority Overhead Message in Table 9-4
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The transmitter shall format messages using the EiDtame structure described in 7.8.2.3,
inserting the Frame Check Sequence octets as kedcin ITU-T Rec. G.997.1 [4]. Octet
transparency and octet inter-frame time fill shadl as in ITU-T Rec. G.997.1 [4]. Opening and
closing flags may be shared (i.e., only one flailgveen consecutive messages).

The two least significant bits of the address fisthll be set with the priority of the message
according to the values shown in Table 7-17. THeevaf 1% is reserved. All other bits of the
address field shall be set ta O

The second least significant bit of the controldfishall be set with a command,®r response
code (%). The least significant bit shall be set alterhate 0, and % as new messages are sent. All
other bits of the control field shall be set to 0

When sending a new command message, the LSB afatieol field shall be inverted from the
previous command message. The transmitter shallteencommand message one time and await a
response message. No more than one command mexsageh priority value shall be awaiting
response message at any time. Upon receipt ofpanmss message, a new command message may
be sent. If a response message is not receivedeaout occurs and the command message is
repeated without inverting the LSB of the contrigld. Alternately, the ATU may abandon the
command message after an implementation-specifitheu of retransmissions. There are different
time-out durations for the different priority megea and are displayed in Table 7-17. Timeouts are
based starting from the last octet of a requestsages sent to last octet of a response message
received.

When sending a new response message, the LSB afotiteol field shall be inverted from the
previous response message.

The transmitter may receive messages from the M@ %1 transmission at different priorities. The
highest priority message shall be transmitted. f&stany time, if the transmitter receives a messag
of a higher priority, the transmitter shall sené tiigher priority message. Any message of lower
priority being transmitted may be aborted using tutet abort sequence described in ITU-T
Rec. G.997.1 [4], i.e., a control escape octebtedld by a flag. If transmission of the lower prigri
message is completed, it remains active and the-out timer values are not affected. If the lower
priority message is aborted, the transmitter stetfansmit the message as the priority scheme
allows, without inverting the LSB of the controgfi.

7.8.2.4.2 Receiver protocol

The receiver shall search on octet boundaries fessages matching the structure of the HDLC
frame format. Any invalid frames as described IWUIT Rec. G.997.1 [4] shall be discarded. Any
message with an invalid FCS shall be discarded. Argsage with an address or control field not
in accordance with 7.8.2.4.1 shall be discarded.

The alternating LSB of the control field may be dise detect messages that are being repeated
because of timeout or can be used to detect messhge might have been previously lost or
discarded due to errors.

Each message received shall be delivered to the MPfinction.

7.9 Management plane procedures

7.9.1 Surveillance primitives

All PMS-TC function primitives are line related. [®nanomalies are defined for each receive
latency path.
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Two near-end anomalies are defined for a receteaty path:

. Forward error correction fge-A fecp anomaly occurs when a received FEC codeword for
the latency pathpgfindicates that errors have been corrected. Trosaty is not asserted if
errors are detected and are not correctable.

. Cyclic redundancy check cge-A crcp anomaly occurs when a received CRC-8 code for
the latency pathptis not identical to the corresponding locally geted code.

Two far-end anomalies are defined for a receiveniey path:

. Far-end forward error correction ffec-An ffec-n anomaly is a fec-anomaly detected at
the far-end.

. Far-end Block Error febe-anomaly: A feber anomaly is a crae- anomaly detected at the
far-end.

7.10 Initialization procedures
7.10.1 G.994.1 phase

7.10.1.1 G.994.1 capabilities list message

The following information about the PMS-TC functishall be defined in ITU-T Rec. G.994.1 [2]
as part of the CL and CLR messages. This informatiay be optionally requested and reported
via G.994.1 messages at the start of a sessionewthe information shall be exchanged at least
once between ATU-C and ATU-R but not necessarilthatstart of each session. The information
exchanged includes:

. Capability to transport NTR (downstream only);

. Minimum downstream message-based overhead chdateetate that is needed,;
. Minimum upstream message-based overhead chaatzetate that is needed;

. Maximum downstream net data rate of each lat@atly can be supported;

. Maximum upstream net data rate of each latentdy that can be supported;

. Ry max0n each optional latency path that can be supgorte

. Dp maxON each optional latency path that can be supgorte

In addition, non-standard capabilities may be reggbthrough additional NSF messages.

This information is represented using a G.994.& tmedel of the information as in Table 7-18. An
ATU provides both the upstream and downstream mnédion in response to the capabilities
request message.

The latency paths supported shall start from O imcdease by one. The Capability List shall
indicate that latency paths supported consists#6},{{#0, #1}, {#0, #1, #2}, or {#0, #1, #2, #3}
(there are only 4 cases). The number of latendyspstipported may be different for upstream and
downstream.
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Table 7-18/G.992.3 — Format for PMS-TC capabilityist information

Overhead Data
Rate

Npar(2) bit Definition of Npar(2) bit

NTR This bit is set to a one if the ATU has the caphib transport the NTR signal in the
downstream direction.

Spar(2) bit Definition of related Npar(3) octets

Downstream Parameter block of 2 octets that describes thenmini message based data rate thg

needed by the ATU. The unsigned 6-bit value isdéi@ rate divided by 1000 bits pe
second minus 1 (covering the range 1 to 64 kbit/s).

Upstream
Overhead Data
Rate

Parameter block of 2 octets that describes thenmini message based data rate thg
needed by the ATU. The unsigned 6-bit value isddua rate divided by 1000 bits pe
second minus 1 (covering the range 1 to 64 kbit/s).

Downstream Parameter block of 2 octets that describes themrmaxi net_max downstream rate
PMS-TC latency| supported in the latency path #0. The unsigneditl2dh max value is the data rate
path #0 divided by 4000. The net_max downstream rate figafjreater than or equal to the
supported maximum required downstream data rate for each T€$¢pe that is supported by the
(always setto 1) ATU.
Upstream Parameter block of 2 octets that describes thermaxi net_max upstream rate
PMS-TC latency| supported in the latency path #0. The unsigneditl2eh max value is the data rate
path #0 divided by 4000. The net_max upstream rate shajrbater than or equal to the
Supported maximum required upstream data rate for each TP8p€that is supported by the
(always setto 1) ATU.
Downstream Parameter block of 4 octets that describes themrmaxi net_max downstream rate,
PMS-TC latency| downstreanR; ., and downstrear; . supported in the latency path #1. The
path #1 unsigned 12-bit net_max value is the data rateldviby 4000R; naxiS an unsigned
Supported 4-bit value and shall be one of the vaigvalues divided by 2D; .« iS an unsigned
3-bit value and shall be the logarithm base 2 @f ofithe validD, values.
Upstream Parameter block of 4 octets that describes thermaxi net_max upstream rate,
PMS-TC latency| upstreanR; ma and upstreard; o SUpported in the latency path #1. The unsigned
path #1 12-bit net_max value is the data rate divided b§04®8; .« iS an unsigned 4-bit value
Supported and shall be one of the valR} values divided by D, nais an unsigned 3-bit value
and shall be the logarithm base 2 of one of thiel\RyJ values.
Downstream Parameter block of 4 octets that describes themrmaxi net_max downstream rate,
PMS-TC latency| downstreanR; ., and downstrearm, .« supported in the latency path #2. The
path #2 unsigned 12-bit net_max value is the data rateldvby 4000R; naxiS an unsigned
Supported 4-bit value and shall be one of the vaigvalues divided by 2D, . is an unsigned
3-bit value and shall be the logarithm base 2 @f ofithe validD, values.
Upstream Parameter block of 4 octets that describes thermaxi net_max upstream rate,
PMS-TC latency| upstreanR; ma and upstreard, . SUpported in the latency path #2. The unsigned
path #2 12-bit net_max value is the data rate divided bR, .« iS an unsigned 4-bit valug
Supported and shall be one of the valR} values divided by D, nais an unsigned 3-bit value
and shall be the logarithm base 2 of one of thiel\RJ values.
Downstream Parameter block of 4 octets that describes thermaxi net_max downstream rate,
PMS-TC latency| downstreanR; ., and downstrears . supported in the latency path #3. The
path #3 unsigned 12-bit net_max value is the data rateldviby 4000R; naxiS an unsigned
Supported 4-bit value and shall be one of the vaigvalues divided by 2D; axiS an unsigned
3-bit value and shall be the logarithm base 2 @f ofithe validD, values.
Upstream Parameter block of 4 octets that describes thermaxi net_max upstream rate,
PMS-TC latency| upstreanRs mas and upstreards . SUpported in the latency path #3. The unsigned
path #3 12-bit net_max value is the data rate divided b§048; .« IS an unsigned 4-bit valug
Supported and shall be one of the val&s values divided by D3 . is an unsigned 3-bit value
and shall be the logarithm base 2 of one of thiel\RyJ values.
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7.10.1.2 G.994.1 mode select message
The following control parameters of PMS-TC functisimall be defined in ITU-T Rec. G.994.1 [2]

as part of the MS message. This information shalédélected prior to the PMD initialization. The

information includes:

. Minimum downstream message-based overhead chdatstate that is required;
. Maximum downstream message-based overhead chdawiaelate that is allowed;
. Minimum upstream message-based overhead chaatzetate that is required;
. Maximum upstream message-based overhead chaaaalade that is allowed.

The Overhead Data Rate in the MS message sha#tlie she highest of the Overhead Data Rate

values in the CL and CLR message.

This configuration for PMS-TC is represented usanG.994.1 tree model of the information as in

Table 7-19. An ATU provides both the upstream aomristream trees in the MS message.

Table 7-19/G.992.3 — Format for PMS-TC mode selentformation

Overhead Data
Rate

Npar(2) bit Definition of Npar(2) bit
NTR Set to 1 if and only if this bit was set to 1 irtlb¢he last previous CL message and the
last previous CLR message.
When set to 1, both ATUs shall transport the NTghal in the downstream direction
such that the NTR signal is made available at Hreiiiterface.
When set to 0, indicates that the NTR signal isavailable at the T-R interface.
Spar(2) bit Definition of related Npar(3) octets
Downstream Parameter block of 1 octet that describes the mimirmessage based data rate that

needed by the ATU. The unsigned 6-bit value isdéi@ rate divided by 1000 bits pe
second minus 1 (covering the range 1 to 64 kbit/s).

Upstream
Overhead Data
Rate

Parameter block of 1 octet that describes the mimirmessage based data rate that
needed by the ATU. The unsigned 6-bit value isddu@ rate divided by 1000 bits pe
second minus 1 (covering the range 1 to 64 kbit/s).

Downstream
PMS-TC latency
path #0

supported

Not included, Spar(2) bit shall be set to 0.

Upstream
PMS-TC latency
path #0

Supported

Not included, Spar(2) bit shall be set to 0.

Downstream
PMS-TC latency
path #1

Supported

Not included, Spar(2) bit shall be set to 0.

Upstream
PMS-TC latency
path #1

Supported

Not included, Spar(2) bit shall be set to 0.

Downstream
PMS-TC latency
path #2

Supported

Not included, Spar(2) bit shall be set to 0.
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Table 7-19/G.992.3 — Format for PMS-TC mode selentformation

Upstream
PMS-TC latency| Not included, Spar(2) bit shall be set to 0.
path #2

Supported

Downstream
PMS-TC latency| Not included, Spar(2) bit shall be set to 0.
path #3

Supported

Upstream
PMS-TC latency| Not included, Spar(2) bit shall be set to 0.
path #3

Supported

7.10.2 Channel analysis phase

The PMS-TC function control parameters exchangedhm C-MSG1 message are listed in
Table 7-20.

Table 7-20/G.992.3 — PMS-TC function control paranters included in C-MSG1

Oct(_et Nr Parameter _ Format _
[i] [Bxi+7to8xi+0]
0 RATIO_BCdsg [Oxxx xxxx], bit 6 to O
1 RATIO_BCds [Oxxx xxxx], bit 6 to O
2 RATIO_BCds [Oxxx xxxx], bit 6 to O
3 RATIO_BCds [Oxxx xxxx], bit 6 to O

The RATIO_BG, is the percentage of the net data rate, in exaiesam of the minimum net data
rates over all bearer channels, to be allocatedhéo bearer channeln# The percentage is
represented as a 7-bit integer in the 0 to 100gang

The values are configured through the CO-MIB farheapstream and downstream bearer channel,
as defined in ITU-T Rec. G.997.1. The sum of thecg@etages over the upstream bearer channels
shall be 100%. The sum of the percentages overdtivenstream bearer shall be 100%. The
upstream percentages are locally used by the ATid-Getermine the upstream net data rate for
each of the upstream bearer channels. The downs{peecentages are conveyed to the ATU-R in
the C-MSG1 message during initialization and usethb ATU-R to determine the downstream net
data rate for each of the downstream bearer channel

7.10.3 Exchange phase

The remaining values of the control parametersttier TPS-TC functions, as well as additional
information about the TPS-TC functions, shall bporéed by the receive TPS-TC function and
transported to the transmit TPS-TC function duthngexchange procedure.

The information in C-PARAM includes:

. The latency pattMSGp to carry the upstream message oriented portiaimefoverhead
channel.

. Assignment of upstream frame bearers to upsttatancy paths.

. The number of message oct®tSG included in the upstream overhead structure.

. Bp.n for each upstream latency path and frame bearer.
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This C-PARAMS and R-PARAMS information is represzhtas a parameter block as in
Table 7-21. The information is transmitted in tmdes shown during C-PARAM and R-PARAM as

M, for each upstream latency path.
R, for each upstream latency path.
D, for each upstream latency path.
T, for each upstream latency path.
L, corresponding to each upstream latency path.

The information in R-PARAM includes:

The latency patMSGp to carry the downstream message oriented porfidtinecoverhead
channel.

Assignment of downstream frame bearers to dowastrlatency paths.

The number of message octstSG; include in the downstream overhead structure.
Bp.n for each downstream latency path and frame bearer.

M, for each downstream latency path.

R, for each downstream latency path.

D, for each downstream latency path.

T, for each downstream latency path.

L, corresponding to each downstream latency path.

described in the PMD initialization procedure.

Table 7-21/G.992.3 — Format for PMS-TC PARAMS infomation

Octet
number

[i]

PMS-TC format
bits[8xi+7to8xi+0

Description

Octet O

[ffff 00bD] bit 1 to O

The bits bb encode the valueMEG p. MSGp. Indicates the
latency path in which the message based overhéamniation
is to be transmitted. The values 00, 01, 10, ancdotfespond
to latency path #0, #1, #2, #3, respectively.

The bits ffff encode the initialization succesdtlfee code as
defined in this clause.

Octet 1

[ccce dddd] bit 7to O

The bits cccc are set to 0000, 0001, 0010, or b frame
bearer #0 is to be carried in latency path #0#21or #3
respectively. The bits cccc are set to 111§pk, is zero
(i.e., disabled frame bearer, see Table 6-1).

The bits dddd describe where the frame bearer #ilie
carried using the same encoding method as cccc.

Octet 2

[eeee ffff] bit 7 to O

The bits eeee and ffff describe where the framedos#2 and
#3, respectively, are to be carried using the samgeding
method as cccc of octet 1.

Octet 3

(9999 gggg] bit 7to O

The bits gggggggg encode the valudi8C;, the number of
octets in the message based portion of the ovedtaacture.
The latency pathMSG» is used to transport the message
based overhead information.
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Table 7-21/G.992.3 — Format for PMS-TC PARAMS infomation

n(u)ncqtgér _PMS-TC format Description
il bits[8 xi+7to8 xi+(]

Octet 4 [hhhh hhhh] bit 7 to O | The bits hhhhhhhh give the number of octets froarde#0
per Mux Data Frame being transported. This valueis or
the non-zero value from the value of the $&%{B10, B-o,

Baq}

Octet 5 [iiii iiii] bit 7 to O The bits iiiiiiii give the number of octets from &eer #1 per
Mux Data Frame being transported. This value is peithe
non-zero value from the value of the sBg{ B11, By, Bai}.

Octet 6 Ljij jijj] bit 7 to O The bits jjjjjjjj give the number of octets from &eer #2 per
Mux Data Frame being transported. This value is peithe
non-zero value from the value of the sBgA B1,, By, Bs}.

Octet 7 [kkkk kkkK] bit 7 to O | The bits kkkkkkkk give the number of octets fronaber #3 pef
Mux Data Frame being transported. This value is peithe
non-zero value from the value of the sBgg{ B3, Bos, Bsg}.

Octet 8 [mMmmm mmmm] bit 7 | The bits mmmmmmmm give the valueM§ for latency path

to0 #0. They are always present and set to zero ilised.

Octet 9 [tttt tttt] bit 7 to O The bits tttttttt give the value d% for latency path #0. They
are always present and set to zero if not used.

Octet 10 [rrrr ODDD] bit 7 to O | The bits rrrrODDD give the value & andDp for latency path
#0. The rrrr and DDD bits are coded as definedahld 7-18.
They are always present and set to zero if not.used

Octet 11 [N bit7to 0 The bits lllNII give the LSB of the value dfp for latency path
#0. They are always present and set to zero ifised.

Octet 12 [Ny bit 15to 8 The bits Il give the MSB of the value df, for the latency

path #0. These are always present and set tofzepbused.

Octets 13-17

same as octets 8-12

These octets describe the parameters for latentby#dain the
same format as octets 8 through 12. They are alpagent
and set to zeros if unused.

Octets 18-22

same as octets 8-12

These octetsledte parameters for latency path #2, in
same format as octets 8 through 12. They are alpapgent
and set to zeros if unused.

the

Octets 23-27

same as octets 8-12

These octets describe the parameters for laterthy#3ain the
same format as octets 8 through 12. They are alpapgent
and set to zeros if unused.

The value olN.p (i.e., the number of enabled latency paths) ivveged implicitly in the settings of
octets 0 (bits bb), 1 (bits cccc and dddd) and ifs (beee and ffff). Latency paths with a label
contained in the set {bb, cccc, dddd, eeee, ftiflisbe enabled. Latency paths that are supported
but with a label not contained in this set shaltlisabled.

The octet 0 in Table 7-21 assigns the message-lmsetead to a particular latency patiSGp
(with MSGp in the 0 to 3 range). The octets 1 and 2 in TabRL assign frame bearen #for
n=0to 3) to a particular latency patp @vith p in the O to 3 range), or disable the frame bearer.
The message-based overhead and the enabled frameesbshall be assigned to a latency path that
is supported by both ATUs (as indicated in CL andRCsee Table 7-19). If an ATU supports a
particular latency pathp# it shall support assignment of message-basedheadr and/or any
number of enabled frame bearers (Ngg) to that latency path. It is possible to assigmfe bearer
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#n to latency path g with the number of octets from frame bearerger Mux Data Frame
(as indicated in octet 4, 5, 6 or 7 in Table 7-gdf)to zero (i.eBp.n= 0).

It is not possible to configure at initializationlaency path g with overhead sequence length
SEQ = 6 (i.e., one that carries only a CRC and theohignted portion of the overhead) without
also carrying at least one frame bearer in thetat@athp.

The method used by the receiver to select theagesak implementation dependent. However,
within the limit of the raw data rate and codingngarovided by the local PMD, the selected values
shall meet all of the constraints communicated oy transmitter prior to the Exchange Phase,
including:

. (Message based) Overhead dataxd#inimum overhead data rate;

. Net data rate Minimum net data rate for all bearer channels;

. Impluse noise protection Minimum impulse noise protection for all beareachels;

. Delay< Maximum delay for all bearer channels.

Within those constraints, the receiver shall seleetvalues as to optimize in the priority listed:

1) Maximize net data rate for all bearer channgés, the allocation of the net data rate, in
excess of the sum of the minimum net data ratesallvbearer channels (see 7.10.2).

2) Minimize excess margin (see 8.6.4).

If within those constraints, the receiver is unablselect a set of configuration parameters, #ren
initialization failure cause shall be indicatedtire PMS-TC PARAMS information (4-bit integer,
see Table 7-21), with the other bits in the PMSHARAMS information set to 0. The transmitter
shall enter the SILENT state (see Annex D) instefathe SHOWTIME state at the completion of
the initialization procedures. Valid failure causes the failure cause values 1 (configurationrgrro
and 2 (configuration not feasible on line), as wedi in ITU-T Rec. G.997.1. If within those
constraints, the receiver is able to select a sebufiguration parameters, then value 0O is used to
indicate a successful initialization. The valugs 35 are reserved.

7.11  On-line reconfiguration

The procedures for on-line reconfiguration of thMd32TC function support:

. transparency to higher layers by providing mefmnschanges that introduce no transport
errors and no interruption of service;

. changing parameters to adapt to slowly varying tonditions; and
. changing parameters to dynamically change d#&g(irecluding zero data rate).

7.11.1 Control parameters for reconfiguration

Reconfiguration is accomplished by a coordinatezhgle to the value of one or more of the control
parameters defined in 7.5. The control parameteayed in Table 7-22 may be changed through
on-line reconfiguration within the limits described
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Table 7-22/G.992.3 — Reconfigurable control paramets of the PMS-TC function

Bo.n If frame bearer #is assigned to latency path,#he number of octets from frame beaneir#
latency path g per Mux Data Frame may be increased or decreataeeén a minimum of zerg
and a maximum corresponding to the maximum daafoatthe latency path as identified duripg
the G.994.1 capabilities exchange. A frame beaegr omly be assigned to a single latency path.
The assignment is not changed through reconfigamaiiheB, , value may only be changed
within the conditions defined in 7.11.1.1.

Ly If latency path g is used, the number of bits from latency pgthréluded per
PMD.Bits.request may be increased or decreasecebatane and the maximum number of bits
per PMD symbol.

7.11.1.1 Changes in an existing latency path

Reconfiguration of thds,, values within an existing latency patp #ccurs only at boundaries
between Interleaved FEC Data Frames. The trandh@-PC function uses the new values of the
control parameters to generate Interleaved FEC DBataes that follow the signalling of the
PMD.Synchflag.confirm primitive from the PMD funeti to the PMS-TC function as described in
8.16.2. It is important to note that PMD.Bits.confi primitives that immediately follow the
PMD.Synchflag.confirm primitive will contain bitsssociated with old configuration until a
boundary of an Interleaved FEC Data Frame. ThaweddS-TC function procedures use the new
control parameter values to process the Interle®Ed Data Frame that follow the signalling of
the PMD.Synchflag.indicate primitive from the PMOnttion to the PMS-TC function as depicted
in step 9 in Figure 10-1.

This procedure is used only if the value dBg is being modified. This procedure is restricted to
use for latency paths witR, =0, §,= 1, andD, = 1, and with alignment of the Interleaved FEC
data frame boundary, FEC data frame boundary, Mata Brame boundary, and the PMD symbol
boundary.

7.11.1.2 Changes in the frame multiplexor

Reconfiguration of the Frame Multiplexor occurdts start of the next PMD symbol that follows
transport of the synchronization flag from the PMiDction to the PMS-TC function as described
in 8.16.2. The reconfiguration of the PMS-TC fuons occur at the start of the next PMD symbol
that follows transport of the synchronization fiagm the PMD function to the PMS-TC function
as described in 8.16.2. The transmit PMS-TC functises the new control parameter values in its
procedures to generate PMD.Bits.confirm primitivakat follows signalling of the
PMD.Synchflag.confirm primitive from the PMD funeti to the PMS-TC function as depicted in
step 8 in Figure 10-1. The receive PMS-TC functowacedures use the new control parameter
values to process PMD.Bits.Indicate primitives thébllow the signalling of the
PMD.Synchflag.indicate primitive from the PMD fuiat to the PMS-TC function as depicted in
step 9 in Figure 10-1.

A reconfiguration of the PMS-TC functions that résn a change in the number of bits signalled in
the PMD.Bits.confirm primitives requires a PMD ftilon reconfiguration in conjunction with it.

This procedure shall be used jfis being modified withouB, , modifications.

7.12  Power management mode

The procedures defined for the PMS-TC function iatended for use while the ATU link is in
power management states LO and L2.

7.12.1 LO link state operation

The PMS-TC function shall operate according todalta plane, control plane, and management
plane procedures defined in 7.7, 7.8, and 7.9 whédink is in power management state LO.
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All control parameter definitions and conditionsyided in 7.5 and 7.6 shall apply.

On-line reconfiguration procedures of the PMS-T@ction described in 7.11 shall be followed
during the link state LO upon successful completbprotocol described in 9.4.1.1.

7.12.1.1 Transition to L2 link state operation

The LO to L2 transition procedures of the PMS-T@chion supports changing some of the control
parameters to reduce the number of bits transfgreed®MD primitive in the downstream direction.
This change is accomplished by changing the dowastrcontrol parameter displayed in Table 7-8.
The transition is intended to allow changes in dioginstream control parameters without errors
(i.e., seamless).

Table 7-23/G.992.3 — Power management control paraters of the PMS-TC function

Parameter Definition

Lo The number of bits from latency patp #hall be decreased fram in the LO link state in
the range of ¥ L, <1024 and L, shall be such that8) L, < 1024.

Entry into the L2 link state occurs with the comatied change in the downstreapparameters in
order to decrease the number of bits per PMD prmitThe change shall be preceded by the
protocol described in 9.5.3.3. Following the susbdscompletion of the protocol, the coordinated
change of thé, parameters shall occur as specified in 7.11.1.2.

The ATUs shall store the LO link state PMS-TC cohparametet, when transitioning from link
state LO to state L2.

7.12.1.2 Transition to L3 link state operation

The orderly shutdown of the ATU is intended to pdavthe transition from link state LO to state
L3. The transition should be as described in 915(8 the orderly shutdown procedure or 9.5.3.2
for the disorderly shutdown procedure. No spediidS-TC tear-down procedure is provided.

7.12.2 L2 link state operation

The PMS-TC function shall operate according todaita plane, control plane, and management
plane procedures defined in 7.7, 7.8 and 7.9 whédink is in power management state L2.

All control parameter definitions provided in 7%adl apply. During the L2 state, the number of bits
transmitted per PMD primitive may be significantgduced with respect to that while operating in
the LO link state. Therefore, constraints as digallain Table 7-8 and placed MSG;, the
overhead rate, the delay, and overhead channeldodo not apply while the link is in L2 state.

On-line reconfiguration of the PMS-TC function dhbk disabled during the link state L2.
Messages described in 9.4.1.1 shall not be tratesiriity either the ATU-C or ATU-R.

The low power trim procedure shall not effect tipemtion of the PMS-TC function.

7.12.2.1 Transition to LO link state operation

The L2 to LO transition procedures of the PMS-TGchion supports restoring the control
parameters from the previous LO state upon re-@gténe LO link state. The transition is intended
to allow changes in the downstream control parareetéhout errors (i.e., seamless).

Entry into the LO link state occurs with the comatied change in the downstreapparameters in
order to restore the number of bits per PMD prweitio that used in the previous LO link state. The
change shall be preceded by the protocol describegither 9.5.3.4 or 9.5.3.5. Following the
successful completion of the protocol, the coondidechange of the, parameters shall occur as
specified in 7.11.1.2.
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7.12.2.2 Transition to L3 link state operation

If operating in link state L2, the ATUs are intedde transition to link state LO and make use ef th
orderly shutdown procedure. However, in the evdérdualden power loss the link may transition
from link state L2 to state L3 directly. The trarsn should be as described in 9.5.3.2. No specific
PMS-TC tear-down procedures are provided.

7.12.3 L3 link state operation
In the L3 link state, there are no specified praced for the PMS-TC function.

7.12.3.1 Transition to LO link state operation

The initialization procedures of the ATU are inteddo provide the transition from link state L3 to
state LO. The transition shall be as describedi.7

8 Physical media dependent function

8.1 Transport capabilities

The ATU Physical Media Dependent (PMD) function \pdes procedures for transporting a
bitstream over the physical medium (i.e., over tiopper pairs) in both the upstream and
downstream directions. The transmit PMD functiorceqts data from the transmit PMS-TC
function and the receive PMD function delivers datéhe receive PMS-TC function as shown (for
the Data Plane) in Figure 8-1. The transmit andivecTPS-TC functions are specified in clause 6.
The transmit and receive PMS-TC functions are $jgelcin clause 7.

ATU-C TPS-TC(s ATU-R TPS-TC(s HJ
Upstream fralmeL‘_l 7Y ©) Dowr;)stream frame A (s) Upstream frame
bearer(s)\ - earer(s) - | bearer(s)
a B
\ 4 \ 4
ATU-C PMS-TC ATU-R PMS-TC
Upstream Downstream
PMD bits 7Y PMD bits y'y Upstream
o o . —  PMD bits
Oc O
A 4 U \ 4
LT ATU-C PMD ‘ ATU-R PMD NT1, NT1/2

‘ \ T G.992.3_F08-1

Physical TP media

Figure 8-1/G.992.3 — PMD transport capabilities wiin the data plane

As a control plane element, there are no spectiasport functions provided by the PMD function.
However, the PMD function passes and receives absignals that are transported in the control
plane to and from the far-end PMD using PMS-TC gpamt functions, as depicted in Figure 8-2;
e.g., for on-line reconfiguration.
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Upstream

control signals ~ D » Downstream
ATU-C PMS-TQ ATU-R PMS-TC control signals
U
LT ATU-C PMD ‘ ATURPMD [ NT1, NT1/2

A 4

G.992.3_F08-2

Physical TP media
\

Figure 8-2/G.992.3 — PMD transport capabilities witin the control plane

As a management plane element, there are no spéafisport functions provided by the PMD
function during normal operation. However, the reeePMD function provides management
primitive indications to the local management gnitithin the ATU. Within the ATU, these
management primitive indications result in consignals that are transported in the control plane
using PMS-TC transport functions, as depicted igufé@ 8-3. During initialization, the ATU
transmit PMD function provides transport of somenfgquration parameters from the near-end
Management Entity to the far-end PMD function.

Up- and downstream control signals Up- and downstream control signals
P " Normal operation P "
ATU-C ~ |aTu-cPms-Td ATU-R PMS-TQ ATU-R
management | Primitives Config management
entity < e < entity
Config Initialization Primitives
LT ATU-C PMD ‘ ATU-R PMD NT1, NT1/2
Physical TP Media G.992.3_F08-3

U
Figure 8-3/G.992.3 — PMD transport capabilities whin the management plane

8.2 Additional functions
In addition to transport functionality, the PMDrsanit function also provides procedures for:

. Tone ordering;

. Constellation encoder;

. Synchronization and L2 exit symbols;

. Modulation;

. Transmitter dynamic range;

. Transmitter spectral masks (including spectruapsiy);

. Conversion to analog signal for transmission dkierDSL;
. On-line adaptation and reconfiguration.

These functions are configured by a number of ocbmtarameters described in 8.5. The values of
the control parameters are set through the CO-MBing initialization or through reconfiguration
of the ATU. The ATU receive PMD function reversexcle of the listed procedures so that the
transported information may be recovered and dedt/éo the receive PMS-TC function.
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8.3 Block interface signals and primitives

The ATU PMD block has many interface signals aswshan Figure 8-4 (for both ATU-C and
ATU-R). Each named signal is composed of one orenpoimitives, as denoted by the directional
arrows. The primitive type associated with eacbwiis according to the Figure 8-4 legend.

The diagram is divided by a dotted line to sepathte downstream block and signals from the
upstream. The signals shown at the top edge coprmytives to or from the PMS-TC function.
The signals at the left and right edges conveyrapst and downstream control primitives within
the ATU.

PMD.

. 4 H A PMD | . A 4
PMD.BItS: f Synchflag | PMD-Bits ! Synchflag
| ‘ ! ‘ :
| ; ! |
| : :
LA ATU J—l—‘
PMD functi T
PMD.Controlm > whction < PMD.Control
Transmit | Receive )
—— - < l PMD.Reconfi
Management.Para!T ™ fPMP i fPM_D g
h unction | unction | S R + Management.Prim
I
4_______
| _! Management.Param
| >
PhysicalI TP media
: G.992.3_F08-4
Primitives: |
- » .request
D .confirm
W ¥ .indicate

Figure 8-4/G.992.3 — Signals of the ATU PMD functio

The signals shown in Figure 8-4 are used to camynifves between functions of this
Recommendation. Primitives are only intended fappees of clearly specifying function to assure
interoperability.

The primitives that are used between the PMD an&HI& functions are described in Table 8-1.
These primitives support the exchange of PMD synaadé and regulation of data flow to match
PMD configuration. They also support coordinatedlina rate adaptation and reconfiguration of
the ATU-C and ATU-R.

Primitives used to signal maintenance indicatioimifives to the local maintenance entity are
described in Table 8-3.
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Table 8-1/G.992.3 — Signalling primitives betweerhe PMD and PMS-TC functions

Signal

Primitive

Description

PMD.Bits

.request

This primitive is used by the transmit PMBction to request data from
the transmit PMS-TC function.

.confirm

This primitive is used by the PMS-TC tramsfunction to pass data to b
transported to the transmit PMD function. By theeiworking of the
request and confirm primitives, the data flow igchad to the PMD
configuration and synchronized to PMD data symbols.

U

.indicate

This primitive is used by the receive PfiDction to pass data to the
receive PMS-TC function.

PMD.Synchflag

.request

This primitive is used by the transmit PMSfunction to request the
transmit PMD function to transport a PMD synchratian flag. This
PMD.Synchflag primitive is used to coordinate vag@econfigurations
of the TPS-TC, PMS-TC and PMD functions (i.e.,wdp, DRR, SRA,
L2 entry and L2 exit).

.confirm

This primitive is used by the transmit PMihiction to confirm receipt of
a PMD.Synchflag.request primitive. By the interwiackof the request
and confirm, the transmit PMS-TC function is netifithat a
synchronization flag has been transported on th@dsface. In particular
any request primitives that have not yet been coefil upon receipt of
the PMD.Synchflag.confirm primitive are known to tb@nsported across
the U interface after the PMD synchronization flag.

.indicate

This primitive is used by the receive PliDction to indicate to the
PMS-TC receive function that a PMD synchronizafiag has been
received on the U interface. Any indication priwéts already received a
known to have been transported on the U interfaice fo the PMD
synchronization flag. All indication primitives siglled after the
PMD.Synchflag.indicate primitive are known to hdneen transported or

e

the U interface after the PMD synchronization flag.

Table 8-2/G.992.3 — Signalling primitives betweerhe PMD

and the near-end ATU control functions

Signal

Primitive

Description

PMD.Control

.request

This primitive is used by the receive PMiiction to request the near-e
ATU control functions for a reconfiguration of tFer-end transmit PMD
function control parameters. The near-end andridrATU control
functions use control messages over the PMS-TQifurgto synchronizg
such reconfiguration.

.confirm

This primitive is used by the near-end Agthtrol functions to confirm
receipt of a PMD.Control.request primitive from tleeeive PMD
function. By the interworking of the request andfon, the control flow
is synchronized to the rate that can be accommddgt¢he PMS-TC
functions.

.indicate

This primitive is used by the near-endJAdontrol functions to indicate
to the transmit PMD function a reconfiguration lo¢ PMD transmit
function control parameters.

PMD.Reconfig

.indicate

This primitive is used b thear-end ATU control or management
functions to indicate to the receive PMD functibattthe PMD function
control parameters require reconfiguration (seé &rid 8.17). This
primitive is followed by a PMD.Control.request pitive from the receive
PMD function.
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Table 8-3/G.992.3 — Signalling primitives betweerhe PMD
and the near-end maintenance entity

Signal Primitive Description

Management.Prim | .indicate| This primitive is used by the receive PMD functtorsignal a number
of supervisory anomaly or defect primitives to tiear-end
management entity within the ATU.

Management.Param.request This primitive is used by the near end adg@ment Entity to request an
update of (one or more) test parameters from Hresinit or receive
PMD function.

.confirm | This primitive is used by the transmitreceive PMD function, in
response to a Management.Param.request primitivarvey updated
test parameter values to the near-end Manageméity.En

8.4 Block diagram and internal reference point sigals

Figure 8-5 depicts the blocks within the transnitDPfunction for support of NSC subcarriers. The
primitives for interaction with the transmit PMS-TiGnction are shown at the leftmost edge of
Figure 8-5.

Initialization (see Note)
symbols >
encoder
(8.13)
PMD.Synchflag
request Modulation CPand
»  Synchronization by IDFT par/ser DAC
PMD.Synchflag and L2 entry/exit (8.8.1) convertor and
confirm symbols encoder (8.8.2) (8.8.3) AFE
< ®.7) (8.8.4) (8.8.5)
. g; (i=1toNSC 1)
PMD.Bit.request
« (1 per data symbol) Data
n
PMD.Bits.confirm Z);‘rg(l))é)ésr > n =Xg to n :yo to U-x
(L data bits) > (8.6) 7 2xNSC -1 (17/16) x 2x NSC -1
1
T i=1toNSC -1
by andg; (i = 1 toNSC 1) G oezarons

NOTE — The Initialization Symbols Encoder defizgsalues foii = 1 to 2x NSC -1 (see 8.13.2.4).

Figure 8-5/G.992.3 — Block diagram of the transmiPMD function

The transmit PMD function shall transmit 4000 datenbols per second. For each data symbol, the
transmit PMD function requests and receives a etlaibn encoder input data frame (containing
L data bits) from the transmit PMS-TC function (ingh the PMD.Bit.request and
PMD.Bit.confirm primitives). The data frame shdieh be constellation encoded as defined in 8.6.
After constellation encoding, the output data frafoentainingNSC— 1 complex values) shall be
modulated into a data symbols as defined in 8@ @duce an analog signal for transmission across
the digital subscriber line.
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The one-way payload transfer delay introduced leyRMD sublayer (i.e., between the andodg
reference points, see 5.2) shall be less thanual¢q 3.75 ms.

NOTE — The one-way payload transfer delay is sheetdieen the ATU-C and the ATU-R.

The transmit PMD function shall use the superfragteicture shown in Figure 8-6. Each
superframe shall be composed of 68 data framesberad from 0 to 67, which are encoded and
modulated into 68 data symbols, followed by a syostzation symbol (see 8.7), which carries no
data frame and is inserted by the modulator (s@et8.establish superframe boundaries. From the
PMS-TC perspective, the data symbol rate shalld®® fper second (symbol peried250us), but,

in order to allow for the insertion of the synchmation symbol, the transmitted data symbol rate is
69/68 x 4000 per second. The superframe duratial tilerefore be 17 ms.

superframe
_ (17 ms) R
< — >
data frame | data frame data frame| data frame data frame| data frame
0 1 SS 34 35 66 67 sync frame
no PMS-TC
data
G.992.3_F08-6
Figure 8-6/G.992.3 — ADSL superframe structure — AU-C transmitter

8.5 Control parameters

8.5.1 Definition of control parameters

The configuration of the PMD function is controllbd a set of control parameters:

. The PMD transmit function control parameters displayed in Table 8-4. The values of
the control parameters in Table 8-4 are set beforeluring initialization and may be
changed during reconfiguration of an ATU pair. Tdexived control parameters are listed
in Table 8-5.

. The PMD receive function control parameters csingi the PMD transmit function control

parameters and the additional PMD receive funciwontrol parameters displayed in
Table 8-6. The values of the control parameter§able 8-6 are set before or during
initialization and are not changed during reconfagiown of an ATU pair.

The PMD receive function needs to be aware of #téngs of the PMD transmit function control
parameters. The PMD receive function control patarsegherefore include all of the PMD transmit
function control parameters.
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Table 8-4/G.992.3 — The transmit PMD function contol parameters

Parameter

Definition

NSC

The highest subcarriers index which can be tramsd(i.e., subcarrier index
corresponding to Nyquist frequency, see 8.8.1.h& fgarameter can be different for
the ATU-C (NSCd$ and the ATU-RINISCus$. Its value is fixed by the
Recommendation and depends upon the underlyingesdine., POTS or ISDN).
See annexes.

MAXNOMPSD

The maximum nominal transmit PSPIAXNOMPSD level during initialization and
showtime. The parameter can be different for th&JAT (MAXNOMPSDdgand the
ATU-R (MAXNOMPSDu Its value depends on CO-MIB element settings and
near-end transmitter capabilities and is exchamgéae G.994.1 Phase.

NOMPSD

The nominal transmit PSD levéllOMPSD. It is defined as the transmit PSD level i
the passband at the start of initialization, reiato which power cut back is applied.
The parameter can be different for the ATUNMDMPSDd}$ and the ATU-R
(NOMPSDu} Its value depends on near-end transmitter capediand shall be no
higher than thtMAXNOMPSDvalue. Its value is exchanged in the G.994.1 Phase

MAXNOMATP

The maximum nominal aggregate transmit poWwdAXNOMATR level during

initialization and showtime. Nominal aggregate srait power is defined in Table 8-5.

The parameter can be different for the ATUNCAXNOMATPdsand the ATU-R
(MAXNOMATPu} Its value depends on CO-MIB element settingslacal
capabilities and is exchanged in the G.994.1 Phase.

PCB

The power cutbackRCB) to be applied, relative to the nominal PSD. Theameter
can be different for the ATU-GPCBd9 and the ATU-RIPCBuS. Its value depends o
the loop and local capabilitieBCBdsis the maximum o€-MIN_PCB_DSand
R-MIN_PCB_DS$PCBusis the maximum o€-MIN_PCB_USandR-MIN_PCB_US
all exchanged during the Channel Discovery PhaseTables 8-27 and 8-32).

>

tss

The transmitter spectrum shaping, applied as galngs, relative to either the
nominal PSD level or the reference PSD level, disee in 8.13 (can be different per
subcarrierj = 1 to 2 XNSC- 1). The values depends on CO-MIB element setamngts
local capabilities and are exchanged in the G.9Bhdse.

The tone ordering table (can be different per suaai = 1 toNSC- 1). The values
are determined by the receive PMD function in tiheur@hel Analysis Phase and
exchanged in the Exchange Phase (and shall nogehhrough on-line
reconfiguration, i.e., through PMD.Reconfig and PXabntrol primitive).

Thei-th entry in the bit allocation table b (can bdeatiént per subcarrier=1 to

NSC- 1). The values are determined by the receive Blidtion in the Channel
Analysis Phase and exchanged in the Exchange Pdragenay change through
on-line reconfiguration, i.e., through PMD.Recordigd PMD.Control primitive).

Oi

Thei-th entry in the gain table g (can be different pdvcarrierji = 1 toNSC- 1). The
values are determined by the receive PMD functioihé Channel Analysis Phase af
exchanged in the Exchange Phase (and may chamyggkthon-line reconfiguration,
i.e., through PMD.Reconfig and PMD.Control prim&)v

The bits and gains table may not allocate bitotoessubcarriers and may finely adjy
the transmit PSD level of others in order to equeadixpected error ratios on each of
those subcarriers.

nd

st

TRELLIS

The use of trellis coding (enable/disable settifitne parameter can be different for t
ATU-C (TRELLISd¥and the ATU-R TRELLISu} Its value is determined by the
receive PMD function during Channel Analysis Phaisé exchanged during Exchan

e

Phase.
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Table 8-4/G.992.3 — The transmit PMD function contol parameters

Parameter Definition

PM-STATE The Power Management State the ATU's are in (L&Qr23). ATU-C and ATU-R arg
in the same power management state. Its valuefigooed by the near-end ATU
Control Function, possibly based on configuratiorcéd through the MIB and/or by
the far-end Control Function.

LO-TIME These configuration parameters are related to Zhiew power state and exist only fg

L2-TIME the ATU-C. They are configured through the CO-MIB.

L2-ATPR

TheLO-TIME represents the minimum time (in seconds) betwedrfiém L2 low
power state and the next Entry into the L2 low postate (see 9.5.2).

ThelL2-TIME represents the minimum time (in seconds) betwedry nto L2 low
power state and the first L2 low power trim requeesd between two consecutive L2
power trim requests (see 9.5.2).

ThelL2-ATPRvalue represents the maximum aggregate transmigpieeduction that
is allowed in an L2 low power trim request (see®.5

Tones 1to 32

Applies to ISDN related service aptaly (see Annex B).

Table 8-5/G.992.3 — Derived transmit PMD function entrol parameters

Parameter

Definition

The number of bits received from the PMS-TC per PRI3.confirm primitive.

Thel value can be calculated from théit allocation table and the use of trellis
coding.

This number of bits may change when on-line reguméition of theb table is
performed.

REFPSD

The reference transmit PSBREFPSD) level. The parameter can be different for the
ATU-C (REFPSDdsand the ATU-R REFPSDuk

The reference transmit PSD level is defined asdminal transmit PSD level,
lowered by the power cutback (i.REFPSD= NOMPSD- PCB).

RMSGI

The averagg; value RMSG). The parameter can be different for the ATU-C
(RMSGId3} and the ATU-RRMSGIu%. The averageg; value is defined as

1 2
RMSGI=10xlog ———— g
J NCUSEDi_hZ;‘Og'

whereNCUSEDis the number of subcarriers with> O.

NOMATP

The nominal aggregate transmit poWdOMATB. The parameter can be different fq
the ATU-C NOMATPd3$ and the ATU-R NOMATPu$. TheNOMATPshall be
defined as:

NOMATHdBm| = 36.35+ NOMPSD+10x Iog[ > gf xtsszJ

iOMEDLEYset
where the term 36.35 represents 10 Adpg(see 8.8.1).
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Table 8-6/G.992.3 — The receive PMD function contfparameters

Parameter Definition

TARSNRM The target, minimum, and maximum noise margin (afiin ITU-T Rec. G.997.1

MINSNRM [4]). The parameter can be different for the ATYUTARSNRMuUSMINSNRMus

MAXSNRM MAXSNRMupand the ATU-R TARSNRMdIVMINSNRMdsMAXSNRMds
ATU-C: configured through CO-MIB.

ATU-R: configured through CO-MIB and exchanged dgrihe Initialization Channe

Analysis Phase.

RA-MODE The rate adaptation mode (defined in ITU-T Rec9@.9 [4]). The parameter can be
different for the ATU-C RA-MODEd}$ and the ATU-RRA-MODEUu}.

ATU-C: configured through CO-MIB.

ATU-R: configured through CO-MIB and exchanged dgrihe Initialization Channe

Analysis Phase.

The following rate adaptation modes are defined T Rec. G.997.1 [4]:

« MANUAL: Data rate is fixed and configured througi®-MIB;

* RATE ADAPTIVE AT INIT: Data rate is selected aitialization, between
minimum and maximum bounds configured through C@MData rate is fizzed
during showtime.

*+ DYNAMIC RATE ADAPTATION: Data rate is selected wtitialization, between
minimum and maximum bounds configured through C@MData rate may
change during showtime within the same bounds. Reisommendation refers to
this mode as Seamless Rate Adaptation (SRA).

PM-MODE The power management mode indicates the allow&dstates. The parameter is the
same for ATU-C and ATU-R, is configured through @@-MIB and is exchanged
during the Initialization Channel Analysis Phase.

Bit O: indicates whether the L3 state is alloweddinot allowed (0).

Bit 1: indicates whether the L2 state is alloweddtnot allowed (0).

RA-USNRM The rate adaptation upshift noise margin and timerval (defined in ITU-T

RA-UTIME Rec. G.997.1 [4]). The parameter can be differentlfe ATU-C RA-USNRMusnd
RA-UTIMEu3 and the ATU-RRA-UTIMEds RA-USNRMds
ATU-C: configured through CO-MIB.

ATU-R: configured through CO-MIB and exchanged dgrihe Initialization Channeg

Analysis Phase.

RA-DSNRM The rate adaptation downshift noise margin and titexval (defined in ITU-T

RA-DTIME Rec. G.997.1 [4]). The parameter can be differentfe ATU-C RA-DSNRMusand
RA-DTIMEu3 and the ATU-RRA-DTIMEds RA-DSNRMds
ATU-C: configured through CO-MIB.

ATU-R: configured through CO-MIB and exchanged dgrihe Initialization Channe

Analysis Phase.
BIMAX The maximum number of bits per subcarrier suppdstethe far-end transmitter. The

parameter can be different for the ATUBINIAXd9 and the ATU-R BIMAXuS. Its
value depends on the capabilities of the far-emdlsimitter and is exchanged in the
Initialization Channel Analysis Phase.
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Table 8-6/G.992.3 — The receive PMD function contfparameters

Parameter Definition

EXTGI The maximum extension of tlggrange supported by the far-end transmitter. The
parameter can be different for the ATUEXTGId$ and the ATU-REXTGIuS. Its
value depends on the capabilities of the far-eaaisimitter and on the loop
characteristics identified during the Initializati€hannel Discovery Phase. Its value
exchanged in the Initialization Channel Analysigagh

MAXRXPWR In order to provide non-reciprocal FEXT controle thTU-C shall request an upstream

(ATU-C only) transmit power cutback in the C-MSG-PCB messaggh that the power received at
the ATU-C is no higher than the maximum level sfiediin the CO-MIB. The power
received at the ATU-C shall be measured as defm&dl3.3.1.11.

8.5.2 Mandatory and optional settings of control peameters

is

The valid control parameter settings for the tram$?D function are shown in Tables 8-7 and
8-9, for the ATU-C and ATU-R respectively. The mataty control parameter settings for the
transmit PMD function are shown in Tables 8-8 aritD8for the ATU-C and ATU-R respectively.
There are no optional values for the control patamseof the ATU-C and ATU-R transmit PMD

function.

Table 8-7/G.992.3 — The valid ATU-C PMD transmit function control parameters

Parameter Definition

b, All integer values & b; < 15

BIMAXds 8 <BIMAXds< 15

o] All values from —14.5 dB (linear value 96/512) ®dB.
The gain value shall be represented with 3 biterdeefind 9 bits after the decimal
point, i.e., a granularity of 1/512 in linear scale

EXTGIds 0 < EXTGlds< MAXNOMPSDds-NOMPSDds

TRELLISds Trellis coding shall be supported by the ATU-C siauitter.

MAXNOMPSDds | All values from —60 dBm/Hz to —40 dBm/Hz in stefHd. dBm/Hz.

NOMPSDds All values from —60 dBm/Hz to —40 dBm/Hz in sted. dBm/Hz.

MAXNOMATPds | All values corresponding with valid G.994.1 Spentrbounds parameters

PCBds All values from 0 to 40 dB, in 1 dB steps.

tss All values from O to 1 (linear scale), in 1/1024ysd.
Thetss value shall be represented with 1 bit before ahdits after the decimal
point, i.e., a granularity of 1/1024 in linear sxal

L All integer values & L <15 x NSCds- 1).
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Table 8-8/G.992.3 — The mandatory ATU-C PMD transntifunction control parameters

Parameter Definition

b; All integer values & b; < BIMAXds with BIMAXdsidentified during initialization

BIMAXds 8

O All values from —14.5 dB (linear value 96/512)EXTGIds+ 2.5 dB, withEXTGIds
identified during initialization.

EXTGIds 0

TRELLISds Trellis coding shall be supported by the ATU-C siauitter.

PCBds All values from 0 to 40 dB, in 1 dB steps.

tss All values from 0 to 1 (linear scale), in 1/1024ys.

L All integer values from & L < BIMAXdsx (NSCds- 1) withBIMAXdsand NSCds
identified during initialization.

Table 8-9/G.992.3 — The valid ATU-R PMD transmit function control parameters
Parameter Definition

o] All integer values & b; < 15

BIMAXus 8 <BIMAXus< 15

o] All values from —14.5 dB (linear value 96/512) ®dB.
The gain value shall be represented with 3 bitereefind 9 bits after the decimal
point, i.e., a granularity of 1/512 in linear scale

EXTGlus 0 < EXTGlus<s MAXNOMPSDus- NOMPSDus

TRELLISus Trellis coding shall be supported by the ATU-R siauitter.

MAXNOMPSDus | All values from —60 dBm/Hz to —38 dBm/Hz in steHd. dBm/Hz.

NOMPSDus All values from —60 dBm/Hz to —38 dBm/Hz in stefdl dBm/Hz.

MAXNOMATPus | All values corresponding with valid G.994.1 spestrbiounds parameters

PCBus All values from 0 to 40 dB, in 1 dB steps.

tss All values from 0 to 1 (linear scale), in 1/1024ysd.
Thetss value shall be represented with 1 bit before ahdits after the decimal
point, i.e., a granularity of 1/1024 in linear sxal

L All integer values & L <15 x NSCus- 1).
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Table 8-10/G.992.3 — The mandatory ATU-R PMD transim function control parameters

Parameter Definition
b; All integer values & b; < BIMAXus with BIMAXusidentified during initialization
BIMAXus 8
O All values from —14.5 dB (linear value 96/512)EXTGIlust+ 2.5 dB, withEXTGIlus
identified during initialization.
EXTGlus 0
TRELLISus Trellis coding shall be supported by the ATU-R siauitter.
PCBus All values from 0 to 40 dB, in 1 dB steps.
tss All values from 0 to 1 (linear scale), in 1/1024ys.
L All integer values from & L < BIMAXusx (NSCus- 1) withBIMAXusandNSCus

identified during initialization.

8.5.3  Setting control parameters during initializaton

8.5.3.1

During the G.994.1 phase

The control parameters to be exchanged during tB84G1 phase are listed in 8.13.2.

8.5.3.2

The format of the PMD function control parametargoived in the MSG1 messages shall be as

During the channel analysis phase

shown in Table 8-11.

Table 8-11/G.992.3 — Format of PMD function controparameters included in MSG1

Parameter Format

TARSNRM Unsigned 9-bit integer, 0 to 310 (0 to 31 dB in @BLsteps).

MINSNRM Unsigned 9-bit integer, 0 to 310 (0 to 31 dB in @BLsteps).

MAXSNRM Unsigned 9-bit integer, 0 to 310 (0 to 31 dB in @BLsteps). The value 511 is a
special value, indicating that excess margin netatid MAXSNRMneed not to be
minimized (see 8.6.4), i.e., that tRRBAXSNRMvalue is effectively infinite.

RA-MODE Unsigned 2-bit integer, values 1 to 3.

PM-MODE Binary 2-bit indication, each set to 0 or 1.

RA-USNRM Unsigned 9-bit integer, 0 to 310 (0 to 31 dB in @BLsteps).

RA-UTIME Unsigned 14-bit integer, 0 to 16383 (in seconds).

RA-DSNRM Unsigned 9-bit integer, 0 to 310 (0 to 31 dB in @BLsteps).

RA-DTIME Unsigned 14-bit integer, 0 to 16383 (in seconds).

BIMAX Unsigned 4 bit integer, 8 to 15.

EXTGI Unsigned 8-bit integer, 0 to 255 (0 to 25.5 dB ih 6B steps).

CA-MEDLEY Unsigned 6-bit integer, 0 to 63 (times 512 symbols)
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The valueCA-MEDLEY represents the minimum duration (in multiples @R 5ymbols) of the
MEDLEY state during the Initialization Channel Agsils Phase. It can be different for the ATU-C
(CA-MEDLEYusindicates the minimum length of the R-MEDLEY sjatend the ATU-R
(CA-MEDLEYdsindicates the minimum length of the C-MEDLEY sjat8ee 8.13.5.1.4 and
8.13.5.2.4.

The PMD function control parameters exchangedenGHVISG1 message are listed in Table 8-12.

Table 8-12/G.992.3 — PMD function control parametey included in C-MSG1

Octet Nr Parameter ~ PMD format _
[i] bits [Bx i+ 7to 8 xi+ 0]
0 TARSNRMd$LSB) [ Xxxx xxxx ], bit 7 to 0
1 TARSNRMd$§MSB) [ 0000 00xx ], bit 8
2 MINSNRMdSLSB) [ Xxxx xxxx ], bit 7 to O
3 MINSNRMdYMSB) [ 0000 000x ], bit 8
4 MAXSNRMdZLSB) [ Xxxx xxxx ], bit 7 to 0
5 MAXSNRMd{MSB) [ 0000 000x ], bit 8
6 RA-MODEds [ 0000 00xx ], bit 1 to O
7 PM-MODE [ 0000 00xx ], bit 1to O
8 RA-USNRMd$LSB) [ xxxx xxxx ], bit 7 to O
9 RA-USNRMd¢MSB) [ 0000 000x ], bit 8
10 RA-UTIMEdS(LSB) [ Xxxx xxxx ], bit 7 to 0
11 RA-UTIMEds(MSB) [ 00xx xxxx ], bit 13to 8
12 RA-DSNRMd$LSB) [ Xxxx xxxx ], bit 7 to 0
13 RA-DSNRMd¢MSB) [ 0000 000x ], bit 8
14 RA-DTIMEdS(LSB) [ Xxxx xxxx ], bit 7 to O
15 RA-DTIMEds(MSB) [ 00xx xxxx ], bit 13to 8
16 BIMAXds [ 0000 xxxx ], bit 3to O
17 EXTGIds [ Xxxx xxxx ], bit 7 to 0
18 CA-MEDLEYus [ 00xx xxxx ], bit 5to O
19 Reserved [ 0000 0000 ]

The PMD function control parameters exchanged@RHVISG1 message are listed in Table 8-13.

Table 8-13/G.992.3 — PMD function control parametey included in R-MSG1

Octet Nr Parameter ~ PMD format _
[i] bits[8 x i+ 7to8 x i+ 0]
0 BIMAXus [ 0000 xxxx ], bit3to O
1 EXTGlus [ Xxxx xxxx ], bit 7 to 0
2 CA-MEDLEYds [ 00xx xxxx ], bit 5to0 O
3 Reserved [ 0000 0000 ]
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The valueEXTGI shall be in the [0 . MAXNOMPSD- NOMPSD] range. The value may or may
not depend on the transmit PMD function's capaésliand the line characteristics identified during
Channel Discovery Phase. The receive PMD functiballsuse gi values in the [-14.5..
(+2.5 +EXTGI)] range. Depending on its capabilities and the bharacteristics identified during
Channel Discovery Phase, the receive PMD functi@y mor may not use; values up to the
allowed maximum value.

The ATU-C shall set the REFPSDds, the downstrésgrand the EXTGIds values such that the
downstream transmit PSD Mask is not violated at ahythe subcarriers in the downstream
MEDLEYset, even if thay; value requested by the ATU-R is as high as (2B5X¥Gl) dB for one

or more of those subcarriers.

NOTE — An extended range for values can only be used if the transmit PSD foencthooses to use a
nominal transmit PSD level that is below the maximwansmit PSD level allowed by the CO-MIB and can
only be used within the transmit PSD mask limitasiset by the CO-MIB.

8.5.3.3  During the exchange phase

The format of the PMD function control and testgmaeters involved in the PARAMS messages
shall be as shown in Table 8-14.

Table 8-14/G.992.3 — Format of PMD function controparameters included in PARAMS

Parameter Format
LATN Test parameter, see 8.12.3.
SATN Test parameter, see 8.12.3.
SNRM Test parameter, see 8.12.3.
ATTNDR Test parameter, see 8.12.3.
ACTATP Test parameter, see 8.12.3.
TRELLIS Binary indication, setto 0 or 1.

Bits and Gains table | Bits and gains table is represented\8C- 1 entries or 2 xNSC- 1) octets.
Each entry is a 16-bit unsigned integer.

Bits in 4 LSB, Gain in 12 MSB, linear scale.

The gain value shall be represented with 3 bitergedind 9 bits after the decimal
point, i.e., a granularity of 1/512 in linear scale

Tone ordering table | Tone ordering is represented REC— 1 entries.
Each entry is an 8-bit unsigned integer, represgraiisubcarrier index.

The test parameters are mapped into messages arsingeger number of octets per parameter
value. In case the parameter value, as definedlia B is represented with a number of bits that is
not an integer number of octets, the parameterevsiall be mapped into the least significant bits
of the message octets. Unused more significantshil be set to O for unsigned parameter values
and shall be set to the sign bit for signed parametlues.
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The PMD function control parameters and test pataraeexchanged in the C-PARAMS message
are listed in Table 8-15.

Table 8-15/G.992.3 — PMD function control parametey included in C-PARAMS

Octet Nr Parameter ~ PMD format _
[i] bits[8 x i+ 7to8 x i+ 0]
0 LATNus(LSB) [ Xxxx xxxx ], bit 7 to 0
1 LATNus(MSB) [ 0000 00xx ], bit 9 and 8
2 SATNugqLSB) [ Xxxx xxxx ], bit 7 to 0
3 SATNugMSB) [ 0000 00xx ], bit 9 and 8
4 SNRMugqLSB) [ Xxxx xxxx ], bit 7 to 0
5 SNRMuqMSB) [ ssss sxxx ], bit 10to 8
6 ATTNDRugqLSB) [ Xxxx xxxx ], bit 7 to 0
7 ATTNDRus [ xxxx xxxx ], bit 15to 8
8 ATTNDRus [ xxxx xxxx ], bit 23 to 16
9 ATTNDRugMSB) [ xxxx xxxx ], bit 31 to 24
10 ACTATPugqLSB) [ Xxxx xxxx ], bit 7 to O
11 ACTATPugMSB) [ ssss ssxx ], bit9 and 8
12 TRELLISus [ 0000 000x], bit 0
13 Reserved [ 0000 0000 ]
14 Upstream Bits and Gains [ 9ggg bbbb ], bit 7 to O
For subcarrier 1 (LSB)
15 Upstream Bits and Gains [ 9ggg gggg |, bit 15to 8
For subcarrier 1 (MSB)
10 + 2 xXNSCus | Upstream Bits and Gains [ 9ggg bbbb ], bit 7 to 0
SubcarrieNSCus- 1 (LSB)
11 + 2 xXNSCus | Upstream Bits and Gains [ 99gg gggg ], bit 15to 8
SubcarrieNSCus- 1 (MSB)
12 + 2 xXNSCus | Reserved [ 0000 0000 ]
13 + 2 xXNSCus | Upstream Tone ordering [ xxxx xxxx ], bit 7 to 0
First subcarrier to map
11 + 3 xNSCus | Upstream Tone ordering [ xxxx xxxx ], bit 7 to 0
Last subcarrier to map
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The PMD function control parameters exchanged i@ BxPARAMS message are listed in

Table 8-16.

Table 8-16/G.992.3 — PMD function control parametey included in R-PARAMS

Octet Nr Parameter ~ PMD format _
[i] bits [8 xi + 7 to 8 xi + 0]
0 LATNds(LSB) [ Xxxx xxxx ], bit 7 to 0
1 LATNds(MSB) [ 0000 00xx ], bit 9 and 8
2 SATNdYLSB) [ Xxxx xxxx ], bit 7 to 0
3 SATNdYMSB) [ 0000 00xx ], bit 9 and 8
4 SNRMdSLSB) [ Xxxx xxxx ], bit 7 to 0
5 SNRMdqMSB) [ ssss sxxx ], bit 10to 8
6 ATTNDRdYLSB) [ Xxxx xxxx ], bit 7 to 0
7 ATTNDRds [ xxxx xxxx ], bit 15to 8
8 ATTNDRds [ xxxx xxxx ], bit 23 to 16
9 ATTNDRdAgMSB) [ xxxx xxxx ], bit 31 to 24
10 ACTATPdYLSB) [ Xxxx xxxx ], bit 7 to O
11 ACTATPd4MSB) [ ssss ssxx ], bit9 and 8
12 TRELLISds [ 0000 000x ], bit O
13 Reserved [ 0000 0000 ]

14 Downstream Bits and Gains | [ gggg bbbb ], bit 7to O

For subcarrier 1 (LSB)

15 Downstream Bits and Gains
For subcarrier 1 (MSB)

[ 9999 9999 ], bit 1510 8

10 + 2 xNSCds

Downstream Bits and Gains
SubcarrieNSCds- 1 (LSB)

[ gggg bbbb ], bit 7 to 0

11 + 2 xNSCds

Downstream Bits and Gains
SubcarrieNSCds- 1 (MSB)

[ 9999 9999 ], bit 1510 8

12 + 2 xNSCds

Reserved

[ 0000 0000 |

13 + 2 xNSCds

Downstream Tone ordering
First subcarrier to map

[ Xxxx xxxx ], bit 7 to 0

11 + 3 xNSCds

Downstream Tone ordering
Last subcarrier to map

[ xxxx xxxx ], bit 7 to 0

8.6

The constellation encoder for data symbols is shewrpart of the transmit PMD function in
Figure 8-5. The constellation encoder for data syisbonsists of the following functions:

Constellation encoder for data symbols

Tone ordering;

Trellis coder;
Constellation mapper;
Gain scaling.
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This clause specifies each of these functions, cdoase the applicable transmit PMD function
configuration parameters defined in 8.5. The cdiagien encoder input data frame (from the
transmit PMS-TC function) consists &f data bits. The output data frame (to the modulator
consists oONSC- 1 complex value<(, i = 1 toNSC- 1).

8.6.1 Tone ordering

During initialization, the receive PMD function shealculate the numbers of bits and the relative
gains to be used for every subcarrier, as wellhasotrder in which subcarriers are assigned bits
(i.e., the tone ordering). The calculated bits gaiths and the tone ordering shall be sent badketo t
transmit PMD function during a later stage of mliiation (see 8.5.3.3).

The pairs of bits and relative gains are definedascending order of frequency or subcarrier
indexi, as a bit allocation tableand gain tablg (i.e.,bandg;, fori = 1 toNSC- 1, withb, bits to

be allocated to subcarrier 1 alngsc- 1 bits to be allocated to subcarrd5C- 1). If trellis coding is
used, the receive PMD function shall include annewmeimber of 1-bit subcarriers in the bit
allocation tabléb.

The tone ordering tableis defined as the sequence in which subcarrierassigned bits from the
input bitstream (i.et; fori = 1 toNSC- 1, with constellation mapping beginning on subeat;
and ending on subcarriisc-1). The tone ordering tabteshall remain static for the duration of the
session.

Following receipt of the tablds g andt, the transmit PMD function shall calculate a rewedl bit
tableb' and a reordered tone talildrom the original table® andt. Constellation mapping shall
occur in sequence according to the re-ordered tabke t', with the number of bits per tone as
defined by the original bit table Trellis coding shall occur according to the relered bit tabld'.

If trellis coding is not usedy’ = b andt' =t.

If trellis coding is used, the reordering of tablehall be performed by the transmit PMD function.
The reordered tone tabfeshall be generated according to the followingsul

. Indices of all subcarriers supporting O bits oor2nore bits appear first ity in the same
order as in table

. Indices of all subcarriers supporting 1 bit appkeat in tablet', in the same order as in
tablet.

If the bit allocation does not include any 1-bibearriers, the reordered tone tables identical to
the original tone table

The (even number of) 1-bit subcarriers shall begokio form 2-dimensional constellation points as
input to the trellis encoder. The pairing shall determined by the order in which the 1-bit
subcarriers appear in the original tone orderidgta

The tableb' is generated by scanning the reordered tone tadhel reordering the entries of table
according to the following rules (WitNCONEBITrepresenting the number of 1-bit subcarriers in
the bit allocation tablb):

. The first NCONEBIT2 entries ofb' shall be 0, wher&lCONEBITis the (by definition,
even) number of subcarriers supporting 1 bit.

. The next entries d shall be 0, corresponding to the subcarriersghpport O bits.

. The next entries df' shall be non-zero, corresponding to the subaartieat support 2 or

more bits. The entries shall be determined usiegniw tone tablé in conjunction with
the original bit tabld.

. The lastNCONEBIT2 entries ob' correspond to the paired 1-bit constellatiors. (2 bits
per entry).

The tableb' is compatible with the G.992.1 trellis encoder.
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The tabled' andt' shall be calculated from the original tabbkeandt as shown in the tone pairing
and bit re-ordering processes below.

/* TONE RE-ORDERING PROCESS */

t index=1; /* tone order index t_index is index of array t */
t'_index=1; /* tone paired index t'_index is index of array t' */
while (t_index<NSC) {

tone=t[t_index++]; bits=b[tone];

if (bits==0) { t'[t"_index++]=tone; }

if (bits==1) { }

if (bits 22) {t[t'"_index++]=tone; }

while (t"_index<NSC) t'[t'"_index++]=1;

/* BIT RE-ORDERING PROCESS */

NC1=0; /* NCONEBIT is the number of tones with 1 bi t*/

NCL=0; /* NCUSED is the number of used tones (at le ast 1 bit) */

for (i=1; i<NSC; i++) { if (b[i]>0) NCL++; if (b[i] ==1) NC1++; }
b'_index=1; while (b'_index<(NSC-(NCUSED-NCONEBIT/2 ))) b'[b"_index]=0;

t'_index=1; while (t'_index<NSC) {
tone=t'[t'"_index++]; bits=b[tone];

if (bits==0) { }

if (bits==1) { b'[b'_index++]=2; t'_index++; }
if (bits >2) { b'[b'_index++]=hits; }

}

Figure 8-7 presents an example to illustrate tine t@ordering and bit reordering procedures, and
the pairing of 1-bit subcarriers for trellis encogli

Tone ordering tablet (as determined by the receive PMD function, NSC=24

7 |14 21| 4| 11| 18 1| 8| 13 22 §5 12 1p 2 p 16 23 |6 {13 pO |3 |10 |17

Bit ordering table b (as determined by the receive PMD function, 37 bizymbol)

o1 2| 3| 2 1| 2 1| 0| 2| 0O 2| 1 1 3] 3 3 2 1 a

[N
ra

Tone reordered tablet' (moving 1-bit tones to the end of the table)

7 (21| 4| 11| 18| 1| 15 22 5 12 9 16 23

Bit reordered table b' (moving 0-bit tones to begin of the table) \\A\

0 0 0|00 0 O 2| 2 3 2 3] 3 2 2 3] 2 2 2

D)
o
v~
N
o
=
=
N
(0]
(=Y
(o]
N
(o]

13

(o8]
[ERN
+
[
[ERN
-+
[N
[ERN

t+1

Trellis pairs (encoding 25 data bits into 37 trell bits) and bit mapping to tones

l 211 l42})1!.8 ; !.5 £2 l5 l121; l16 l2@1)0 l3 llO l17l 1£ li l L

G.992.3_F08-7

Figure 8-7/G.992.3 — Example of frequency orderingnd pairing of one-bit carriers

ITU-T Rec. G.992.3 (07/2002) 69



If on-line reconfiguration changes the number aigas of 0-bit subcarriers or 1-bit subcarriers,
then tables’ andb' shall be recalculated from the updated tabded the original table

The constellation encoder takedits per symbol from the PMS-TC layer. If trelieding is used,
the L bits shall be encoded into a number of litsnatching the bit allocation table and the

reordered bit tablé', i.e., into a number of bits equal td=2h' =Zh . See 8.6.2. The value of
L andL' relate as:

NCUSED- NCONEBIT

L=Yh=>h=Lr S|4

with thel x | notation representing rounding to the higher iate@he above relationship shows that
using the 1-bit subcarrier pairing method, on agerane trellis overhead bit is added per set of
four 1-bit subcarriers, i.e., one trellis overhdatlper 4-dimensional constellation. In case tselli

coding is not used, the valueloshall match the bit allocation table, i.&.= Zb,.

A complementary procedure should be performedénréiceive PMD function. It is not necessary,
however, to send the re-ordered bit tableand the re-ordered tone tabfeto the receive
PMD function because they are generated in a detestio way from the bit allocation table and
tone ordering tables originally generated in theenee PMD function, and therefore the receive
PMD function has all the information necessary @ofgrm the constellation demapping and trellis
decoding (if used).

8.6.2 Trellis coder

Block processing of Wei's 16-state 4-dimensiorgllisr code shall be supported to improve system
performance. An algorithmic constellation encodwllsbe used to construct constellations with a
maximum number of bits equal BIMAXds

8.6.2.1 Bit extraction

Data bits from the data frame buffer shall be etea according to the bit allocation taltie least
significant bit first. Because of the 4-dimensionature of the code, the extraction is based ors pai
of consecutivel , rather than on individual ones, as in the notiisreoded case. Furthermore, due

to the constellation expansion associated with rapdihe bit allocation tablelq', specifies the
number of coded bits per subcarrier, which canriyeireger from 2 to 15.

Trellis coding shall be performed on pairs of cangire b' values, Q<=b'2xi ,y=b'2><i+1), in the
orderi = 0to NSQ2) - 1. The valueb(') is prepended to the reordered bit table b' to naakimteger
number of pairs and shall be set to 0.

Given a pairX, y), X +y —1 bits (reflecting a constellation expansion ofitlper 4 dimensions, or
one half bit per subcarrier) are extracted fromdag frame buffer. These= x +y —1 bits (, t.1,
... ,t1) are used to form the binary wowndas shown in Table 8-17. Refer to 8.6.2.2 for #eson
behind the special form of the wondor the casex=0,y > 1.
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Table 8-17/G.992.3 — Forming the binary woradi

Condition Binary word/comment
x>1,y>1 u=(t,tg, ... ,t)
x=1y21 Condition not allowed
x=0,y>1 u=(t, tog, ... ,tz, 0,11, 0)
x=0,y=0 Bit extraction not necessary, no message bits sEng
x=0,y=1 Condition not allowed
NOTE -t is the first bit extracted from the data framefbuf

The last two 4-dimensional symbols in the DMT syihdiwall be chosen to force the convolutional
encoder state to the zero state. For each of #asbols, the 2 LSBs af are predetermined, and
only (x+y—3) bits shall be extracted from the data franuéfelb and shall be allocated to
t3| t4) e ltZ'

NOTE — The above requirements imply a minimum siizéhe q’ table of 4 non-zero entries. The minimum
number of non-zero entries in the correspondirtgble could be higher.

8.6.2.2  Bit conversion

The binary wordu = (uz, Uz_y, ... ,Up) extracted LSB first from the data bita bufferetetines two
binary wordsv = (Vz-y, ... ,Vo) andw = (Wy_4, ... ,\Wp), Which are inserted LSB first in the encoded
bits buffer and used to look up constellation pwintthe constellation encoder (see Figure 8-8).

extractL bits per symbol extractl’ = Zb’, = Zb, bits per symbol
Trellis Constellation
j u(x+y-1) ... u(1) > encoder " | WO-1) ... w(0) v(x=1) ... v(0) E *  mapping
data frame buffer encoded data bits buffer ©.992.3_F08-8

Figure 8-8/G.992.3 — Relationship of trellis encodeand constellation mapping

NOTE — For convenience of description, the coreielth encoder identifies thegeandy bits with a label
whose binary representation 1.4, Vo2, ... ,V1, Vo). The same constellation encoding rules applyotb khe
v (with b = x) andw (with b =y) vector generated by the trellis encoder.

For the usual case &> 1 andy > 1,Z =z=x+Yy —1, andv andw containx andy bits respectively.
For the special case =0 andy>1,Z=z+2=y+ 1,v=(v1, Vo) = 0 andw = (Wy_3, ... ,\Wp). The
bits (s, Uy, Uy) determine i, Vo) and (v1, Wo) according to Figure 8-9.

The convolutional encoder shown in Figure 8-9 systematic encoder (i.as; andu, are passed
through unchanged) as shown in Figure 8-10. Thealational encoder stat&y S, S, S) is used
to label the states of the trellis shown in Fig8+&2. At the beginning of a DMT symbol period, the
convolutional encoder state is initialized to (P0QO0).

The remaining bits o andw are obtained from the less significant and mogaicant parts of
(Uz, Uz1, ... , Us), respectively. Wherx>1 andy>1, v = (Uzys2, Uzys1, ... , Us, Vi, Vo) and
W = (Uz, Uz, ... ,Uz_y+3, W1, Wo). Whenx = 0, the bit extraction and conversion algorithmegehlaeen
judiciously designed so that = vo = 0. The binary word is input first to the constellation encoder,
and then the binary wond.

In order to force the final state to the zero s{ated, 0, 0), the 2 LSBg; andu, of the final two
4-dimensional symbols in the DMT symbol are conggd tou; =S, 0 S, andup = S,.
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8.6.2.3  Coset partitioning and trellis diagram

In a trellis code modulation system, the expandedsiellation is labelled and partitioned into
subsets ("cosets") using a technique called magpyragt-partitioning. The 4-dimensional cosets in
Wei's code can each be written as the union of@axtesian products of two 2-dimensional cosets.

For example,CJ :(ngcg) O (CSXCS). The four constituent 2-dimensional cosets, dehdte
c9,C3,C3,C3, are shown in Figure 8-11.

The encoding algorithm ensures that the two legsifEeant bits of a constellation point comprise

the indexi of the 2-dimensional coséliz in which the constellation point lies. The bitg, (/) and
(w1, Wo) are in fact the binary representations of thaein

The three bitsu;, ui, Up) are used to select one of the eight possibleedsional cosets. The eight

cosets are labelle@;, wherei is the integer with binary representatian, (1, Up). The additional
bit uz (see Figure 8-9) determines which one of the twadéSian products of 2-dimensional cosets
in the 4-dimensional coset is chosen. The relakignis shown in Table 8-18. The bitg,(vp) and
(w1, W) are computed fromug, u,, Us, Up) using the linear equations given in Figure 8-9.

u > Wy
U4 > W2
Uz 3 . » V2
uz'—yi-Z > VZI_y
Uz 1 > Yo
U, > Vs
Uz
- - »
U, vy =u; O ug V1
) Vo= Uy —
. u
Convolutional 1 w,=u,J u [ uldu  ——>W
Encod 1=Uo 1 7 3
u, ncoder 0 W
- -
- Ug Wo =Uy LI Ug 0

G.992.3_F08-9

Figure 8-9/G.992.3 — Conversion af tovandw
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G.992.3_F08-10

Figure 8-10/G.992.3 — Finite state machine for Wai'encoder

A
13131313
02020202
13131313
02020202
13131313
02020202
13131313
02020202

G.992.3_F08-11

Figure 8-11/G.992.3 — Convolutional encoder
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Table 8-18/G.992.3 — Relation between 4-dimensioratd 2-dimensional cosets

4-D coset Us U Us Uo i Vo Wi Wo 2-D cosets

c? 0 0 0 0 0 0 0 0 c9xcS
1 0 0 0 1 1 1 1 cixcs

cs 0 1 0 0 0 0 1 1 cOxc3
1 0 0 1 1 0 0 c3xc?

c? 0 0 1 0 1 0 1 0 CZxC2
1 0 1 0 0 1 0 1 chxch

c8 0 1 1 0 1 0 0 1 CixCh
1 1 1 0 0 1 1 0 chxc?

cl 0 0 0 1 0 0 1 0 cIxc3
1 0 0 1 1 1 0 1 c3xch

cs 0 1 0 1 0 0 0 1 c9xch
1 1 0 1 1 1 1 0 C3xc?

c3 0 0 1 1 1 0 0 0 c2xcY
1 0 1 1 0 1 1 1 chxc3

cl 0 1 1 1 1 0 1 1 c2xC3
1 1 1 1 0 1 0 chxc?

74

ITU-T Rec. G.992.3 (07/2002)




(%v %v S_]_v S}) (TS’ T2’ Tl’ TO)

0246 0 0 0426

4602 =\ ‘ ,“1’ 4 1537
5713 5 \\\\XOViQ'IO;’I';/ 3715
\\\\VAAAI« ,/ /

6420 6 \‘V,“v X 5 N /[
\};ﬁiz{(‘ tzzzz’g'zé 6 5173
"i"‘ N !"Q( »" \ 7 7351
2060 8/ < "*?é‘& . 00 8 2604
3175 9 \0'0 A‘»%&‘V&‘& 9
0246 A ,/”’A N2

ZXX NN "
1357 B §Z<,'///}z"‘§§§i 4062
sa20 o/ L e c 3715
==\

Figure 8-12/G.992.3 — Trellis diagram
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Figure 8-12 shows the trellis diagram based onfithiee state machine in Figure 8-10, and the
one-to-one correspondence between 1, Up) and the 4-dimensional cosets. In the Figure 8-12,
S=($3, S, §, ) represents the current state, while (Ts, To, Ty, To) represents the next state in
the finite state machin&is connected t@ in the constellation diagram by a branch deterchiog

the values ofl, andu;. The branch is labelled with the 4-dimensionalet@pecified by the values
of up, Uy (anduy = S, see Figure 8-11). To make the constellation disgmore readable, the
indices of the 4-dimensional coset labels are digtext to the starting and end points of the
branches, rather than on the branches themselheslefimost label corresponds to the uppermost
branch for each state. The constellation diagramsed when decoding the trellis code by the
Viterbi algorithm.

8.6.3 Constellation mapper

An algorithmic constellation encoder shall be usedonstruct constellations with a maximum
number of bits equal tBIMAX where 8< BIMAX < 15. The data bits buffer contaid%y bits,
which may or may not be trellis coded. Data biterfrthe data bits buffer and bits from a PRBS

encoder shall be extracted according to the cdastel mapping tone ordering tabi,é and the bit

allocation tabldy; , least significant bit first (see 8.6.1). The ren of bits per subcarrieb;, can
take any non-negative integer values not excedsliNAX

NOTE — The constellation encoder is described abtdxt applies irrespective of bits being tretismled or
not and applies irrespective of the link beinghialtO orL2 power management state.

For a given subcarrierin the MEDLEYset withb, > 0, b = b; bits shall be extracted from the data
bits buffer, and these bits form a binary wong_{, Vo2, ... , 1, Vo}. The first bit extracted shall
bevy, the LSB. The encoder shall select an odd-intggant (X, Y) from the square-grid
constellation based on the bits of {v,-1, Vb2, ... , V1, Vo}. For example, forb=2, the four
constellation points are labelled 0, 1, 2, 3, cgpoading to \i, Vo) = (0, 0), (O, 1), (1, 0), (1, 1),
respectively.

The odd integer values &fandY shown in the constellation diagrams are on a 8145, ... grid.
These values require appropriate scaling such #tahe output of the constellation mapper, all
constellations regardless of size represent theegams energy as a subcarrier transmitted at the
reference transmit PSD lev@&EFPSD).

For a given subcarriarin the MEDLEYset with If; = 0), no bits shall be extracted from the data
bits buffer. Instead, the encoder shall extfaet2 bits from the PRBS generator, and these bits
form the binary word ¥, Vo}. The first bit extracted shall b&, the LSB. The encoder shall select
an odd-integer pointX, Y) as defined for the cade= 2. In case & =0 is applied during gain
scaling, the encoder selection is effectively igabfsee 8.6.4).

If the ATU-R has set thé&MT_C-PILOT bit to 1 in the R-MSG-PCB initialization message
(see 8.13.3.2.10), then the pilot subcarrier siatlbe modulated with data bits (i.bg.piLor = 0).
The encoder shall extraot= 2 bits from the PRBS generator for the pilotcarber, which shall be
overwritten by the modulator (see 8.8.1.2) withxaed {0,0} 4-QAM constellation point (i.e., the
two bits are effectively ignored).

For a given subcarriemot in the MEDLEY set withlg = 0), no bits shall be extracted from the data
bits buffer and no bits shall be extracted fromRRBS generator. Instead, the constellation mapper
may select a discretionar¥,(Y) point (which may change from symbol to symbol artdch does

not necessarily coincide with a constellation ppint

The bits modulated on the subcarriers in the MED&&Ywith b, = 0, shall be taken from the
pseudo-random binary sequence (PRBS) defined by:

d, =1for n=1to23and
dn = dn—18 O dn_23 forn>23.
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The PRBS sequence shall be reset at the start aftishe and at the start of the LO power
management state after each exit from the L2 td_hpower management state. Upon reset of the
PRBS, d; shall be the first bit to extract, followed ks, ds;, etc... For each data symbol,
2 x NCMEDLEY-NCUSED bits shall be extracted from the PRBS generatith NCMEDLEY

the number of subcarriers in the MEDLEYset NQUSEDthe number of subcarriers with> O.

The number of bits per symbol extracted from théBBRnay be different during the LO and L2
power management states. No bits shall be extrafteth the PRBS generator during
synchronization symbols and L2 exit symbols.

8.6.3.1 Even values db

For even values di, the integer valueX andY of the constellation poin( Y) shall be determined
from theb bits {v,_1, Vb2, ... ,V1, Vo} as follows. X andY are the odd integers with two-complement
binary representations/if(i, Wb-3, ... , Vi, 1) and Yp-2, Vo4, ... , Vo, 1), respectively. The most
significant bits (MSBs)y,-1 andv,_», are the sign bits fok andY, respectively.

Figure 8-13 shows example constellationsfer2 andb = 4.

A
9 11 |+3 1 3
[ ] ® o
A
2 41 _0
¢ T o 8 10 |41 O 2
[ J ® +° 0 [ ]
|_1 +|l R -3 _|1 ‘tl +3 _
13 15* 1% ¢,
3 T
12 12 T-3%1 %

G.992.3_F08-13

Figure 8-13/G.992.3 — Constellation labels fdr=2 andb=4

The 4-bit constellation can be obtained from thgitZzonstellation by replacing each laleby a
2 x 2 block of labels as shown in Figure 8-14.

n+1 | 4+3
4n [ 4n+2

Figure 8-14/G.992.3 — Expansion of point
into the next larger square constellation

The same procedure can be used to construct ther laven-bit constellations recursively.

The constellations obtained for even valuesdbdre square in shape. The least significant bits
{vi, o} represent the coset labelling of the constitu@tlimensional cosets used in the
4-dimensional Wei trellis code.
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8.6.3.2 Odd values ob, b=1
Figure 8-15 shows the constellation for the dasel.
|
= VLN
1® -1

G.992.3_F08-15

Figure 8-15/G.992.3 — Constellation labels fdr = 1

In case trellis coding is used, the receiver camline a pair of 1-bit constellations as shown in
Figure 8-16 to build the 2-bit constellation genedaby the trellis encoder.

Y1 Y2 (X1+Y1)/2
(@] [ ] (@] (@]
X1 + X2 — (X2+Y2)/2
[ (@] [
v(0)=1 v(1)=0 v(1)=0, v(0)=1

G.992.3_F08-16

Figure 8-16/G.992.3 — Combination of a pair of
1-bit constellations to build a 2-bit constellation

8.6.3.3 0Odd values ob,b=3
Figure 8-17 shows the constellation for the dases.

A
5
__+3.
4 2 +1 0
° o e
-3 -1 +1 3
e + 10 [ J
3 1%, 7
6® T-3

G.992.3_F08-17

Figure 8-17/G.992.3 — Constellation labels fdr= 3
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8.6.3.4 Oddvaluesob,b>3

If b is odd and greater than 3, the 2 MSBX@ind the 2 MSBs of are determined by the 5 MSBs
of the b bits. Letc=(b+ 1)/2, thenX andY have the two-complement binary representations
(Xey X1, Vods Vbt .- » V3, V1, 1) and Ye, Ye1, Vb5, Vo7, Vb9, ... , V2, Vo, 1), WhereX; and Y, are the
sign bits ofX andY respectively. The relationship betweén Xc-1, Ye, Yo1 andvp_1, Vb2, ... ,Vb5 IS
shown in Table 8-19.

Table 8-19/G.992.3 — Determining the top 2 bits of and 'Y

Vb-1, Vb2, -+ s Vb5 Xey X1 Yo, Yo
00000 00 00
00001 00 00
00010 00 00
00011 00 00
00100 00 11
00101 00 11
00110 00 11
00111 00 11
01000 11 00
01001 11 00
01010 11 00
01011 11 00
01100 11 11
01101 11 11
01110 11 11
01111 11 11
10000 01 00
10001 01 00
10010 10 00
10011 10 00
10100 00 01
10101 00 10
10110 00 01
10111 00 10
11000 11 01
11001 11 10
11010 11 01
11011 11 10
11100 01 11
11101 01 11
11110 10 11
11111 10 11
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Figure 8-18 shows the constellation for the daseb.

A
24 26 20 22
° o {Pe Y

19 9 11 w3 1 3 17

° ° o e ° °
18 8 10 |, 0 2 16

° ° ° °

° 1. @

31 122 15* 1% ¢ Oy
3 12 1® 3% % ®p
° e .0 °
25 27 -5 21 23

G.992.3_F08-18

Figure 8-18/G.992.3 — Constellation labels fdy=5

The 7-bit constellation shall be obtained from Hbit constellation by replacing each lalbeby
the 2 x 2 block of labels as shown in Figure 8-14.

Again, the same procedure shall be used to condtradarger odd-bit constellations recursively.
Note also that the least significant bitg;,{vo} represent the coset labelling of the constituent
2-dimensional cosets used in the 4-dimensional tvg#is code.

8.6.4 Gain scaling

For subcarriers in the MEDLEYset, each constellapoint, ;, Y;), output from the constellation
mapper, is scaled by a fine tune ggiand a spectrum shapitgg to result in a complex numbg,
defined as:

Z; = g; xtsg x(X; +jY;)

For the subcarriers in the MEDLEYset, the tranddtD function shall apply spectrum shaping as
indicated by the transmit PMD function in the G.99€L/CLR message (i.e., thes values) and
gain scaling as indicated by the receive PMD fumcin the bits-and-gains table (i.&;,and g;
values) during initialization and possibly updathding Showtime via the on-line reconfiguration
procedure. The transmit power level for each o$éhgubcarriers shall be equal to that specified by
the g andtss values, relative to th®EFPSDIlevel (e.g.,gi = 1 then transmit aREFPSDIlevel,

g = 0 then transmit no power). In the downstreanedlion, thetss values shall be in the 0 to 1
range. In the upstream direction, teg values shall be equal to 1 (see 8.13.2.4).

Thetss values are vendor discretionary. If the transmitteooses altss values equal to 1 for all
subcarriers in the MEDLEYset (i.e., chooses noapply spectrum shaping to those subcarriers)
then the definition of the complex numb&y defaults to:

Zi =g, x(X; +jY;)

For subcarriers not in the MEDLEYset, a discretigngain scaling (which may change from
symbol to symbol) may be applied, with the transR#D level not to exceed maximum transmit
PSD level for the subcarrier. The maximum trang?@D level is defined in 8.10.
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The b, andg; values in the bits-and-gains table (as requesyeithdd receive PMD function during
initialization, or possibly updated through on-lireconfiguration) shall comply with the following
requirements:

All b; values shall be in the [0 MAXB]I] (bits) range, whertMAXBI is defined in 8.5;
If trellis coding is used, the number of 1-bibsarriers shall be even,;

If FMT_C-P|LOT = 0 then bc.p“_o'r > 0; if FMT_C-P|LOT = 1 then bc.p“_o'r =0
(see 8.8.1.2);

TheRMSGlIvalue shall not exceed tfeXTGlvalue, wherd&RMSGlandEXTGI are defined
in 8.5;

If b > 0, theng; shall be in the [-14.5 to +2.5BXTG] (dB) range;
If bj > 0, theng; shall be in theRMSGI- 2.5 toRMSGI+ 2.5] (dB) range;
If bj = 0, theng; shall be equal to O (linear) or in the [-14.5RM&SG] (dB) range;

The Nominal Aggregate Transmit Powadd@MATPE see 8.5) shall not exceed the
Maximum Nominal Aggregate Transmit POWBtAXNOMATR see 8.5);

The gain scalings shall be set such that thessxomargin relative to the maximum noise
margin MAXSNRM is minimized.

The requirements on thpandg; values in the bits-and-gains tables are illusttateFigure 8-19

PSD 4
Not in Not in
MEDLEYset 1 MEDLEYset : MEDLEYset ;
: Used carriers bj=0 : :
] ]
: b >0g >0 . :
, Monitored _ ! !
: carriers b=0g =0 1
] ]
] -
MAXNOMPSI-PCB ; b =0g;>0 : :
] ]
A ] ]
2.5dB : :
\4 1 1
A A 1 A []
2.5dB 1 1
v 1 (]
' 10dB '
RMSGI : :
v
NOMPSDPCB v -
14.5 dB
v
0 .
! - > ! Blackout 1 Frequency
0 : : RMSGI< EXTGI : carrier :
1 1EXTGIS MAXNOMPSD — NOMPSD 1 1
]
: : : :
] 1 ! :
] 1% L |
! NOMATP< MAXNOMATP :
1 Start End,
1 passband passband

< »
¢ >

1
, Passband aggregate transmit power at U-C interface ,
1

]
G.992.3_F08-19

Figure 8-19/G.992.3 — lllustration of requirementon the bits and gains tables
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The receive PMD function should not use an excessiumber of monitored subcarriers
(i.e., subcarriers in the MEDLEYset to which itcahtedy, = 0 andg; > 0) to aid in the conservation
of spectrum.

These requirements on the bits and gains tableyapphe LO state and at entry into the L2 state.
The L2 entry grant response message indicates #nmes gable to be used in the L2 state
(see 9.4.1.7). However, at entry into the L2 stHite,excess margin may not be minimized. Power
trimming during the L2 state may be used to minerilze excess margin. The L2 entry and trim
grant response messages indicate the PCB value tesdd in the L2 state (see 9.4.1.7). Power
trimming is defined as changing the downstream poewtback PCBd9 level, resulting in a
change of the downstream reference transmit FEEFPSDdglevel. Power trimming changes the
PCBdsvalue used during the L2 state and does not chtmgggi values determined at the time of
entry into the L2 state.

The g values in dB shall be defined as the 20dpdg in linear scale). Agi value of —14.5 dB
corresponds to g; of 0.1888 in linear scale. & value of +2.5 dB corresponds togavalue of
1.333in linear scale. Same relationship shallsesldor theéss values in dB and in linear scale.

NOTE — Theg; define a scaling of the root mean square (rmstauier power levels relative to the
REFPSDIevel (see 8.13.5). They are independent of anthoas that manufacturers may use to simplify
implementation (e.g., constellation nesting).

8.7 Constellation encoder for synchronization and 2 exit symbols

The constellation encoder for the synchronizatiod &2 exit symbols is shown as part of the
transmit PMD function in Figure 8-5. A synchronipat or L2 exit symbol shall either be an
SS-REVERB symbol or an SS-SEGUE symbol.

Clauses 8.7.1 and 8.7.2 shall define respectivedycbnstellation mapper and gain scaling for an
SS-REVERB symbol. An SS-SEGUE symbol shall be defiras a subcarrier-by-subcarrier
180 degrees phase reversal of an SS-REVERB symbgldn SS-SEGUE symbol modulates the
bitwise inverted REVERB PRBS data pattern).

The transmit PMD function transports the followihyges of PMD.Synchflag.request primitives
(as received from the transmit PMS-TC function)dgnchronization of:

. On-line reconfiguration during the LO state (8e&3);

. Entry from the LO into the L2 power managemeates{see 8.7.4);
. Exit from the L2 power management into the LQes{gee 8.7.6);
. Power trimming during the L2 state (see 8.7.5).

8.7.1 Constellation mapper

For the subcarriers in the MEDLEYset, the REVERBBBRdata pattern shall be mapped on the
SS-REVERB symbols in the same way as it is mappedhe REVERB symbols during the
REVERBL1 state (see 8.13.4.1.1). Two bits are mappe@ach of the subcarriers, generating a
4-QAM constellation point for each of the subcasje.e.,X; andY; for indexi = 1 toNSC- 1.

The values oK andY of the 4-QAM constellation points as shown in thastellation diagrams are
on a =1 grid. These values require appropriatérgcauch that, at the output of the constellation
mapper, all constellations represent the same neigg as a subcarrier transmitted at the reference
transmit PSD levelREFPSD.

For the subcarriers not in the MEDLEYset, the celfstion mapper may select a discretionary
(X,Y) point (which may change from symbol to symbol aviich does not necessarily coincide
with a constellation point).
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8.7.2 Gain scaling

In the LO state, gain scaling shall be appliedyackronization symbols in the same way as it is
applied to data symbols in the LO state (see 8.6.4)

In the L2 state, gain scaling shall be appliedyackronization symbols in the same way as it is
applied to data symbols in the L2 state (see 8.6.4)

In the L2 state, gain scaling shall be applied 20ekit symbols, as indicated in the L2 entry or L2
90 trim grant response message related to thetdasiously transmitted PMD.Synchflag primitive
(see 9.4.1.7). The L2 entry grant response messdgates whether the LO or L2 state gain scaling
table is to be used with the L2 exit symbols. Tiedntry and L2 trim grant response messages
indicate the®CBdsvalue to be used with the L2 exit symbols (seel973.

8.7.3 On-line reconfiguration during the LO state

The PMD transmit function inserts a synchronizasgmbol every 68 data symbols, as defined in
8.4. The synchronization symbols shall be transmhiétt symbolcount 68, and:

. permit the PMD receive function to recover the #NC frame boundary after
micro-interruptions that might otherwise force nitialization;
. provide a time marker for the on-line reconfigioa during the LO state.

Every time the transmit PMD function receives a PByhchflag.request primitive (related to

on-line reconfiguration during the LO state) frone ttransmit PMS-TC layer, the phase of the first
next inserted synchronization symbol shall be itegr and remain inverted until the next
PMD.Synchflag.request primitive is to be carriedt #e start of Showtime, the first

synchronization symbol transmitted shall be an E4RRB symbol.

8.7.4 Entry from the LO into the L2 power managemehstate

Every time the transmit PMD function receives a PByhchflag.request primitive (related to entry
from the LO into the L2 power management statenftbe transmit PMS-TC layer, the phase of the
first next inserted synchronization symbol shallibeerted, and remain inverted until the next
PMD.Synchflag.request primitive is to be carried.

Prior to entry from the LO into the L2 power managat state, the ATU shall store the downstream
control parameters which need to be restored atfem the L2 into the LO power management
state.

The receive PMD function can distinguish PMD.Sytedpfprimitives related to entry from the LO
into the L2 power management from those relatezhtbne reconfiguration and those related to L2
power trimming based on previously exchanged in&drom between the management entities.

8.7.5 Power trimming during the L2 state

Every time the transmit PMD function receives a PByhchflag.request primitive (related to
power trimming during the L2 state) from the traitsRMS-TC layer, the phase of the first next
inserted synchronization symbol shall be invertethd remain inverted until the next
PMD.Synchflag.request primitive is to be carried.

The receive PMD function can distinguish PMD.Sytedpforimitives related to L2 power trimming
from those related to LO on-line reconfiguratiorddhose related to entry from the LO into the L2
power management based on previously exchangeahatmn between the management entities.
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8.7.6  Exit from the L2 power management into the LGtate

Every time the transmit PMD function receives a PByhchflag.request primitive (related to entry
from the L2 power management state into the LGptabm the transmit PMS-TC layer, the next
two symbols transmitted with symbol count in theo®7 range shall be modulated as two L2 exit
symbols. The first L2 exit symbol shall be an SSYERB symbol. The second L2 exit symbol

shall be an SS-SEGUE symbol.

The SS-REVERB symbol may be transmitted at any syoolint from O to 67. The
PMD.Synchflag.request primitive may be adjacenthi® synchronization symbol in the following
cases:

. When the SS-REVERB symbol is transmitted at sylothot 66, the SS-SEGUE symbol
shall be transmitted at symbolcount 67. The syndkeation symbol following
SS-SEGUE symbol shall be transmitted with the gamling and power cutback values as
applicable in the LO power management state.

. When the SS-REVERB symbol is transmitted at sylothnt 67, the SS-SEGUE symbol
shall be transmitted at symbolcount 0. The synd@edion symbol in between the
SS-REVERB and SS-SEGUE symbol shall be transmittétad the gain scaling and power
cutback values as applicable in the L2 power mamage state.

. When the SS-REVERB symbol is transmitted at syiotaot 0, the SS-SEGUE symbol
shall be transmitted at symbolcount 1. The syndaetion symbol preceding the
SS-REVERB symbol shall be transmitted with the gaialing and power cutback values
as applicable in the L2 power management state.

The SS-REVERB symbol may be the first symbol trattseh in the L2 state. Then, the number of
data symbols transmitted in the L2 state is effetyiO.

The last data symbol before and the first data ®yrafier the two L2 exit symbols shall carry
dataframes which are consecutive in time, as redeikom the PMS-TC layer, i.e., no data errors
shall introduced at the PMS-TC layer by the trarssion of the L2 exit symbols at the PMD layer.

8.8 Modulation

The modulator shall modulate a constellation encodéput data frame or sync frame (containing
NSC- 1 complex valueg;, i =1 toNSC- 1) into a DMT symbol. The data frame can be taken
from the data symbol constellation encoder (68sugrerframe) as defined in 8.6. The sync frame
can be taken from the synchronization symbol cdlasittn encoder (1 per superframe) as defined
in 8.7. For (short) initialization and diagnostio®de signals, the frame is defined in 8.13, 8.1d an
8.15.

8.8.1 Subcarriers

A DMT symbol consists of a set of subcarriers, witdexi =0 to NSC The DMT subcarriers
spacingAf, shall be 4.3125 kHz, with a tolerance of + 50rp@he subcarrier frequencies shall be
fi=ix Af ,i=0toNSC

8.8.1.1 Data subcarriers

The channel analysis (see 8.13.5) allows for a mam of NSC- 1) data carriers to be used
(i,e.,i=1 to NSC-1). The lower limit of usablé depends on both the duplexing and service
options selected. For example, for ADSL above PQ&&ice option as defined in Annex A, if
overlapped spectrum is used to separate downstiain upstream signals, then the lower
downstream limit on is determined by the POTS splitting filters; ifmoverlapped spectrum with
frequency-division multiplexing (FDM) is used, tli®wnstream lower limit on is set by the
downstream-upstream separation filters.
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In all cases, the cut-off frequencies of theseeriit are completely at the discretion of the
manufacturer, and the range of usabie determined during the channel estimation indcaiver
training (see 8.13.4). Implementations should, hegebe designed such that, when interworking
with implementations of other manufacturers, thseultng range of usable allows to meet the
performance requirements.

8.8.1.2  Pilot (only applies for downstream directin)

During initialization, the ATU-R receive PMD funoti selects the subcarrier index of the
downstream pilot tone (see 8.13.3.2.11). The dawast pilot tone shall be at subcarrier with
indexC-PILOT (transmitted at 4.3125@-PILOT kHz).

If the ATU-R has set th&MT_C-PILOT bit to O in the R-MSG-FMT initialization message
(see 8.13.3.2.10), then:

. During initialization, the pilot tone shall beatrsmitted as defined for each of the ATU-C
initialization states in 8.13,;
. During showtime (data and sync symbols), thetpgdoe shall be modulated with data bits

(i.e.,bcpior > 0). The pilot subcarrier shall be transmittedlened for data subcarriers.

If the ATU-R has set thé&-MT_C-PILOT bit to 1 in the R-MSG-FMT initialization message
(see 8.13.3.2.10), then:

. During initialization, the pilot tone defined 8113, shall be overwritten with a fixed {0,0}
4-QAM constellation point, in all the ATU-C initiahation states following the C-TREF1
state, except the C-ECT and C-QUIET states. Thet pane shall be transmitted at the
ATU-C reference transmit PSD leveREFPSDd} including spectral shaping for that
subcatrrier;

. During showtime (data and sync symbols), thet@ldcarrier shall not be modulated with
data bits (i.e.bc.piLor = 0). The pilot subcarrier defined in 8.6 and 8all be overwritten
with a fixed {0,0} 4-QAM constellation point. Theilpt tone shall be transmitted at a
transmit PSD level as defined for unused subcatrier., at thd(REFPSDdgransmit PSD
level, with gain scaling according to thep ot value.

Use of the pilot tone allows resolution of recei®MD function sample timing modulo
(2 x NSQC-PILOT) samples. Therefore a gross timing error thatnisirdeger multiple of this
number of samples could still persist after a miaterruption (e.g., a temporary short-circuit, ope
circuit or severe line hit); correction of such g errors is made possible by the use of the
synchronization symbol defined in 8.7.

8.8.1.3 Sampling frequency
The sampling frequendy shall be defined as 2NSCx Af.

8.8.1.4  Nyquist frequency

The Nyquist frequency shall be defined as halfhef sampling frequencl. The subcarrier at the
Nyquist frequency (subcarrier ind®&SQ shall not be used to transmit the data frameshradl be
real valued (i.eZnscshall be a real value).

If the transmit PMD function uses an oversampledTifwvith zero fill (see 8.8.2), then during the
Initialization Transceiver Training Phase, thgsc value shall be as defined by the Initialization
Symbols Encoder (see Figure 8-5 and § 8.13.4)y @ibssible uses are for further study.

8.8.1.5 DC

The subcarrier at DC (subcarrier index 0) shall bet used, and shall contain no energy
(i.e.,Zo=0).
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8.8.2 Inverse Discrete Fourier Transform (IDFT)

The IDFT is used to modulate a constellation encodéut data frame onto the DMT subcarriers.
It converts from frequency domain representatiomm(glex valuesZ;, i =1 to NSC- 1) to time
domain representation (real valugsn=0 to 21— 1). The conversion shall be performed with a
2N point IDFT, withN > NSQC as:

2N-1 i
X, = Zex;{j EZDIEI—j[Zi forn=0to2N -1
~ 2N

In order to generate real valuesxgfthe input valuesZ, i = 0 toN) shall be augmented so that the
vectorZ has Hermitian symmetry. That is:

Z; =conj(ZyN-) fori=N+1to2N-1

The modulation onto DMT subcarriers may be impletegrusing an oversampled IDFT, i.e., an
2N-point IDFT with N>NSC points, generating x, values per DMT symbol. The constellation
encoder generates oM§SC— 1 complex values & (fori = 1 toNSC- 1), with addition of a zero
Z, at DC and a real valuéscat the Nyquist frequency. The additio@alvalues (fori = NSC+ 1 to

N) are discretionary. However, different values lesudifferent transmit signal images above the
Nyquist frequency. Knowledge of how the transmitPKunction defines the additiond| values
allows the receive PMD function to better estim#te channel during transceiver training in
initialization. Therefore, the transmit PMD fungaticshall indicate during the G.994.1 phase of
initialization how many independeif values are input into the IDFT (i.e., tNevalue) and how
the additional; values (fori = NSC+ 1 toN — 1) are defined. The following representation lsbal
used to define the additionalvalues (foin = NSC+ 1 toN— 1) (see 8.13.2):

. 4-bit indication ofN value:
— Values 1 to 15 indicate tivalue as 2to 2™ respectively;
— Value 0O indicates thid value is not a power of 2;
. 2-bit indication of additionaf; values definition:
— As the complex conjugate of the baseband siglefihed as:
Z = conj Zaxnsc-) for alli with NSC+ 1<i <2 xNSC-1;
Zi = Zi mop 2xnscfor all i > 2 xNSG
— As zero fill, defined as (see Figure 8-5 and188l):
During the Initialization Transceiver Training &&e:

Z as generated by the Initialization Symbols Encdderall NSC+ 1 < i
<2xNSC-1,

Z =0 foralli>2 xNSG
Outside the Initialization Transceiver TraininigaRBe:
Z =0 for alli > NSC+ 1;
Other (none of the above).

The indication given in the G.994.1 codepoint shalbly to all initialization signals (except those
during the G.994.1 phase), thus including REVERRI aMEDLEY signals, as well as the
SHOWTIME signal.

If a non-oversampled IDFT is used, the transmit PMiiction shall indicate thél = NSCand that
the transmit signal images above the Nyquist fraquare the complex conjugate of the baseband
signal.
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8.8.3 Cyclic prefix

With a data symbol rate of 4 kHz, a DMT subcarrsgracing ofAf = 4.3125 kHz and an IDFT size
of 2 xNSGC a cyclic prefix of (2 NSCx 5/64) samples could be used. That is,

(2 xNSC+ 2 xNSCx 5/64) x 4.0 kHZ= (2 xNSQ x 4.3125 kHz =, (the sample frequency)

The cyclic prefix shall, however, be shortened 20%(NSC x 4/64 =NSd8) samples, and a
synchronization symbol (with a length of 2N6Cx 68/64 samples) is inserted after every 68 data
symbols. That is,

(2 xNSCx 4/64 + 2 xNSQ x 69= (2 xNSCx 5/64 + 2 x NSC) x 68

For symbols with cyclic prefix, the lasNSO8 samples of output of the IDFTxy( for
n=2xNSC-NSQJ8 to 2 xNSC- 1) shall be prepended to the block of RISCsamples, to form
a block of (2 NSCx 17/16) samples. Symbols with cyclic prefix ai@nsmitted at a symbol rate
of 4.3125 x 16/1% 4.059 kHz.

The cyclic prefix shall be used for all symbolssmitted starting from the Channel Analysis Phase
of the initialization sequence (see 8.1.3.5). Befine Channel Analysis Phase, all symbols shall be
transmitted without cyclic prefix. Symbols transtmit without cyclic prefix are transmitted at a
symbol rate of 4.3125 kHz.

If an oversampled IDFT is used (i.Bl> NSC see 8.8.2), the number of Cyclic prefix samplesls

be adapted accordingly. For symbols with cyclidfigrehe lastN/8 samples of output of the IDFT
(%, forn=2 xN—-N/8 to 2 x N — 1) shall be prepended to the block of N samples, to form a
block of (2 xN x 17/16) samples.

8.8.4 Parallel/serial convertor

The block ofx, samplesrf{ = 0 to 2 xXNSC- 1) shall be readout to the digital-to-analog @t
(DAC) in sequence.

If no cyclic prefix is used, the DAC samplgsin sequence are:
Vo =X, forn=010 2 xXNSC- 1
If a cyclic prefix is used, the DAC samplgsin sequence are (see Figure 8-5):
Yn =X, + (2 xNSC—- NSQO8) forn=0toNSU8 -1
Yn =Xn — (NSO8) forn=NS08 to (17/16) x 2 NSC- 1
Filtering may be applied to the sample sequenceggoito the DAC.
8.8.5 DAC and AFE

The DAC produces an analogue signal that is patdsedigh the analog front-end (AFE) and
transmitted across the digital subscriber line (PSL

If the transmit PMD function is configured in th& lidle state, then a zero output voltage shall be
transmitted at the U-C2 (for ATU-C) and the U-RBr(ATU-R) reference point (see reference
model in 5.4). The analog front end may includefihg.

8.9 Transmitter dynamic range

The transmitter includes all analogue transmitterctions: the DAC, the anti-aliasing filter, the
hybrid circuitry, and the high-pass part of the FBOdr ISDN splitter. The transmitted signal shall
conform to the frequency requirements as desciilb&mB.1 for frequency spacing.

8.9.1 Maximum clipping rate

The maximum output signal of the transmitter shallsuch that the signal shall be clipped no more
than 0.00001% of the time. The clipping requirenisrdpecified as a percentage of time, measured
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in the continuous time domain.

8.9.2 Noise/distortion floor

The signal-to-noise plus distortion ratio of thensmitted signal in a given subcarrier is speciéisd
the ratio of the rms value of the tone at that auteer frequency to the rms sum of all the non-tone
signals in the 4.3125 kHz frequency band centemedh@ subcarrier frequency. This ratio is
measured for each subcarrier used for transmissomg a MultiTone Power Ratio (MTPR) test as
shown in Figure 8-20, with the comb Af-spaced tones at the Nominal transmit PSD levihee

in the annex corresponding to the selected apitaiption.

dBm per subcarrier Non-linear distortion component

:

A comb ofAf-spaced tones
with one tone suppressed 6.992.3_F08-20

»
L

Frequency

Figure 8-20/G.992.3 — MTPR test

Over the transmission frequency band, the MTPRhefttansmitter in any subcarrier shall be no
less than (3 xBIMAX+ 20) dB, whereBIMAX is defined as the maximum constellation size
supported by the transmit PMD function as conveyedthe receive PMD function during
initialization). The minimum transmitter MTPR shak at least 44 dB (corresponding tBIMAX

of 8) for any subcarrier.

NOTE - Signals transmitted during normal initiatiza and data transmission cannot be used fortésis
because the DMT symbols have a cyclic prefix appdndnd the PSD of a non-repetitive signal does not
have nulls at any subcarrier frequencies. A gatet-based analyser could be used, but this wouldsurea
both the non-linear distortion and the linear disbo introduced by the transmit filter. Therefdtas test

will require that the transmitter be programmed hwipecial software, probably to be used during
development only. The subject of an MTPR test tzat be applied to a production modem is for further
study.

8.10  Transmitter spectral masks

Spectral masks for the different service options defined in the corresponding annexes. The
spectral mask defines the maximum passband PSDinmax stopband PSD and maximum
aggregate transmit power.

Annex A: ADSL system operating in the frequencydabove POTS:

- A.1.2 ATU-C transmit spectral mask overlappedspen operation;

- A.1.3 ATU-C transmit spectral mask for non-ovpdad spectrum operation;
- A.2.2 ATU-R transmit spectral mask.

Annex B: ADSL system operating in the frequencydahove ISDN:

- B.1.2 ATU-C transmit spectral mask for overlapppdctrum operation;

- B.1.3 ATU-C transmit spectral mask for non-ovpepl@d spectrum operation;
- B.2.2 ATU-R transmit spectral mask.
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Annex I: All digital mode ADSL with improved speatrcompatibility with ADSL over POTS:
- I.1.2  ATU-C transmit spectral mask overlappecdctpen operation;

- [.1.3 ATU-C transmit spectral mask for non-ovpgdad spectrum operation;

- [.2.2  ATU-R transmit spectral mask.

Annex J: All digital mode ADSL with improved speaiticompatibility with ADSL over ISDN:
- J.1.2 ATU-C transmit spectral mask for overlapppgéctrum operation;

- J.1.3 ATU-C transmit spectral mask for non-oygked spectrum operation;

- J.2.2 ATU-R transmit spectral mask.

In addition to the maximum PSD and maximum aggegfainsmit power over the whole passband
(defined in the corresponding annexes), the folhgaiequirements on fine tuning of passband PSD
and aggregate transmit power shall apply duringvinte (data symbols and sync symbols). Three
subcarrier sets are defined:

a) For the subcarriers in the MEDLEYset wixh> O (i.e., the used subcarriers), the ATU shall
transmit at PSD levels as defined by the gain sggkee 8.6.4. and 8.7.2). Gain scaling is
performed relative to th@EFPSDIevel. The aggregate transmit power on this set of
subcarriers shall not exceed the aggregate poaesrritted on the same set of subcarriers
during MEDLEY by more thaRMSGIdB (see gain scaling requirements in 8.6.4).

b) For the subcarriers in the MEDLEYset wiih 0, the ATU shall transmit at PSD levels as
defined by the gain scaling (see 8.6.4 and 8.%G2)n scaling is performed relative to the
REFPSDlevel. The aggregate transmit power on this ssubtarriers shall not exceed the
aggregate power transmitted on the same set ofgudrs during MEDLEY by more than
RMSGIdB (see gain scaling requirements in 8.6.4).

C) For the subcarriers not in the MEDLEYset, thelAShall transmit no power on the
subcarrier (i.e.Z; = 0, see 8.8.2) if the subcarrier is below thstfirsed subcarrier index or
if the subcarrier is in the SUPPORTEDset and inBhACKOUTset. Otherwise, the ATU
may transmit at a discretionary transmit PSD lexelthe subcarrier (which may change
from symbol to symbol), not to exceed the maximuiangmit PSD level for these
subcarriers. The maximum transmit PSD level foheafchese subcarriers shall be defined
as 10 dB below the reference transmit PSD leveg funed by théss values (as applied
during Transceiver Training on the subcarriersudeld in the SUPPORTEDset and on the
subcarriers not included in the SUPPORTEDset) arettined by th&@fMSGIdB (see 8.5)
and limited to the transmit spectral mask.

During initialization, discretionary transmit PSBvEls are allowed only when explicitly stated
in 8.13.

8.11  Control plane procedures

As a control plane element, there are no spectiasport functions provided by the PMD function.
However, the PMD function passes and receives absignals that are transported in the control
plane to and from the far-end PMD using TPS-TCgpant functions, as depicted in Figure 8-2;
e.g., for on-line reconfiguration as described .i68or power management transitions as described
in 8.17.

8.12 Management plane procedures

The PMD receive function provides management pnmaiindications to the near-end management
entity within the ATU. These management primitivelications result in control signals that are
transported in the control plane using TPS-TC artsfunctions, as depicted in Figure 8-3, and as
specified in the Management Entity in clause 9.
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8.12.1 ADSL line related primitives

The receive PMD function has five near-end ADSLd nelated defects defined. These near-end
defects shall be passed to the near-end managenstyt using the Management.Prim.indicate
primitive.

Loss-of-signal (LOS) defectA reference power is established by averagingMb&L power over

a 0.1 s period and over a subset of subcarriees tif¢ start of steady state data transmission (i.e
after each transition to the LO or L2 power managjeinstate), and a threshold shall be set at 6 dB
below this. A LOS defect occurs when the levelh# teceived ADSL power, averaged over a 0.1 s
period and over the same subset of subcarrietewisr than the threshold, and terminates when
measured in the same way it is at or above theltibid. The subset of subcarriers, over which the
ADSL power is averaged, is implementation discretiy and may be restricted at the ATU-R to
only the downstream pilot tone.

Severely errored frame (SEF) defect An SEF defect occurs when the content of two

consecutively received ADSL synchronization symlatides not correlate with the expected content

over a subset of the subcarriers. An SEF defentitates when the content of two consecutively

received ADSL synchronization symbols correlatethlie expected content over the same subset
of the subcarriers. The correlation method, thected subset of subcarriers, and the threshold for
declaring these defect conditions are implemematiscretionary.

Loss-of-margin (LOM) defect An LOM defect occurs when the signal-to-noisdorahargin
(SNRM, see 8.12.3.6) observed by the near-endwexcei below the minimum signal-to-noise ratio
margin MINSNRM see 8.5) and an increase of signal-to-noise ratiogin is no longer possible
within the far-end maximum nominal aggregate trahgpower (MAXNOMATR see 8.5) and
maximum nominal transmit PSD levélAXNOMPSD see 8.5). An LOM defect terminates when
the signal-to-noise ratio margin is above the mummsignal-to-noise ratio noise margin.

Rate Adaptation Upshift (RAU) anomaly. An RAU anomaly occurs in Seamless Rate Adaptation
mode when the signal-to-noise ratio margin (SNRbBavved by the near-end receiver is above the
Rate Upshift Margin for a period longer than then&iInterval for UpShift Rate Adaptation. An
RAU anomaly terminates when the RAU anomaly oceweecondition terminates.

Rate Adaptation Downshift (RAD) anomaly An RAD anomaly occurs in Seamless Rate
Adaptation mode when the signal-to-noise ratio nma(§NRM) observed by the near-end receiver
is below the Rate Upshift Margin for a period longiean the Time Interval for DownShift Rate
Adaptation. An RAD anomaly terminates when the Ra&i®dmaly occurrence condition terminates.

The transmit PMD function has two far-end ADSL Limdated defects defined as:

Far-end Loss-of-Signal (LOS-FE) A far-end LOS defect is a LOS defect detectethatfar-end
and reported by the LOS indicator bit once perd2Q@ ms (see Tables 7-8 and 7-15). The LOS
indicator bit shall be coded 1 to indicate thatL®@S defect is being reported and shall be coded
0 for the next 6 LOS indicator bit transmissionsiridicate that a LOS defect is being reported.
A far-end LOS defect occurs when 4 or more out afoisecutively received LOS indicator bit
values are set to 0. A far-end LOS defect termsatieen 4 or more out of 6 consecutively received
LOS indicator bit values are set to 1.

Remote Defect Indication (RDI) An RDI defect is an SEF defect detected at tihesfa and is
reported by the RDI indicator bit once per 15 ton2®(see Tables 7-8 and 7-15). The RDI indicator
bit shall be coded 1 to indicate that no SEF ddfastoccurred and shall be coded 0 to indicate that
an SEF defect has occurred since the last preWR@isindicator bit transmission. An RDI defect
occurs when a received RDI indicator bit is seDtAn RDI defect terminates when a received
RDI indicator bit is set to 1.

Far-end Loss-of-margin (LOM-FE) defect A far-end LOM defect occurs when the
signal-to-noise ratio margin (SNRM, see 8.12.36)ha far-end receiver, retrieved through test
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parameter overhead messages by the near-end tteams(eee 9.4.1.10), is below the minimum
signal-to-noise ratio margin (MINSNRM, see 8.5) amdincrease of signal-to-noise ratio margin is
no longer possible within the near-end maximum mani aggregate transmit power
(MAXNOMATP, see 8.5) and maximum nominal transm@&P level (MAXNOMPSD, see 8.5).
An LOM defect terminates when the signal-to-noisgior margin is above the minimum
signal-to-noise ratio noise margin.

NOTE - In case the near-end transmitter uses thenid LOM defect to declare a high_BER event

(see Annex D), a sufficient number of updates ef fdr-end SNRM need to be retrieved to determiee th
far-end LOM defect persistency (see Update TesirRaters command in 9.4.1.2.2).

8.12.2 Other primitives

One other near-end primitive is defined for the ARUAt the ATU-R, the LPR primitive shall be
passed to the near-end management entity usingahagement.Prim.indicate primitive e.g., when
the electrical power has been shut off.

Loss-of-power (LPR) An LPR primitive occurs when the ATU electrical plyp (mains) power
drops to a level equal to or below the manufactdetermined minimum power level required to
ensure proper operation of the ATU. An LPR prinmetiteerminates when the power level exceeds
the manufacturer determined minimum power level.

One other far-end primitive is defined for the AT3J-

Far-end Loss-of-power (LPR-FE) A far-end LPR primitive is an LPR primitive deted at the
far-end and is reported by the LPR indicator bite TPR indicator bit shall be coded 1 to indicate
that no LPR primitive is being reported and shall doded O for the next 3 LPR indicator bit
transmissions to indicate that an LPR primitive.(i"dying gasp") is being reported. A far-end
LPR primitive occurs when 2 or more out of 3 congieely received LPR indicator bit values are
set to 0. A far-end LPR primitive terminates when & period of 0.5 s the received LPR indicator
bit is set to 1 and no near-end LOS defect is ptese

8.12.3 Test parameters

The test parameters are measured by the PMD transmaceive function and shall be reported on
request to the near-end management entity usingidmeagement.Defect.indicate primitive. Test
parameters allow to debug possible issues witlpliysical loop and to check for adequate physical
media performance margin at acceptance and afiairreerification, or at any other time following
the execution of initialization and training seqoef the ADSL system.

The following test parameters shall be passed guest from the receive PMD transmit function to
the near-end management entity:

. Channel Characteristics Function H(f) per subeafCCF-ps);
. Quiet Line Noise PSD QLN(f) per subcarrier (QLK)}p

. Signal-to-Noise Ratio SNR(f) per subcarrier (SN&:

. Line Attenuation (LATN);

. Signal Attenuation (SATN);

. Signal-to-Noise Margin (SNRM);

. Attainable Net Data Rate (ATTNDR);

. Far-end Actual Aggregate Transmit Power (ACTATP).

The following test parameters shall be passed qunes from the transmit PMD transmit function
to the near-end management entity:

. Near-End Actual Aggregate Transmit Power (ACTATP)
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The purposes of making the above information akklare:

a) H(f) can be used for analyzing the physical esppop condition;
b) QLN(f) can be used for analyzing the crosstalk;
C) SNR(f) can be used for analyzing time dependdranges in crosstalk levels and line

attenuation (such as due to moisture and temperagurations);

d) The combination of H(f), QLN(f) and SNR(f) cae bsed for trouble shooting why the data
rate cannot reach the maximum data rate of a doan

This enhances the ADSL service maintenance andhostigs defined in ITU-T Rec. G.992.1 by
making diagnostic information available from botide of the loop during active operation of the
service. The most detailed diagnostic informatio(f) Fand QLN(f) would be useful during
showtime, however, requesting this would place adoucomputational burden on the ADSL
modems. Thus, the combination of complete inforamatn the channel (H(f) and QLN(f)) during
initialization combined with initialization and siwtime SNR(f) is provided as a reasonable
compromise. This combination of data will allow grer analysis of the line conditions than
traditional methods and will reduce interruptiorigoth the ADSL and the underlying service that
traditional diagnostic methods require.

8.12.3.1 Channel Characteristics Function per subcaer (CCF-ps)

The channel characteristics function H(f) is a ditahat is related to the values of the (complex)
source and load impedance. A simplified definitisrused in which source and load are the same
and equal to a real valug,RThe channel characteristics function H(f) is assed with a two-port
network, normalized to a chosen reference resist&cshall be defined as a complex value, equal
to the U2/U1 voltage ratio (see Figures 8-21 arX?B-

a []n

G.992.3_F08-21

@
\&J
Q——0

Figure 8-21/G.992.3 — Voltage across the load

2 [J

G.992.3_F08-22

@ Two-port
network

O——— 0

O

Figure 8-22/G.992.3 — Voltage across the load
with a two-port network inserted
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The channel characteristics function is the rasiulhe cascade of three functions:

. the transmitter filter characteristics function;
. the channel characteristics function;
. the receiver filter characteristics function.

NOTE — The channel characteristics function comads with the khanne(f) function used in the definition
of the far-end crosstalk (see 7.4.1/G.996.1).

The objective is to provide means by which the cedcharacteristics can be accurately identified.
Therefore, it is necessary for the receive PMD fiamcto report an estimate of the channel
characteristics. This task may prove to be a diffione given the fact that the receive PMD
function only observes the cascade of all threemetds of the channel. The passband part of the
reported H(f), which is most essential to debugspie issues with the physical loop, is not
expected to significantly depend upon the recefilear characteristics (not including receiver
AGC). The receive PMD function shall therefore unie gain (AGC) it has applied to the received
signal and do a best effort attempt to remove tmpact of the near-end receiver filter
characteristics. The result is then a best estimbteow the receiver views the passband channel
characteristics plus the transmitter filter chagastics. Because the in-band portion of the spectr

is also expected not to significantly depend ugaanttansmitter filter characteristics, this ressilt
considered a sufficient estimate of the channelradtaristics for desired loop conditioning
applications.

If the channel characteristics are reported toG@eMIB, the ATU-C shall do a best effort attempt
to remove the impact of the near-end transmitrfittearacteristics from the channel characteristics
measured at the ATU-R. If the channel charactessdie reported to the RT-MIB, the ATU-R shall
do a best effort attempt to remove the impact efrtbar-end transmit filter characteristics from the
channel characteristics measured at the ATU-C.

Two formats for the channel characteristics arendelf
. Hlin(f): a format providing complex values in &ar scale;
. Hlog(f): a format providing magnitude values ifogarithmic scale.

The Hlin(f) shall be measured by the receive PMbxfion during diagnostics mode in a REVERB
transmitter state. The Hlin(f) shall be sent to faeend management entity during diagnostics
mode and shall be sent on request to the near-eamadément Entity during diagnostics mode.

The Hlog(f) shall be measured by the receive PMctiwon during diagnostics mode and
initialization. The measurement shall not be updl@ering showtime. The Hlog(f) shall be sent to
the far-end management entity during diagnosticderand shall be sent on request to the near-end
Management Entity. The near-end Management Entigll ssend the Hlog(f) to the far-end
Management Entity on request during showtime (s€4.9.0).

In diagnostics mode, both Hlin(f) and Hlog(f) shadl measured, because there may be a difference
in up to what extent the receiver and/or transmiiteer characteristics can be undone in Hlin(f)
versus Hlog(f).

The PMD receive function shall measure Hlin(f) atidg(f) with the PMD transmit function in a
REVERB state. The Hlin(f) and Hlog(f) shall be maasl over a 1 second time period in
diagnostics mode. The ATU shall do a best effdgmapt to optimize Hlog(f) measurement time in
initialization, however, measuring over at leasé Zymbols, with indication of the measurement
period to the far-end Management Entity (in symbpo&presented as 16-bit unsigned value),
see 9.4.1.10).

The channel characteristics function Hlin(dR, shall be represented in linear format bgcale
factor and a normalized complex numla€i) + j x b(i), wherei is the subcarrier index= 0 to
NSC- 1. The scale factor shall be coded as a 16-lsigned integer. Botla(i) andb(i) shall be
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coded as a 16-bit 2's complement signed integee. Vidtue of Hlin(i XAf) shall be defined as
Hlin(i x Af) = (scalg2™) x (a(i) +j % b(i))/2*. In order to maximize precision, tsealefactor shall
be chosen such thatax(|a(i)} [b(i)|) over alli is equal to & — 1.

This data format supports an Hlin(f) granularity > and an Hlin(f) dynamic range of
approximately +6 dB to —90 dB. The portion of tloale factor range above 0 dB is necessary to
accommodate that short loops, due to manufactwargations in signal path gains and filter
responses, may appear to have a gain rather toas a

An Hlin(i x Af) value indicated asa(i) = b(i) = 2" is a special value. It indicates that no
measurement could be done for this subcarrier lsecduis out of the PSD mask passband
(as relevant to the chosen application option —aseexes) or that the attenuation is out of range t
be represented.

The channel characteristics function Hlog(f) shadl represented in logarithmic format by an
integer numbem(i), wherei is the subcarrier indeix= 0 toNSC- 1. Them(i) shall be coded as a
10-bit unsigned integer. The value of Hlog(A® shall be defined as Hlog(i 4f) = 6 — (M(i)/10).

This data format supports an Hlog(f) granularity®@fL dB and an Hlog(f) dynamic range of
approximately +6 dB to —96 dB.

An Hlog(i x Af) value indicated am(i) = 2'° — 1 is a special value. It indicates that no mesment
could be done for this subcarrier because it isafuhe PSD mask passband (as relevant to the
chosen application option — see annexes) or teattienuation is out of range to be represented.

8.12.3.2 Quiet Line Noise PSD per subcarrier (QLN-$)

The quiet line noise PSD QLN(f) for a particulabsarrier is the rms level of the noise present on
the line, when no ADSL signals are present onitie |

The quiet line PSD QLN(f) per subchannel shall lesasured by the receive PMD function during
diagnostics mode and initialization. The measurdgnséall not (i.e., cannot) be updated during
showtime. The QLN(f) shall be sent to the far-erah¢mit PMD function during diagnostics mode
(see 8.15.1) and shall be sent on request to tlae-emel Management Entity. The near-end
Management Entity shall send the QLN(f) to the dad Management Entity on request during
showtime (see 9.4.1.10).

The objective is to provide means by which the glie PSD can be accurately identified.
Therefore, it would be necessary for the receivéddHNhction to report an estimate of the quiet line
PSD. This task may prove to be a difficult one giwee fact that the receive PMD function
observes the noise through the receiver filter. pagsband part of the reported QLN-p#hich is
most essential to debug possible issues with thysigdd loop, is not expected to significantly
depend upon the receiver filter characteristics (noluding receiver AGC). The receive PMD
function shall therefore undo the gain (AGC) it leplied to the received signal and do a best
effort attempt to remove the impact of the near-ewiver filter characteristics. The result isnthe
a best estimate of how the receiver views the @assluiet line PSD. This result is considered a
sufficient estimate of the quiet line PSD for deditoop conditioning applications.

The receive PMD function shall measure the QLN{faitime interval where no ADSL signals are
present on the line (i.e., near-end and far-entsirgtter inactive). The quiet line PSD QLN(iA%)
shall be measured over a 1 second time intervdibignostics mode. In initialization, the ATU shall
do a best effort attempt to optimize QLN(f) measugat time, however measuring over at least
256 symbols, with indication of the measurementigoerto the far-end Management Entity
(in symbols, represented as 16-bit unsigned vakee 9.4.1.10).

The quiet line PSD QLN(i Af) shall be represented as an 8-bit unsigned inte@)e wherei is the
subcarrier index = 0 toNSC- 1. The value of QLN(i »f) shall be defined as QLN(i xf) = —23
— (n(1))/2) dBm/Hz. This data format supports a QLN(f) gramity of 0.5 dB and an QLN(f)
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dynamic range of —150 to —23 dBm/Hz.

An QLN(i x Af) value indicated ag(i) = 255 is a special value. It indicates that no mesament
could be done for this subcarrier because it isadithe PSD mask passband (as relevant to the
chosen application option — see annexes) or tieatdise PSD is out of range to be represented.

8.12.3.3 Signal-to-Noise Ratio per subcarrier (SNRs)

The signal-to-noise ratio SNR(f) for a particulabearrier is a real value which shall represent the
ratio between the received signal power and theived noise power for that subcarrier.

The signal-to-noise ratio SNR(f) per subchannellsgleameasured by the receive PMD function in
diagnostics mode and initialization. The measurémegly be updated autonomously and shall be
updated on request during showtime. The SNR(f)l flea$ent to the far-end transmit PMD function
during diagnostics mode (see 8.15.1) and shallem sn request to the near-end Management
Entity. The near-end Management Entity shall séredSNR(f) to the far-end Management Entity
on request during showtime (see 9.4.1.10).

The receive PMD function shall measure the sigoaldise ratio SNR(f) with the transmit PMD

function in a MEDLEY or showtime state. The sigt@lnoise ratio SNR(f) shall be measured over
a 1 second time interval in diagnostics mode. Itialization and showtime, the ATU shall do a

best effort attempt to optimize SNR(f) measuremtimte, however measuring over at least
256 symbols, with indication of the measurementigoerto the far-end Management Entity

(in symbols, represented as 16-bit unsigned valee 9.4.1.10).

The signal-to-noise ratio SNR(iAf) shall be represented as an 8-bit unsigned intey#gi), where

i is the subcarrier index= 0 toNSC- 1. The value of SNR(i &f) shall be defined as SNR(iAf)

= =32 + énr(i)/2) dB. This data format supports an SNRAfx granularity of 0.5 dB and an
SNR(i x Af) dynamic range of —32 to 95 dB.

An SNR(i xAf) value indicated asnr(i) = 255 is a special value. It indicates that no sneament
could be done for this subcarrier because it isadithe PSD mask passband (as relevant to the
chosen application option — see Annexes) or thatsilgnal-to-noise ratio is out of range to be
represented.

8.12.3.4 Loop Attenuation LATN)

The loop attenuatiorLATN) is the difference in dB between the power reataethe near-end and
that transmitted from the far-end over all subeas;ii.e., the channel characteristics functior) H(f
(as defined in 8.12.3.1) averaged over all subsartiATN shall be defined as:

NSC-1 5
D |H(ixAf)
LATN[dB] =10xlog—=0

NSC

with NSCthe number of subcarriers (see 8.5) and H(f) smpried by Hlin(f) in diagnostics mode
and Hlog(f) in initialization (with conversion obd) to linear values for use in the above equation).

If one or more H(f) values could not be measurechbse they are out of the PSD mask passband
(as relevant to the chosen application option —aseeexes) (see 8.12.3.1), then tA€I'N shall be
calculated as an average of H(f) values over a mambsubcarriers that is less tHd8C

The loop attenuation shall be calculated by theivecPMD function during diagnostics mode and
initialization. The calculation shall not be updhguring showtime. The loop attenuation shall be
sent to the far-end transmit PMD function duringiatization and diagnostics mode (see 8.15.1)
and shall be sent on request to the near-end Mar&geEntity. The near-end Management Entity
shall send the ATNto the far-end Management Entity on request dushmgvtime (see 9.4.1.10).
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The loop attenuatiobATN shall be represented as an 10-bit unsigned intatyerwith the value of
LATN defined as ATN=latn/10 dB. This data format supports lBATN granularity of 0.1 dB and
anLATNdynamic range of O to 102.2 dB.

An LATN value indicated akatn = 1023 is a special value. It indicates that tiwplattenuation is
out of range to be represented.

8.12.3.5 Signal Attenuation $ATN)

The signal attenuatioBATNIis defined as the difference in dB between thegrawceived at the
near-end and that transmitted from the far-end.

Received signal power in dBm shall be defined asrdteived subcarrier power, summed over the
subcarriers in the MEDLEYset. During initializati@nd diagnostics mode, the transmit PSD for
subcarriers in the MEDLEYset is at tREEFPSDlevel. Therefore, the received signal power shall
be finetuned with thg; values for each subcarrier in the MEDLEYset toneste the signal power
that will be received during showtime. During diagtics mode, the fine tuning shall be restricted
to usingg; values 0 (for subcarriers to which no bits caml@cated) and 1 (for subcarrier to which
at least one bit can be allocated).

Transmitted signal power shall be defined as thainal aggregate transmit powed@QMATB,
lowered by the power cutback (PCB, see 8.5). Dudmgnostics mode, onlyg; values 0 (for
subcarriers to which no bits can be allocated) hi(itor subcarrier to which at least one bit can be
allocated) shall be used.

The signal attenuation shall be measured by thawe®MD function during diagnostics mode and
initialization (i.e., estimate the signal attenaatiat the start of showtime with the negociated
control parameter settings). The measurement mayptated autonomously and shall be updated
on request during showtime. The signal attenuasioall be sent to the far-end transmit PMD
function during initialization and diagnostics mo@ee 8.15.1) and shall be sent on request to the
near-end Management Entity. The near-end ManageRmity shall send th8 ATNto the far-end
Management Entity on request during showtime (s¢4.90).

The attenuatio®ATNshall be represented as a 10-bit unsigned inssgerwith the value o5SATN
defined asSATN=sat/10 dB. This data format supports 8ATNgranularity of 0.1 dB and an
SATNdynamic range of 0 to 102.2 dB.

An SATNvalue indicated asatn= 1023 is a special value. It indicates that ilgaa attenuation is
out of range to be represented.

8.12.3.6 Signal-to-Noise Ratio MargingNRM)

The signal-to-noise ratio margin is the maximunmréase (in dB) of the received noise power, such
that the ATU can still meet all the target BERsraaléthe frame bearers.

The signal-to-noise ratio margin shall be measubsd the receive PMD function during
initialization and diagnostics mode. The measurémeay be updated autonomously and shall be
updated on request during showtime. The signaleisenratio margin shall be sent to the far-end
transmit PMD function during initialization and draostics mode (see 8.15.1) and shall be sent on
request to the near-end Management Entity. TheermhiManagement Entity shall send 8i8¢RM

to the far-end Management Entity on request dushmgtime (see 9.4.1.10).

To determine the signal-to-noise ratio margg@NRN), the receive PMD function must be able to
first determine the bits and gains table. Duringgdiostics mode, the receive PMD function may
measure th&NRMvalue, or alternatively, may use the special vatuéndicate that th&NRM
value was not measured.

The signal-to-noise ratio margin shall be represgrats an 10-bit 2's complement signed integer
snrm, with the value oSNRMdefined asSNRM=snrm/10 dB. This data format supports @NRM
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granularity of 0.1 dB and @&8NRMdynamic range of —51.1 to +51.1 dB.

An SNRMvalue indicated asnrm = -512 is a special value. It indicates that tigmal-to-noise
ratio margin is out of range to be representedirgudiagnostics mode, the special value may also
be used to indicate that t&&RMvalue was not measured.

8.12.3.7 Attainable net data rate ATTNDR)

The attainable net data rate is the maximum net date that the receive PMS-TC and PMD
functions are designed to support, under the fatigveonditions:

. Single frame bearer and single latency operation;

. Signal-to-Noise Ratio MargirSNRMN) to equal or be above tiENRTarget Margin;

. BER not to exceed the highest BER configuredfue (or more) of the latency paths;

. Latency not to exceed the highest latency conéidgdor one (or more) of the latency paths;

. Accounting for all coding gains available (e.gegllis coding, RS FEC) within latency
bound,;

. Accounting for the loop characteristics at thetamt of measurement.

To accurately determine the attainable net data (fafTNDR, the receive PMD function must be
able to first determine the bits and gains tableer&fore, during diagnostics mode, RETNDR
value shall be defined as an estimate of the hte (without coding), calculated as:

NSC-1 ]
ATTNDR= ( z |092[1+10[SNR|)—snrgap—TARSNRI\,]/lo
=3

]x 4kbit/s

with SNRi x Af) in dB as defined in 8.12.3.3nrgap= 9.75 dB (see Note). The function [x] is
equal to 0 for x <0, is equal BIMAX for x >BIMAX and rounding to the nearest integer for
0<x <BIMAX The values oBIMAX andTARSNRMare defined in Table 8-48.

NOTE — Thesnrgapvalue is defined for a 1d bit error ratio on 4-QAM, in accordance with [B11]

The attainable net data rate shall be calculatethéyeceive PMS-TC and PMD functions during
diagnostics mode and initialization. The measuremasy be updated autonomously and shall be
updated on request during showtime. The attainabtedata rate shall be sent to the far-end
transmit PMD function during initialization and draostics mode (see 8.15.1) and shall be sent on
request to the near-end Management Entity. The-emdrManagement Entity shall send the
ATTNDRto the far-end Management Entity on request dwshravtime (see 9.4.1.10).

The attainable net data rate shall be representad3@shit unsigned integattndr, with the value
of ATTNDR defined asATTNDR=attndr bit/second. This data format supports ARTNDR
granularity of 1 bit/s.

No special value is defined.

8.12.3.8 Actual Aggregate Transmit PowerACTATP)

The actual aggregate transmit pow®C{TATH is the total amount of output power delivered g
transmit PMD function to the U reference point gi-and-ring (in dB), at the instant of
measurement. Therefore, it would be necessary éotrédmsmit PMD function to take into account
the transmit filter function. This task may proveb a difficult task. Because the actual aggregate
transmit power is expected not to significantly elegh upon the transmit filter characteristics, the
transmit PMD function shall take the nominal agategtransmit powerNOMATRE, see 8.5),
lowered by the power cutbacPCB, see 8.5), as a best estimate of the near-endlagjgregate
transmit power and do a best effort attempt to narthe impact of the near-end transmitter filter
characteristics. ThACTATP should also include discretionary transmit powessibly applied
during showtime to some subcarriers not in the MED&& (see 8.10)
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The receive PMD function is not aware of the far-érahsmit filter characteristics, nor of the
far-end discretionary power levels. Therefore, teeeive PMD function shall take the nominal
aggregate transmit powelQMATR see 8.5), lowered by the power cutbaekB, see 8.5), as a
best estimate of the far-end actual aggregateriapewer.

The near-end and far-end actual aggregate transmierpshall be calculated by the PMD function

during initialization (i.e., the estimated aggregatinsmit power at the start of showtime with the
negociated control parameter settings). The measmemay be updated autonomously and shall
be updated on request during showtime. The neaapddar-end actual aggregate transmit power
shall be sent on request to the near-end Managdemity. The near-end Management Entity shall

send the near-end and far-eACTATPto the far-end Management Entity on request during
showtime (see 9.4.1.10).

To determine the near-end actual aggregate traqewier ACTATB, the transmit PMD function
must first receive the bits and gains table frora thceive PMD function. Therefore, during
initialization and diagnostics mode, only the fadeactual aggregate transmit power is exchanged.

The actual aggregate transmit power shall be reptedas an 10-bit 2's complement signed integer
actatp with the value oACTATPdefined aACTATP=actatg10 dBm. This data format supports
anACTATPgranularity of 0.1 dB, with an ACTATP dynamic rarafe-31 to + 31 dBm.

An ACTATP value indicated asctatp = —512 is a special value. It indicates that tloeua
aggregate transmit power is out of range to beesgmted.

8.12.4 Diagnostics mode

It is important to have the ability to exchange dmegnostic information during training because the
transceivers may not be capable of reaching SHOVET (e to poor channel conditions). In this
case, the ADSL system needs to be capable of ti@risg from normal initialization into a
diagnostic mode where the measured diagnosticnird#bon can be exchanged reliably even in poor
channel conditions.

This can be accomplished as follows:

1) In the G.994.1 phase of initialization, eithiee tATU-C or the ATU-R, requests entry into
diagnostic mode by setting the Diagnostics Modespotht.
2) The transceivers proceed through the Diagnostitglization sequence with Channel

Discovery, and Transceiver Training. After SNR measwent in the Channel Analysis
Phase, the transceivers enter into a Diagnosticdbggnmode.

3) In the Diagnostic Exchange mode, one bit per teiggmbols (REVERB/SEGUE)
messaging is used to communicate the Diagnosticrirdtion from one ATU to the other.

The diagnostics mode is defined in 8.15.

8.13 Initialization procedures
8.13.1 Overview

8.13.1.1 Basic functions of initialization

ADSL transceiver initialization is required in order a physically connected ATU-R and ATU-C

pair to establish a communications link. The procesldor initiating a connection are specified in
ITU-T Rec. G.994.1 [2]. This clause specifies whicargmeters are exchanged during the
G.994.1 phase (and how they are used thereafter)tta transceiver initialization and training

procedures to follow after the G.994.1 phase.

In order to maximize the throughput and reliabitifythis link, ADSL transceivers shall determine
certain relevant attributes of the connecting clehrand establish transmission and processing
characteristics suitable to that channel. The time &f Figure 8-23 provides an overview of this
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process. In Figure 8-23, each receiver can determhia relevant attributes of the channel through
the transceiver training and channel analysis phows. Certain processing and transmission
characteristics can also be established at eadivescduring this time. During the exchange
process, each receiver shares with its correspgridirend transmitter certain transmission settings
that it expects to see. Specifically, each receteanmunicates to its far-end transmitter the number
of bits and relative power levels to be used orhda®IT subcarrier, as well as any messages and
final data rates information. For highest perforogrthese settings should be based on the results
obtained through the transceiver training and cbbanalysis procedures.

ATU-C
Handshake procedures Channel discovery Transceiver training | Channel analysis Exchange
(8.13.2.1 and G.994.1) (8.13.3.1) (8.13.4.1) (8.13.5.1) (8.13.6.1)
ATU-R
Handshake procedures Channel discovery Transceiver training | Channel analysis Exchange
(8.13.2.2 and G.994.1) (8.13.3.2) (8.13.4.2) (8.13.5.2) (8.13.6.2)

Time -

Figure 8-23/G.992.3 — Overview of initialization

Determination of channel attribute values and distainent of transmission characteristics requires
that each transceiver produce, and appropriatsjyored to, a specific set of precisely-timed signals
This clause describes these initialization signalsng with the rules that determine the proper
starting and ending time for each signal. This dpgson is made through the definition of
initialization states in which each transceiverl waiside, and the definition of initialization sejs
that each transceiver will generate in each ofdtsiates. A state, and the signal generated while i
that state have the same name which may sometianedarity, be prefixed by "state" or "signal".

The sequence of generated downstream and upstreses/signals for a successful initialization
procedure is shown by the time lines shown in Fegu8-26 and 8-27. The arrows indicate that the
change of state in the ATU at the head of the aigwaused by a state/signal transition of the
far-end ATU as shown at the base of the arrow. B@mple, the ATU-C shall stay in state
C-QUIET4 until the ATU-R transitions from the R-MS@&B to the R-REVERB1 state. Within a
maximum delay from that transition, the ATU-C shedhsition to C-REVERBL1.

NOTE — Figures 8-26 and 8-27 show the sequencessite in a successful initialization.

An overall state diagram is specified in Annex De¢luding the handling of failures to detect
signals, timeouts, etc.

The description of a state/signal will consist akthparts:

. The first is a statement of the required duratexpressed in DMT symbol periods, of the
state. This state duration may be a constant or sieggnd upon the detected state of the
far-end transceiver. The duration of a single DMT kghperiod depends on whether the
cyclic prefix is being used; some initializatiomsals contain a cyclic prefix, and some do
not. ATU signals up to and including Transceiver Tirajrare transmitted without a cyclic
prefix; those from Channel Analysis onwards aradmaitted with a prefix. The duration of
any signal in seconds is therefore the defined runolb DMT symbol periods times the
duration of the DMT symbol being used.

. The second part is a description of the voltageeftam that the transmitter shall produce
at its output when in the corresponding state. dagut voltage waveform of a given
initialization signal is described using the DMT risaitter reference models shown in
Figure 8-5, with constellation mapping and gairlisgaor each subcarrier.

. The third part of a state's description is a stet& of the rule specifying the next state.
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8.13.1.2 Transparency to methods for separating upgam and downstream signals

Manufacturers may choose to implement this Recondaign using either
frequency-division-multiplexing (FDM) or echo caticey (EC) to separate upstream and
downstream signals. The initialization procedurecdbed here ensures compatibility between
these different implementations by specifying g@stnieam and downstream control signals to be in
the appropriate, but narrower, frequency bandswioaild be used by an FDM transceiver, and by
defining a time period during which an echo carezktransceiver can train its echo canceller.

8.13.1.3 Implementation of service options for ADSL

The initialization procedure described here is ajablie to different service options. The subcarrier
frequencies used for some signals vary depending umether the ADSL service is offered over a
POTS or an ISDN service (as defined in ITU-T Rec.6&.91], Appendices |, Il, or Ill) or as
all-digital mode without underlying service. Thesdbcarrier frequencies are therefore defined over
a wide enough frequency band, such that the receae identify the transmitter state/signal,
irrespective of the service option chosen.

8.13.1.4 Resetting during initialization and dataransmission

Resetting may occur if errors or malfunctions agtedted, or timeout limits are exceeded at various
points in the initialization sequence and SHOWTIME. ATU executes a reset by transitioning to
(G.994.1 procedures. An ATU-R detecting an error @@ shall transition to R-SILENTO
(see ITU-T Rec. G.994.1 [2]). An ATU-C detecting amoe condition shall transition to
C-SILENT1 (see ITU-T Rec. G.994.1 [2]).

Annex D specifies the state transitions that sbedlur if errors or malfunctions are detected or
timeout limits are exceeded at various points @ithtialization sequence. Annex D also specifies
conditions for which retraining may be requiredidgrdata transmission (i.e., after a successful
initialization).

The initialization procedure may be used for the Istate transition from the L3 state to the
LO state (see 9.5.3). Error recovery (during thedrOL2 link state) is through the initialization
procedure. At the start of the initialization prdaee, the ADSL link state shall be changed to the
L3 state. When the ATU reaches the Showtime stateugh the initialization procedure, the
ADSL link shall be in the LO state (see Figure 9-5)

8.13.2 (G.994.1 phase

The definition, structure and usage of the G.994fameter blocks is included in this clause.
However, this clause only lists the parameters amghd in the G.994.1 phase to configure the
transmit and receive PMD functions. Parametersiegdpke to the TPS-TC and PMS-TC layers are
defined in clauses 6 and 7 respectively.

8.13.2.1 Handshake — ATU-C

The detailed procedures for handshake at the ATUeCdefined in ITU-T Rec. G.994.1 [2]. An
ATU-C, after power-up or on conditions shown in FegiD.1, shall enter the initial C-SILENT1
state (waiting for the G.994.1 R-TONES-REQ signal). Aid&J-C may transition to C-INIT/HS
state (to send G.994.1 C-TONES signal) under instnrudrom the network. From either state,
operation shall proceed according to the procedieéred in ITU-T Rec. G.994.1 [2].

If G.994.1 procedures select this Recommendatiothasmode of operation, the ATU-C shall
transition to the C-QUIET1 state (see Figure 8-26)hat conclusion of G.994.1 operation. All
subsequent signals shall be transmitted using R%&d as defined in the remainder of this clause.
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8.13.2.1.1 CL messages

An ATU-C wishing to indicate G.992.3 capabilitiesan.994.1 CL message shall do so by setting
to ONE at least one of the Standard Information dFgdPar(1)} G.992.3 bits as defined in
Table 11.0.2/G.994.1. For each G.992.3 {SPar(1)}sbitto ONE, a corresponding {Par(2)} field
shall also be present (see 9.4/G.994.1). The G.90U.tessage {Par(2)} fields corresponding to
the {SPar(1)} bits are defined in Table 8-20.

Table 8-20/G.992.3 — ATU-C CL message Par(2) PMDtlefinitions

NPar(2) bit Definition
Tones 1to 32 Applies to ISDN related service apionly (see annexes).

Diagnostics Mode | When set to 1, indicates the ATU-C wants to eni@gribstics mode (see 8.15).
When set to 0, indicates the ATU-C wants to emtiialization (see 8.13).

Short Initialization | When set to 1, indicates the ATU-C supports thetShdialization (see 8.14).
When set to 0, indicates the ATU-C does not supperShort Initialization.

SPar(2) bit Definition of related Npar(3) bits
Spectrum bounds | A parameter block indicating the Nominal transn#Plevel, the Maximum
upstream transmit PSD level and the Maximum aggregate trérsover. The parameter

block length shall be 6 octets. Codepoints shalithéctured as:

* Nominal transmit PSD leveNOMPSD shall be represented as a 9-bit 2's
complement signed value in 0.1 dB steps, —25.@&5+dB, relative to the
value defined in the applicable annex for the delibservice option and shall be
coded in bits 3 down to 1 in octet 1, bits 6 dowr tin octet 2;

* Maximum nominal transmit PSD levdlAXNOMPSD shall be represented as a
9-bit 2's complement signed value in 0.1 dB stef§,6 to +25.5 dB, relative tg
the value defined in the applicable annex for #lected service option and sha
be coded in bits 3 down to 1 in octet 3, bits 6 da@v1 in octet 4;

» Maximum nominal aggregate transmit poWdAXNOMATRP shall be
represented as a 9-bit 2'complement signed valQelidB steps, —25.6 to 25.5
dB, relative to the value defined for the applieabhnex for the selected servige
option and shall be coded in bits 3 down to 1 iteD8, bits 6 down to 1 in
octet 6.

Spectrum shaping | A parameter block of pairs of a subcarrier inded #ie spectrum shaping lags
upstream value at that subcarrier. Pairs shall be transthitieascending subcarrier index
order. Each pair shall be represented as 4 odte¢sparameter block length shall
be a multiple of 4 octets. Codepoints shall becstmed as:

» The subcarrier index shall be a 9-bit unsignddejandicating subcarrier
index 1 to 2 NSCus- 1, coded in bits 3 and 1 in octet 1, bits 6 dowvt in
octet 2;

* The indication whether the subcarrier is includethe SUPPORTEDset
(indication set to 1) or not included in the SUPA@Rset (indication set to 0).
This indication is coded in bit 6 of octet 3;

» The spectrum shapirigg_tss values shall be represented in logarithmic scsll
a 7-bit unsigned value in —0.5 dB steps, rangiogfd dB (value 0) to —62.5 dH
(value 125), coded in bit 1 of octet 3 and bito@vd to 1 in octet 4. Value 127 |s
a special value, indicating the subcarrier is rentgmitted (i.e.tss = 0 in linear
scale). Value 126 is a special value indicating thalog_tss value on this
subcarrier shall be interpolated according to  43.

At least one pair (of a subcarrier index and thecspim shapindpg_tss value at
that subcarrier) indicated as included in the SURPEDset, shall have tHeg_tss
value set to O dB.

D
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Table 8-20/G.992.3 — ATU-C CL message Par(2) PMDtlefinitions

Spectrum bounds
downstream

Parameter block with same definition and strucagspectrum bounds upstream

Spectrum shaping
downstream

Parameter block with same definition and strucag@pectrum shaping upstream
(with breakpoint frequencies indicating subcarietex 1 to 2 NSCds- 1).

Transmit Signal
Images above the
Nyquist frequency

A parameter block indicating the type of the trainsignal images above the
Nyquist frequency. The parameter block shall cdrifia single octet. Codepoints
shall be structured as bits 6 to 3 indicatinghhelue and bits 2 and 1 indicating

the definition of the transmit signal images abthe Nyquist frequency (see 8.8.2).
The coding shall be as follows:

(bgbsbabs) =n, with 1< n< 15 indicates thal = 2,
(bgbshbsbs) = 0 indicates thatl is not a power of 2;

(boby = 01): complex conjugate of the base-band signal;
(boby = 10): zero filled,;

(bob, = 00): other (none of the above);

(boby = 11): reserved.

~—

8.13.2.1.2 MS messages

An ATU-C selecting a G.992.3 mode of operation i3.894.1 MS message shall do so by setting
to ONE the appropriate Standard Information FieldP§81)} G.992.3 bits as defined in
Table 11.0.2/G.994.1. For the G.992.3 {SPar(1)} 4@t to ONE, a corresponding {Par(2)} field
shall also be present (see 9.4/G.994.1). The G.9d&.Inessage {Par(2)} fields corresponding to
the {SPar(1)} bit are defined in Table 8-21.

Table 8-21/G.992.3 — ATU-C MS message Par(2) PMDtiefinitions

NPar(2) bit Definition
Tones 1to 32

Diagnostics Mode

Applies to ISDN related service ationly (see annexes).

Set to 1 if the CL or the CLR naggshave this bit set to 1.
When set to 1, indicates both ATUs shall enter migtics mode (see 8.15).
When set to 0, indicates both ATUs shall enterdhi#ation (see 8.13).

Set to 1 if and only if this bit was set to 1 irthbthe last previous CL message arld
the last previous CLR message.

When set to 1, indicates the ATUs may use the Shitidlization (see 8.14).
When set to 0, indicates the ATUs shall not useSthart Initialization .

Short Initialization

The Spar(2) bits shall be set to 0. No Npar(3) patars shall be included in the MS message.

8.13.2.2 Handshake — ATU-R

The detailed procedures for handshake at the ATUWeRdafined in ITU-T Rec. G.994.1 [2]. An
ATU-R, after power-up or on conditions shown in Fgi.2, shall enter the initial G.994.1 state
R-SILENTO. Upon command from the host controller, &EU-R shall initiate handshaking by
transitioning from the R-SILENTO state to the G.99R-TONES-REQ state. Operation shall then
proceed according to the procedures defined in TTRkec. G.994.1 [2].

If G.994.1 procedures select this Recommendatiothasmode of operation, the ATU-R shall
transition to state R-QUIET1 (see Figure 8-26) at toaclusion of G.994.1 operation. All
subsequent signals shall be transmitted using R&&)d as defined in the remainder of this clause.
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8.13.2.2.1 CLR messages

An ATU-R wishing to indicate G.992.3 capabilities anG.994.1 CLR message shall do so by
setting to ONE at least one of the Standard Infaonatield {SPar(1)} G.992.3 bits as defined in
Table 11.0.2/G.994.1. For each G.992.3 {SPar(1)}sbitto ONE, a corresponding {Par(2)} field
shall also be present (see 9.4/G.994.1). The G.LWURL. message {Par(2)} fields corresponding to
the {SPar(1)} bits are defined in Table 8-22.

Table 8-22/G.992.3 — ATU-R CLR message Par(2) PMDtlaefinitions

NPar(2) bit

Definition

Tones 1 to 32

Applies to ISDN related service aiionly (see annexes).

Diagnostics Mode

When set to 1, indicates the ATU-R wants to eni&gribstics mode (see 8.15).
When set to 0, indicates the ATU-R wants to entiialization (see 8.13).

Short Initialization

When set to 1, indicates the ATU-R supports thetShdialization (see 8.14).
When set to 0, indicates the ATU-R does not superShort Initialization.

SPar(2) bit Definition of related Npar(3) bits
Spectrum bounds | Parameter block with same definition and strucagepectrum bounds upstream
upstream parameter block in CL message.

Spectrum shaping
upstream

Parameter block with same definition and strucag@pectrum shaping upstream
parameter block in CL message.

Spectrum bounds
downstream

Parameter block shall not be included. This SPdnihall be set to 0.

Spectrum shaping
downstream

Parameter block shall not be included. This SPdri¢Zhall be set to O.

Transmit Signal
Images above the
Nyquist frequency

Parameter block with same definition and strucagd ransmit Signal Images
above the Nyquist frequency parameter block in @ssage.

8.13.2.2.2 MS messages

An ATU-R selecting a G.992.3 mode of operation 13.894.1 MS message shall do so by setting
to ONE the appropriate Standard Information FieldPg81)} G.992.3 bits as defined in
Table 11.0.2/G.994.1. For the G.992.3 {SPar(1)}dat to ONE, a corresponding {Par(2)} field
shall also be present (see 9.4/G.994.1). The G.9d8&.Inessage {Par(2)} fields corresponding to
the {SPar(1)} bit are defined in Table 8-23.

If the ATU-R transmits an MP message (as defined3G.994.1) , the format of the MP message
shall be the same as the format of the MS messefgeed in Table 8-23.

Table 8-23/G.992.3 — ATU-R MS message Par(2) PMDthiefinitions

NPar(2) bit

Definition

Tones 1to 32

Applies to ISDN related service apionly (see annexes).

Diagnostics Mode

Set to 1 if the CL or the CLR naggshave this bit set to 1.
When set to 1, indicates both ATUs shall entermisgics mode (see 8.15).
When set to 0, indicates both ATUs shall enterdhi#ation (see 8.13).

Short Initialization

Set to 1 if, and only if, this bit was set to lbioth the last previous CL message &
the last previous CLR message.

When set to 1, indicates the ATUs may use the Shitidlization (see 8.14).
When set to 0, indicates the ATUs shall not useSthert Initialization.
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The Spar(2) bits shall be set to 0. No Npar(3) patars shall be included in the MS message.

8.13.2.3 G.994.1 transmit PSD levels

When the ATU's transition to G.994.1 proceduresv®ked outside of this Recommendation, or in
order to change modes of operation, the transmiD R&vels shall be as specified in
ITU-T Rec. G.994.1 [2]. When the G.994.1 proceduresinvoked from the procedures described
in this Recommendation, the transmit PSD leveld bleaapplied as specified in Table 8-24.

Table 8-24/G.992.3 — G.994.1 transmit PSD levels

Prior G.992.3 state Transmit PSD level

None (G.994.1 invoked from See G.994.1.
outside this Recommendation)

All states in this Recommendatior] At or below the Nominal Transmit PSD level defiredpplicable
annex for the chosen service option (i.e., at tovoehe NOMPSD
level, as indicated in G.994.1, or explicitly, arglicitly through the
default value, see 8.13.2.4).

The transmit PSD level at which the G.994.1 sigraals transmitted, may be indicated in the
G.994.1 CL, CLR or MS message ldentification Fi@ee Table 9.0.1/G.994.1).

8.13.2.4 Spectral bounds and shaping parameters

The CLR message may include an upstream spectrundbgarameter block and shall not include
a downstream spectrum bounds parameter block. Than€isage may include a downstream
spectrum bounds parameter block and may includgpatream spectrum bounds parameter block.
The MS message shall not include an upstream nawvastream spectrum bounds parameter
block.

If a spectrum bounds parameter block is not indudethe CL message, the downstream spectrum
bounds as defined in the corresponding annex #ocliosen service option shall apply.

If a spectrum bounds parameter block is not inaluidethe CLR message, the upstream spectrum
bounds as defined in the corresponding annex #ocliosen service option shall apply.

If a spectrum bounds parameter block is includethenCL or CLR message, tiNOMPSDlevel
shall be no higher than th@éAXNOMPSDlevel.

The CLR message may include an upstream spectrupinghparameter block and shall not
include a downstream spectrum shaping parametetk.bldbhe CL message may include a
downstream spectrum shaping parameter block and inthyde an upstream spectrum shaping
parameter block. The MS message shall not includeigstream nor a downstream spectrum
shaping parameter block.

If a spectrum shaping parameter block is not inetlih the CL or CLR message, no spectral
shaping shall be applied. In this catss, values shall be equal to 1 for all subcarrierdeml to
2 xNSC- 1 and the SUPPORTEDset shall contain all subcamvih indexi = 1 toNSC- 1.

If no CLR/CL exchange transaction is included im t6.994.1 session, the spectrum shaping
indicated in the last previous CLR/CL exchange Ishably (i.e., the downstreartss values
contained in the last previous CL message and pstreaamtss values contained in the last
previous CLR message shall be applied).

The spectral shaping for each subcarrigtss) shall be defined in function of the frequency
breakpoints associated to spectral shaping valffesesht from the reserved values 126, exchanged
during the G.994.1 phase for all subcarriers, intléx 2 xXNSC- 1, as:
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The spectral shapindp_tss, dB value) of the lowest breakpoint frequency vathpectral
shaping value different from 126 if the subcarngrbelow this breakpoint frequency
(i.e., flat extension to lower frequencies);

The spectral shapintpf_tss, dB value) of the highest breakpoint frequencyhaitspectral
shaping value different from 126 if the subcarngrabove this breakpoint frequency
(i.e., flat extension to higher frequencies);

Otherwise interpolated between spectral shapihghe lower and higher breakpoint
frequency associated to shaping value differerhfd@6 with linear relationship between
the spectral shapingp@_tss, dB value) and linear frequencies (Hz) (i.e., iptéation with
constant dB/Hz slope). If the spectral shaping eabfi the lower or higher breakpoint
frequency is 127, the interpolatesy is O for this subcarrier.

NOTE 1 — The specidbg_tss value of 126 is used to indicate that the breakMpw only used for the
definition of the SUPPORTEDset, and not for thdrdébn of thelog_tss values.

The indication (logical O or 1) for each subcarri@hether the subcarrier is in the SUPPORTEDset
or not, shall be defined in function of the indioas exchanged during the G.994.1 phase, for all
subcarriers, index 1 tdSC-1, as:

The indication of the lowest breakpoint frequencthé subcatrrier is at or below the lowest
breakpoint frequency;

The indication of the highest breakpoint frequenicyhe subcarrier is at or above the
highest breakpoint frequency;

Otherwise, the logical AND of the indications ofetHower and higher breakpoint
frequency.

Subcarriers with index in the rangdSC to 2 x NSC — 1 shall not be included in the
SUPPORTEDset. The above definitionlof_tss and SUPPORTEDset indication for subcarriers
not included in the G.994.1, is illustrated in figure 8-24.

fort<tl:
log_tss=log_tss(t1)
supp_set = supp_set (t

log_tss(t3)
supp_set (t3)

log_tss (t2)
supp_set (t2)

fort2 <t<t3:

log_tss= interpolated

supp_set = supp_set (t2)
AND supp_set (t3)

fort3<t<t4:

log_tss= interpolated

supp_set = supp_set (t3)
AND supp_set (t4)

fortl<t<t2:

log_tss= interpolated

supp_set = supp_set (t1)
AND supp_set (t2)

fortd <t:
log_tss=log_tss(t4)
supp_set = supp_set (t4)

log_tss(t4)
supp_set (t4)

log_tss (t1)
supp_set (t1

tl t2 t3 t4 t (tone index)

Only four breakpoints are included in the CL/CLRss&ge (at subcarrier index t1, t2, t3 and t4).

G.992.3_F08-24

Figure 8-24/G.992.3 — lllustration of the interpoldéion of log_tss and
SUPPORTEDset indications
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The spectral shaping values shall be converted fogarithmic scale (logss, dB values) to linear

tss values according to:
log _tss
Round1024x10 20

102¢

The combined accuracy of process of the linear potation oflog_tss values and the process of
conversion to lineatss values shall be strictly less than one half LSBtha# 10 bits after the
decimal point format of the linedss values. No error shall be introduced wHeg_tss equals
0 dB or is interpolated betweéog_tss values which equal 0 dB.

NOTE 2 — This ensures that the maximum deviatiawéentss values used by transmitter and receiver is
one LSB.

NOTE 3 - It should be remarked that the accuracgpiscified as strictly < 1/2 LSB. An accuracy of =
1/2 LSB, will lead to inaccurate results.

tsg =

The information represented in the spectrum shaplimgk shall be defined as follows:

. The CLR upstream spectrum shaping parameter lsloalk represent the spectrum shaping
tss values for each upstream subcarrier. The formahefupstream spectrum shaping
parameter block is defined in Table 8-22. The spetshapingss values shall be used for
all initialization signals as defined in Table 8-2%e upstream SUPPORTEDset is defined
as the set of subcarriers with index L.< NSCus- 1, which the ATU-R intends to transmit
during Channel Analysis. The ATU-R shall indicatehe CLR message which subcarriers
are included in the SUPPORTEDSset, as defined in Tad2. For the subcarriers in the
upstream SUPPORTEDsess values shall be equal to b _tss = 0 dB, i.e., no spectrum
shaping). For the subcarriers not in the upstrebliRFBORTEDsetiss values shall be less
than or equal to Idg_tss < 0 dB) and equal to or higher than the minimum eslderived
from Equation (8-1). The ATU-R may reduce the numbgrsubcarriers it intends to
transmit during Channel Analysis, to aid in the semvation of spectrum.

. The CL downstream spectrum shaping parameter b&bedl represent the spectrum
shapingtss values for each downstream sub-carrier. The forofathe downstream
spectrum shaping parameter block is defined in T&R®. The spectrum shapings
values shall be used for all initialization signatsdefined in Table 8-25. The downstream
SUPPORTEDset is defined as the set of subcarriets matex 1<i < NSCds- 1, which
the ATU-C intends to transmit during Channel Anadydihe ATU-C shall indicate in the
CL message which subcarriers are included in tivendream SUPPORTEDSset, as defined
in Table 8-20. For the subcarriers in the downstr&sPPORTEDsetss values shall be
in the 0 to 1 range (i.e., spectrum shaping allgwéwr the subcarriers not in the
downstream SUPPORTEDse&$s values shall be less than or equal tdog (tss < 0 dB)
and equal to or higher than the minimum valuesvedrirom Equation (8-1). The ATU-C
may reduce the number of subcarriers it intendsatesmit during Channel Analysis, to aid
in the conservation of spectrum.

. The CL upstream spectrum shaping parameter bloak mepresent which subcarriers the
ATU-R may include in the upstream SUPPORTEDset (SUPHEDRet indication set to 1
andtss value equal to 1 in linear scale) and which suliear the ATU-R shall not include
in the upstream SUPPORTEDset (SUPPORTEDset indicagibto © andss value equal
to O in linear scale). The format of the upstregmectrum shaping parameter block is
defined in Table 8-20 (see Note 2).

S(i M) <tss <1, forl <i<2xNSC-1 (8-1)
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where
S(f):%sb(f—nté%cjtf j
S(f)=  Stsf xW2(f —kDf )+ W2(f +kInf )

KOSUPPORTED=t
(N/NSQ is the IDFT oversampling factor, withandNSCas defined in 8.8.2,
Af is the subcarrier frequency spacing, i.e., = 463412z (see 8.8.1),
fs is the sampling frequency, i.e., 2N6Cx Af (see 8.8.13),

WA(f) is the Fourier transform of the autocorrelatiamdtion of a rectangular
window, defined as:

W2(f) = s — 1|
16 @6/17) LIf
NOTE 4 — The scale factor appliedWi(f) is to make the integral &(f) equal unity.

The Figure 8-25 shows an example of the downstrsgnvalues as a function of the subcarrier
indexi, for the case that the SUPPORTEDset contains theasudrs with index = 40 to 200 and
N=2xNSC=512 (oversampled IDFT). At frequenciesx Af, with 40<i<200 and
Af = 4.3125 kHz, théss value equals 1 (0 dB).
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Transmit spectrum shaping values and downstreawstrsipe S(f) [40, 200]

[dB]

0 50 100 150 200 250 300 350 400 450 500

Tone-indexi

....................... tsg G.992.3_F08-25

Figure 8-25/G.992.3 — Example of the downstrealog_tss values (in dB)
as a function of the subcarrier index

The CLR message is sent before the CL message. dheraf the time the ATU-R sends the CLR
message, the ATU-R is not aware of restrictionsaioatl in the CO-MIB applying to the upstream
spectrum bounds and shaping parameter blocks. Tassetions are contained in the CL message,
which the ATU-C sends in response to the CLR messHgerefore, after the ATU-R sends the
ACK message to terminate the CLR/CL exchange taimsg the ATU-R shall verify consistency
of CL and CLR messages as follows:

. The NOMPSDusMAXNOMPSDusandMAXNOMATPudevels in the CLR message shall
be no higher than the corresponding levels in then@ssage;
. All subcarriers indicated in the CLR message &nd included in the upstream

SUPPORTEDset, shall be indicated in the CL messagrilasarriers which the ATU-R
may include in the upstream SUPPORTEDset.

If the upstream spectrum bounds and shaping paeasneintained in the CLR and CL message are
found to be consistent, the ATU-R shall apply spaotbounds and shaping as contained in the
CLR message. Otherwise, if the upstream spectrumdsoand shaping parameters contained in the
CLR and CL message are found to be inconsistesr, tthe ATU-R shall do either of the following:

. The ATU-R sends an MS message indicating thatnibtsprepared to select a mode at this
time (according to 10.1.1/G.994.1). After termipatiof the G.994.1 session, the ATU-R
calculates new upstream spectrum bounds and shagairaeters offline, taking into
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account the upstream spectrum bounds and shapragegers specified by the ATU-C in
the CL message of previous G.994.1 session. Irbsesuent G.994.1 session, the ATU-R
sends a CLR message including the new spectrumdsard shaping parameters;

. The ATU-R calculates new upstream spectrum boumds shaping parameters online,
taking into account the upstream spectrum boundsshaping parameters specified by the
ATU-C in the CL message of previous G.994.1 sesdiothe same G.994.1 session, the
ATU-R repeats the CLR/CL exchange transaction wibL& message including the new
spectrum bounds and shaping parameters.

NOTE 1 — For the downstream direction, the CO-Mtihtains a per subcarrier indication whether
the subcarrier is or is not allowed to be sentisgfrom the initialization Channel Analysis Phase
From this information and taking into account ite/no capabilities, the ATU-C selects the
downstream SUPPORTEDset of subcarriers and compla¢e€L downstream spectrum shaping
parameter block information.

NOTE 2 — For the upstream direction, the CO-MIBitains a per subcarrier indication whether the
subcarrier is or is not allowed to be sent starfiogn the initialization Channel Analysis Phase.
This information is conveyed to the ATU-R in the @Qpstream spectrum shaping parameter block
(through SUPPORTEDSset indications and only ussggvalues 0 and 1 in linear scale). From this
information and taking into account its own capé#bs8, the ATU-R selects the upstream
SUPPORTEDset of subcarriers and computes the ClsRagm spectrum shaping parameter block
information.

NOTE 3 — With thetss values contained in the different spectrum shapilugks, the ATU
indicates which subcarriers the ATU intends to grait (subcarriers in the SUPPORTEDset) and
which ones the ATU does not intend to transmit ¢aubers not in the SUPPORTEDset) during
Channel Analysis for both the upstream and dowasirdirections. This is needed to make sure the
ATU-R can select a C-TREF pilot tone which will b&nsmitted starting from the Channel
Analysis Phase. This also facilitates the selectignthe PMD receive function of unused
subcarriers for SNR monitoring and the selectionsabcarriers to modulate the PARAMS
messages.

During the Channel Discovery Phase, the receive Rifidtion may include thBLACKOUT bits
(i.e., BLACKOUT fori =1 toNSC- 1) in the MSG-PCB message. These contain a peasugdy
indication of whether the subcarrier maBLACKOUT = 0) and which subcarriers shall not
(BLACKOUT = 1) be transmitted by the transmit PMD functioming initialization, starting from
the Transceiver Training phase (see Table 8-25). ThmstoeamBLACKOUTset is defined as the
set of downstream subcarriers the ATU-R has indictieblackout. The upstreaBLACKOUTset

is defined as the set of upstream subcarriers Tg-& has indicated for blackout.

If the BLACKOUT bits are not included in the MSG-PCB message hedritialization contains a
G.994.1 phase, the transmit PMD function shall m&sall BLACKOUT bits are set to 0. If the
BLACKOUThits are not included in the MSG-PCB message hadhitialization does not contains
a G.994.1 phase, the transmit PMD function shalliaee thBLACKOUTDbits conveyed in the last
previous MSG-PCB message are still valid.

Disabling of subchannels during initialization &8dOWTIMEallows the receive PMD function to
estimate the characteristics of the RFI ingreseadsy Based on these estimates, a receive PMD
function can perform adaptive signal processingrigms for RFI ingress cancellation and/or
mitigation with the goal of providing improved penmance in the presence of RFI ingress.

The downstream MEDLEYset is defined as the set of stibcs contained in the downstream
SUPPORTEDset, with removal of the subcarriers coathin the downstreaBLACKOUTset. The
upstream MEDLEYset is defined as the set of subgarrieontained in the upstream
SUPPORTEDset, with removal of the subcarriers coathin the upstreafBLACKOUTset.

The Initialization Symbols Encoder is the concatematf first the constellation mapping and
second, the spectral shaping and subcarrier blackou symbols transmitted during the
Initialization Phase. The constellation mapping megi theX; and Y; values for the Channel
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Discovery, Transceiver Training, Channel Analysis aBgchange Phases of initialization
(see 8.13.3, 8.13.4, 8.13.5 and 8.13.6 respecjif@ysubcarriers = 1 to 2 xXNSC- 1.

The spectrum shaping and subcarrier blackout skealhdplied to all subcarriers in the various
initialization phases as defined in Table 8-25.

The value<; (fori =1 to 2 xNSC- 1) are input to the modulation function (see Feg8-5). The

Z; values for subcarrier indek> MIN(N,2 xNSQ are effectively ignored. Th&; values for
subcarrier index = NSCto MIN(N,2 xNSQ — 1 are used by the modulation function only aigri
Transceiver Training and only if an oversampled ID&Tsed with zero fill (see 8.8.2). Otherwise,
these values are effectively ignored.

Table 8-25/G.992.3 — Application of spectrum shapq
and subcarrier blackout during initialization.

Initialization phase Spectrum shaping and subcarrie blackout application
G.994.1 No spectrum shaping and no blackout applied
(8.13.2)
Channel Discovery Z =tsg x (X +jY))
(8.13.3) No blackout applied
Nonzero K +jY;) shall be scaled to ti¢OMPSDlevel
Transceiver Training (8.13.4)Z =tss x (X; +]Y) if BLACKOUT =0
zZ=0 iBLACKOUT =1
Nonzero K; +jY;) shall be scaled to tHREFPSDlevel
Channel Analysis Z; =tss x (X +]jY)) if subcarrier in MEDLEYset
(8.13.5) Z=0 if subcarrier not in MEDLEYset
Nonzero K; +jY;) shall be scaled to tHREFPSDlevel
Exchange Z =tsg x (X +jYi) if subcarrier in MEDLEYset
(8.13.6) Z=0 if subcarrier not in MEDLEYset
Nonzero K; +jY;) shall be scaled to tHREFPSDlevel

In the downstream direction, thes values applied to the subcarriers in the MEDLEY sgind) the
Channel Analysis and Exchange Phase, shall be i@l tbel range. In the upstream direction, these
tss values shall be equal to 1.

8.13.3 Channel discovery phase

The ATU-x may perform a coarse timing recovery, clerprobing, and power cutback in this
phase. The ATU-x may perform a line probe to deteenancutback based on hook status. The
ATU-R can also identify a subcarrier suitable fonitig reference during transceiver training.

8.13.3.1 ATU-C channel discovery

The reference clock of the ATU-C transmit PMD funictishall not change during and after the
Channel Discovery Phase. However, the referenak alesed during the Channel Discovery Phase
may be different from the reference clock usedrduthe G.994.1 Phase.

In the Channel Discovery Phase, the modulated suésa(i.e., withX; andY; nonzero) shall be
transmitted at the nominal transmit PSD (NOMPSDel®| including spectral shaping.

8.13.3.1.1 C-QUIET1

Upon the ATU-C terminating the G.994.1 session (sk8/G.994.1), the ATU-C shall transition to
the C-QUIET1 state.
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The C-QUIET1 state is of variable length. In the C-QUIL state, the ATU-C shall transmit a
minimum of 512 and a maximum of 4204 C-QUIET symbdlee minimum duration of the
C-QUIET1 state allows for quiet line noise PSD measant period of at least 512 symbols
(see 8.12.3.2).

A C-QUIET symbol shall be defined as a zero outpaltage at the U-C 2 reference point
(see reference model in 5.4). All subcarriers i@ @-QUIET symbol shall be transmitted at no
power (i.e.Xi =Y; = 0).

The ATU-C may transition to the C-QUIET1 state beforeafter the ATU-R transitions to the
R-QUIET1 state. If the ATU-C transitions first, the AF@ shall remain in the C-QUIET1 state
until after the ATU-R transitions to the R-QUIETL1 tstaWithin 512 to 2048 symbols after the
ATU-C transitioning to the C-QUIETL1 state or the ATUHRNSsItioning to the R-QUIET1 state
(whichever occurs last in time), the ATU-C shalhs#ion to the next state.

The C-QUIET1 state shall be followed by the C-COMEBdtest

NOTE — The maximum duration of the C-QUIET1 stateresponds to 500 ms difference between the
ATU-C and the ATU-R terminating the G.994.1 Pha481@/2 symbols) plus 2048 symbols for ATU-C
transition from the G.994.1 to the Channel Discg\Jhase.

8.13.3.1.2 C-COMB1

The duration of the C-COMB1 state is of fixed lendth the C-COMB1 state, the ATU-C shall
transmit 128 C-COMB symbols.

During this state, the ATU-R performs timing recgvend measures some characteristics of the
downstream channel for C-TREF pilot tone selectiash fan the estimation of the required ATU-R
minimum Upstream Power Cut Back and ATU-R minimumabstream Power Cut Back. These
functions can be continued during C-COMB2.

The C-COMB symbol shall be defined as a widebandtiftarie symbol containing the 16
subcarriers with index 11, 23, 35, 47, 59, 64,83,,95, 107, 119, 143, 179, 203, 227 and 251. The
subcarrier spacing has been selected to minimidilkuinterference into the POTS band prior to
applying cutbacks that may be required in the pres®f an off-Hook POTS terminal and to limit
aggregate transmit power to 8.4 dBm (i.e., the B dwer cutback level).

The subcarriers contained in the C-COMB symbol smaitlulate the same data bits that are used
for the C-REVERB symbols, in such a way that sameauler indexes modulate the same data
bits with the same 4-QAM constellation, as defime®.13.4.1.1. The subcarriers not contained in
the C-COMB symbol shall be transmitted at no pofner, X; =Y; = 0).

The C-COMBL1 state shall be followed by the C-QUIET&est

8.13.3.1.3 C-QUIET2

The C-QUIET?2 state is of fixed duration. During theQUIET?2 state, the ATU-C shall transmit
256 C-QUIET symbols.

The C-QUIET2 state shall be followed by the C-COMBRest

8.13.3.1.4 C-COMB2

The C-COMB2 state is of fixed length. During the OI@B2 state, the ATU-C shall transmit
LEN_C-COMB2C-COMB symbols. Whenever the initialization is aked from Showtime as a
fast error recovery procedure (see 8.14), the vakid C-COMB2shall be set to 1024 symbols.
The valueLEN_C-COMBZshall be set to either 1024 or 3872 symbols otlserw

During C-COMB2, the ATU-R performs timing recovenydameasures some characteristics of the
downstream channel for C-TREF pilot tone selectiash fan the estimation of the required ATU-R
minimum Upstream Power Cut Back and ATU-R minimuowiDstream Power Cut Back.
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The C-COMB?2 state shall be followed by the C-ICOM&ate if the ATU-C desires to use the
C-LINEPROBE state. Otherwise the C-COMB?2 state dtmlollowed by the C-QUIET3 state.

8.13.3.1.5 C-ICOMB1

The C-ICOMBL1 state is of fixed length. In the C-ICBM state, the ATU-C shall transmit
10 C-ICOMB symbols.

A C-ICOMB symbol shall be defined as a subcarrigishbcarrier 180 degrees phase reversal of a
C-COMB symbol (i.e., a C-ICOMB symbol modulates thitwvise inverted REVERB PRBS data
pattern).

The C-ICOMBL1 state shall be followed by the C-LINEPRO®ate.

8.13.3.1.6 C-LINEPROBE

The C-LINEPROBE state is of fixed length. In the C-LINEPBE state, the ATU-C shall transmit
a vendor discretionary signal with a duration o2 $¥Ymbol periods.

The C-LINEPROBE state shall be followed by the C-QUIEE3es

8.13.3.1.7 C-QUIET3

The C-QUIETS3 state is of variable length. In the C-QU3 state, the ATU-C shall transmit a
minimum of 256 and a maximum of 906 C-QUIET symbdlee ATU-C may do an upstream
channel attenuation measurement during this stdige(the ATU-R is in the R-COMB?2 state).

The ATU-C shall continue to transmit C-QUIET symbolsiluafter the ATU-R transitioning to the
R-QUIET3 state. Within 64 symbols after the ATU-R #itioning to the R-QUIET3 state, the
ATU-C shall transition to the next state.

The C-QUIETS3 state shall be followed by the C-COMB&est

8.13.3.1.8 C-COMB3

The C-COMBS3 state is of fixed length. In the C-COMRB&te, the ATU-C shall transmit
64 C-COMB symbols.

The C-COMB3 state shall be followed by the C-ICOMB2ate. The transition to the
C-ICOMB?2 state provides a time marker for the C-MBKT state.

8.13.3.1.9 C-ICOMB2

The C-ICOMB2 state is of fixed length. In the C-ICBM state, the ATU-C shall transmit
10 C-ICOMB symbols.

The C-ICOMB2 state shall be followed by the C-MSG-FMate.

8.13.3.1.10 C-MSG-FMT

The C-MSG-FMT state is of fixed length. In the C-M&GIT state, the ATU-C shall transmit
96 symbols of C-COMB or C-ICOMB to modulate the G8&-FMT message and CRC. The
C-MSG-FMT message conveys information about thegmes format and length of subsequent
ATU-C and ATU-R messages.

The C-MSG-FMT messag#, is defined by:

m={ms, ..., mp}
Bits shall be defined as shown in Table 8-26.
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Table 8-26/G.992.3 — Bit definition for the C-MSG-MT message

Bit index Parameter Definition
0 FMT_R-REVERBL1| Set to 1 indicates that the ATU-C requests an eemluration of the
(value O or 1) R-REVERBL state. Set to 0 indicates it does not.
1 Reserved, set to 0.
FMT_C-REVERB4| Set to 1 indicates that the ATU-C requests an eieémluration of the
(value O or 1) C-REVERBA4 state. Set to 0 indicates it does not.
7...3 FMT_R-QUIET4 | The (0 to 31) value mapped in these bits indicttesluration of the
(value O to 31) R-QUIET4 state. The MSB shall be mapped on thedrighessage bit
index.
8 FMT_C-MSG-PCB| Set to 1 indicates that the C-MSG-PCB message isttélide the
C-BLACKOUT bits. Set to 0 indicates it shall not.
15...9 Reserved, set to 0.

The 16 bitany-mys shall be transmitted in 48 symbol periods {irst andmys last). A zero bit shall
be transmitted as three consecutive C-COMB symbbdlene bit shall be transmitted as three
consecutive C-ICOMB symbols.

After the C-MSG-FMT message has been transmittédR& shall be appended to the message.
The 16 CRC bits shall be computed from the 16 messdyts using the equation:

c(D) = a(D)D*®modulog(D)
where:

D15 D14

a(D) =myD>+mD"...+ M5
is the message polynomial formed from the 16 Hithe C-MSG-FMT message, withgrthe least
significant bit of the first octet of the C-MSG-FMilessage;
g(D)=D*®+D?+D%+1
is the CRC generator polynomial, and
c(D) = coD15 + qD14 ..... +C4D +¢ig
is the CRC check polynomial.

The 16 bitsco-cy5 shall be transmitted in 48 symbol periods first andc,s last) using the same
modulation as used to transmit the message

The C-MSG-FMT state shall be followed by the C-MSGEPate.

8.13.3.1.11 C-MSG-PCB

In each direction, the transmit power will be regdidy a power cutback which is the highest of the
power cutback values determined by the ATU-R ared AHU-C. The ATU-C can consider its
receiver dynamic range as determined by observinRGORIB2, the local line conditions
determined by the optional C-LINEPROBE, and policyttara such as spectral limits when
determining its cutback levels.

In order to provide non-reciprocal FEXT control, th€ U-C shall request an upstream transmit
power cutback in the C-MSG-PCB message, such tretpower received at the ATU-C is no
higher than the maximum level indicated by MAXRXPVER specified in the CO-MIB (see 8.5.1).
The power received at the ATU-C shall be measured thvee subcarriers: subcarriers 12, 18 and
24 for Annex A and Annex | and subcarriers 36, 4@ 48 for Annex B and Annex J.
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NOTE 1 — The ATU-C should take into account thecspen shaping on these subcarriers when determining
the required upstream power cutback (PCBus) value.

The C-MSG-PCB state is of fixed length. In the C-MBGB state, the ATU-C shall transmit 96 or
96 + 3 xNSCussymbols of C-COMB or C-ICOMB to modulate the C-M$E&B message and
CRC, depending on whether the C-BLACKOUT bits areluded or not. The C-MSG-PCB
message conveys the ATU-C determined power cutbatkld for both the upstream and
downstream directions, the hook status as knowthbyATU-C and the upstream BLACKOUT
bits.

The ATU-C shall indicate in the C-MSG-FMT message Weethe C-MSG-PCB message includes
the C-BLACKOUT bits or not. If the C-MSG-PCB doest maclude the C-BLACKOUT bits, the
C-MSG-PCB message), is defined by:

m={ms, ..., mp}
If the C-MSG-PCB includes the C-BLACKOUT bits, theMSG-PCB message, is defined by:
m={ms + NSCus... ,mg}

Bits shall be defined as shown in Table 8-27.

Table 8-27/G.992.3 — Bit definition for the C-MSG-EB message

Bit index Parameter Definition

5...0 C-MIN_PCB_DS | ATU-C Minimum Downstream Power Cutback
(6 bit value with MSB in bit 5 and LSB in bit 0)

11...6 C-MIN_PCB_US | ATU-C Minimum Upstream Power Cutback
(6 bit value with MSB in bit 11 and LSB in bit 6)

13...12 HOOK_STATUS | Hook Status
(2 bit value with MSB in bit 13 and LSB in bit 12)

15...14 Reserved, set to 0.

15+ NSCus..16| C-BLACKOUT Blackout indication per subcarrier (subcartié3Cus- 1 in bit
15 +NSCussubcarrier 0 in bit 16). Bit 16 shall be setto 0
(i.e., no blackout of DC subcarrier).

The ATU-C Minimum Downstream Power Cutback level shalcoded as defined in Table 8-28.

Table 8-28/G.992.3 — ATU-C minimum downstream powetcutback

: ATU-C minimum downstream
Value (6 bits) power cutback (dB)
0 0
1 1
40 40
41 - 63 Reserved

The ATU-C Minimum Upstream Power Cutback level shallcoded as defined in Table 8-29.
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Table 8-29/G.992.3 — ATU-C minimum upstream powerutback

. ATU-C minimum upstream power
Value (6 bits) cutback F() dB) P
0 0
1 1
40 40
41 — 63 Reserved

The POTS hook status shall be coded as defined ire B&bIThe hook state "Unknown" is intended

to be indicated by a device that normally indicateson- or off-hook state. The state "Not capable
to detect" is intended to be indicated by a dethe never indicates the on- or off-hook state.(e.g

is not capable or disabled to detect the hook)state

Table 8-30/G.992.3 — Hook status

Value (2 bits) Hook status
0 Unknown
1 On-hook
2 Off-hook
3 Not capable to detect

The POTS Hook Status shall be coded as Unknown wherating without underlying service
(i.e., Annexes | and J).
NOTE 2 — The POTS Hook Status may be indicated vdparating with underlying service (i.e., Annexes

A and B). In the case of Annex B, the ADSL signi&dwas for an underlying ISDN service, however, iayn
actually be operated with an underlying POTS setvic

The C-BLACKOUT bits shall contain the C-BLACKOUT bietsings for each of the subcarriers 1
to NSCus- 1. The C-BLACKOUT bit set to O for a particular saber indicates that the ATU-R
shall transmit that subcarrier at the ATU-R refeeetransmit PSD levelREFPDSus level, and
including spectral shaping, for the remainder d@fahzation, starting from the Transceiver Training
Phase. The C-BLACKOUT bit be set to 1 indicates tin@ ATU-R shall transmit no power
("blackout™) on that subcarrier, for the remainaérinitialization, starting from the Transceiver
Training Phase.

A C-MSG-PCB message containing 16 hitss-m, shall be transmitted in 48 symbol periods
(my first andmys last). A C-MSG-PCB message containing 18SCushits mys +nscus— Mo shall be
transmitted in 48 + 3 KSCussymbol periods rfy first and mys +nscuslast). A zero bit shall be
transmitted as three consecutive C-COMB symbolson® bit shall be transmitted as three
consecutive C-ICOMB symbols.

After the C-MSG-PCB message has been transmitt€R @ shall be appended to the message. The
16 CRC bits shall be computed in the same wayrahéC-MSG-FMT message.

The 16 bitsce-cy5 shall be transmitted in 48 symbol periods first andc,s last) using the same
modulation as used to transmit the message

The C-MSG-PCB state shall be followed by the C-QUIETte.

8.13.3.1.12 C-QUIET4

The C-QUIET4 state is of variable length. In the C-QU4 state, the ATU-C shall transmit a
minimum of 314 and a maximum of 474 + N&CAsC-QUIET symbols.
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The ATU-C shall receive and decode the content ohtkesages R-MSG-FMT and R-MSG-PBC
during this state.

The ATU-C shall continue to transmit C-QUIET symbolsiluaifter the ATU-R transitioning to the
R-REVERBLI1 state. Within 80 symbols after the ATU-Rhsisioning to the R-REVERBLI state, the
ATU-C shall transition to the next state.

The C-QUIET4 state shall be followed by the C-REVERBitest

8.13.3.2 ATU-R channel discovery

In the Channel Discovery Phase, the modulated suérs(i.e., withX; andY; nonzero) shall be
transmitted at the nominal transmit PSIOMPSDus level including spectral shaping.

8.13.3.2.1 R-QUIET1

Upon the ATU-R terminating the G.994.1 session (sk8/G.994.1), the ATU-R shall transition to
the R-QUIET1 state.

The R-QUIET1 state is of variable length. In the RIRU state, the ATU-R shall transmit a
minimum of 640 and a maximum of 4396 R-QUIET symbdlee minimum duration of the
R-QUIET1 state allows for quiet line noise PSD measwant period of at least 512 symbols
(see 8.12.3.2). During this state, the ATU-R maytitioing recovery and downstream channel
measurements (while the ATU-C is in the C-COMB legtat

An R-QUIET symbol shall be defined as a zero outpoitage at the U-R 2 reference point
(see reference model in 5.4). All subcarriers i@ R*QUIET symbol shall be transmitted at no
power (i.e. X =Y; = 0).

The ATU-R shall continue to transmit R-QUIET symbolsiluaifter the ATU-C transitioning to the
C-QUIET2 state. Within 64 symbols after the ATU-C siioning to the C-QUIET?2 state, the
ATU-R shall transition to the next state.

The R-QUIET1 state shall be followed by the R-COMBdtest

NOTE — The maximum duration of the R-QUIET1 stateresponds to 500 ms difference between the
ATU-C and the ATU-R terminating the G.994.1 Pha481@/2 symbols) plus 2048 symbols allowing for
ATU-R transition from the G.994.1 to the Channetddvery Phase plus 128 symbols to receive C-COMB1
plus 64 symbols to transition to R-COMBL1.

8.13.3.2.2 R-COMB1

The R-COMBL1 state is of fixed length. In the R-COMRBIfate, the ATU-R shall transmit
128 R-COMB symbols.

The R-COMB symbol shall be defined as a widebandirftarie symbol containing all subcarriers
with index being a multiple of 6 and in the 1IN&Cus- 1 range. The spacing has been selected to
minimize audible interference into the POTS bandrpio applying cutbacks that may be required
in the presence of an off-Hook POTS terminal.

The subcarriers contained in the R-COMB symbol smatlulate the same data bits that are used
for the R-REVERB symbols, in such a way that sameauler indexes modulate the same data
bits with the same 4-QAM constellation, as defime®.13.4.2.1. The subcarriers not contained in
the R-COMB symbol shall be transmitted at no pofier, X; =Y; = 0).

The R-COMBL1 state shall be followed by the R-QUIE T est

8.13.3.2.3 R-QUIET2

The R-QUIET?2 state is of variable length. In the R-QU2 state, the ATU-R shall transmit a
minimum of (64 HEN_C-COMB2 and a maximum of (714HEN_C-COMB2 R-QUIET
symbols. The valueEN_C-COMB2s defined in 8.13.3.1.4.
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The ATU-R shall continue to transmit R-QUIET symbolsiluaifter the ATU-C transitioning to the
C-QUIETS3 state. Within 64 symbols after the ATU-C sidioning to the C-QUIET3 state, the
ATU-R shall transition to the next state.

The ATU-R terminates the transmission of R-QUIET symhaider either of the two following
conditions:

. The ATU-C makes a transition from the C-COMB2 te tB-QUIET3 state. In this case,
within 64 symbols after the ATU-C transitioning te@JIET3, the ATU-R transitions to
the next state.

. The ATU-C makes a transition from the C-COMB2 te €ICOMB1 and C-LINEPROBE
state. In this case, the ATU-R ignores the C-LINEPRCégnhal and within 522 to
586 symbols after the ATU-C transitioning to C-ICOMBhe ATU-R transitions to the
next state.

The R-QUIET2 state shall be followed by the R-COMB#&est

8.13.3.2.4 R-COMB2

Before entering the R-COMB2 state, the ATU-R shadirform timing recovery. The clock
frequency at the ATU-R transmitter at the beginrohthe R-COMB2 state shall be within a 5 ppm
accuracy from the clock frequency at the ATU-C traitier. This is necessary as, while the ATU-R
is in the R-COMB2 state, the ATU-C needs to perfamupstream channel estimation in order to
properly detect the R-MSG-FMT and R-MSG-PCB states €stimate may not be accurate enough
when performed in presence of a coarse timingeaAihU-R transmitter.

The R-COMB2 state is of fixed length. In the R-COMBfate, the ATU-R shall transmit
256 R-COMB symbols. During this state, the ATU-C nragasure some characteristics of the
upstream channel as attenuation and noise powéetased to estimate the required ATU-C
minimum Upstream Power Cut Back and ATU-C minimuowiDstream Power Cut Back.

The R-COMB?2 state shall be followed by the R-ICOM&ate if the ATU-R desires to use the
R-LINEPROBE state. Otherwise the R-COMB?2 state dhmlfollowed by the R-QUIET3 state.

8.13.3.2.5 R-ICOMB1

The R-ICOMBL1 state is of fixed length. In the R-COMBtate, the ATU-R shall transmit
10 R-ICOMB symbols.

The R-ICOMB symbol shall be defined as a subcatriesubcarrier 180 degrees phase reversal of
an R-COMB symbol (i.e., an R-ICOMB symbol modulatke bitwise inverted REVERB PRBS
data pattern).

The R-ICOMBL1 state shall be followed by the R-LINEPRO&ate.

8.13.3.2.6 R-LINEPROBE

The R-LINEPROBE state is of fixed length. In the R-LINEPBE state, the ATU-R shall transmit
a vendor discretionary signal with a duration o2 $¥mbol periods.

The R-LINEPROBE state shall be followed by the R-COMB&e.

8.13.3.2.7 R-QUIET3

The R-QUIETS3 state is of variable length. In the R-QU3 state, the ATU-R shall transmit a
minimum of 266 and a maximum of 410 + NSCusR-QUIET symbols.

The ATU-R shall receive and decode the content ofihesages C-MSG-FMT and C-MSG-PBC
during this state.
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The ATU-R shall continue to transmit R-QUIET symbotttiluafter the ATU-C transitioning to
C-QUIET4. Within 80 symbols after the ATU-C transitiog to C-QUIET4, the ATU-R shall
transition to the next state.

The R-QUIETS state shall be followed by the R-COMB&est

8.13.3.2.8 R-COMB3

The R-COMB3 state is of fixed length. In the R-COMBg&te, the ATU-R shall transmit
64 R-COMB symbols.

The R-COMB3 state shall be followed by the R-ICOM#&ate. The transition to the R-ICOMB2
state provides a time marker for the R-MSG-FMT arAl 8G-PCB state.

8.13.3.2.9 R-ICOMB2

The R-ICOMB2 state is of fixed length. In the R-ICBRI state, the ATU-R shall transmit
10 R-ICOMB symbols.

The R-ICOMB2 state shall be followed by the R-MSG-FMtate.

8.13.3.2.10 R-MSG-FMT

The R-MSG-FMT state is of fixed length. In the R-M&GIT state, the ATU-R shall transmit
96 symbols of R-COMB or R-ICOMB to modulate the FB8-FMT message and CRC. The
R-MSG-FMT message conveys information about thegmess, format and length of subsequent
ATU-C and ATU-R messages.

The R-MSG-FMT messag®m, is defined by:

m={mys, ..., Mo}
Bits shall be defined as shown in Table 8-31.

Table 8-31/G.992.3 — Bit definition for the R-MSG-MT message

Bit index Parameter Definition
0 FMT-R-REVERBL1 | Set to 1 indicates that the ATU-R requests an egemiuration of the
(value O or 1) R-REVERBL state. Set to 0 indicates it does not.
1 Reserved, set to 0.
FMT-C-REVERB4 | Set to 1 indicates that the ATU-R requests an eieémluration of the
(value O or 1) C-REVERBA4 state. Set to 0 indicates it does not.
6...3 FMT-C-TREF1 The value mapped in these bits indicates the mimirduration of the
(value 1 to 15) C-TREF1 state. The MSB shall be mapped on the higlessage bit
index.
7 FMT-R-MSG-PCB | Set to 1 indicates that the R-MSG-PCB message isttéliide the
(value O or 1) R-BLACKOUT bits. Set to O indicates it shall not.
8 FMT-C-TREF2 Indicates that the ATU-R requests the ATU-C tosrait C-TREF
(value O or 1) symbols (if set to 1) or C-QUIET symbols (if setXpduring R-ECT.
9 FMT-C-PILOT Set to 1 indicates that the ATU-R requests the AT td-transmit a
(value O or 1) fixed 4-QAM constellation point on the C-TREF pitonhe. Set to 0
indicates it does not.
15...10 Reserved, set to 0.
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The 16 bitany-mys shall be transmitted in 48 symbol periods {irst andmys last). A zero bit shall
be transmitted as three consecutive R-COMB symb®lsne bit shall be transmitted as three
consecutive R-ICOMB symbols.

After the R-MSG-FMT message has been transmittddR& shall be appended to the message.
The 16 CRC bits shall be computed in the same wdgrabe C-MSG-FMT message. The 16 bits
Co-C15 shall be transmitted in 48 symbol periodsf{rst andc,s last) using the same modulation as
used to transmit the message

The R-MSG-FMT state shall be followed by the R-MSGEPate.

8.13.3.2.11 R-MSG-PCB

In each direction, the transmit power will be reeldidy a power cutback which is the highest of the
power cutback values determined by the ATU-R arel AU-C. The ATU-R can consider its
receiver dynamic range as determined by observigO®IB1, and the local line conditions
determined by the optional R-LINEPROBE when deterngjriig cutback levels.

The R-MSG-PCB state is of fixed length. In the R-MBGB state, the ATU-R shall transmit 144
or 144 + 3 NSCdssymbols of R-COMB or R-ICOMB to modulate the R-M$&B message and
CRC, depending on whether the R-BLACKOUT bits areluded or not. The R-MSG-PCB
message conveys the ATU-R determined power cutbagkld for both the upstream and
downstream directions, the hook status as knowhé&ATU-R, the signal used for timing recovery
during different states and the downstream BLACKQWit§.

The ATU-R shall indicate in the R-MSG-FMT message Weethe R-MSG-PCB message includes
the R-BLACKOUT bits or not. If the R-MSG-PCB doest moclude the R-BLACKOUT bits, the
R-MSG-PCB message), is defined by:

m={mg,, ..., mp}
If the R-MSG-PCB includes the R-BLACKOUT bits, theMBSG-PCB message,, is defined by:

m :{m31+NSCdS1 ’mo}
Bits shall be defined as shown in Table 8-32.

Table 8-32/G.992.3 — Bit definition for the R-MSG-EB message

Bit index Parameter Definition
5...0 R-MIN_PCB_DS ATU-R Minimum Downstream Power Cutback
(6 bit value with MSB in bit 5 and LSB in bit 0)
11...6 R-MIN_PCB_US ATU-R Minimum Upstream Power Cutback
(6 bit value with MSB in bit 11 and LSB in bit 6)
13...12 HOOK_STATUS Hook Status
(2 bit value with MSB in bit 13 and LSB in bit 12)
15...14 Reserved, setto 0
23...16 C-PILOT Subcarrier index of downstream pilot tone
(8 bit value with MSB in bit 23 and LSB in bit 16)
31...24 Reserved, setto 0
31 +NSCds..32 | R-BLACKOUT Blackout indication per subcarrier (subcari8Cds- 1 in
bit 31 +NSCdssubcarrier 0 in bit 32). Bit 32 shall be set to
0 (i.e., no blackout of DC subcatrrier).
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The ATU-R Minimum Downstream Power Cutback level shalcoded as defined in Table 8-33.

Table 8-33/G.992.3 — ATU-R minimum downstream powetutback

: ATU-R minimum downstream power
Value (6 bit) cutback (dB) P
0
1 1
40 40
41-63 Reserved

The ATU-R Minimum Upstream Power Cutback level shallcoded as defined in Table 8-34.

Table 8-34/G.992.3 — ATU-R minimum upstream powerutback

. ATU-R minimum upstream power
Value (6 bit) cutback F()dB) P
0
1 1
40 40
41-63 Reserved

The hook status shall be coded as defined in TaBe. §he hook state "Unknown" is intended to
be indicated by a device that normally indicatesdh- or off-hook state. The state "Not capable to
detect" is intended to be indicated by a devicé tieaer sets the on- or on-hook state (e.g., is not
capable or disabled to detect the hook state).

Table 8-35/G.992.3 — Hook status

Value (2 bit) Hook status
0 Unknown
1 On-hook
2 Off-hook
3 Not capable to detect

The C-PILOT value shall indicate the index of the CEFRpilot subcarrier to be used by the
ATU-C for the C-TREF timing reference and to be usgdhe ATU-R during C-TREF1/C-TREF2
for timing recovery. The spectral shaping informatexchanged during the G.994.1 phase and the
BLACKOUT information exchanged in R-MSG-PCB allowse ATU-R to determine the set of
subcarriers the ATU-C will transmit in and after tBkannel Analysis Phase (i.e., to determine the
MEDLEYset, see 8.13.2.4). The ATU-R shall select a &FRpilot subcarrier from the
MEDLEYset.

The R-BLACKOUT bits shall contain the R-BLACKOUT bi¢tsings for each of the subcarriers 1
to NSCds- 1. The R-BLACKOUT bit set to 0 for a particular saber indicates that the ATU-C
shall transmit that subcarrier at the ATU-C refeeetransmit PSD levelREFPDSd} level, and
including spectral shaping, for the remainder @fahzation, starting from the Transceiver Training
Phase. The R-BLACKOUT bit be set to 1 indicates tinat ATU-C shall transmit no power
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("blackout™) on that subcarrier, for the remainaérinitialization, starting from the Transceiver
Training Phase.

An R-MSG-PCB message containing 32 bitg-my shall be transmitted in 96 symbol periods
(my first andmg; last). An R-MSG-PCB message containing 32SCdshits ms; +nscdas-Mo shall be
transmitted in 96 + 3 KSCdssymbol periods rfy first and ms; +nscaslast). A zero bit shall be
transmitted as three consecutive R-COMB symbolson® bit shall be transmitted as three
consecutive R-ICOMB symbols.

After the R-MSG-PCB message has been transmitt€R @ shall be appended to the message. The
16 CRC bits shall be computed from the 32 or 32SCdsmessagen bits in the same way as the
CRC bits are calculated for the C-MSG-FMT message.

The 16 bitscy-c15 shall be transmitted in 48 symbol periodg f(rst andc;s last) using the same
modulation as used to transmit the message

The R-MSG-PCB state shall be followed by the R-REVER#ie.
8.13.4 Transceiver training phase

8.13.4.1 ATU-C transceiver training

In the Transceiver Training Phase, the modulatedastibes (i.e., withX; andY; nonzero) shall be
transmitted at the reference transmit PSREFPSDd} level including spectral shaping and
subcarrier BLACKOUT. The subcarriers with downstre8bACKOUT equal to 1 shall be
transmitted at no power (i.&; = 0). For those subcarriers, thkeandY; defined in this clause are
effectively ignored.

8.13.4.1.1 C-REVERB1

The C-REVERBLI state is of fixed length. During the EMERBL1 state the ATU-C shall transmit
(LEN_R-REVERB%* LEN_R-QUIET4- 80) C-REVERB symbols. The valueEN_R-REVERB1
andLEN_R-QUIET4are defined in 8.13.4.2.1 and 8.13.4.2.2 respegtiv

This state allows the ATU-C and ATU-R receiver tguatlits automatic gain control (AGC) to an
appropriate level.

The data pattern modulated on a C-REVERB symbol $leathe pseudo-random binary sequence
(PRBS),d forn =1 to 4 xNSCdsdefined as follows:

=1 forn=1t09;
=dp-4 0dpg for n=10to 2x NSCds
d, = d—oxNscds for n=2x NSCdst 1to2x NSCdst 2;
=d, xnscds 2n for n =2x NSCdst 3to4x NSCdgnodd);

=10 dy xnscdsa-n for n=2x NSCdst 3to4x NSCdgneven).

The bits shall be used as follows: the first pair lwfs @, and d;) is used for the
DC subcarrier(so the bits are effectively ignorétgn the first and second bits of subsequent pairs
are used to define thg andY; fori = 1 to 2 XNSCds- 1 as defined in Table 8-36. At the Nyquist

subcarrieri(= NSCd$, theX; value shall be overwritten with the valq&iz +Y,2 and theY; value
shall be overwritten with the value 0 (to make @ kaluedX +jY;, see 8.8.1.4).

NOTE — The PRBS sequence is constructed suchhéxt # jY; values above the Nyquist subcarrier are the
mirrored complex conjugate of the values belowNlgquist subcarrier.
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Table 8-36/G.992.3 — Mapping of two data

bits into a 4-QAM constellation

d2i+l d2i+2 Xi Yi
0 0 + +
0 1 +—
1 0 —+
1 1 - —

During this state, the ATU-C may fine-tune its A@&hile the ATU-R is in the R-REVERBLI state)
and do adaptive AFE algorithms.

The C-REVERBL state shall be followed by the C-TREFtesta

8.13.4.1.2 C-TREF1

The C-TREF1 state is of variable length. In this stdte ATU-C shall transmit a minimum of
LEN_C-TREFland a maximum of 15872 C-TREF symbols. The valg& C-TREF1shall be
defined as 512 times thEMT_C-TREFlvalue (1 to 15) indicated by the ATU-R in the
R-MSG-FMT message. The number of symbols transmittethe C-TREF1 state shall be a
multiple of 512 symbols.

A C-TREF symbol shall be defined as a single toneb®nOnly the subcarrier specified by the
ATU-R in the R-MSG-PCB message (i.e., the C-TREF pitote) shall be transmitted at the
ATU-C reference transmit PSD levedREFPSDds The C-TREF pilot tone shall modulate the
4-QAM {0,0} constellation point. No power shall bgansmitted on the other subcarriers
(.e., X =Y; =0).

During this state, the ATU-R may perform downstrei@mng recovery and other adaptive AFE
algorithms. At the ATU-R, downstream timing recovenyd other adaptive AFE algorithms shall
be performed from symbolcount Ot&N_C-TREFZX 513 of the C-TREF1 state. The ATU-C may
perform an upstream channel estimate starting fsymbolcountLEN_C-TREFL 512 of the
C-TREF1 state. The ATU-C ends the C-TREF1 state, elienvihe ATU-C has completed the
channel estimation. The first symbol transmittedhie C-TREF1 state shall have a symbol count
equal to zero. For the case wheéEN C-TREFlequals the maximum value of 7680, this means
that 7168 C-TREF1 symbols are available to the ATUdR timing recovery and up to
8704 R-REVERB symbols are available to the ATU-Cadgrm an upstream channel estimation.

The C-TREF1 state shall be followed by the C-REVERiBES

If the ATU-R has set the FMT_C-PILOT bit to 1 in tReMSG-FMT message (see 8.13.3.2.10),
the ATU-C shall modulate the 4-QAM {0,0} consteltati point on the C-TREF subcatrrier, in all

the ATU-C initialization states following the C-TREBfate, except C-ECT and C-QUIET states.
This is logically modelled by the modulation functioverwriting the pilot subcarrier modulation

defined in the Initialization Procedures (see 83.1

8.13.4.1.3 C-REVERB2

The C-REVERB?2 state is of fixed length. During the EMEERB2 state, the ATU-C shall transmit
64 C-REVERB symbols.

It is used to signal that the ATU-C has completedJtS channel estimate and also provides a time
marker for the C-ECT state.

The C-REVERB?2 state shall be followed by the C-ECT state
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8.13.4.1.4 C-ECT

The C-ECT state is of fixed length. In this state, ATéJ-C shall transmit a vendor discretionary
signal with a duration of 512 symbol periods.

During this state, the ATU-C may train its echoasller, if one is present.
The C-ECT state shall be followed by the C-REVERBS state

8.13.4.1.5 C-REVERBS3

The C-REVERBS state is of variable length. In the C-ERB3 state, the ATU-C shall transmit a
minimum of 448 and a maximum of 15936 C-REVERB sylsbo

The ATU-R may perform a downstream channel estimatioing C-REVERB3.

The ATU-C shall continue to transmit C-REVERB symbatsiluafter the ATU-R transitioning to
the R-REVERBS3 state. Within 64 symbols after the ATW-&hsitioning to the R-REVERBS state,
the ATU-C shall transition to the next state.

In case the ATU-R has indicated in the R-MSG-FMT ragssthat it requires the ATU-C to
transmit C-TREF symbols during the R-ECT state, theEYHRRB3 state shall be followed by the
C-TREF2 state. In case the ATU-R has indicated thatequires the ATU-C to transmit
C-QUIET symbols during the R-ECT state, the C-REVERB4testshall be followed by the
C-QUIETS state.

8.13.4.1.6 C-TREF2

The C-TREF2 state is of fixed length. In the C-TREF2estdahe ATU-C shall transmit
576 C-TREF symbols.

During this state, the ATU-R may perform timing reegy. The ATU-C shall ignore the signal
transmitted by the ATU-R during the R-ECT state.

The C-TREF1 state shall be followed by the C-REVERB#est

8.13.4.1.7 C-QUIETS

The C-QUIETS state is of fixed length. In the C-QUIESt@te, the ATU-C shall transmit
576 C-QUIET symbols.

The C-QUIETS state shall be followed by the C-REVERBAMest

8.13.4.1.8 C-REVERB4

The C-REVERBA4 state is of fixed length. In this stéte, ATU-C shall transmitEN_C-REVERB4
C-REVERB symbols. The valueEN_C-REVERB4&hall be equal to 1024 if the ATU-C or the
ATU-R (or both) have séEMT_C-REVERB40 1 in the C-MSG-FMT or R-MSG-FMT message
respectively. The valueEN_C-REVERB4hall be equal to 256 otherwise.

The C-REVERB4 state shall be followed by the C-SEGUEitestThe transition from the
C-REVERB4 state to the C-SEGUE1 state is a time maf&erthe C-MSG1 and for the
introduction of the cyclic prefix.

8.13.4.1.9 C-SEGUE1

The C-SEGUE1l state is of fixed length. In this stateg ATU-C shall transmit
10 C-SEGUE symbols.

The C-SEGUE symbol shall be defined as a subcarriexubgarrier 180 degrees phase reversal of
a C-REVERB symbol (i.e., a C-SEGUE symbol modulatesbiheise inverted REVERB PRBS
data pattern).
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The C-SEGUEL1 state shall be followed by the C-MSGtk sta

8.13.4.2 ATU-R transceiver training

In the Transceiver Training Phase, the modulatedastibes (i.e., withX; andY; nonzero) shall be
transmitted at the reference transmit PSREFPSDu} level including spectral shaping and
subcarrier BLACKOUT. The subcarriers with upstreAbbACKOUT equal to 1 shall be transmitted
at no power (i.e.Z = 0). For those subcarriers, theandY; defined in this clause are effectively
ignored.

8.13.4.2.1 R-REVERB1

The R-REVERBL1 state is of fixed length. In the R-REVER®&ate, the ATU-R shall transmit
LEN_R-REVERBR-REVERB symbols. The valueEN_R-REVERBZ%hall be equal to 592 if the
ATU-C or the ATU-R (or both) have sdEMT_R-REVERBI1to 1 in the C-MSG-FMT or
R-MSG-FMT message respectively. The valiEN R-REVERB#Shall be equal to 272 otherwise.

The data pattern modulated on an R-REVERB symbol bedlhe pseudo-random binary sequence
(PRBS),d forn =1 to 4 xNSCusdefined as follows:

=1 for n=1to6;
=d 5 Ud,¢ forn=7t02x NSCus
d, =dn-oxNnscus for n=2x NSCust 1to2x NSCust 2;
=d 4 xnSCus2n for n = 2x NSCust 3to4x NSCugnodd);

=10 d,nscusa  [OF M= 2% NSCust 3to4x NSCugneven).

The bits shall be used as follows: the first paiba$ d; andd,) is used for the DC subcarrier
(so the bits are effectively ignored); then thatfiand second bits of subsequent pairs are used to
define theX;andY; fori = 1 to 2 XNSCus- 1 as defined in Table 8-36 for C-REVERB symbols. At

the Nyquist subcarriei € NSCu$, theX; value shall be overwritten with the valq,&iz +Yi2 and
theY; value shall be overwritten with the value O (tokena real valued; +]Y;, see 8.8.1.4).

NOTE — The PRBS sequence is constructed suchh@xf t jY; values above the Nyquist subcarrier are the
mirrored complex conjugate of the values belowNlgquist subcarrier.

During this state, the ATU-R may fine-tune its AG®@h{le the ATU-C is in the C-REVERB1
state), do timing recovery and other adaptive AFB@hms.

The R-REVERBL state shall be followed by the R-QUIEBdest

8.13.4.2.2 R-QUIET4

The R-QUIET4 state is of fixed length. In the R-QUIET#ts, the ATU-R shall transmit
LEN_R-QUIET4R-QUIET symbols. The valueEN_R-QUIET4shall be defined as 512 times the
FMT_R-QUIET4value (0 to 31) indicated by the ATU-C in the C-M&GIT message, resulting in
a length of the R-QUIET4 state between 0 and 158wibels. In caseé. EN_R-QUIET4is 0, then
the ATU-R effectively transitions from the R-REVERRIithe R-REVERB?2 state.

The R-QUIET4 state shall be followed by the R-REVERB2est

8.13.4.2.3 R-REVERB2

The R-REVERB?2 state is of variable length. In the R-ERB2 state, the ATU-R shall transmit a
minimum of 432 and a maximum of 15888 R-REVERB sytsbo

During this state, the ATU-R shall do timing recovand loop timing and may do other adaptive
AFE algorithms. Loop timing is defined as the conaltion of the slaving of the ATU-R ADC
clock to the received signal (i.e., to the ATU-C DAlock), and tying the ATU-R DAC and ADC
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clocks together. Loop timing shall be acquired befsymbol countEN_C-TREFX 512 of the
C-TREF1 state. The ATU-C may perform a channel eséindating the last 512 symbols of the
C-TREF1 state. Such channel estimation requirescgerifi sampling clock stability at the ATU-R
transmitter. Loop timing shall be maintained in flbsequent states, except for R-ECT when the
ATU-R requested C-QUIETS. In the latter case, looprtgrshall be reacquired in R-REVERBA4.

The ATU-R shall continue to transmit R-REVERB symbatsiluafter the ATU-C transitioning to
the C-REVERB?2 state. Within 64 symbols after the ATW-&hsitioning to the C-REVERB?2 state,
the ATU-R shall transition to the next state.

The R-REVERB?2 state shall be followed by the R-QUIEEbest

8.13.4.2.4 R-QUIETS

The R-QUIETS state is of variable length. In the R-QUB state, the ATU-R shall transmit a
minimum of 1024 and a maximum of 16384 R-QUIET symbdlhe number of symbols
transmitted in the R-QUIETS5 state shall be a multgfl®12 symbols. However, the last R-QUIET
symbol transmitted in the R-QUIET5 state may be tema&d by any integer number of samples
(at the sample clock frequengy &s defined in 8.8.1) to accommodate transmittegeteiver frame
alignment.

During this state, the ATU-R shall ignore the sigmahsmitted by the ATU-C during the C-ECT
state. The ATU-R may perform timing recovery, meastime downstream channel frequency
response and train its equalizer (while the ATU-Cinisthe C-REVERB3 state). The ATU-R

transitions to the next state when it has complegeckceive signal processing algorithms.

The R-QUIETS5 state shall be followed by the R-REVERBi3est

8.13.4.2.5 R-REVERBS3

The R-REVERBS3 state is of fixed length. In the R-REVER&3ate, the ATU-R shall transmit
64 R-REVERB symbols.

This state indicates that the ATU-R has completetiataing. It also provides a time marker for the
R-ECT state.

The R-REVERBS state shall be followed by the R-ECT state

8.13.4.2.6 R-ECT

The R-ECT state is of fixed length. In this state, ATdJ-R shall transmit a vendor discretionary
signal with a duration of 512 symbol periods.

During this state, the ATU-R may train its echoaler, if one is present.
The R-ECT state shall be followed by the R-REVERB4 state

8.13.4.2.7 R-REVERBA4

The R-REVERB4 state is of variable length. In thigestthe ATU-R shall transmit a minimum of
LEN_C-REVERB4and a maximum ofLEN_C-REVERB4 80 R-REVERB symbols, where
LEN_C-REVERBA4 is defined in 8.13.4.1.8.

The length of the R-REVERB4 state may be determineduich a manner that the ends of
C-SEGUEL1 and R-SEGUEL1 coincide at the ATU-R.

If the ATU-R requested the ATU-C to transmit C-QUIEY¥mbols during R-ECT (i.e., set the
FMT-C-TREF2 bit to 0 in the R-MSG-FMT message), thea ATU-R shall request an extended
duration of the C-REVERB4 state (i.e., set the FMREVERB4 bit to 1 in the R-MSG-FMT
message) and the ATU-R shall reacquire loop timinipiv 512 symbols from the start of the
C-REVERB4 state.
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The R-REVERB4 state shall be followed by the R-SEGUEitestThe transition from the
R-REVERB4 state to the R-SEGUE1 state is a time maiteerthe R-MSGS1 and for the
introduction of the cyclic prefix.

8.13.4.2.8 R-SEGUE1

The R-SEGUEL state is of fixed length. In this stéte, ATU-R shall transmit 10 R-SEGUE
symbols.

The R-SEGUE symbol shall be defined as a subcarriexubgarrier 180 degrees phase reversal of
an R-REVERB symbol (i.e., an R-SEGUE symbol modulaté® tbitwise inverted
REVERB PRBS data pattern).

The R-SEGUEL state shall be followed by the R-REVERBEest

8.13.5 Channel analysis phase

In this phase, the ATU-C and ATU-R may perform furttraining and SNR estimation. Based on
the requirements exchanged in the C/R-MSGS1 stgagsmitter configurations on either side are
decided upon.

8.13.5.1 ATU-C channel analysis

In the Channel Analysis Phase, the modulated stbrafi.e., withX; andY; nonzero) shall be
transmitted at the reference transmit PSREFPSDd} level including spectral shaping and
subcarrier BLACKOUT. The subcarriers with spectramhgtss value less than 1 or downstream
BLACKOUT equal to 1 shall be transmitted at no power (Ze=, 0). For those subcarriers, tKe
andY; defined in this clause are effectively ignored.

Starting from the Channel Analysis Phase (and onamtg in the Exchange Phase and in
Showtime), the ATU-C shall transmit the cyclic pxefas defined in 8.8.3.

8.13.5.1.1 C-MSG1

The C-MSG1 state is of fixed length. In this statee ATU-C shall transmiLEN_C-MSG1
C-REVERB or C-SEGUE symbols to modulate the C-MSG1lixrehessage and CRC. The
C-MSGS1 state shall be the first state in whichAl&-C transmits the cyclic prefix.

The C-MSGL1 prefixp, is defined by:
p={ps1, ... ,Po} ={ 01010101 01010101 01010101 01010101}

The 32 bitg to ps; shall be transmitted in 32 symbol periogsf{rst andps; last). A zero bit shall
be transmitted as a C-REVERB symbol. A one bit dhaliransmitted as a C-SEGUE symbol.

The valueLEN_C-MSGIshall be defined as the length of the C-MSG1 prefiessage and CRC in
bits. Table 8-37 lists the length of the C-MSG1 ragessummed over TPC-TC, PMS-TC and PMD
layers. The TPS-TC, PMS-TC and PMD bits each corresfiad even number of octets.

Table 8-37/G.992.3 — C-MSGL1 prefix, message and CRéhgth

Part of message Length (bits or symbols)
Prefix 32
Npmd 160
Npms 32
Ntps 0
Nmsg 192
CRC 16
LEN_C-MSGI(symbols) 240
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The C-MSG1 messagm, is defined by:

m = {tpSnips-1, --- » tPS, PMKpms1s --. » PMS, PMAme-1, ... , PM@} = { Mmsg1, --- » Mo}

The C-MSG1 message conveys 3 sets of parameteasedelo TPS-TC, PMS-TC and PMD
configuration. TPS-TC parameters are conveyed inbite tpsups—1 to tpg and are defined in
clause 6. PMS-TC parameters are conveyed in thepbigpms1 to pmg and are defined in
clause 7. PMD parameters are conveyed in the bith 1 to pma@ and are defined in clause 8.

The Nmsg bitsny-mymsg1 Shall be transmitted in Nmsg symbol periods f{irst and Mymsg1 last),
immediately following the prefix, and using the samodulation as used to transmit the prefix

After the C-MSG1 message has been transmitted, @ §ill be appended to the message. The
16 CRC bits shall be computed from the Nmsg messHgiés (thus not including the prefix) in the
same way as the CRC bits are calculated for theSGNPCB message.

The 16 bitsce-cy5 shall be transmitted in 16 symbol periods first andc,s last) using the same
modulation as used to transmit the message

The C-MSG1 state shall be followed by the C-REVERB%es

8.13.5.1.2 C-REVERB5

The C-REVERBS state is of variable length. In the C-ERB5 state, the ATU-C shall transmit a
minimum of 10 and a maximum of (218 EN_R-MSG)C-REVERB symbols.

The ATU-C shall continue to transmit C-REVERB symbatsiluafter the ATU-R transitioning to
the R-MEDLEY state. Within 80 symbols after the ATUsRnsitioning to the R-MEDLEY state,
the ATU-C shall transition to the next state.

The C-REVERB5 state shall be followed by the C-SEGUERestThe transition from the
C-REVERBS to the C-SEGUE?2 state provides a time mddkdhe start of the C-MEDLEY state.

8.13.5.1.3 C-SEGUEZ2

The C-SEGUE2 state is of fixed length. In this staibe, ATU-C shall transmit 10 C-SEGUE
symbols.

The C-SEGUE symbol shall be defined as the phasetetd/€-REVERB symbol.
The C-SEGUEZ2 state shall be followed by the C-MEDLEAtest

8.13.5.1.4 C-MEDLEY

The C-MEDLEY state is of fixed length. In this statiee ATU-C shall transmiLtEN_MEDLEY
symbols. The valueLEN_MEDLEY shall be the maximum of the CA-MEDLEYus and
CA-MEDLEYds values indicated by the ATU-C and the ARUin the C-MSG1 and R-MSG1
messages respectively. The valllEeN MEDLEYshall be a multiple of 512 and shall be less thran
equal to 32256. The number of symbols transmitteithénC-MEDLEY state shall be equal to the
number of symbols transmitted by the ATU-R in th&/EDLEY state.

A C-MEDLEY symbol shall be defined depending on isnbolcount within the C-MEDLEY
state. The first symbol transmitted in the C-MEDLE4tstshall have symbolcount equal to zero.
For each symbol transmitted in the C-MEDLEY state,d4hmbolcount shall be incremented.

The data pattern modulated onto each C-MEDLEY symball be taken from the pseudo-random
binary sequence (PRBS) defined by:

d=1forn=1to 9 and
The C-MEDLEY symbol with symbol counshall modulate the 512 bitgigki:1t0 Gb1ox(i+1)
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Bits shall be extracted from the PRBS in pairs. Fgach symbol transmitted in the
C-MEDLEY state, 256 pairs (512 bits) shall be exwdcfrom the PRBS generator. The first
extracted pair shall be modulated onto subcarrigsd® the bits are effectively ignored). The
subsequent pairs are used to defineXhendY; components for the subcarriérs 1 toNSCds- 1,

as defined in Table 8-36 for C-REVERB symbols. Fordhkcarriers = NSCdsto 2 xNSCds- 1,
theX =Y; =0.

NOTE — 256 bit pairs per symbol are extracted ftbm PRBS. IINSCdsis less than 256 (as in G.992.4),
then the last (256 NSCd$ bit pairs are effectively ignored.

While the ATU-C is in the C-MEDLEY state, the ATU-CAATU-R may perform further training
and SNR estimation.

The C-MEDLEY state shall be followed by the C-EXCHMARKERte.

8.13.5.1.5 C-EXCHMARKER

The C-EXCHMARKER state is of fixed length. In this tetathe ATU-C shall transmit

64 C-REVERB symbols or 64 C-SEGUE symbols. If thelah#ation contains a G.994.1 Phase,
the ATU-C shall transmit C-REVERB symbols. If the ialization does not contain a
G.994.1 Phase, the ATU-C may transmit C-SEGUE symbols.

By transmitting C-REVERB symbols, the ATU-C indicatéisat the states C-REVERBS,
C-SEGUE3 and C-PARAMS will be included. By transmiti C-SEGUE symbols, the
ATU-C indicates that the states C-REVERB6, C-SEGUE3GRARAMS will be skipped.

In case the C-PARAMS message is skipped duringlnfi@lization Exchange Phase, the last

previous LO state trellis setting, bits and gairablé (possibly updated through on-line

reconfiguration since the last previous C-PARAMSseagle exchange) and tone ordering table
(see Tables 8-14 and 8-15) shall be used to erge8libwtime state (see 8.14).

The C-EXCHMARKER state shall be followed by the C-MS&&te.

8.13.5.2 ATU-R channel analysis

In the Channel Analysis Phase, the modulated stbrari.e., withX; andY; nonzero) shall be
transmitted at the reference transmit PSREFPSDu} level including spectral shaping. The
subcarriers with spectral shapitsg value less than 1 shall be transmitted at no pgueerz = 0).
For those subcarriers, tbeandY; defined in this clause are effectively ignored.

Starting from the Channel Analysis Phase (and onamtg in the Exchange Phase and in
Showtime), the ATU-R shall transmit the cyclic pxefas defined in 8.8.3.

8.13.5.2.1 R-REVERB5

The R-REVERBS state is of variable length. In the R-ERB5 state, the ATU-R shall transmit a
minimum of 10 and a maximum (192-EN_C-MSG] R-REVERB symbols. The R-REVERB5
state shall be the first state in which the ATU-&amits the cyclic prefix.

During this state the ATU-R shall decode the infation contained in the C-MSG1 state.

The ATU-R shall continue to transmit R-REVERB symbatsiluafter the ATU-C transitioning to
the C-REVERB5 state. Within 128 symbols after the ACUransitioning to the C-REVERB5
state, the ATU-R shall transition to the next state.

The R-REVERBS state shall be followed by the R-SEGUBR® st

8.13.5.2.2 R-SEGUE2

The R-SEGUE2 state is of fixed length. In this stéibe, ATU-R shall transmit 10 R-SEGUE
symbols.

The R-SEGUE symbol shall be defined as the phaseted/&-REVERB symbol.
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The R-SEGUE?2 state shall be followed by the R-MSGtk sta

8.13.5.2.3 R-MSGS1

The R-MSG1 state is of fixed length. In this statee ATU-R shall transmiLEN_R-MSG1
R-REVERB or R-SEGUE symbols to modulate the R-MSGlixyrefessage and CRC.

The R-MSGL1 prefixp, is defined by:
p={p31, ...,p0} ={01010101 01010101 01010101 01010101}

The 32 bitgg to ps; shall be transmitted in 32 symbol periogsf{rst andps; last). A zero bit shall
be transmitted as an R-REVERB symbol. A one bitldfeatransmitted as an R-SEGUE symbol.

The valueLEN_R-MSG shall be defined as the length of the R-MSGlixreiessage and CRC in
bits. The length of the R-MSG1 message depends leatisns made during the G.994.1 Phase
(i.e., the Annex and TPS-TC type). Table 8-38 likes possible lengths of the R-MSG1 message
summed over TPC-TC, PMS-TC and PMD layers. The TPS-TCS-P® and PMD bits each
correspond to an even number of octets.

Table 8-38/G.992.3 — R-MSGL1 prefix, message and CRéhgth

Part of message Length (bits or symbols)
Prefix 32
Npmd 32
Npms 0
Ntps 0
Nmsg 32
CRC 16
LEN_R-MSG1 (symbols) 80

The R-MSG1 messagm, is defined by:

m = {tpSutps-1, --- » IPS, PMKpms1, --- » PMS, PMApmet-1, -+ » PM@} = { Mymsg 1, - , Mo}
The R-MSG1 message conveys 3 sets of parameteasedelo TPS-TC, PMS-TC and PMD
configuration. TPS-TC parameters are conveyed inbilte tpsips1 to tps and are defined in

clause 6. PMS-TC parameters are conveyed in thepbigpms1 t0 pmg and are defined in
clause 7. PMD parameters are conveyed in the bith g1 to pmd and are defined in clause 8.

The Nmsg bitsng-mymsg1 Shall be transmitted in Nmsg symbol periods {irst andmymsg1 last),
immediately following the prefix, and using the samodulation as used to transmit the prefix

After the R-MSG1 message has been transmitted, @ §ill be appended to the message. The
16 CRC bits shall be computed from the Nmsg messHgiés (thus not including the prefix) in the
same way as the CRC bits are calculated for theSGNPCB message.

The 16 bitsce-cy5 shall be transmitted in 16 symbol periods first andc,s last) using the same
modulation as used to transmit the message

The R-MSG1 state shall be followed by the R-MEDLEAs.

8.13.5.2.4 R-MEDLEY

The R-MEDLEY state is of fixed length. In this statiee ATU-R shall transmitEN_MEDLEY

symbols. The valueLEN_MEDLEY shall be the maximum of the CA-MEDLEYus and
CA-MEDLEYds values indicated by the ATU-C and the ARUin the C-MSG1 and R-MSG1
messages respectively. The vallleN MEDLEYshall be a multiple of 512 and shall be less thran
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equal to 32256. The number of symbols transmittethénR-MEDLEY state shall be equal to the
number of symbols transmitted by the ATU-C in th&/EDLEY state.

An R-MEDLEY symbol shall be defined depending onsysnbol count within the R-MEDLEY
state. The first symbol transmitted in the R-MEDLE4tstshall have symbol count equal to zero.
For each symbol transmitted in the R-MEDLEY state,g4iimbol count shall be incremented.

The data pattern modulated onto each R-MEDLEY symball be taken from the pseudo-random
binary sequence (PRBS) defined by:

d, =1forn=1to23and
dn = dn—18 O dn_23 forn> 23.

The R-MEDLEY symbol with symbol countshall modulate the bits,giscusi+1 t0 thxnscus(i+1)-
The value oNSC(the number of upstream subcarriers) is defindiérannexes.

Bits shall be extracted from the PRBS in pairs. €ach symbol transmitted in the R-MEDLEY
state,NSCugpairs (2 xNSCushits) shall be extracted from the PRBS generdtoe. first extracted
pair shall be modulated onto subcarrier 0 (so itedre effectively ignored). The subsequent pairs
are used to define thg andY; components for the subcarrigrs 1 to NSCus- 1, as defined in
Table 8-36 for C-REVERB symbols. For the subcarrierfNSCusto 2 xNSCus- 1, X; =0 and

Y = 0.

While the ATU-R is in the R-MEDLEY state, the ATU-CAATU-R may perform further training
and SNR estimation.

The R-MEDLEY state shall be followed by the R-EXCHMARKERte.

8.13.5.2.5 R-EXCHMARKER

The R-EXCHMARKER state is of fixed length. In this tetathe ATU-R shall transmit

64 R-REVERB symbols or 64 R-SEGUE symbols. If theiafitation contains a G.994.1 Phase,
the ATU-R shall transmit C-REVERB symbols. If the ialization does not contain a
(G.994.1 Phase, the ATU-R may transmit R-SEGUE symbols.

By transmitting R-REVERB symbols, the ATU-R indicatéisat the states R-REVERBSG,
R-SEGUE3 and R-PARAMS will be included. By transmiftiR-SEGUE symbols, the ATU-R
indicates that the states R-REVERB6, R-SEGUE3 and RAMRwiIll be skipped.

In case the R-PARAMS message is skipped duringlnfi@lization Exchange Phase, the last

previous LO state trellis setting, bits and gairablé (possibly updated through on-line

reconfiguration since the last previous R-PARAMSsgage exchange) and tone ordering table
(see Tables 8-14 and 8-15) shall be used to eree€8lbwtime state (see 8.14).

The R-EXCHMARKER state shall be followed by the R-MS&&te.
8.13.6 Exchange phase

8.13.6.1 ATU-C exchange

In the Exchange Phase, the modulated subcarrierswithX; andY; nonzero) shall be transmitted
at the reference transmit PSIREFPSDd} level including spectral shaping and subcarrier
BLACKOUT. The subcarriers with spectral shapitgg value less than 1 or downstream
BLACKOUT equal to 1 shall be transmitted at no power (Ze=, 0). For those subcarriers, tKe
andY; defined in this clause are effectively ignored.

8.13.6.1.1 C-MSG2

The C-MSG2 state is of fixed length. In the C-MS&ies the ATU-C shall transmiNGCust 16)
C-REVERB or C-SEGUE symbols to modulate the C-MSG2 agsand CRC.
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The C-MSG2 messagm, is defined by:

m = {Myscus1s --- » Mo}

The bitm shall be set to 1 to indicate that the ATU-R shabk subcarrier indeixto modulate the
R-PARAMS message. The bity shall be set to O to indicate that the ATU-R shadt use
subcarrier index to modulate the R-PARAM message. At least 4 sulerarshall be used for
modulation of the R-PARAMS message. The R-PARAM ragsswill be transmitted at about
8 kbit/s times the number of subcarriers used fodutation of the message.

The bitsmy-myscus1 Shall be transmitted iINSCsymbol periodsny first andmyscus: last). A zero
bit shall be transmitted as a C-REVERB symbol. A brteshall be transmitted as a C-SEGUE
symbol.

After the C-MSG2 message has been transmitted, @ §ill be appended to the message. The
16 CRC bits shall be computed from tH8Cusnessagen bits in the same way as the CRC bits are
calculated for the C-MSG-FMT message.

The 16 bitsce-cy5 shall be transmitted in 16 symbol periods first andc,s last) using the same
modulation as used to transmit the message

If the ATU-C has transmitted C-REVERB symbols duridge tC-EXCHMARKER state, the
C-MSG?2 state shall be followed by the C-REVERBG6 stiiitine ATU-C has transmitted C-SEGUE
symbols during the C-EXCHMARKER state, the C-MSG2testahall be followed by the
C-REVERBY7 state.

8.13.6.1.2 C-REVERBG6

The C-REVERBS6 state is of variable length. In thigestthe ATU-C shall transmit a minimum of
(246 —NSCu$ and a maximum of (2246NSCu$ C-REVERB symbols.

This state is a filler state to allow the ATU-C teceive (and decode) the complete R-MSG2
message.

If the ATU-R has transmitted R-REVERB symbols duridg tR-EXCHMARKER state, the
ATU-C shall continue to transmit C-REVERB symbols Liafter the ATU-R transitioning to the
R-REVERBS6 state. Within 80 to 2000 symbols after Ai@J-R transitioning to the R-REVERBG6
state, the ATU-C shall transition to the next state.

If the ATU-R has transmitted R-SEGUE symbols during RREXCHMARKER state, the ATU-C
shall continue to transmit C-REVERB symbols untileafthe ATU-R transitioning to the
R-REVERB7 state. Within 80 to 2000 symbols after Ai@J-R transitioning to the R-REVERB7
state, the ATU-C shall transition to the next state.

The C-REVERBSG state shall be followed by the C-SEGUBRR st

8.13.6.1.3 C-SEGUE3

The C-SEGUE3 state is of fixed length. In this stateg ATU-C shall transmit
10 C-SEGUE symbols.

The C-SEGUE symbol shall be defined as the phasetetd/€-REVERB symbol.
The C-SEGUES state shall be followed by the C-PARANSes

8.13.6.1.4 C-PARAMS

The C-PARAMS state is of fixed length. In this stdtee ATU-C shall transmitEN_C-PARAMS
C-PARAMS symbols to modulate the C-PARAMS message GRC at (2 NSC_C-PARAMS
bits per symbol. The valudSC_C-PARAMShall be defined as the number of subcarrierseto b
used for modulation of the C-PARAMS message ascatdd by the ATU-R in the R-MSG2
message. The valueEN_C-PARAMShall be defined as (length of the C-PARAMS messad
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CRC in bits) divided by (2 SC_C-PARAMSand rounded to the higher integer.

Table 8-39 lists the length of the C-PARAM messagmmed over TPC-TC, PMS-TC and PMD
layers. The TPS-TC, PMS-TC and PMD bits each corresfmad even number of octets.

Table 8-39/G.992.3 — C-PARAMS message and CRC lehgt

Part of message Length (bits or symbols)
Npmd 96 + 24 NSCus
Npms 224
Ntps 0
Nmsg 320 + 24 NSCus
CRC 16
LEN_C-PARAMS { 336+ 24x NSCus 1
(state length in symbols)
2xNSC_C-PARAMS
NOTE —| x| denotes rounding to the higher integer.

The C-PARAMS messags), is defined by:

m = {tPSnips-1, --- » P, PMKpms1s --- » PMS, PMApma-1, --- » PM@} = { Mumsg1, --. » Mo}

The C-PARAMS message conveys 3 sets of parametelated to TPS-TC, PMS-TC and
PMD configuration. TPS-TC parameters are conveyaterbits tpgps1 to tpg and are defined in
clause 6. PMS-TC parameters are conveyed in thepoigpms1 t0 pmg and are defined in
clause 7. PMD parameters are conveyed in the bith g1 to pma@ and are defined in clause 8.

PMS-TC parameters include the framer configuratiarameters. PMD parameters include the bits
and gains table for the upstream subcarriers.

A CRC shall be appended to the message. The 16 GRGHall be computed from the Nmsg
messagen bits in the same way as the CRC bits are calalfatethe C-MSG-FMT message.

If the number of message and CRC bits to be trateanis not an integer multiple of the number of
bits per symbol (i.e., not a multiple of 26C_C-PARANM then the message and CRC bits shall
be further padded with zero bits such that the ally@umber of bits to be transmitted is equal to
(2 xNSC_C-PARAM x LEN_C-PARAM

The C-PARAMS message bits (along with the CRC hiid the padding bits) shall be scrambled
using the following equation:

dp =dy O dngg0dn g
whered, is then-th input to the scrambler (first inputds);

and d; is then-th output from the scrambler (first outputdf§);

and the scrambler is initialized tf), = 1 forn< 1.

The bits to be transmitted shall be input into tbhembler equation least significant bit firsiy(
first and mymsg1 last, followed by g first and gs last, followed by padding bits, if present). By
construction of the scrambler, the scrambler outpits d,, to d;g are equal tom, to myy
respectively.

The output of the scrambler shall be transmitteq2at NSC_C-PARAMbits per C-PARAMS
symbol (the first bit output of the scrambler iansmitted first, and so on). Bit pairs shall be
mapped onto subcarriers in ascending order of subrandex and using the same 4-QAM
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modulation as defined in Table 8-36 for C-REVERB sgiab

The C-PARAMS symbol shall contain only tNSC_C-PARAMsubcarriers (carrying the message
bits) and the C-TREF pilot tone. The other subcarrighall be transmitted at no power
(.e., X =Y; =0).

The C-TREF pilot may be part of the setNBC-PARAMSubcarriers (carrying the message bits).

In this case, the C-TREF pilot shall be modulatedhwitessage bits. Otherwise, it shall be
modulated with the fixed {0,0} 4-QAM constellatiguoint.

The C-PARAMS state shall be followed by the C-REVERBite.

8.13.6.1.5 C-REVERB7
The C-REVERBY state is of variable length.

The ATU-C may transition to C-REVERB7 before or aftes ATU-R transitions to R-REVERB7
(depending on the presence and length of the PARAMBREVERBG6 states).

If the ATU-C transitions to the C-REVERB7 state befdtee ATU-R transitions to the
R-REVERBY7 state, then the ATU-C shall continue todnmam C-REVERB symbols until after the
ATU-R transitions to the R-REVERB7 state. The ATU-C khalnsition to the next state within
128 to 2048 symbols after the ATU-R transitioninghte R-REVERB?7 state.

If the ATU-C transitions to the C-REVERB?7 state aftex ATU-R transitions to the R-REVERB7
state, then the ATU-C shall transmit a minimum o8B lghd a maximum of 2048 C-REVERB
symbols in the C-REVERB?7 state.

The C-REVERB7 state shall be followed by the C-SEGUEstestThe transition from the
C-REVERBY7 state to the C-SEGUE4 state provides a timagken for the transition to the
C-SHOWTIME state.

8.13.6.1.6 C-SEGUE4

The C-SEGUE4 state is of fixed length. In this stateg ATU-C shall transmit
10 C-SEGUE symbols.

The C-SEGUEA4 state shall be followed by the C-SHOWT Bitie.

8.13.6.2 ATU-R exchange

In the Exchange Phase, the modulated subcarrierswithX; andY; nonzero) shall be transmitted
at the reference transmit PSREFPSDus level including spectral shaping. The subcarngith
spectral shapingss value less than 1 shall be transmitted at no pdiver, Z = 0). For those
subcarriers, th&; andY; defined in this clause are effectively ignored.

8.13.6.2.1 R-MSGS2

The R-MSG2 state is of fixed length. In the R-MSGiates the ATU-R shall transmit
272 R-REVERB or R-SEGUE symbols to modulate the R-M8@2sage and CRC.

The R-MSG2 messagm, is defined by:

M= {Myzs, ... , Mo}
The bitm shall be set to 1 to indicate that the ATU-C shak subcarrier indeixto modulate the
C-PARAMS message. The bty shall be set to 0 to indicate that the ATU-C shmait use
subcarrier index to modulate the C-PARAMS message. At least 4 gsuileca shall be used for
modulation of the C-PARAMS message. The C-PARAM ragsswill be transmitted at about
8 kbit/s times the number of subcarriers used foduhation of the message.

NOTE — The R-MSG2 message length is 256 bits (Ipéit subcarrier). INSCdsis less than 256 (as in
(G.992.4), then the last (25GNSCd3 bits m255 tanNSCdsre set to 0.
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If the ATU-R has set the R-MSG-FMT message bit FMPICOT to 1, then the ATU-C
modulates the C-TREF pilot tone with a fixed conatah point. In this case, the ATU-R shall not
use the C-TREF pilot tone for modulation of the C-PA\RS message.

The bitsmy-mgss shall be transmitted in 256 symbol periods first andmgss last). A zero bit shall
be transmitted as an R-REVERB symbol. A one bit df@lransmitted as an R-SEGUE symbol.

After the R-MSG2 message has been transmitted, @ §iall be appended to the message. The
16 CRC bits shall be computed from the 256 messabds in the same way as the CRC bits are
calculated for the C-MSG-PCB message.

The 16 bitscy-c15 shall be transmitted in 16 symbol periodg f(rst andc;s last) using the same
modulation as used to transmit the message

If the ATU-R has transmitted R-REVERB symbols duridge tR-EXCHMARKER state, the
R-MSG2 state shall be followed by the R-REVERBSG stifititne ATU-R has transmitted R-SEGUE
symbols during the R-EXCHMARKER state, the R-MSGZ2testghall be followed by the
R-REVERBY state.

8.13.6.2.2 R-REVERBG6

The R-REVERBSG state is of variable length. In thigestthe ATU-R shall transmit a minimum of
80 and a maximum of 2000 R-REVERB symbols.

This state is a filler state to allow the ATU-R teceive (and decode) the complete C-MSG2
message.

The R-REVERBSG6 state shall be followed by the R-SEGUR®st

8.13.6.2.3 R-SEGUES

The R-SEGUE3 state is of fixed length. In this stateg ATU-R shall transmit
10 R-SEGUE symbols.

The R-SEGUE symbol shall be defined as the phaseted/&-REVERB symbol.
The R-SEGUES state shall be followed by the R-PARANKSes

8.13.6.2.4 R-PARAMS

The R-PARAMS state is of variable length. In thisatsf the ATU-R shall transmit
LEN_R-PARAMS symbols to modulate the R-PARAMS message and CRC a
(2 x NSC_R-PARAMSbits per symbol.

The valueNSC_R-PARAMShall be defined as the number of subcarrieretoded for modulation
of the R-PARAMS message as indicated by the ATU-Ghiea C-MSG2 message. The value
LEN_R-PARAMShall be defined as (length of the R-PARAMS messatgd CRC in bits) divided
by (2 xNSC_R-PARAMSand rounded to the higher integer.

Table 8-40 lists the length of the R-PARAM messagmmed over TPC-TC, PMS-TC and PMD
layers. The TPS-TC, PMS-TC and PMD bits each corresfmad even number of octets.
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Table 8-40/G.992.3 — R-PARAMS message and CRC lehgt

Part of message Length in bits
Npmd 96 + 24 NSCds
Npms 224
Ntps 0
Nmsg 320 + 24 NSCds
CRC 16
LEN_R-PARAMS 336+ 24x NSCds
(state length in symbols) [Zx NSC_R-PARAMJ
NOTE —| x| denotes rounding to the higher integer.

The R-PARAMS messags), is defined by:

m = {tpSutps-1, --- » IPS, PMKpms-1, --- » PMS, PMCApmet-1, -+ » PM@} = { Mymsg --. , Mo}
The R-PARAMS message conveys 3 sets of parametdated to TPS-TC, PMS-TC and PMD
configuration. TPS-TC parameters are conveyed inbilte tpsips1 to tps and are defined in

clause 6. PMS-TC parameters are conveyed in thepbigpms1 to pmg and are defined in
clause 7. PMD parameters are conveyed in the bith g1 to pma@ and are defined in clause 8.

PMS-TC parameters include the framer configuratiarameters. PMD parameters include the bits
and gains table for the downstream subcarriers.

A CRC shall be appended to the message. The 16 GRGHall be computed from the Nmsg
messagen bits in the same way as the CRC bits are calalifatethe C-MSG-FMT message.

If the number of message and CRC bits to be tratexsinis not an integer multiple of the number of

bits per symbol (i.e., not a multiple of 2N6C_R-PARAM then the message and CRC bits shall be
further padded with zero bits such that the ovemalinber of bits to be transmitted is equal to

(2 xNSC_R-PARAM x LEN_R-PARAM

The R-PARAMS message bits (along with the CRC mtsthe padding bits) shall be scrambled in
the same way as defined for the C-PARAMS messagebifb to be transmitted shall be input into
the scrambler equation least significant bit f(re first andmymsg1 last, followed bycy first andcis
last, followed by padding bits, if present).

The output of the scrambler shall be transmitted2at NSC_R-PARAMbits per R-PARAMS
symbol (the first bit output of the scrambler iansmitted first, and so on). Bit pairs shall be
mapped onto subcarriers in ascending order of suéecandex and using the same 4-QAM
modulation as defined in Table 8-36 for C-REVERB sgiab

The R-PARAMS symbol shall contain only the&SC_R-PARAMubcarriers (carrying the message
bits). The other subcarriers shall be transmittatbghtower (i.e.X =Y; = 0).

The R-PARAMS state shall be followed by the R-REVERBte.
8.13.6.2.5 R-REVERB7
The R-REVERBY7 state is of variable length.

The ATU-R may transition to R-REVERB7 before or afteg ATU-C transitions to C-REVERB7
(depending on the presence and length of the PARAMBREVERBG6 states).
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If the ATU-R transitions to the R-REVERB7 state befdtee ATU-C transitions to the
C-REVERBY7 state, then the ATU-R shall continue tognaim R-REVERB symbols until after the
ATU-C transitions to the C-REVERB7 state. The ATU-R khalnsition to the next state within
128 to 2048 symbols after the ATU-C transitioninghte C-REVERBY7 state.

If the ATU-R transitions to the R-REVERB7 state attex ATU-C transitions to the C-REVERB7
state, then the ATU-R shall transmit a minimum oB lghd a maximum of 2048 R-REVERB
symbols in the R-REVERB?7 state.

The R-REVERB7 state shall be followed by the R-SEGUEstestThe transition from the
R-REVERB7 state to the R-SEGUE4 state provides a tinaeken for the transition to the
R-SHOWTIME state.

8.13.6.2.6 R-SEGUE4

The R-SEGUE4 state is of fixed length. In this stateg ATU-R shall transmit
10 R-SEGUE symbols.

The R-SEGUE4 state shall be followed by the C-SHOWT Bytie.

8.13.7 Timing diagram of the initialization procedues

The Figure 8-26 show the timing diagram of the fipatt of the Initialization Procedures, from the
G.994.1 phase up to the start of the Channel Arsajyisase. The Figures 8-27 to 8-30 show the
second part of the Initialization procedures, frtim end of the Channel Analysis Phase up to
Showtime. These four timing diagrams represent i fcases resulting from whether the
C-PARAMS and/or R-PARAMS states are included or not
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G.994.1 G.994.1
jfgéi C-QUIET1 2512 andk2048
— v after both ATUs R-OQUIET1
; Q >640
128 C-COMB1 are in QUIET1 o
<64
256 C-QUIET2 R-COMB1 128
1024 or 3872 C-COMB2 264+LEN_C-COMB2
R-QUIET2 <714+LEN_C-COMB2
Oor10 C-ICOMB1
0or512 C-LINEPROBE
<64
R-COMB2 256
>256
<906 C-QUIET3 R-ICOMB1 0 or 10
R-LINEPROBE 0or512
"~ <64
64 C-COMB3
10 C-ICOMB2 R-QUIET3 >266
96 C-MSG-FMT <410+3xNSCus
96 or 96+XNSCus C-MSG-PCB
<80
R-COMB3 64
>314
R-ICOMB2
<474+3NSCds C-QUIET4 10
R-MSG-FMT 96
R-MSG-PCB 144 or 144+3NSCds
<80
R-REVERB1 272 or 592
LEN_R-REVERB1 >0
+ LEN_R-QUIET4 — 80 C-REVERB1 R-QUIET4 <1eg7o
>512
. >432
<15872 C-TREFL R-REVERB2 <15888
64 C-REVERB2 <64
512 C-ECT R-QUIETS 21024
Last symbol may be <16384
2448 shortened by samples
<15936 C-REVERB3 <
<64 R-REVERB3 64
576 C-TREF2/ C-QUIETS R-ECT 512
>LEN_C-REVERB4
256 or 1024 C-REVERB4 R-REVERB4 <LEN_C-REVERB4 + 80
Introduction of
10 C-SEGUE1 P cyclic prefix R R-SEGUE1 10
LEN_C-MSG1 C-MSG1 210
- > R-REVERB5 )
8 <196+AEN_X-MSG1
>10 R-SEGUE2 10
<218+LEN_R-MSG1 C-REVERB5
R-MSG1 LEN_R-MSG1
~ <80
10 C-SEGUE2

G.992.3_F08-26

Figure 8-26/G.992.3 — Timing diagram of the initiakation procedure (part 1)
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C-MEDLEY starts
10 to 90 symbols
after R-MEDLEY

LEN_MEDLEY C-MEDLEY R-MEDLEY LEN_MEDLEY
64 C-EXCHMARKER R-EXCHMARKER 64
NSCus16 C-MSG2 RMSG2 75
521322”3 C-REVERB6 >80 R-REVERB6 >80
s us <2000 <2000
10 C-SEGUE3 R-SEGUE3 10
LEN_C-PARAMS C-PARAMS ATU-x transitions to
- X-REVERB7 state
at end of x-PARAMS R-PARAMS LEN_R-PARAMS
>128 i >128 and<2048
C-REVERB7 after both ATUs R-REVERB7 >128
are in REVERB7 -
10 C-SEGUE4 R-SEGUE4 10
C-SHOWTIME R-SHOWTIME

G.992.3_F08-27

Figure 8-27/G.992.3 — Timing diagram of the initiakation procedure (part 2)
with C-PARAMS and with R-PARAMS states

C-MEDLEY starts
10 to 90 symbols
after R-MEDLEY

LEN_MEDLEY C-MEDLEY R-MEDLEY LEN_MEDLEY

64 C-EXCHMARKER R-EXCHMARKER 64

NSCus-16 C-MSG2 R-MSG2 272
2294-NSCus <

C-REVERB7 =128 >128

<2294-NSCus <2048 R-REVERB7 <2048

10 C-SEGUE4 R-SEGUE4 10

C-SHOWTIME R-SHOWTIME

G.992.3_F08-28

Figure 8-28/G.992.3 — Timing diagram of the initiakation procedure (part 2)
without C-PARAMS and without R-PARAMS states
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C-MEDLEY starts
10 to 90 symbols
after R-MEDLEY R-MEDLEY LEN_MEDLEY
LEN_MEDLEY C-MEDLEY
64 C-EXCHMARKER R-EXCHMARKER 64
NSCus16 C-MSG2 R-MSG2 272
>246-NSCus <
<2246-NSCUS C-REVERB6 >80
<2000
10 C-SEGUES R-REVERB7 >218+LEN_C-PARAMS
<4058+LEN_C-PARAMS
LEN_C-PARAMS C-PARAMS
>128 >128
C-REVERB7
<2048 <2048
10 C-SEGUE4 R-SEGUE4 10
C-SHOWTIME R-SHOWTIME
G.992.3_F08-29

Figure 8-29/G.992.3 — Timing diagram of the initiakation procedure (part 2)
with C-PARAMS and without R-PARAMS states

C-MEDLEY starts
10 to 90 symbols
after R-MEDLEY R-MEDLEY LEN_MEDLEY
LEN_MEDLEY C-MEDLEY -
64 C-EXCHMARKER R-EXCHMARKER 64
NSCus16 C-MSG2 RMSG2 7o
R-REVERB6 280
<2000
>384-NSCus R-SEGUE3 10
+LEN_R-PARAMS C.REVERE7
<4304-NSCus -
+LEN_R-PARAMS R-PARAMS LEN_R-PARAMS
2128 R-REVERB7 2128
<2048 <2048
10 C-SEGUE4 R-SEGUE4 10
C-SHOWTIME R-SHOWTIME
G.992.3_F08-30

Figure 8-30/G.992.3 — Timing diagram of the initiakation procedure (part 2)
without C-PARAMS and with R-PARAMS states
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8.14  Short initialization procedures

A short initialization sequence is defined to allthe ATUs to quickly enter Showtime from a
L3 power management state or as a fast recovepeguoe from changing of line conditions during
Showtime. The Short Initialization Sequence shall dptional for both ATU-C and ATU-R
(with indication in G.994.1, see 8.13.2). If theo8hnitialization Sequence is supported, the ATU
should also support unbalanced bitswap (i.e., #@n-Line Reconfiguration with restriction to
changdy;, gi andL, only, see 9.4.1.1).

The state diagram of the short sequence shall beaime as the one shown in Figure 8-26 to
Figure 8-30, with the exception of the entry praged which shall be as depicted in Figures 8-31
and 8-32. Figure 8-31 shows the entry procedureaf0ATU-C initiated short initialization. The
ATU-C shall keep transmitting 128 symbols of C-COM#&llowed by 256 symbols of silence
(C-QUIET2) until either the ATU-R responds with R-COMBuring one of the C-QUIET2 states
or a vendor discretionary timeout C-T1 is reachédhé short initialization is used as a fast
recovery procedure from showtime, the ATU-R shouwdgly to the first transmission of the
C-COMB initialization signal.

C-SHOWTIME R-SHOWTIME
or or
C-QUIET R-QUIET
A
128 C-COMB1
256 C-QUIET2
128 C-COMB1
256 C-QUIET2
<CT1
128 C-COMB1
<64
256 C-QUIET2
v R-COMB1 128
C-coMB2 R-QUIET2

G.992.3_F08-31

Figure 8-31/G.992.3 — Timing diagram of the entryrito the
short initialization procedure, ATU-C initiated

Figure 8-32 shows the entry procedure for an AT wiRated short initialization. The ATU-R shall
keep transmitting 128 symbols of R-COMBL1 followed256 symbols of silence (R-QUIET2) until
either the ATU-C responds with C-COMB2 during onetlbé R-QUIET2 states or a vendor
discretionary timeout R-T1 is reached. If the shttalization is used as a fast recovery procedure
from showtime, the ATU-C should reply to the fitshknsmission of the R-COMB initialization
signal.
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C-SHOWTIME R-SHOWTIME
or or
C-QUIET R-QUIET
Y
R-COMB1 128
R-QUIET2 256
R-COMB1 128
R-QUIET2 256
<RT1

R-COMB1 128

. v

) >64 and<128
R-QUIET2

C-COMB2 G.992.3_F08-32

Figure 8-32/G.992.3 — Timing diagram of the entryrito the
short initialization procedure, ATU-R initiated

The short initialization procedure may be used far link state transition from the L3 state to the
LO state (see 9.5.3). Fast error recovery (durlmg tO or L2 link state) is through the short
initialization procedure. At the start of the shimitialization procedure, the ADSL link state dhal
be changed to the L3 state. When the ATU reachesStimwtime state through the short
initialization procedure, the ADSL link shall betime LO state (see Figure 9-5).

The short initialization procedure should be congdetwithin 3 s. However, to meet this
requirement, proper time budget balancing betwegt-&€ and ATU-R is required. Table 8-41
lists recommended time budgets for the variabléigqms of each ATU initialization sequence. The
Figures 8-33 and 8-34 show the recommended timiegyam for the short initialization procedure.
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Table 8-41/G.992.3 — Recommended duration for
variable portions of the initialization sequence

Recommended

ATU state duration (symbols) Note
C-MSG-PCB =96 No C-BLACKOUT bits included
(last previous exchanged BLACKOUT bits remain valid
R-MSG-PCB =144 No R-BLACKOUT bits included
(last previous exchanged BLACKOUT bits remain valid
R-REVERB1 =272
R-QUIET4 = ATU-C hybrid fine tuning state is skigd.
C-TREF1 <1024 Faster upstream channel estimation, less precigegtiamd no
ATU-R hybrid fine tuning.
R-QUIET5 =1024
C-REVERBS3 =512+ 64 Faster downstream channel estimation and equataeirtg.
C-REVERB4 = 256
C-MEDLEY <1024 Less accurate SNR estimation.
R-MEDLEY <1024 Less accurate SNR estimation.
C-REVERB6 <120 Limit through faster and simpler bit allocatiagorithm.
R-REVERB6 <120 Limit through faster and simpler bit allocatiagorithm.
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1024 or 3872 C-COMB2
0or 10 C-ICOMB1 R-QUIET2 264+LEN_C-COMB2
<714+LEN_C-COMB2
0or512 C-LINEPROBE
<64
R-COMB2 256
>256 C-QUIET3
<906 R-ICOMB1 Oor10
R-LINEPROBE 0or512
T <64
64 C-COMB3
10 C-ICOMB2 R-QUIET3 2266
<410
96 C-MSG-FMT
96 C-MSG-PCB
<80
R-COMB3 64
>314 C-QUIET4 R-ICOMB2 10
<1242 R-MSG-FMT 96
R-MSG-PCB 144
<80 R-REVERB1 272
192 C-REVERB1
2432
>512 C-TREF1 R-REVERB2 <1088
<1024
64 C-REVERB2 <64
R-QUIET5
512 C-ECT
Last symbol may be 1024
2448 C-REVERB3 shortened by samples
<576 ~ <64 R-REVERB3 64
576 C-TREF2/ C-QUIET5 R-ECT 512
>256
256 C-REVERB4 R-REVERB4 <336
Introduction of -
10 C-SEGUE1 cyclic prefix R-SEGUEL1 10
LEN_C-MSG1 C-MSG1 ) i =10
= > R-REVERB5
<128 " <196+LEN_C-MSG1
>10 C-REVERB5 R-SEGUE2 10
<218+LEN_R-MSG1 R-MSG1 LEN_R-MSG1
"~ <80
10 C-SEGUE2

G.992.3_F08-33

Figure 8-33/G.992.3 — Timing diagram of the shortitialization procedure (part 1)
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C-MEDLEY starts
10 to 90 symbols LEN MEDLEY
'-EN;'\l"(')EZaLEY C-MEDLEY after R-MEDLEY R-MEDLEY <1024
64 C-EXCHMARKER R-EXCHMARKER 64
NSCus16 C-MSG?2 RMSG2 7o
>246-NSCus )
C-REVERB6 >80 >80
> R-REVERB6
<336-NSCus <120 <120
10 C-SEGUE3 R-SEGUE3 10
LEN_C-PARAMS C-PARAMS ATU-x transitions to
- x-REVERBY7 state
at end of x-PARAMS R-PARAMS LEN_R-PARAMS
2128 ands2048
=128 C-REVERBY after both ATUs
l are in REVERB7l R-REVERBY 2128
10 C-SEGUE4 R-SEGUE4 10
C-SHOWTIME R-SHOWTIME
G.992.3_F08-34

Figure 8-34/G.992.3 — Timing diagram of the shortitialization procedure (part 2)

8.15

Loop diagnostics mode procedures

8.15.1 Overview

The built-in loop diagnostic function defined indhilause enables the immediate measurement of
line conditions at both ends of the line withouspditching maintenance technicians to attach test
equipment to the line. The resulting informationpketo isolate the location (inside the premises,
near the customer end of the line, or near the ortwnd of the line) and the sources (crosstalk,
radio frequency interference, and bridged tap)rgdairments.

The Loop Diagnostics Mode (defined in 8.15) shalldmgered from the G.994.1 Initialization
Phase, when the Loop Diagnostic Mode codepoinhénMS message is set (see 8.13.2). Either
ATU may request to enter Loop Diagnostics Mode. BATU-C and ATU-R shall support the
Loop Diagnostics Mode.

The sequence of states in the Loop Diagnostics Mibddél be the same as for the Initialization
sequence (defined in 8.13), up to the MEDLEY stateh variable length state of the Initialization
sequence shall have fixed duration in Loop Diagnsd¥lode, equal to the maximum duration of
the state, with the exception of R-QUIET1.

After the C-EXCHMARKER and R-EXCHMARKER states, the ATWhall enter a Loop
Diagnostic Mode specific sequence of states. Duhiege states, some channel information that has
been gathered during the previous Initializatiomtest, is exchanged. Specifically, the test
parameters listed in Table 8-42 and defined in 8,l&e exchanged.
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Table 8-42/G.992.3 — Test parameters exchanged ind diagnostics mode

Abbreviation Name
Hlin(i x Af) Channel Characteristics per subcarrier, linear
Hlog(i x Af) Channel Characteristics per subcarrier, log
QLN(i x Af) Quiet Line Noise per subcarrier
SNR(i xAf) Signal-to-Noise Ration per subcarrier
LATN Loop Attenuation
SATN Signal Attenuation
SNRM Signal-to-Noise Ratio Margin
ATTNDR Attainable Net Data Rate
ACTATP Actual Aggregate transmit power (far-end)

The test parameters are mapped into messages usiimjeger number of octets per parameter
value. In case the parameter value as definedlia 3. is represented with a number of bits that is
not an integer number of octets, the parameterevsiall be mapped into the least significant bits
of the message octets. Unused more significantshéd be set to O for unsigned parameter values
and shall be set to the sign bit for signed parametlues.

After the exchange of the test parameters listedahle 8-42, the ATUs shall transition to the
L3 state.

8.15.2 Channel discovery phase

8.15.2.1 ATU-C channel discovery phase

The sequence of states in the Loop Diagnostics Mibddél be the same as for the Initialization
sequence (defined in 8.13.3.1). Each state sha#l fiaed duration in Loop Diagnostics Mode, as
shown in the Loop Diagnostics Mode timing diagranfrigure 8-35.

The signals transmitted during each of the statélseroop Diagnostics Mode shall be the same as
for the Initialization sequence (defined in 8.13)3.

The states C-ICOMB1, C-LINEPROBE and the C-BLACKOUTskshall be included during an
Initialization in Loop Diagnostic Mode.

The C-MSG-FMT message shall be as defined in Tabl& 8-4

Table 8-43/G.992.3 — Bit definition for the C-MSG-MT message

Bit index Parameter Definition
15...0 Reserved, setto 0

The C-MSG-PCB message shall be as defined in Talyfe 8-
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Table 8-44/G.992.3 — Bit definition for the C-MSG-EB message

Bit index Parameter Definition
5...0 C-MIN_PCB_DS See Table 8-27
11...6 C-MIN_PCB_US See Table 8-27
13...12 HOOK_STATUS See Table 8-27
15...14 Reserved, setto 0
NSCust 15....16 C_BLACKOUT See Table 8-27
NSCust 23..NSCust+ 16 | Pass/Fall Success or Failure Cause indication of last previous
initialization
NSCust 31..NSCust+ 24 | Last_TX_State Last transmitted state of lastipus initialization

The Pass/Fail bits shall contain a Success or Ea@ause indication. The possible indications and
their coding shall be as defined in Table 8-45.hE initialization in loop diagnostics mode is
immediately following the ATU-C power up, informati@bout the last previous initialization may
not be available. In that case, a successful l@stiqus initialization shall be indicated.

Table 8-45/G.992.3 — Success and failure cause ications

Value (higher bit index left) Definition

1111 1111 Successful

0001 0001 Failed — Insufficient Capacity

0010 0010 Failed — CRC error in one of the receimedsages
0100 0100 Failed — Time out exceeded

1000 1000 Failed — Unexpected received messagentonte
0000 0000 Failed — Cause unknown

Other Reserved

The Last_TX_State bits shall contain the index of b ATU-C state that was successfully
transmitted during the last previous initializatidime index of the ATU-C state shall be represented
by an 8-bit integer value from 0 (G.994.1 phase) an(C-QUIET1) to 31 (C-SEGUE4) and 32
(C-SHOWTIME). The states shall be numbered in theeotchnsmitted in time, as shown in the
timing diagrams in Figures 8-35 and 8-36. The stdiat can be optionally omitted shall also be
counted when calculating the index of a state.dxample, the index of C-QUIET3 shall always be
7 regardless of whether the C-ICOMB1 and C-LINE-PEGHates are included or not. In case the
first octet of C-MSG-PCB indicates a successfuliafization, this second octet shall encode the
index of the last state, i.e., the index of C-SHOWH.

An addition of a CRC and the bit transmission orttar the C-MSG-FMT and C-MSG-PCB
messages shall be as defined for the Initializasiequence in 8.13.3.1. However, the message and
CRC bits shall be transmitted with 8 symbols pdr rhbdulation, where a zero bit shall be
transmitted as 8 consecutive C-COMB symbols, andeabit shall be transmitted as 8 consecutive
C-ICOMB symbols. This will make the transmission moobust against misdetection of the time
marker transitions that precede these messages.

8.15.2.2 ATU-R channel discovery phase

The sequence of states in the Loop Diagnostics Mibddél be the same as for the Initialization
sequence (defined in 8.13.3.2). Each state sha#l fimed duration in Loop Diagnostics Mode, as
shown in the Loop Diagnostics Mode timing diagranfrigure 8-35.
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The signals transmitted during each of the statélseroop Diagnostics Mode shall be the same as
for the Initialization sequence (defined in 8.13)3.

The states R-ICOMB1 and R-LINEPROBE states and theLREBKOUT bits shall be included
during an Initialization in Loop Diagnostic Mode.

The R-MSG-FMT message shall be as defined in Tabke 8-4

Table 8-46/G.992.3 — Bit definition for the R-MSG-MT message

Bit index Parameter Definition
7...0 Reserved, setto 0
8 FMT-C-TREF2 See Table 8-31
9 FMT-C-PILOT See Table 8-31
15...10 Reserved, setto 0

The R-MSG-PCB message shall be as defined in Table 8-

Table 8-47/G.992.3 — Bit definition for the R-MSG-EB message

Bit index Parameter Definition

5...0 R-MIN_PCB_DS See Table 8-32

11...6 R-MIN_PCB_US See Table 8-32

13...12 HOOK_STATUS See Table 8-32

15...14 Reserved, setto 0

23...16 C-PILOT See Table 8-32

31...24 Reserved, setto 0

31 +NSCds..32 R-BLACKOUT See Table 8-32

287...32 +NSCds Reserved, set to 0 (see Note)

295...288 Pass/Fall Success or Failure Cause indication of last
previous initialization

303...296 Last TX_State Last transmitted state of last previous
initialization

NOTE — These reserved bits are present oiS€ds< 256 (as in ITU-T Rec. G.992.4).

The Pass/Fail bits shall contain a Success or Ea@ause indication. The possible indications and
their coding shall be as defined for the ATU-C in [Ea®-45. If the initialization in loop diagnostics
mode is immediately following the ATU-R power up self test, information about the last
previous initialization may not be available. Iratlcase, a successful last previous initialization
shall be indicated.

The Last _TX State bits shall contain the index of b ATU-R state that was successfully
transmitted during the last previous initializatidime index of the ATU-R state shall be represented
by an 8-bit integer value from 0 (G.994.1 phase) an(R-QUIET1) to 30 (R-SEGUE4) and
31 (R-SHOWTIME). The states shall be numbered inotider transmitted in time, as shown in the
timing diagrams in Figures 8-35 and 8-36. The stdtas can be optionally omitted shall also be
counted when calculating the index of a state.dxample, the index of R-QUIET3 shall always be
7 regardless of whether the R-ICOMB1 and R-LINE-PRECHates are included or not. In case the
first octet of the C-MSG-PCB message indicatesaessful initialization, this second octet shall
encode the index of the last state, i.e., the irddx-SHOWTIME.
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The addition of a 16 bit CRC and the bit transmissiader for the R-MSG-FMT and R-MSG-PCB
messages shall be as defined for the Initializasiequence in 8.13.3.2. However, the bits shall be
transmitted with 8 symbols per bit modulation, whea zero bit shall be transmitted as 8
consecutive R-COMB symbols, and a one bit shall toensmitted as 8 consecutive
R-ICOMB symbols. This will make the transmission meoobust against misdetection of the time
marker transitions that precede these messages.

8.15.3 Transceiver training phase

The sequence of states in the Loop Diagnostics Mib@ddl be the same as for the Initialization
sequence (defined in 8.13.4). Each state shall fiaed duration in Loop Diagnostics Mode, as
shown in the Loop Diagnostics Mode timing diagranfrigure 8-35.

The signals transmitted during each of the statélseir.oop Diagnostics Mode shall be the same as
for the Initialization sequence (defined in 8.13.4)

The ATU-R shall include the R-QUIET4 state.

8.15.4 Channel analysis phase

The sequence of states in the Loop Diagnostics Mib@ddél be the same as for the Initialization
sequence (defined in 8.13.5). Each state shall fiagd duration in Loop Diagnostics Mode, as
shown in the Loop Diagnostics Mode timing diagranirigures 8-35 and 8-36.

The signals transmitted during each of the statélseir.oop Diagnostics Mode shall be the same as
for the Initialization sequence (defined in 8.13.5)

The ATU-C shall not transmit the C-MSG1 message.
The ATU-R shall not transmit the R-MSG1 message.

The PMD control parameters exchanged in the MSGEkages during initialization (see 8.5.1 and
8.5.3.2), shall take the default values define@iable 8-48, for use during diagnostics mode.

Table 8-48/G.992.3 — Default values for PMD contrgdarameters

PMD Control Parameter Default value
TARSNRM 6 dB
MAXSNRM infinite
EXTGI MAXNOMPSD-NOMPSD
BIMAX 15

During the EXCHMARKER state, the ATU shall transmit RERB symbols.

During the Loop Diagnostic Mode, the symbol couritesit was initialized at the start of the
R-MEDLEY state is kept counting throughout the remdar of the initialization in Loop
Diagnostics Mode. Any state transition after thiEDLEY state shall occur at multiples of 64 as
per this counter value.

8.15.5 Exchange phase

8.15.5.1 ATU-C exchange phase

The sequence of states in the Loop Diagnostics Mba@H be as shown in the Loop Diagnostics
Mode timing diagram in Figures 8-35 and 8-36. Evinye the ATU-C successfully receives a
message from the ATU-R, the ATU-C passes through GRACK-LD state to send an
acknowledgement to the ATU-R. Every time the ATU-Cseasthrough the C-MSGx-LD state, one
message containing loop diagnostics informatisei# to the ATU-R.
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The C-SEGUE-LD state shall consist of 64 C-SEGUE symand shall precede each message as a
time marker.

In the C-ACK-LD, C-SEGUE-LD and C-MSGx-LD state, tRgU-C transmits C-REVERB or
C-SEGUE symbols. When not in the C-ACK-LD, C-SEGUE-@DC-MSGx-LD state, the ATU-C
shall send a filler signal which shall consist 6TREF symbols. The C-REVERB, C-SEGUE and
C-TREF symbols shall be defined as for the Initidi@asequence in 8.13.

8.15.5.1.1 Channel information bearing messages

In the loop diagnostics mode, the ATU-C shall same messages to the ATU-R: C-MSG1-LD to
C-MSG5-LD. These messages contain the upstrearpaesieters defined in 8.15.1.

The information fields of the different messagedidi@as shown in Tables 8-49 to 8-53.

Table 8-49/G.992.3 — Format of the C-MSG1-LD messag

Oct(_et Nr Information _ Format message
[i] bits [ x i+ 7108 xi+0]
0 Sequence number [ 0001 0001 ]
1 Reserved [ 0000 0000 ]
2 Hlin Scale (LSB) [ Xxxx xxxx ], bit 7to 0
3 Hlin Scale (MSB) [ xxxx xxxx ], bit 15to 8
4 LATN (LSB) [ xxxx xxxx ], bit 7 to O
5 LATN (MSB) [ 0000 00xx ], bit 9 and 8
6 SATN (LSB) [ xxxx xxxx ], bit 7 to 0
7 SATN (MSB) [ 0000 00xx ], bit 9 and 8
8 SNRM (LSB) [ xxxx xxxx ], bit 7 to O
9 SNRM (MSB) [ 0000 00xx ], bit 9 and 8
10 ATTNDR (LSB) [ xxxx xxxx ], bit 7 to O
11 ATTNDR [ xxxx xxxx ], bit 15to 8
12 ATTNDR [ xxxx xxxx ], bit 23 to 16
13 ATTNDR (MSB) [ xxxx xxxx ], bit 31 to 24
14 Far-end ACTATP (LSB) [ Xxxx xxxx ], bit 7 to 0
15 Far-end ACTATP (MSB) [ ssss ssxx |, bit 9 and 8
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Table 8-50/G.992.3 — Format of the C-MSG2-LD messag

Octet Nr Information Format message
[i] bits[8 x i+ 7to8 xi+ 0]
0 Sequence number [ 0010 0010 ]
1 Reserved [ 0000 0000 ]
2 HIin(0) real (LSB) [ xxxx xxxx ], bit 7 to O
3 HIlin(0) real (MSB) [ xxxx xxxx ], bit 15to 8
4 HIlin(0) imag (LSB) [ xxxx xxxx ], bit 7 to O
5 Hlin(0) imag (MSB) [ xxxx xxxx ], bit 15to 8
4 xNSCus- 2 HIin(NSCus- 1) real (LSB) [ Xxxx xxxx ], bit 7to 0
4 xNSCus- 1 HIin(NSCus- 1) real (MSB) [ xxxx xxxx ], bit 15to 8
4 xNSCus Hlin(NSCus- 1) imag (LSB) [ xxxx xxxx ], bit 7 to 0
4 xNSCust 1 Hlin(NSCus- 1) imag (MSB) [ xxxx xxxx ], bit 15to 8
Table 8-51/G.992.3 — Format of the C-MSG3-LD messag
Octet Nr Information Format message
[i] bits[8 x i+ 7to 8 x i+ 0]
0 Sequence number [0011 0011]
1 Reserved [ 0000 0000 ]
2 Hlog(0) (LSB) [ Xxxx xxxx ], bit 7to 0
3 Hlog(0) (MSB) [ 0000 00xx ], bit 9 and 8
2 xNSCus Hlog(NSCus- 1) (LSB) [ xxxx xxxx ], bit 7 to 0
2 xNSCust+ 1 Hlog(NSCus- 1) (MSB) [ 0000 00xx ], bit 9 and 8
Table 8-52/G.992.3 — Format of the C-MSG4-LD messag
Octet Nr Information Format message
[i] bits[8 x i+ 7to 8 xi+ 0]
Sequence number [ 0100 0100]
Reserved [ 0000 0000 ]
QLN(0) [ xxxx xxxx ], bit 7 to O
NSCust 1 QLN(NSCus-1) [ xxxx xxxx ], bit 7to O
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Table 8-53/G.992.3 — Format of the C-MSG5-LD messag

Oct(_at Nr Information _ Format message
[i] bits[8 x i+ 7to8 xi+ 0]
Sequence number [0101 0101
1 Reserved [ 0000 0000 ]
SNR(0) [ xxxx xxxx ], bit 7 to 0
NSCust 1 SNRNSCus- 1) [ Xxxx xxxx ], bit 7 to O

The valueNSCusrepresents the number of upstream subcarriers arsgds defined in the annex
corresponding to the chosen application option.

The messages shall be transmitted in order of aswpdtet number (i.e., the sequence number
shall be transmitted first) and each octet shatréesmitted LSB first.

The addition of a 16 bit CRC and the bit transmissicder for the C-MSGx-LD messages shall be
as defined for the Initialization sequence in 8.H8wever, the message and CRC bits shall be
transmitted with an 8 symbols per bit modulatiomewe a zero bit shall be transmitted as eight
consecutive C-REVERB symbols and a one bit shaltdesinitted as eight consecutive C-SEGUE
symbols. The resulting state duration (needed tostnit the message and CRC) is shown in
Table 8-54.

Table 8-54/G.992.3 — ATU-C loop diagnostics stateichtions

State Duration (symbols) NSCus= 32 NSCus= 64
C-MSG1-LD 1152 1152 1152
C-MSG2-LD 256 + 256 NSCus 8448 16640
C-MSG3-LD 256 + 128 NSCus 4352 8448
C-MSG4-LD 256 + 64 NSCus 2304 4352
C-MSG5-LD 256 + 64 ;NSCus 2304 4352

8.15.5.1.2 Message flow, acknowledgement and retsanission

At the start of the Exchange Phase, the ATU-C ghatisition to the C-TREF1-LD state (in which
C-TREF symbols shall be transmitted until the fird¥ISGx-LD message is received).

If the ATU-C receives an R-MSGx-LD message, the ATWl@ll transition to the C-ACK or
C-NACK state within 128 symbols from the end of tReMSGx-LD state. If the R-MSGx-LD
message is successfully received, the ATU-C shalisttion to the C-ACK state (in which a
positive acknowledgment C-ACK message shall bestraited). Instead, if a decoding error occurs
(i.e., the CRC locally computed at the ATU-C does cwrespond to the CRC transmitted by the
ATU-R), the ATU-C shall transition to the C-NACK #ta

The C-ACK message shall be represented by the "1 Mmctet and shall be transmitted over 64
symbol periods using the same modulation technapuéhe loop diagnostics information bearing
messages. No CRC shall be added to the C-ACK mesbkathe C-NACK state, the ATU-C shall
transmit 64 C-TREF symbols. Note that from the ATU-pesspective, this is equivalent to the
ATU-C not responding to the R-MSGx-LD message.
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At the end of the C-ACK or C-NACK state, the ATU-@adl transition to the C-TREF2-LD state
(in which 256 C-TREF symbols shall be transmitted)ribg the C-TREF2-LD state, the ATU-R
transitions to the R-QUIET2-LD state (because the@GkAnessage is successfully received and no
more R-MSGx-LD messages remain to be transmitted)the ATU-R transitions to the
R-SEGUE-LD state (because no, or a corrupted C-A@ssage is received or more R-MSGx-LD
messages remain to be transmitted). At the endhefG-TREF2-LD state, the ATU-C shall
transition to the C-SEGUE-LD state (if the ATU-R hemnsitioned to the R-QUIET2-LD state) or
shall return to the C-TREF1-LD state (if the ATU-Bshreturned to the R-SEGUE-LD state).

Note that, as a result of a corrupted C-ACK messtye ATU-C could successfully receive the
same message twice. In this case, the ATU-C shadiregthe second identical (same Sequence
Number) message.

The C-SEGUE-LD state (in which 64 C-SEGUE symbolsldiatransmitted) shall be followed by
the first C-MSGx-LD state (in which the first R-M3&D message shall be transmitted).

After transmitting a C-MSGx-LD message, the ATU-Glthransition to the C-TREF3-LD state
(in which 256 C-TREF symbols shall be transmitted)riby the C-TREF3-LD state, the ATU-C
may or may not receive an R-ACK message. At theodrtde C-TREF3-LD state, the ATU-C shall
return to the C-SEGUE-LD state to resend the lastipusly transmitted C-MSGx-LD message
(if no or a corrupted R-ACK message was receivedpdransmit the next C-MSGx-LD message
(if an R-ACK message was successfully received rmnde C-MSGx-LD messages remain to be
transmitted). The number of times a message is résfore the ATU-C invokes the Initialization
reset procedure, is vendor discretionary.

At the end of the C-TREF3-LD state, after succebsftdceiving the last R-ACK message in
response to the last R-MSGx-LD message, the ATU-@ll dhansition to the C-IDLE state
(see Annex D) and the ADSL link state shall be geahto the L3 state.

The L3 state is defined in 9.5.1.3.

8.15.5.2 ATU-R exchange phase

The sequence of states in the Loop Diagnostics Mba@# be as shown in the Loop Diagnostics
Mode timing diagram in Figures 8-35 and 8-36. Evenye the ATU-R successfully receives a
message from the ATU-C, the ATU-R passes through RRACK-LD state to send an
acknowledgement to the ATU-C. Every time the ATU-Rsgasthrough the R-MSGx-LD state, one
message containing loop diagnostics informaticsers to the ATU-C.

The R-SEGUE-LD state shall consist of 64 R-SEGUE symand shall precede each message as a
time marker.

In the R-ACK-LD, R-SEGUE-LD and R-MSGx-LD state, tBRdU-R transmits R-REVERB or
R-SEGUE symbols. When not in the R-ACK-LD, R-SEGUE-©@DR-MSGx-LD state, the ATU-R
shall send a filler signal, which shall consistRAQUIET symbols. The R-REVERB, R-SEGUE
and R-QUIET symbols shall be defined as for thedh#ation sequence in 8.13.

8.15.5.2.1 Channel information bearing messages

In the loop diagnostics mode, the ATU-R shall seim@ messages to the ATU-C: R-MSG1-LD to
R-MSG9-LD. These messages contain the downstredrpaesmeters defined in 8.15.1.

The information fields of the different messagedidi®as shown in Tables 8-55 to 8-63.
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Table 8-55/G.992.3 — Format of the R-MSG1-LD messag

Octet Nr Information _ Form_at message
[i] bits [8 x i+ 7to 8 x i + O]
0 Sequence number [ 0001 0001 ]
1 Reserved [ 0000 0000 ]
2 Hlin Scale (LSB) [ xxxx xxxx ], bit 7to O
3 Hlin Scale (MSB) [ xxxx xxxx ], bit 15to 8
4 LATN (LSB) [ xxxx xxxx ], bit 7 to O
5 LATN (MSB) [ 0000 00xx ], bit 9 and 8
6 SATN (LSB) [ xxxx xxxx ], bit 7 to 0
7 SATN (MSB) [ 0000 00xx ], bit 9 and 8
8 SNRM (LSB) [ Xxxx xxxx ], bit 7to O
9 SNRM (MSB) [ 0000 00xx ], bit 9 and 8
10 ATTNDR (LSB) [ Xxxx xxxx ], bit 7to 0
11 ATTNDR [ xxxx xxxx ], bit 15 to 8
12 ATTNDR [ xxxx xxxx ], bit 23 to 16
13 ATTNDR (MSB) [ xxxx xxxx ], bit 31 to 24
14 Far-end ACTATP (LSB) [ Xxxx xxxx ], bit 7 to 0
15 Far-end ACTATP (MSB) [ ssss ssxx |, bit 9 and 8
Table 8-56/G.992.3 — Format of the R-MSG2-LD messag
Octet Nr Information _ Form_at message
[i] bits [8 x i+ 7to 8 x i + O]
0 Sequence number [ 0010 0010 ]
1 Reserved [ 0000 0000 ]
2 HIlin(0) real (LSB) [ Xxxx xxxx ], bit 7to 0
3 HIlin(0) real (MSB) [ xxxx xxxx ], bit 15 to 8
4 Hlin(0) imag (LSB) [ Xxxx xxxx ], bit 7to 0
5 HIlin(0) imag (MSB) [ xxxx xxxx ], bit 15 to 8
254 HIin(63) real (LSB) [ xxxx xxxx ], bit 7 to O
255 HIlin(63) real (MSB) [ xxxx xxxx ], bit 15to 8
256 HIin(63) imag (LSB) [ xxxx xxxx ], bit 7 to O
257 Hlin(63) imag (MSB) [ xxxx xxxx ], bit 15to 8
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Table 8-57/G.992.3 — Format of the R-MSG3-LD messag

Octet Nr Information _ Form_at message
[i] bits [8 x i+ 7to 8 x i + O]
0 Sequence number [ 0011 0011 ]
1 Reserved [ 0000 0000 ]
2 Hlin(64) real (LSB) [ Xxxx xxxx ], bit 7 to 0
3 Hlin(64) real (MSB) [ xxxx xxxx ], bit 15to 8
4 Hlin(64) imag (LSB) [ xxxx xxxx ], bit 7 to 0
5 Hlin(64) imag (MSB) [ xxxx xxxx ], bit 15to 8
254 Hlin(127) real (LSB) [ Xxxx xxxx ], bit 7 to 0
255 Hlin(127) real (MSB) [ xxxx xxxx ], bit 15to 8
256 HIin(127) imag (LSB) [ xxxx xxxx ], bit 7to O
257 Hlin(127) imag (MSB) [ xxxx xxxx ], bit 15to 8
Table 8-58/G.992.3 — Format of the R-MSG4-LD messag
Octgt Nr Information _ Format message
[i] bits[8 x i+ 7to 8 x i+ 0]
0 Sequence number [ 0100 0100]
1 Reserved [ 0000 0000 ]
2 Hlin(128) real (LSB) [ Xxxx xxxx ], bit 7to 0
3 HIin(128) real (MSB) [ xxxx xxxx ], bit 15 to 8
4 HIin(128) imag (LSB) [ xxxx xxxx ], bit 7 to 0
5 Hlin(128) imag (MSB) [ xxxx xxxx ], bit 15to 8
254 Hlin(191) real (LSB) [ xxxx xxxx ], bit 7to 0
255 HIin(191) real (MSB) [ xxxx xxxx ], bit 15 to 8
256 Hlin(191) imag (LSB) [ Xxxx xxxx ], bit 7to 0
257 Hlin(191) imag (MSB) [ xxxx xxxx ], bit 15to 8

154 ITU-T Rec. G.992.3 (07/2002)




Table 8-59/G.992.3 — Format of the R-MSG5-LD messag

Octet Nr Information _ Form_at message
[i] bits [8 x i+ 7to 8 x i + O]
0 Sequence number [0101 0101 ]
1 Reserved [ 0000 0000 ]
2 HIin(192) real (LSB) [ xxxx xxxx ], bit 7to O
3 HIin(192) real (MSB) [ xxxx xxxx ], bit 15to 8
4 HIin(192) imag (LSB) [ xxxx xxxx ], bit 7 to O
5 Hlin(192) imag (MSB) [ xxxx xxxx ], bit 15to 8
254 HIlin(255) real (LSB) [ Xxxx xxxx ], bit 7 to 0
255 HIlin(255) real (MSB) [ xxxx xxxx ], bit 15to 8
256 HIlin(255) imag (LSB) [ xxxx xxxx ], bit 7to O
257 Hlin(255) imag (MSB) [ xxxx xxxx ], bit 15to 8
Table 8-60/G.992.3 — Format of the R-MSG6-LD messag
Octgt Nr Information ' Format message
[i] bits [8 x i+ 7to 8 x i + (O]
0 Sequence number [01100110]
1 Reserved [ 0000 0000 ]
2 Hlog(0) (LSB) [ Xxxx xxxx ], bit 7to 0
3 Hlog(0) (MSB) [ 0000 00xx ], bit 9 and 8
256 Hlog(127) (LSB) [ xxxx xxxx ], bit 7 to 0
257 Hlog(127) (MSB) [ 0000 00xx ], bit 9 and 8
Table 8-61/G.992.3 — Format of the R-MSG7-LD messag
Oct(_at Nr Information ' Format message
[i] bits [8 x i+ 7to 8 x i + (O]
0 Sequence number [01110111]
1 Reserved [ 0000 0000 ]
2 Hlog(128) (LSB) [ xxxx xxxx ], bit 7 to 0
3 Hlog(128) (MSB) [ 0000 00xx ], bit 9 and 8
256 Hlog(255) (LSB) [ Xxxx xxxx ], bit 7 to 0
257 Hlog(255) (MSB) [ 0000 00xx ], bit 9 and 8
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Table 8-62/G.992.3 — Format of the R-MSG8-LD messag

Octet Nr Information _ Form_at message
[i] bits [8 x i+ 7to 8 x i + O]
Sequence number [ 1000 1000 ]
1 Reserved [ 0000 0000 ]
QLN(0) [ xxxx xxxx ], bit 7 to O
257 QLN(255) [ xxxx xxxx ], bit 7to O

Table 8-63/G.992.3 — Format of the R-MSG9-LD messag

Octet Nr Information _ Form_at message
[i] bits [8 x i+ 7to 8 x i + O]
Sequence number [ 1001 1001 ]
1 Reserved [ 0000 0000 ]
SNR(0) [ xxxx xxxx ], bit 7 to 0
257 SNR(255) [ Xxxx xxxx ], bit 7to 0

NOTE — In case thBISCds< 256 (as in ITU-T Rec. G.992.4), all line diagnosimessages are
transmitted. However, in the messages carryingplecarrier information, the special value defined i
8.12.3 may be used to indicate that no measurecceitd be done for this subcarrier because it iodut
the PSD mask passband.

The messages shall be transmitted in order of aswpdtet number (i.e., the sequence number
shall be transmitted first) and each octet shatréesmitted LSB first.

The addition of a 16 bit CRC and the bit transmissicder for the R-MSGx-LD messages shall be
as defined for the Initialization sequence in 8.H8wever, the message and CRC bits shall be
transmitted with an 8 symbols per bit modulatiomewe a zero bit shall be transmitted as eight
consecutive R-REVERB symbols and a one bit shaltdesinitted as eight consecutive R-SEGUE
symbols. The resulting state duration (needed tostnit the message and CRC) is shown in
Table 8-64.

Table 8-64/G.992.3 —ATU-R loop
diagnostics state durations

State Duration (symbols)
R-MSG1-LD 1152
R-MSG2-LD 16640
R-MSG3-LD 16640
R-MSG4-LD 16640
R-MSG5-LD 16640
R-MSG6-LD 16640
R-MSG7-LD 16640
R-MSG8-LD 16640
R-MSG9-LD 16640
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The resulting number of symbols needed to transaaih ®f the messages and CRC is shown in the
Loop Diagnostics timing diagrams in Figures 8-38 &8r36.

8.15.5.2.2 Message flow, acknowledgement and retsanission

At the start of the Exchange Phase, the ATU-R gshadisition to the R-SEGUE-LD state (in which
64 R-SEGUE symbols shall be transmitted), followedHh®yfirst R-MSGx-LD state (in which the
first R-MSGx-LD message shall be transmitted).

After transmitting an R-MSGx-LD message, the ATUHRlbtransition to the R-QUIET1-LD state
(in which 256 R-QUIET symbols shall be transmittdaijring the R-QUIET1-LD state, the ATU-R
may or may not receive a C-ACK message. At theadride R-QUIET1-LD state, the ATU-R shall
return to the R-SEGUE-LD state to resend the lastipusly transmitted R-MSGx-LD message
(if no or a corrupted C-ACK message was receivedpdransmit the next R-MSGx-LD message
(if a C-ACK message was successfully received andenR-MSGx-LD messages remain to be
transmitted). The number of times a message is résfore the ATU-R invokes the Initialization
reset procedure, is vendor discretionary.

At the end of the R-QUIET1-LD state, after succe$gftdceiving the last C-ACK message in
response to the last R-MSGx-LD message, the ATU& stansition to the R-QUIET2-LD state
(in which R-QUIET symbols shall be transmitted uttig first C-MSGx-LD message is received).

If the ATU-R receives a C-MSGx-LD message, the ATWRall transition to the R-ACK or
R-NACK state within 128 symbols from the end of BBeMSGx-LD state. If the C-MSGx-LD
message is successfully received, the ATU-R shalisttion to the R-ACK state (in which a
positive acknowledgment R-ACK message shall bestraited). Instead, if a decoding error occurs
(i.e., the CRC locally computed at the ATU-R does ecmrespond to the CRC transmitted by the
ATU-C), the ATU-R shall transition to the R-NACK #ta

The R-ACK message shall be represented by the "AI10octet and shall be transmitted over
64 symbol periods using the same modulation tecienas the loop diagnostics information bearing
messages. No CRC shall be added to the R-ACK mesbkathe R-NACK state, the ATU-R shall
transmit 64 R-QUIET symbols. Note that from the ATW-@erspective, this is equivalent to the
ATU-R not responding to the C-MSGx-LD message.

At the end of the R-ACK or R-NACK state, the ATUsRall transition to the R-QUIET3-LD state
(in which 256 R-QUIET symbols shall be transmittdai)ring the R-QUIET3-LD state, the ATU-C
transitions to the C-IDLE state (because the R-ACksage is successfully received and no more
C-MSGx-LD messages remain to be transmitted) orAME-C transitions to the C-SEGUE-LD
state (because no or a corrupted R-ACK messagecsved or more C-MSGx-LD messages
remain to be transmitted). At the end of the R-QUIETBstate, the ATU-R shall transition to the
R-IDLE state (if the ATU-C has transitioned to thelll-E state) or shall return to the
R-QUIET2-LD state (if the ATU-C has returned to theSEGUE-LD state). When the ATU-R
transitions to the R-IDLE state (see Annex D), AESL link state shall be changed to the L3 state.

Note that, as a result of a corrupted R-ACK messtye ATU-R could successfully receive the
same message twice. In this case, the ATU-R shadiregthe second identical (same Sequence
Number) message.

The L3 state is defined in 9.5.1.3.
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Figure 8-35/G.992.3 — Loop diagnostics timing diagm (part 1)
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8.16

On-line reconfiguration of the PMD function is intked to allow changes in the control parameters
without interruption of service and without errdi., bitswap, dynamic rate repartitioning and

C-MEDLEY starts
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after R-MEDLEY

32256 C-MEDLEY R-MEDLEY 32256
74D R-EXCHMARKER 64
64 C-EXCHMARKER R-SEGUE-LD 64
R-MSGx-LD LENX
muflt(lsale C-TREF1-LD This state is passed 9 time
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T <izs
64 C-ACK/C-NACK R-QUIET1-LD 256
256 C-TREF2-LD (1) if ATU-R has
more messages to
64 C-SEGUE-LD send or NACK is
then ,Z\efsl\l/?e?eturns R-QUIET2-LD mqutEi&Ie
- _ ) 0
LENX C-MSGx-LD to send message
This state is passed 5 times angaCA;\L/Jé%rée;g;nzto
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(2) if ATU-C has R-QUIET3-LD 256
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send or NACK is
C-QUIET received R-QUIET
(L3) then ATU-C returns (L3)

Figure 8-36/G.992.3 — Loop diagnostics timing diagm (part 2)

to send message
and ATU-R returns to
receive message.

On-line reconfiguration of the PMD function

seamless rate adaptation).

The procedures for on-line reconfiguration of the®Mnction support:

transparency to PMS-TC, TPS-TC and higher layergrbyiding means for configuration
parameter changes that introduce no transportsgmorlatency change, and no interruption

of service,
changing parameters to adapt to slowly varying tonditions, and
changing parameters to dynamically change the idae.

8.16.1 Control parameters

On-line reconfiguration of the PMD function is aogalished by a coordinated change to one or
more of the control parameters defined in 8.5. @trrol parameters displayed in Table 8-65 may

be changed through on-line reconfiguration witthie imits described.

G.992.3_F08-36
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Table 8-65/G.992.3 — Reconfigurable control paramets of the PMD function

Parameter Definition

b, The number of bits per subcarrier may be increasecreased in the [0 BIMAX]
range. A change of thg values may be performed with a constantlue (i.e., bitswap)
or with a change of thie value (i.e., seamless rate adaptation).

o] The subcarrier gain scaling may be increase oredsed in the [-14.5 ... +2.5BXTG]|
range.
L The number of bits contained in a data frame (patanderived from thb; values).

The updated bits and gains table shall comply tditseand gains table requirements listed in 8.6.4.

8.16.2 Timing of changes in subcarrier configuratio

A change in they and g values of one or more subcarriers is implementgctchmnging the
corresponding PMD control parameter (see Table 8-4).

In the downstream direction, the reconfigurationtted PMD functions shall take effect starting
with the second symbol that follows transport o BMD.Synchflag primitive. The PMD shall
transport the PMD.Synchflag primitive in the syrafzation symbol at symbol count 68, as
defined in 8.7.3. Therefore, the downstream recondigon of the PMD function shall take effect
starting with the symbol at symbol count 1. The PMiDnction shall signal a
PMD.Synchflag.indicate primitive to the downstrearaceive PMS-TC function after the
PMD.bits.indicate primitive corresponding to the BMymbol with symbol count O and before the
PMD.bits.indicate primitive corresponding to the BPMymbol with symbol count 1.

In the upstream direction, the reconfiguration e PMD functions shall take effect starting with
the fifth symbol that follows transport of the PMEynchflag primitive. The PMD shall transport
the PMD.Synchflag primitive in the synchronizatiepmbol at symbol count 68, as defined in
8.7.3. Therefore, the upstream reconfiguration ef D function shall take effect starting with
the symbol at symbol count 4. The PMD function skaghal a PMD.Synchflag.indicate primitive
to the upstream receive PMS-TC function after theDRMs.indicate primitive corresponding to
the PMD symbol with symbol count 3 and before tiMDPbits.indicate primitive corresponding to
the PMD symbol with symbol count 4.

8.16.3 Receiver initiated procedure

An ATU may initiate a reconfiguration of its receiNRMD function. This includes the ATU
changing the receive PMD function's bits and g&abe with or without changing thevalue. This
reconfiguration may be:

. autonomously requested by the receive PMD funcfto change only the bits and gains
table, without changing thevalue, i.e., bitswaps);
. requested by the receiving ATU's control functasnpart of a reconfiguration of the receive

TPS-TC and/or receive PMS-TC functions, e.g., to rabahging higher layer application
requirements or to make power management statsiticars;

. requested by the receiving ATU's management erdity, to meet DSL link performance
requirements as monitored by the management entity.

The bitswapping reconfigurations involve changesooly the PMD sublayer configuration
parameters. They do not change the TPS-TC and PMS-il&ysu configuration parameters. The
transmit PMD function shall support bitswaps reqeedy the receive PMD function.

8.16.4 Transmitter initiated procedure

An ATU may initiate a reconfiguration of its trangr®MD function. However, this reconfiguration
shall be initiated by the transmitting ATU's contfahction, as part of a reconfiguration of the
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TPS-TC functions (see clause 6) and/or PMS-TC (seeseld) functions, e.g., to meet changing

higher layer application requirements or to makewgro management state transitions.

Reconfiguration of the transmit PMD function shadt be autonomously requested by the transmit
PMD function (i.e., no transmit PMD function initél bitswaps).

8.17 Power management in the PMD function

Power Management transitions in the PMD functioe artended to allow changes in the
downstream control parameters without errors @&amless).

The procedures for power management in the PMD ifumsupport:
. changing parameters to minimize the aggregatsitna power
. changing parameters to dynamically change the idae.

8.17.1 Control parameters

Power management is accomplished by a coordindtedge to the value or more of the control
parameters defined in 8.5. The downstream contranpeters displayed in Table 8-66 may be
changed through power management transitions witt@rimits described.

Table 8-66/G.992.3 — Power management control paraters of the PMD function

Parameter Definition
o] The number of bits per subcarrier may be increasekbcreased in the [0 BIMAXdY
range.
o] The subcarrier gain scaling may be increase oredsed in the [-14.5 ... +2.5 +
EXTGId$ range.
L The number of bits contained in a downstream dataéd (parameter derived from the
values).

The updated downstream bits and gains table shalplyoto the bits and gains table requirements
listed in 8.6.4.

These requirements on the downstream bits and gglihes apply in the LO state and at entry into
the L2 state. However, at entry into the L2 sttte, excess margin may not be minimized. Power
trimming during the L2 state may be used to minenihe excess margin. Power trimming is
defined as a lowering of the reference transmit RS2l (through a higher downstream power
cutback level). Power trimming changes the PCBdaevased during the L2 state and does not
change thej values determined at the time of entry into theste.

8.17.2 Timing of changes in subcarrier configuratio

A change in they and g values of one or more subcarriers is implementgcthmnging the
corresponding PMD control parameter (see Table 8-4).

8.17.2.1 Power management entry from the LO into #hL2 state

In the downstream direction, the power managemanmisition in the PMD functions shall take
effect starting with the second symbol that follanensport of the PMD.Synchflag primitive. The
PMD shall transport the PMD.Synchflag primitive the synchronization symbol at symbol
count 68, as defined in 8.7.4. Therefore, the dowast power management transition shall take
effect starting with the symbol at symbol count 1.

In the upstream direction, no power managemensitians shall take place.
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8.17.2.2 Power management exit from the L2 into the0 state

In the downstream direction, the power managemanmisition in the PMD functions shall take
effect starting with the first symbol that followsansport of the PMD.Synchflag primitive. The
PMD shall transport the PMD.Synchflag primitive tiwo L2 exit symbols, as defined in 8.7.6.
Therefore, the downstream power management tramsstiall take effect starting with the first
symbol following the second L2 exit symbol.

8.17.2.3 Power trimming in the L2 state

In the downstream direction, the power managemanmisition in the PMD functions shall take
effect starting with the second symbol that follanensport of the PMD.Synchflag primitive. The
PMD shall transport the PMD.Synchflag primitive the synchronization symbol at symbol
count 68, as defined in 8.7.5. Therefore, the dowast power management transition shall take
effect starting with the symbol at symbol count 1.

In the upstream direction, no power managemensitians shall take place.

8.17.3 Receiver initiated procedure

An ATU-R may initiate a power management transitioits receive PMD function to exit from L2
to LO. This includes the ATU-R changing the receiMDPfunction's bits and gains table. This
power management transition may be:

. autonomously requested by the ATU-R receive PMiztion;

. requested by the ATU-R management entity, e.g.,m@et DSL link performance
requirements as monitored by the ATU-R manageméityen

The ATU-C transmit PMD function shall support exdrr L2 to LO requested by the ATU-R.

8.17.4 Transmitter initiated procedure

An ATU-C may initiate a power management transiiioits transmit PMD function to enter from
LO into L2, to trim power in L2 or to exit from L&to LO. This includes the ATU-C changing the
transmit PMD function's bits and gains table. Tlogvpr management transition may be:

. autonomously requested by the ATU-C transmit PMifion;

. requested by the ATU-C management entity, e.g.,m@et DSL link performance
requirements as monitored by the ATU-C managemaityen

The ATU-R receive PMD function shall support entripih2 from LO requested by the ATU-C.
The ATU-R receive PMD function shall support exitnrd.2 into LO requested by the ATU-C.

The L2 Low Power Trim involves changes of only the PBublayer configuration parameters.
They do not change the TPS-TC and PMS-TC sublayer grtomafion parameters. The ATU-R
receive PMD function shall support L2 low poweintsi requested by the ATU-C transmit PMD
function.

9 Management Protocol Specific Transmission Conveemce (MPS-TC) functions

The ATU-R and ATU-C provide procedures to facilitatee tmanagement of the ATUs. The
MPS-TC functions communicate with the G.997.1 fumtdi in the management plane that are
described in ITU-T Rec. G.997.1 [4]. In particulaiear eoc messages are defined in ITU-T
Rec. G.997.1 [4] to allow management of the ATU. ITWRec. G.997.1 [4] also specifies the
counting and processing of various ATU managemerfect'e and anomalies. All ATU
management defects and anomalies are thereforeidptbvto the functions of ITU-T
Rec. G.997.1 [4] by the MPS-TC functions.
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Additionally, several management command procedanes defined for use by the G.997.1
functions in this clause, specifically, severaldiag and testing functions.

Finally, a management indication is defined by tblisuse to provide warning to the G.997.1
management functions that the ATU-R is undergoingnaoval of local power.

9.1 Transport functions

As a management plane element, the MPS-TC providesgort of the clear eoc and command
messages and ATU-R management defects and anomdieemgement defects and anomalies
originate within the TPS-TC, PMS-TC, and PMD functioBtear eoc and command messages and
management primitives are transported by convettiegn to control signals for transport by the
PMS-TC functions as depicted in Figures 9-1 and @&et boundaries and the position of most
significant bits are explicitly maintained acrole transport for the clear eoc and read messages.

A Clear eoc and
Downstream Control Signals Command Messages
Clear eoc and v
Comnjand Messagep ATU-R < - = =] - - — = — A - - — — —< ATU-C
< > MPS-TC % ATU-R PMS-TC Upstream Control Signals| ATU-C PMS-TQ MPS-TC
» — — — - — — — — — 1 [— — — — :
NT1, NT1/2 ATU-R PMD \ ATU-C PMD LT
Physical TP Media G.992.3 F09-1
U
Figure 9-1/G.992.3 — MPS-TC clear eoc transport
capabilities within the management plane
ATU-R Management A ATU-R Management
Defects and Anomalies Defects and Anomalies
ATUR ATU-R PMS-TC _ ATU-C PMS-TC ATU-C
MPS-TC Upstream Control Signalg MPS-TC
|- |
» — — — - - - — — — — — — — »
NT1, NT1/2 ATU-R PMD | ATU-C PMD LT
Physical TP Media G.992.3 F09-2

]

Figure 9-2/G.992.3 — MPS-TC defect and anomaly traport
capabilities within the management plane

9.2 Additional functions

In addition to transport functions, the MPS-TC fuoics provides procedures for:
. Dying gasp message at the ATU-R;

. Power Management State Transitions.

9.3 Block interface signals and primitives

The ATU-C MPS-TC function has many interface signalsshown in Figure 9-3. Each named
signal is composed of one or more primitives, asotkr by the directional arrows. The primitive
type associated with each arrow is according tdithee legend.

The diagram is divided by a dotted line to sepattaedownstream function and signals from the
those of the upstream direction. The signals shawtheatop and right edge convey primitives to
management functions of ITU-T Rec. G.997.1 [4]. Tlgmnals shown at the bottom edge convey

ITU-T Rec. G.992.3 (07/2002) 163



primitives to the PMS-TC function. The in-service fpemance monitoring process is shown in
Figure 10/G.997.1. ITU-T Rec. G.997.1 specifies tlarameters for fault and performance
monitoring. The defect and anomaly primitives redate the physical layer are specified in this
Recommendation (see 8.12).

The ATU-R MPS-TC function has similar interface signas shown in Figure 9-4. In this figure,
the upstream and downstream labels are reversettfi® previous figure.

The flow of primitives, as shown in Figures 9-3 a@dl, corresponds with the retrieval of
management information from the ATU-C, and passintpat information to the G.997.1 function

at the central office end. A similar flow of prinvés exists with the retrieval of management
information from the ATU-R, and passing of thatoirmation to the G.997.1 function at the remote
terminal end (see Figure 5-3).

Management.!A u Management{Managemen; A Management.
Cleareocl ! Command ! Cleareoc i Command
: | | : :
| |
|

|
[ :
v vy ATU-C MPSTC function g

Receive |- » Management.Anomaly
MPS-TC
function |- » Management.Defect

Transmit
MPS-TC
function

G.992.3_F09-3

v o

Frame.Control Frame.Control
Downstream Upstream
Primitives:
- » .request [ + .indicate
s .confirm “«-——————- .response

Figure 9-3/G.992.3 — Signals of the ATU-C MPS-TC fction

Management. Management. Management. Management.
Cleareocl4 | Command Cleareoa 4 Command

|
|
|
Vi v

ATU-R
Management.Anomal§i »| Transmit| MPSTCfunction | Receive
- | -
Management.Defedt > MPS.TC I MPS.TC
function ! function
Management.Paraii > |
v |
: ; G.992.3_F09-4
[ :
[ | i
[ | 1
v ! u
Frame.Control ! Frame.Control
Upstream ! Downstream
Primitives:
- +» .request W + .indicate
D .confirm +-————-——- .-response

Figure 9-4/G.992.3 — Signals of the ATU-R MPS-TC fiwction
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The signals shown in Figures 9-3 and 9-4 are usezhiy primitives between functions of this
Recommendation. Primitives are only intended forppees of clearly specifying functions to
assure interoperability.

The primitives that are used between a G.997.1 immend an MPS-TC function are described in
Figure 9-1. These primitives support the exchangdgealr eoc and command messages.

The primitives that are used between the MPS-TC an8-PC functions are defined in 6.2. The
primitives that are used between the MPS-TC andPMPB functions are defined in clause 8.

The primitives used to signal maintenance indicagiomitives to the local maintenance entity are
described in respective clauses for TPS-TC, PMS-T& PMD functions, (clauses 6, 7 and 8).

Table 9-1/G.992.3 — Signalling primitives between 897.1 functions
and the MPS-TC function

Signal Primitive Description
Management. | .request The transmit G.997.1 function passes clear eocagesso the
Cleareoc MPS-TC function to be transported with this primtiv
.confirm This primitive is used by the transmit MPS-TC fupatto confirm

receipt of a Management.Cleareoc.request primiByethe
interworking of the request and confirm, the d&a/fis matched tg
the PMS-TC configuration.

.indicate The receive MPS-TC function passes clear eoc messadiee
receive G.997.1 function that has been transpavitrdthis
primitive.

Management. | .request The transmit G.997.1 function at the ATU-C passesramand to
Command the ATU-C transmit MPS-TC function to be transponeth this
primitive.

.confirm This primitive is used by the ATU-C receive MPS-Tud¢tion to
convey the response of the ATU-R to a command hBy t
interworking of the request and confirm, data maydnad from

locations.

.indicate The receive ATU-R MPS-TC function passes a commartde
local ATU-R that has been transported with thisnitive.

.response This primitive is used by the local ATU-R to conwine response tp

a command for transport.

9.4 Management plane procedures

9.4.1 Commands

Commands provide for a generalized command, pasaméillowed by a response. This provides
the necessary flexibility to transport clear eocsgagies and G.997.1 MIB elements, to set and
qguery ATU registers, and to invoke management pruoresdat the far end ATU with and without
return values.

All commands are categorized into three priorityels, used to determine the order of transport of
messages available to the PMS-TC function. The cordmare displayed in Tables 9-2, 9-3 and
9-4 in decreasing level of PMS-TC transport priority

All ATUs should be able to transmit overhead comnsaadd shall respond to all overhead
commands as required during operation in the manageplane procedures.

ITU-T Rec. G.992.3 (07/2002) 165



All commands received from Tables 9-2, 9-3 and %dllshave a response, noting that the

PMS-TC function will discard improperly framed orrficatted messages. The responder shall
respond within the timeout period displayed in Tablé7 (dependent on the overhead command
priority) less than 50 ms to prevent protocol glateraction between the ATUs. Shorter responses
are allowed and may be required in some applicatfmecific situations outside the scope of this

Recommendation.

Table 9-2/G.992.3 — Highest priority overhead mesgas

I\/(Ijess_age and Direction Command content Response content
esignator

On-line From a receiver| New configuration including| Followed by either a line signal
Reconfiguration| to the all necessary PMS-TC and | corresponding to the

(OLR) transmitter PMD control values. PMD.Synchflag primitive (not a
Command OLR command) or an OLR
0000 0003 command for defer or reject.

Table 9-3/G.992.3 — Normal priority overhead messag

Message and

start and stop TX corrupt CRC
start and stop receipt of corrup
CRC.

; Direction Command content Response content
designator
EOC Command| From ATU-C to Self test, Followed by an eoc
0100 0003 ATU-R update test parameters, command for acknowledge.

[

From ATU-R to
ATU-C

Update test parameters.

Followed by an eoc
command for acknowledge.

Time Command

From ATU-C to

Set or read time.

Followed by a set time

0100 0019 ATU-R command for acknowledge
or the time response.
Inventory From either ATU to| Identification request, Self test| Followed by an inventory
Command the other request, auxiliary inventory command response that
0100 0013 information request, PMD includes ATU equipment ID
capabilities request, PMS-TC | auxiliary inventory
capabilities request, TPS-TC | information, set test results,
capabilities request. and capabilities information,
Control From either ATU to PMD settings read, PMS-TC | Followed by a control
Parameter Read the other settings read, or TPS-TC parameter read command
Command settings read. response that includes all
0000 0109 control variables.
Management From either ATU to| Null. Followed by a management
Counter Read | the other counter read response that
Command includes all counter values.
0000 0103
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Table 9-3/G.992.3 — Normal priority overhead messag

Message and

desi Direction Command content Response content
esignator
Power From one ATU to | Proposed new power state. Followed by either a line
Management the other signal corresponding to the
Command PMD.Synchflag primitive
0000 0113 (not a power management
command) or a power
management command for
either reject or grant.
Clear eoc From one ATU to | Clear eoc message as defined|ifrollowed by a clear eoc
Command the other ITU-T Rec. G.997.1 or other. | command for acknowledge.
0000 1009
Non-Standard | From one ATU to | Non-standard identification fielgl Followed by a non-standard
Facility the other followed by message content. | facility command for either
Command acknowledge or negative
0011 1113 acknowledge to indicate

whether the non-standard
identification field is

recognized or not.

Table 9-4/G.992.3 — Low priority overhead messages

Message and

desi Direction Comment content Response content
esignator

PMD Test From either ATU tol Parameter number for single | Followed by a PMD test
Parameter Read the other read, parameter number and | parameter read command
Command subcarrier id for multiple read, | response including the
1000 0003 null for next multiple read. requested test parameters ¢

negative acknowledge.

Non-Standard
Facility Low
Priority
Command
1011 1113

From one ATU to
the other

Non-standard identification fiel
followed by message content.

i Followed by a non-standard
facility command for either
acknowledge or negative
acknowledge to indicate if
the non-standard
identification field is

recognized.

In the subclauses of 9.4.1 that follow, the fornm@aptocol, and function of each command is
specified. For each command, a table is providatigpecifies the format of the command and any
associated data. To avoid repetition, the commahlk® tdoes not contain the full HDLC frame
structure. Commands shall be mapped into the HDtrGctsire specified in 7.8.2.3, such that
Message length P is the number of octets as showheifirst column of the command table. Octet
values shall be mapped such that the least signifibit is mapped into the LSB of the
HDLC structure. Values spanning more than one aitetl be mapped with higher order octets
preceding lower order octets. A vector of valuellsha mapped in order of the index, from the
lowest index value to highest. Arrays with two el shall be mapped by decomposing them into a
series of vectors using the first index, from tbedst index to the highest. The following example
is intended to clarify the mapping from the commaaiale to the HDLC frame structure specified

in 7.8.2.3.
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The example selected is that of a receiver sendm@BR command repartition the data rate
without modification of the underlying PMD functiofor this example, the configuration before
and after the OLR command is shown in Table 9-5. HHB&C frame content for this message is
shown in Table 9-6 and is based on the command tanfoamation in Table 9-7.

Table 9-5/G.992.3 — OLR example configuration

Parameter Current configuration Proposed configuraton
Number of enabled frame bearers scNE 2 Nsc =2
Number of enabled latency path functiops p N 2 Np=2
Bits from each latency path function per Lo = 408 lo=312
PMD primitive L,=8 L, = 104
Frame bearer octets per mux data framey, = 48, B, =0 Bop=36,B:=0
each latency paths By=0,B,=0 Bo=0, By = 12

Table 9-6/G.992.3 — OLR example HDLC frame contents

Octet # | MSB LSB

7E;s— Opening Flag
Address Field
Control Field
0000 0004 (OLR command)
0000 001Q(Request Type 2)
0000 0004.(Lo high octet)
0011 100Q(Lo low octet)
0000 000Q(L high octet)
0110 100Q(L, low octet)
0010 0100(Byo)
0000 1109(B121)
0000 000Q(Ny) (Message length P = 9)
FCS high octet
FCS low octet

([N |R]|W|N|F

=
o

[EnY
=

=
N

[EnY
w

7E5— Closing Flag

9.4.1.1  On-line reconfiguration command

The on-line reconfiguration commands shall be usecbntrol certain on-line dynamic behaviour
defined in this clause. Additional information iopided on this dynamic behaviour in clause 10.
On-line reconfiguration commands may be initiated édsther ATU as shown in Table 9-7.
However, the initiator is only provided with meatts effect changes in its receiver and the
corresponding transmitter. The responding ATU may thgeon-line reconfiguration commands
shown in Table 9-8 or may positively acknowledge ithgator's request by transmitting a line
signal corresponding to the PMD.Synchflag primitiV@e on-line reconfiguration commands shall
consist of multiple octets. The first octet shalltbe on-line reconfiguration command designator
shown in Table 9-2. The remaining octets shall behasvn in Tables 9-7, 9-8 and 9-9. The octets
shall be sent using the format described in 7.&@aBdusing the protocol described in 7.8.2.4.
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Table 9-7/G.992.3 — On-line reconfiguration commanrsl
transmitted by the initiating receiver

Message length Element name
(Octets) (Command)
3+ 3 xN 01,6 Request Type 1 followed by:

1 octet for the number of subcarridds
3 x N; octets describing subcarrier parameter field &mhesubcarrier

3+ 2 xNp+Ngc+ 02,6 Request Type 2 followed by:

3 xN; 2 x N_p octets containing new, values for thé\,» enabled latency paths,
Ngc Octets containing ne®;, , values for thé\Ngc enabled frame bearers,
1 octet for the number of carrigks

3 x N; octets describing subcarrier parameter field &mhesubcarrier

3+ 2 xNp+Ngc+ 03,6 Request Type 3 followed by:

3 xN; 2 xN_p octets containing new, values for thé\,» enabled latency paths,
Ngc Octets containing ne®;, , values for thé\gc enabled frame bearers,
1 octet for the number of carrigxs

3 x Nt octets describing subcarrier parameter field &mhesubcarrier

All other octet values are reserved by the ITU-T.

Table 9-8/G.992.3 — On-line reconfiguration commanrsl
transmitted by the responding transmitter

Message length Element name
(Octets) (Command)

3 81, Defer Type 1 Request followed by:
1 octet for reason code

3 82 Reject Type 2 Request followed by:
1 octet for reason code

3 83,6 Reject Type 3 Request followed by:
1 octet for reason code
All other octet values are reserved by the ITU-T

An ATU may request only changes in its receiver afjen. Changes may be requested
concurrently by both ATUs; each transaction shallofv the procedures described in this clause.
An ATU-R shall not initiate an OLR command if it haansmitted an L2 Grant command and is
awaiting a response.

A subcarrier parameter field contains 3 octets &ited as [cccc cccc gggg gggg gggg bbbb]. The
carrier index (8-bits), theg; (12 bits) and thé; (4 bits). The carrier index shall be the first octk
the subcarrier field. Thg; shall be contained in the second octet and therfast significant bits

of the third octet. The least significant bitsgpshall be contained in the third octet. Thehall be
the least significant 4 bits of the third octet.

Type 1 and Type 2 shall be sent such that the PMEarpeterL is unchanged. If an ATU
implements the optional short PMD initializatiorgeence, then the ATU should also implement
Type 3 OLR operations changibg gi andL,.

Reason codes associated with the OLR command&anasn Table 9-9.
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Table 9-9/G.992.3 — Reason codes for OLR commands

o | o | ARIESICY | icoms | o
Busy 0ke X X X
Invalid parameters Q2 X X X
Not enabled 03 X X
Not supported 04 X X

Upon transmitting an on-line reconfiguration comighathe initiator shall await a response to the
command, either an on-line reconfiguration commdod defer or reject or the line signal
corresponding to the PMD.Synchflag primitive. letlresponse is not received within the timeout of
the high priority overhead messages displayed ineTad 7, the initiator shall abandon the current
on-line reconfiguration command. A new command rbayinitiated immediately, including an
identical request.

Upon receipt of an on-line reconfiguration commatiey responder shall respond with either an
on-line reconfiguration command for defer or rejest the line signal corresponding to the
PMD.Synchflag primitive. In the case of sending thee signal corresponding to the
PMD.Synchflag primitive, the ATU shall reconfigureet effected PMD, PMS-TC, and TPS-TC
functions as described in the reconfiguration aautescribing those functions. In the case of defer
or reject, the receiver shall supply a reason d¢amha the following: 015 for busy, 02 for invalid
parameters, Q3 for not enabled, and @4for not supported. The reason codegs@hd 02 shall be

the only codes used in an on-line reconfiguratiommand for defer type 1 request.

Upon receipt of a line signal corresponding to BMD.Synchflag primitive, the initiator shall
reconfigure the effected PMD, PMS-TC, and TPS-TC fonstas described in the reconfiguration
clauses describing those functions. If an on-lieeonfiguration command for defer or reject is
received, the initiator shall abandon the curremtime reconfiguration command. A new command
may be initiated immediately, including an identieguest.

9.4.1.2 eoc Commands

The eoc commands shall be used to control certausendiagnostic capabilities defined in this
clause. Most eoc commands may be initiated by th&-& as shown in Table 9-10. The ATU-R
may only initiate the eoc commands shown in TablEl9The eoc command shall consist of
2 octets. The first octet shall be the eoc commaasigdator shown in Table 9-3. The second octet
shall be as shown in Tables 9-10 and 9-11. The oshet$ be sent using the format described in
7.8.2.3 and using the protocol described in 7.8.2.4

Table 9-10/G.992.3 — eoc Commands transmitted byamTU-C

Message length Element name
(Octets) (Command)

2 015 Perform Self Test

02 Update Test Parameters

036 Start TX Corrupt CRC

04 End TX Corrupt CRC

056 Start RX Corrupt CRC

06 End RX Corrupt CRC

80 ACK

All other octet values are reserved by the ITU-T.

N N N DNDNDN
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Table 9-11/G.992.3 — eoc Commands transmitted bydATU-R

Message length Element name
(Octets) (Command)
2 02¢ Update Test Parameters
3 01 Self Test Acknowledge followed by

a single octet that indicates the minimum time ir
seconds to wait before requested the self tesltresu

2 80 ACK
All other octet values are reserved by the ITU-T.

The eoc command may be transmitted anytime duriegotitline state, including immediately
following the end of the initialization procedures.

In all cases, the receipt of the eoc command is@eledged to the transmitter by an eoc command
acknowledge (ACK) message. The receiver shall notl e negative acknowledge (NACK) eoc
command.

9.4.1.2.1 Selftest

Upon receipt of the eoc command for perform sef tege receiving ATU shall transmit the eoc
command for self test acknowledge, including theimum amount of time to wait until requesting
the results of the self-test. The receiving ATU shiatih perform a self test procedure and generate
a self test result. The duration and specific praceaf the self test are vendor discretionary but
they shall not interfere with the functions of th€U and the status of connections. Therefore, the
self test procedure performed upon receipt of¢cbhimmand may differ from those performed in the
SELFTEST state shown in Figures D.1 and D.2. The reétitte self test shall be stored within the
indicated number of seconds of transmitting the AGG&ssage. The indicated amount of time shall
be between 1 and 255 s.

The most significant octet of the self test resultlisbe 0Qs if the self test passed and;91f it
failed. The meaning of "failure" is vendor discreioy. The length of the self test result is 4 ogtets
and the syntax of all other octets is vendor disznary.

The result of self test may be accessed using tremtary command defined in 9.4.1.4.

9.4.1.2.2 Update test parameters

Upon receipt of the eoc command for update tesimpaters, the receiving ATU shall transmit the

eoc command ACK message and update the test paramet as defined in 9.4.1.10. Test

parameters shall be updated and stored withindf@esthe request is received. Upon receipt of the
eoc command ACK message, the transmitting ATU shait at least 10 s after arrival of the eco

command ACK message before starting the overheamnemds defined in 9.4.1.10 to access the
test parameter values.

Upon receipt of this command, the test parametkregarelating to the most recent initialization
procedure shall be no longer accessible througlotkeehead commands defined in 9.4.1.10 within
10 s. They may be discarded by the receiving ATU idiately upon receipt of the eoc command
for update test parameters.

9.4.1.2.3 Start/End transmit corrupt CRC

Upon receipt of the eoc command for start transsaitupt CRC, the receiving ATU PMS-TC

function shall transmit the eoc command ACK messagetransmit a corrupted CRC value in all
latency paths until cancelled by the eoc commanefal transmit corrupt CRC. A corrupt CRC is
any one that does not correspond to the CRC proeedw’.7.1.2. Only the CRC value is affected
by this eoc command. This command may be used coigunwith the eoc command for receive
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corrupt CRC (either previously or subsequently}thsd both the transmit and receive CRC values
are corrupted. The PMS-TC function of the transngtthiTU shall not be affected by this eoc
command.

Upon receipt of the eoc command for end transmitupd CRC, the receiving ATU PMS-TC
function shall transmit the eoc command ACK message transmit CRC bits determined by the
procedure in 7.7.1.2. This command may be transtnéten if the eoc command for start transmit
corrupt CRC has not been transmitted. The PMS-TCtilumof the transmitting ATU shall not be
affected by this eoc command.

9.4.1.2.4 Start/End receive corrupt CRC

Upon receipt of the eoc command for start receoreupt CRC, the receiving ATU shall send the
eoc command ACK message. Upon receipt of that eotmand ACK message, the transmitting
ATU PMS-TC function shall begin transmitting corrdpRC bits in all latency paths until cancelled
by the eoc command for end receive corrupt CRC.oAupt CRC is any one that does not
correspond to the CRC procedure in 7.7.1.2. Thisneand may be used conjunction with the eoc
command for transmit corrupt CRC (either previouslygubsequently) so that both the transmit and
receive CRC values are corrupted. The PMS-TC funafdhe receiving ATU shall not be affected
by this eoc command.

Upon receipt of the eoc command for end receiveupprCRC, the receiving ATU shall transmit

the eoc command ACK message. Upon receipt of the@mmand ACK message, the transmitting
ATU PMS-TC function shall transmit CRC bits deterntiney the procedure in 7.7.1.2. This

command may be transmitted even if the eoc comrfanstart receive corrupt CRC has not been
transmitted. The PMS-TC function of the receiving ABUall not be affected by this eoc

command.

9.4.1.3 Time commands

The ATU-C and ATU-R shall each contain timers that atéized to maintain performance
monitoring counters as described in ITU-T Rec. G.8%4]. It is common practice to correlate the
counters on each of the DSL line. To facilitate thiss necessary to synchronize the timers on each
end of the line. The set time and read time commanelgrovided for this purpose. The counters
defined in ITU-T Rec. G.997.1 [4] should be upda¢edh time the time counter contains a time
value that is an integer multiple of 15 minuteg (€1:00:00, 3:15:00, 15:30:00, 23:45:00).

The requirements for timer accuracy and drift argenrstudy.

The time commands shall be used to synchronize slockhe ATU as defined in this clause. The
time command may be initiated by the ATU-C as shawhable 9-12. The ATU-R may only reply
using the commands shown in Table 9-13. The time camds shall consist of multiple octets as
shown in Tables 9-12 and 9-13. The first octet sballthe time command designator shown in
Table 9-3. The following octet shall be as shown ibléa 9-12 and 9-13. The octets shall be sent
using the format described in 7.8.2.3 and usingptéocol described in 7.8.2.4.

Table 9-12/G.992.3 — Time command transmitted by thATU-C

Message length Element name
(Octets) (Command)
10 0%s Set followed by 8 octets formatted as HH:MM:SS (30 18601 [5]
2 02 Read
All other octet values are reserved by the ITU-T.
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Table 9-13/G.992.3 — Time commands transmitted byné ATU-R

Message length Element name
(Octets) (Command)
2 80 ACK
10 82 Read followed by 8 octets formatted as HH:MM:SSIS€ 8601 [5]
All other octet values are reserved by the ITU-T.

Upon receipt of the set time command, the receiId) shall transmit the ACK response
message. The receiving ATU shall then set its inteloak to the value contained in the message.

Upon receipt of the read time command, the recgiMitU shall transmit the response message
that includes the current value of the time counter

9.4.1.4 Inventory command

The inventory commands shall be used to determieadéntification and capabilities of the far
ATU as defined in this clause. The inventory commamdy be initiated by either ATU as shown
in Table 9-14. The responses shall be using the comirshown in Table 9-15. The inventory
command shall consist of a two octets. The firsebehall be inventory command designator
shown in Table 9-3. The second octet shall be oleeo¥alues shown in Table 9-14. The inventory
response command shall be multiple octets. Thedutt shall be inventory command designator
shown in Table 9-3. The second shall be the sameea®teived inventory command second octet,
XOR 80. The remaining octets shall be as shown in Tablb.9Flhe octets shall be sent using the
format described in 7.8.2.3 and using the protdeskribed in 7.8.2.4.

Table 9-14/G.992.3 — Inventory commands transmittetly the initiator

Message length Element name
(Octets) (Command)
2 0l Identification
2 026 Auxiliary Identification
2 035 Self Test Result
2 04 PMD Capabilities
2 05¢ PMS-TC Capabilities
2 06¢ TPS-TC Capabilities
All other octet values are reserved by the ITU-T.
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Table 9-15/G.992.3 — Inventory command transmittedy the responder

Message length Element name
(Octets) (Command)
58 81, followed by:

8 octets of vendor id
16 octets of version number
32 octets of serial number

variable 825 followed by:
8 octets of vendor id and
multiple octets of auxiliary inventory information

6 83, followed by:
4 octets of self test results
variable 84,5 followed by:
PMD capabilities information
variable 855 followed by:
PMS-TC capabilities information
variable 86,5 followed by:

TPS-TC capabilities information
All other octet values are reserved by the ITU-T.

Upon receipt of one of the inventory commands, teeeiving ATU shall transmit the
corresponding response message. The function ofrabeiving or transmitting ATUs is not
otherwise affected.

The vendor ID in the identification response shall formatted according to the vendor id of
G.994.1. The vendor ID field is used to specify slygtem integrator. In this context, the system
integrator usually refers to the vendor of the sesalfield-replaceable unit. As such, the vendor 1D
in this response may not be the same as the véddodicated within G.994.1.

The version number, serial number, and auxiliaryemery information shall be assigned with
respect to the same system integrator as contangte vendor ID. The syntax of these fields is
vendor discretionary and may be interpreted baseti@vendor id presented.

The self test results shall be the results of thatmecent self test procedure, initiated either at
power-up or by the eoc command for self test. Thalte shall formatted as defined in 9.4.1.2.1.

For a receiving ATU-C, the PMD, PMS-TC or TPS-TC caltgds information shall consist of the
last previously transmitted G.994.1 CL messageuaed to respectively PMD, PMS-TC, or
TPS-TC codepoints only. This is followed by the (Np&d?MD, (Npms/8) PMS-TC or (Ntps/8)
TPS-TC octets respectively, included in the last ipresty transmitted C-MSG1 message
(see Table 8-37). Codepoints related to the PMDaseblare defined in Table 8-20. Codepoints
related to the PMS-TC sublayer are defined in Table83.7Codepoints related to the TPS-TC
sublayer are defined in Table 6-2 and Annex K. dtiets shall be transmitted in the same order as
they are transmitted in the CL and C-MSG1 message.

For a receiving ATU-R, the PMD, PMS-TC or TPS-TC calttgds information shall consist of the
last previously transmitted G.994.1 CLR messagduaed to respectively PMD, PMS-TC, or
TPS-TC codepoints only, as defined below. This isofeid by the (Npmd/8) PMD, (Npms/8)
PMS-TC or (Ntps/8) TPS-TC octets respectively, ineliidn the last previously transmitted
R-MSG1 message (see Table 8-38). Codepoints relatetie PMD sublayer are defined in
Table 8-22. Codepoints related to the PMS-TC sublayerdefined in Table 7-18. Codepoints
related to the TPS-TC sublayer are defined in Tab® &td Annex K. The octets shall be
transmitted in the same order as they are transnittthe CLR and R-MSG1 message.
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A CL or CLR message shall be reduced to informatedated to a particular sublayer only, while
maintaining the G.994.1 tree structure for Par(@glk parsing by the transmitting ATU, through
the following steps:

1) Take the Standard Information Field Par(2) blagider the currently selected Spar(1);
2) Set all Npar(2) and Spar(2) codepoints not eelad the sublayer to zero;
3) Delete all Npar(3) blocks for which the Spaigit)has been set to O;

4) Octets at the end of any Par block that coraliZEROs except for delimiting bits may be
omitted from transmission, provided that termingtibits are correctly set for the
transmitted octets (see 9.2.3/G.994.1).

9.4.1.5 Control value read commands

The control parameter commands shall be used tandet the current values of all control
parameters within the far ATU as defined in thisuska The control parameter commands may be
initiated by either ATU as shown in Table 9-16. Thepanses shall be using the command shown
in Table 9-17. The control parameter command shalsisb of two octets. The first octet shall be
control parameter command designator shown in Tadde The second octet shall be one of the
values shown in Table 9-16. The control parametgrorese command shall be multiple octets. The
first octet shall be control parameter commandgtegbdr shown in Table 9-3. The second shall be
the same as the received control parameter comseuwhd octet, XOR 88 The remaining octets
shall be as shown in Table 9-17. The octets shadlebé using the format described in 7.8.2.3 and
using the protocol described in 7.8.2.4.

Table 9-16/G.992.3 — Control parameter commands tresmitted
by the initiator

Message length Element name
(Octets) (Command)
2 01 PMD Control Parameters
2 02¢ PMS-TC Control Parameters
2 03 TPS-TC Control Parameters
All other octet values are reserved by the ITU-T.

Table 9-17/G.992.3 — Control parameter command trasmitted
by the responder

Message length Element name
(Octets) (Command)
variable 81, followed by:
PMD control parameter values
variable 82 followed by:
PMS-TC control parameter values
variable 83 followed by:
TPS-TC control parameter values
All other octet values are reserved by the ITU-T.

Upon receipt of one of the control parameter conmasarnhe receiving ATU shall transmit the
corresponding response message. The function ofrdbeiving or transmitting ATUsS is not
otherwise affected.
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The control parameter values contained within theDPMMS-TC, and TPS-TC responses shall be
the transmit function control parameters curremtlyse by the receiving ATU.

For a receiving ATU-C, the PMD, PMS-TC or TPS-TC cohprarameter values shall consist of the
last previously transmitted G.994.1 MS messageuaed to respectively PMD, PMS-TC, or
TPS-TC codepoints only. Within the PMD control parter® only, this is followed by

(4 +NSCd#) octets in R-MSG-PCB format (see Table 8-32, vp#inameters as defined below).
Then follow the (Npmd/8) PMD, (Npms/8) PMS-TC or (Eifp) TPS-TC octets respectively,
included in the last previously transmitted R-PARBNNnessage (see Table 8-40), and possibly
updated during Showtime. Codepoints related toRMD sublayer are defined in Table 8-21.
Codepoints related to the PMS-TC sublayer are defineTable 7-19. Codepoints related to the
TPS-TC sublayer are defined in Table 6-2 and AnneXHe€. octets shall be transmitted in the same
order as they are transmitted in the MS, R-MSG-RG8 R-PARAMS messages.

The ATU-C shall set the octets related to R-MSG-P§# (Table 8-32) as follows:

. R-MIN_PCB_DS is set to PCBds;

. R-MIN_PCB_US is set to 0O;

. HOOK_STATUS is set to 0;

. C-PILOT is set to the pilot subcarrier index cuathg used by the ATU-C transmit PMD
function;

. R-BLACKOUT bits are set to the values currenthedisoy the ATU-C transmit PMD
function;

. Other bits are reserved and set to O.

For a receiving ATU-R, the PMD, PMS-TC or TPS-TC cohprarameter values shall consist of the
last previously transmitted G.994.1 MS messageuaed to respectively PMD, PMS-TC, or
TPS-TC codepoints only. Within the PMD control partere only, this is followed by

(2 +NSCu#) octets in C-MSG-PCB format (see Table 8-27, vp#nameters as defined below).
Then follow the (Npmd/8) PMD, (Npms/8) PMS-TC or (Eifp) TPS-TC octets respectively,
included in the last previously transmitted C-PARBNNessage (see Table 8-39), and possibly
updated during Showtime. Codepoints related toRMD sublayer are defined in Table 8-23.
Codepoints related to the PMS-TC sublayer are defineTable 7-19. Codepoints related to the
TPS-TC sublayer are defined in Annex K. The octetdl blearansmitted in the same order as they
are transmitted in the MS and C-PARAMS messages.

The ATU-R shall set the octets related to C-MSG-P§H#e (Table 8-27) as follows:
. C-MIN_PCB_DS is setto 0;

. C-MIN_PCB_US is set to PCBus;

. HOOK _STATUS is set to 0;

. C-BLACKOUT bits are set to the values currentlged by the ATU-C transmit
PMD function;

. Other bits are reserved and set to O.

An MS message shall be reduced to information @argéicular sublayer only, while maintaining
the G.994.1 tree structure for parsing by the tratisig ATU, through the same steps as taken for
reducing the CL or CLR message.

9.4.1.6 Management counter read commands

The management counter read commands shall be aseddss the value of certain management
counters maintained by the far ATU in accordancé WitU-T Rec. G.997.1 [4]. The local counter

values for completed time intervals shall be regtas described in this clause. The management
counter read command may be initiated by either ASldhown in Table 9-18. The responses shall
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be using the command shown in Table 9-19. The manageoounter read command shall consist
of a two octets. The first octet shall be managensennter read command designator shown in
Table 9-3. The second octet shall be one of the sath®wn in Table 9-18. The management
counter read response command shall be multipletocThe first octet shall be management
counter read command designator shown in TableTh&.second shall be the same as the received
management counter read command second octet, XIR The remaining octets shall be as
shown in Table 9-19. The octets shall be sent usiagdrmat described in 7.8.2.3 and using the
protocol described in 7.8.2.4.

Table 9-18/G.992.3 — Management counter read commds transmitted
by the initiator

Message length Element name
(Octets) (Command)
2 0lLe

All other octet values are reserved by the ITU-T

Table 9-19/G.992.3 — Management counter read commartransmitted
by the responder

Message length Element name
(Octets) (Command)

2+4x%x(2xNp+5)| 8L followed by:
for PMS-TC and all the PMS-TC counter values, followed by all the
variable for TPS-TC| TPS-TC counter values.

All other octet values are reserved by the ITU-T

Upon receipt of one of the management counter ceatmand, the receiving ATU shall transmit
the corresponding response message. The functidheofeceiving or transmitting ATUs is not
otherwise affected.

The management counter values shall be derivedd@ingoio ITU-T Rec. G.997.1 [4] from locally
generated defects and anomalies defined withincthases 6, 7 and 8. The parameters are
transferred in the order and format defined in €a®{20. The TPS-TC anomaly definitions are
dependent upon the TPS-TC type and are defined iArthex K. All PMD and TPS-TC counter
values are defined as 32 bit counters and aretatsar the response message most significant to
least significant octet order. For latency pathd d@RS-TC functions not currently enabled, no
octets shall be inserted into the message.

The counters shall be reset at power-on. The couskeal$ not be reset with a link state transition
and shall not be reset when read. The time peridusnwhe ATU is powered but not in the
Showtime state shall be counted as unavailablensisg@ee 7.2.1.1.9/G.997.1).
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Table 9-20/G.992.3 — ATU management counter values

PMD & PMS-TC
Counter of the FEC-0 anomalies

Counter of the FEC-1 anomalies

Counter of the FEC-2 anomalies

Counter of the FEC-3 anomalies

Counter of the CRC-0 anomalies

Counter of the CRC-1 anomalies

Counter of the CRC-2 anomalies

Counter of the CRC-3 anomalies

FEC errored seconds counter

Errored seconds counter

Severely errored seconds counter

LOS errored seconds counter

Unavailable errored seconds counter
TPS-TC

Counters for TPS-TC #0

Counters for TPS-TC #1

Counters for TPS-TC #3

Counters for TPS-TC #4

9.4.1.7 Power management commands

The power management command shall be used to m@oeger management transitions from one
link state to another as described in the Poweragement subclause 9.5. The power management
command may be initiated by either ATU as prescribettie Power management subclause 9.5 as
shown in Table 9-21. The responses shall be usingdimmand shown in Table 9-22. The power
management command is variable in length. The dicgt shall be power management command
designator shown in Table 9-3. The remaining octeddl ¥e as shown in Table 9-21. The power
management response commands are variable in |efgtHfirst octet shall be power management
command designator shown in Table 9-3. The secortlshas shown in Table 9-22. The octets
shall be sent using the format described in 7.&a8dusing the protocol described in 7.8.2.4.

Table 9-21/G.992.3 — Power management commands tsanitted by the initiating ATU

Message length Element name
(Octets) (Command)
3 015 Simple Request followed by:

1 octet for the new proposed link state

4 + 4 xNp 026 L2 Request followed by:

1 octet for minimum PCBds value (dB)

1 octet for maximum PCBds value (dB)

2 xN_p octets containing maximuix, values for théN,» enabled latency paths,
2 xN_p octets containing minimurn, values for théN.» enabled latency paths

3 036 L2 Trim followed by the 1 octet for the proposedivvalue of PCBds (dB)
All other octet values are reserved by the ITU-T.
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Table 9-22/G.992.3 — Power management command trangted by the responding ATU

Message length

Element name

(Octets) (Command)
2 80 Grant
3 81 Reject followed by:

1 octet for reason code

82 L2 Grant followed by:

2 x N_p octets containing nelp values for theN_» enabled latency paths,
1 octet containing the actual PCBds value

1 octet containing the exit symbol PCBds value,

1 octet containing the exit symbalg; table flag,

1 octet for the number of carridks

3 x N; octets describing subcarrier parameter field

for each subcarrier

3 83, L2 Reject followed by:
1 octet for reason code

3 84, L2 Trim Grant followed by
1 octet containing the exit symbol PCBds value

3 85 L2 Trim Reject followed by:
1 octet for reason code

All other octet values are reserved by the ITU-T.

6+ 2 xNp + 3 xN;

In the L2 Request, L2 Grant, and L2 Trim Requestl B2 Trim Grant messages, power cutback
values shall be expressed as an absolute poweacobuitl the range of 0 to 40 dB in steps of 1 dB.
The cutback is defined in terms of PCBds. The minimamd maximum requested values are
defined in absolute terms and not relative to timeent PCBds value. Values not inclusively within

the range of the PCBds determined during initisilirato 40 dB shall not be encoded. It is intended
that up to 40 dB of absolute power cutback candséopmed for the L2 link state using the PCBds
control parameter and that the gain values canskd to additionally adjust the gain per carrier as
required.

Reason codes associated with the power manageommantands are shown in Table 9-23.

Table 9-23/G.992.3 — Reason codes for power managarhcommands

Reason Octet value Appllqable to Appllcaple to L2 Appl'lcablg to L2
reject reject trim reject

Busy 0ke X X
Invalid 025 X X X
State Not 035 X
Desired
Infeasible 046 X X
Parameters

9.4.1.7.1 Simple request by ATU-R

Upon receipt of the power management simple reqoestmand, the responding ATU-C will
transmit either the Grant or Reject command. The diate shall be formatted as;§Gnd 03; for

LO and L3 link states, respectively. If any othixk|state is received, the response shall be the
Reject response using reason codg.Okhe ATU-C shall follow procedures defined in 9.5.8r
9.5.3.1, depending upon the proposed power stater U, respectively. The ATU-C may also
reject a request to move to link state L3 usingoeacode O because it is temporarily too busy or
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using code 03 because it has local knowledge that the L3 stteot desired at this time. The
ATUs may immediately start the protocol to requestgition to the same or a different link state.
The ATU-C shall not reject a request to move to 8tdéte LO.

In case the ATU-R requests exit from L2 into the difite, the ATU-C shall not respond with a
Grant command. The ATU-C shall respond with the xi? ®equence, as defined in 8.7.

9.4.1.7.2 Simple request by ATU-C

Upon receipt of the power management Simple Requasimand, the responding ATU-R will
transmit either the Grant or Reject command. Thie dirate shall be formatted as;98r L3 link
states. If any other link state is received, ttgpomse shall be the Reject response using reasen co
026. The ATU-R shall follow procedures defined in 9.5.8 move to link state L3. The ATU-R
may instead reject a request to move to link staB8eusing reason code Qlbecause it is
temporarily too busy or Q3 because it has local knowledge that the L3 stateot desired at this
time. The ATUs may immediately start the protocotgquest transition to the same or a different
link state.

9.4.1.7.3 L2 request by ATU-C

When sending the L2 Request command, the ATU-C gpcify parameters describing the
minimum and maximum average power cutback, definegtrms of the PMD control parameter
PCBds. The ATU-C shall also specify the minimum amakimum L, value for each configured
PMS-TC latency path function. Values larger thandineent L, values shall not be encoded.

Upon receipt of the L2 Request command, the ATU-&I &valuate the parameters found in the L2
Request message and the current operating corglicthe downstream receiver. If the parameters
are invalid (i.e., not within the allowed encodingnges), the ATU-R shall send a L2 Reject
command using reason code;HAf the parameters are valid but describe an adpgraondition
that cannot be currently satisfied (e.g., becabneectirrent line and noise conditions cannot support
the configuration), the ATU-R shall send a L2 Rejesmmand using reason codg®4f the
parameters can be met, the ATU-R shall send an BAt@ommand and follow procedures defined
in 9.5.3.3. The L2 Grant command shall contain tttea value of PCBds necessary modifications
to the bits and gain tables to be used by the Aillbe downstream direction. Additionally, the
grant command shall describe the PCBds andbifoe flag value that the ATU-C shall use to
transmit a L2 exit sequence as described in 8.7sd@kbould be selected by the receiver to best
assure reliable detection of the L2 exit sequeAcb/qg; flag value of zero corresponds to the LO
link state; the value of 1 corresponds to the Ik Istate. The ATU-R may instead send an L2
Reject command indicating it is temporarily businggeason code @4

The ATU-R shall send a response command to an L2stdpny the ATU-C within the time period
defined in Table 7-17. An ATU-R shall not send anG&&ant command if it has already sent an
OLR request command and is awaiting a response.

9.4.1.7.4 L2 trim request by ATU-C

When sending the L2 Trim Request command, the ATU#ll propose a new value of the PMD
control parameter PCBdSs.

Upon receipt of the power management L2 Trim Rego@simand, the ATU-R shall evaluate the
parameter found in the L2 Trim Request messagethedcurrent operating conditions of the
downstream receiver. If the parameters are inv@kd, not within the allowed encoding ranges),
the ATU-R shall send a L2 Trim Reject command usegson code Qg If the parameters are
valid but describe an operating condition that caroe currently satisfied, the ATU-R shall send a
L2 Reject command using reason code; Ol the parameters can be met, the ATU-R shall ssnd
L2 Trim Grant command and follow procedures defime®.5.3.6. The L2 Trim Grant command
shall describe the PCBds value that the ATU-C ssslto transmit a L2 exit sequence.
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9.4.1.8 Clear eoc messages

The clear eoc command may be used by the G.997ctidanto transfer management octets from
one ATU to another (see clause 6/G.997.1). The eleacommand may be initiated by either ATU
as shown in Table 9-24. The responses shall be tlengopmmand shown in Table 9-25. The clear
eoc command shall consist of multiple octets. Tret fictet shall be clear eoc command designator
shown in Table 9-3. The remaining octets shall bshasvn in Table 9-24. The clear eoc response
command shall be 2 octets. The first octet shaltheeclear eoc command designator shown in
Table 9-3. The second shall be as shown in Table. 9426 octets shall be sent using the format
described in 7.8.2.3 and using the protocol desdrib 7.8.2.4.

Table 9-24/G.992.3 — Clear eoc commands transmittday the initiating ATU

Message length Element name
(Octets) (Command)
variable 01s followed by the entire eoc message to be delivatede far end
All other octet values are reserved by the ITU-T.

Table 9-25/G.992.3 — Clear eoc command transmittda the responding ATU

Message length Element name
(Octets) (Command)
2 80, ACK
3 81,6 NACK followed by:

1 octet for reason code
All other octet values are reserved by the ITU-T.

Upon receipt of the clear eoc command, the ATUIgleapond with an acknowledgement (ACK)

message. The ATU shall deliver this message to tbal I6.997.1 management function. The
message is delivered transparently. Whatever faimgatvas applied by the G.997.1 management
function at the transmitting end is conveyed atrdeeiving end, e.g., block based format, variable
length command format. The ATU may also reply witNACK command with reason code Not

Supported (value Q4), indicating the clear eoc message cannot be afelivbecause the G.997.1

function does not support transport of physicaletapAM messages through the clear eoc
(see clause 6/G.997.1).

9.4.1.9 Non-standard facility overhead commands

The non-standard facility (NSF) overhead command bwysed to transfer vendor discretionary
commands from one ATU to another. The NSF overheathtand may be initiated by either ATU
as shown in Table 9-26. The responses shall be tlengpmmand shown in Tables 9-26 and 9-27.
The NSF overhead command shall consist of multiptets. The first octet shall be NSF overhead
command designator shown in Table 9-3 or Table Baé.command designator in Table 9-4 is for
lower priority commands that should not interrupe tflow of normal priority commands in
Table 9-3. The remaining octets of both standardlawdpriority messages shall be as shown in
Table 9-26. The NSF overhead response command halbbtets. The first octet shall be the NSF
overhead command designator shown in Table 9-3. &bens shall be as shown in Table 9-27.
The octets shall be sent using the format desciilhéd8.2.3 and using the protocol described in
7.8.2.4.
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Table 9-26/G.992.3 — Non-standard Facility (NSF) erhead
commands transmitted by the initiating ATU

Message length Element name
(Octets) (Command)
variable 015 followed by:

NSF identifier field
NSF message field

All other octet values are reserved by the ITU-T|

Table 9-27/G.992.3 — Non-standard Facility (NSF) evhead
transmitted by the responding ATU

Message length Element name
(Octets) (Command)
2 Command
80,5 ACK
2 8Ls NACK
All other octet values are reserved by the ITU-T|

Upon receipt of the NSF overhead command, the ATW@ll shespond with either an
acknowledgement (ACK) message or a negative acladgeiment message (NACK). The ACK is
used to indicate that the NSF identifier field eeognized. The NACK is used to indicate that the
NSF identifier field or NSF message field is natagnized.

The combination of the NSF identifier field and N®iessage field corresponds to a non-standard
information block as defined in Figure 11/G.994uithout the non-standard information length
octet. The NSF identifier field consists of 6 octdike first 2 octets are a country code as defined
by ITU-T Rec. T.35. The remaining 4 octets is a prexicbde as specified by the country identified
in ITU-T Rec. T.35. The NSF message field consists obdiets and contains vendor-specific
information. The length and syntax of the NSF mesdadd are not specified and are dependent
upon the NSF identifier.

9.4.1.10 Test parameter messages

The PMD test parameters read commands shall betasaccess the value of certain PMD test
parameters maintained by the far ATU in accordarite the description of the PMD function. The
local parameter values shall be retrieved as desitrin this subclause. The PMD test parameter
read command may be initiated by either ATU as shawTable 9-28. The responses shall be
using the command shown in Table 9-29. The PMD tastrpeter read command shall consist of a
two octets. The first octet shall be PMD test patameommand designator shown in Table 9-4.
The second octet shall be one of the values showiralole 9-28. The PMD test parameter read
response command shall be multiple octets. The dicset shall be PMD test parameter read
command designator shown in Table 9-4. The seconill avaespond to received management
counter read command. The remaining octets shalsb&hown in Table 9-29. The octets shall be
sent using the format described in 7.8.2.3 andguia protocol described in 7.8.2.4.
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Table 9-28/G.992.3 — PMD test parameter read
commands transmitted by the initiator

Message length Element name
(Octets) (Command)

3 01,6 Single Read followed by:
1 octet describing the test parameter id

3 02,6 Multiple Read Block followed by:
1 octet describing the subcarrier index

2 03 Next Multiple Read:
All other octet values are reserved by the ITU-T.

Table 9-29/G.992.3 — PMD test parameter read
command transmitted by the responder

Message length Element name
(Octets) (Command)
variable 81, followed by octets for the test parameter
(see Note) arranged for the single read format
12 82 followed by octets for the test parameters
arranged for the multiple read format
2 80 NACK
All other octet values are reserved by the ITU-T.
NOTE - Variable length equals 2 plus length showmable 9-30.

Upon receipt of one of the PMD test parameter i@admands, the receiving ATU shall transmit
the corresponding response message. If an unresahtest parameter is requested, the response
shall be a PMD test parameter command for NACK. flimetion of the receiving or transmitting
ATUs is not otherwise affected.

The PMD test parameters are all derived accordinghé procedures in the PMD function
sub-clause of this Recommendation. Following ih#&ion, the PMD shall maintain training test
parameters until the overhead command for updat@sgameters is received.

The parameters are transferred in the order andatodefined in Table 9-30. During a test
parameter read command for single read, all inftiondor the test parameter is transferred. If the
test parameter is an aggregate parameter, onlyauoe is transferred. If the test parameter has a
value per subcarrier, then all values are transfiefrom subcarrier index #0 to subcarrier index
#NSC- 1 in a single message. The format of the octetsidescribed in PMD subclause. Values
that are formatted as multiple octets shall bertedein the response message most significant to
least significant octet order.

During a test parameter read command for multigéel ror next, information for all test parameters
associated with a particular subcarrier as aresteared. Aggregate test parameters are not
transferred with the PMD test parameter read conairian multiple read or next. The subcarrier
used for a PMD test parameter read command foripfaultead shall be the subcarrier contained
within the command. This subcarrier index shall heesl. Each subsequent PMD test parameter
command for next shall increment and use the sauddtarrier index. If the subcarrier index
reachedNSC the response shall be a PMD test parameter cothfioaiNACK. The per subcarrier
values are inserted into the message accordingetomumeric order of the octets designators show
in Table 9-30. The format of the octets is as desdrin PMD subclause of this Recommendation.
Values that are formatted as multiple octets sballinserted in the response message most
significant to least significant octet order.
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Table 9-30/G.992.3 — PMD test parameter ID values

Test Length for Length for
Test parameter name : .
parameter 1D single read multiple read

0146 Channel Transfer Functidflog(f) per subcarrief 2 + NSCx 2 octets 4 octets

025 Reserved by ITU-T

0346 Quiet Line Noise PSIQLN(f) per subcarrier 2 NSCoctets 3 octets

0446 Signal to noise rati8NR(f)per subcarrier 2 NSCoctets 3 octets

055 Reserved by ITU-T

215 Line AttenuatiorLATN 2 octets N/a

2246 Signal AttenuatiolsATN 2 octets N/a

235 Signal-to-Noise MargiisNRM 2 octets N/a

245 Attainable Net Data RateTTNDR 4 octets N/a

2545 Near-end Actual Aggregate Transmit Power 2 octets N/a
ACTATP

2646 Far-end Actual Aggregate Transmit Power 2 octets N/a
ACTATP

In transferring the value of the channel transterction Hlog(f), the measurement time shall be
inserted into the message, followed by the vatugsee 8.12.3.1). The measurement time is
included only once in a PMD test parameter respdossingle read. The measurement time is
included in each response for multiple read or nexitiple read.

In transferring the value of the quiet line nof3eN(f), the measurement time shall be inserted into
the message, followed by thesalue (see 8.12.3.2). The measurement time isdedwnly once in

a PMD test parameter response for single readnidesurement time is included in each response
for multiple read or next multiple read.

In transferring the value of the signal-to-noiseo@SNR(J, the measurement time shall be inserted
into the message, followed by ther value (see 8.12.3.3). The measurement time isdediwnly
once in a PMD test parameter response for singlé. lthe measurement time is included in each
response for multiple read or next multiple read.

The values for test parameters defined with fewesr thian shown in Table 9-30, shall be inserted
into the message using the least significant Bitk@two octets. Unused more significant bits kshal
be set to 0 for unsigned quantities and to theevafuithe sign bit for signed quantities.

9.4.1.10.1 Single read command

Aggregate test parameters shall be retrieved uairgingle read and response procedure. Per
subcarrier test parameters may be exchanged imitaisimanner with a single read and response
exchanged used to exchange all values for a tesingder, starting from subcarrier ON&C

9.4.1.10.2 Multiple read protocol with next

Per subcarrier exchange parameters may also bearmy@th using shorter messages. The first
command retrieves each test parameter for a rezisgbcarrier. A subsequent command retrieves
all subcarrier test parameters for the next sulmarAn invalid response is used to indicate a
subcarrier index out of range or when the end efstibcarrier list has been reached.
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9.5 Power management

The MPS-TC function defines a set of power managestates for the ADSL link and the use of
the overhead messages to coordinate power managbetereen the ATUs. Power reduction can
be achieved by minimizing the energy transmittedti®y ATU onto the U-C and U-R reference
points as well as by reducing the power consumeth®ATU (e.g., reducing clock speed, turning
off drivers). This paragraph defines a set of stah¥SL link states between the ATU-R and
ATU-C by specifying the signals that are active loa link in each state. In addition, link transition
events and procedures are defined in this paragrBipd details of the ATU coordination with

system power management functions are outsidectipef this Recommendation.

The need for transitions in link power state maydbeermined by receiving primitive indications
from the local PMS-TC and PMD functions, as well raseiving messages from the remote
MPS-TC unit. Transitions are effected by setting amntariables for the local TPS-TC, PMS-TC,
and PMD functions as well as sending message®trethote MPS-TC unit.

95.1 ADSL link states

An ATU shall support the ADSL link states shown agnatatory in Table 9-31. These states are
stable states and are generally not expected tiabsitory.

Table 9-31/G.992.3 — Power management states

State Name Support Description
LO Full On Mandatory | The ADSL link is fully functiah
L2 Low Power| Mandatory| The ADSL link is active but a low power signal coypiveg

background data is sent from the ATU-C to the ATUARhormal
data carrying signal is transmitted from the ATUWeRhe ATU-C.

L3 Idle Mandatory | There is no signal transmitted at the U-C and W&ference points.
The ATU may be powered or unpowered in L3.

States L1 and L4 to L127 are reserved for use by-TT $tates L128 to L255 are reserved for
vendor specific implementation.

9.5.1.1 Full on LO state

During the LO link state, the ATUs shall operateading to the Power Management subclauses of
clauses 6, 7 and 8. In the LO link state, the MPSsh@éll function using all procedures described
in 9.4.

During the LO link state, error recovery is througk initialization procedures defined in clauses 6
7 and 8. At the start of these procedures, the Alrid_state is changed to L3.

9.5.1.2 Low power L2 state

During the L2 link state, the ATUs shall operateading to the Power Management subclauses of
clauses 6, 7 and 8. In the L2 link state, the MPSshéll function using all procedures described in
9.4 except 9.4.1.1. Messages described in 9.4hAlLrsot be transmitted.

During link state L2, if the ATU-R determines thab#swapping would be needed, the ATU-R
shall cause a transition back to link state LO gighre procedure described in 9.5.3.5. Likewise, if
the ATU-C determines that a bitswapping would bedede the ATU-C shall cause a transition
back to LO using the procedure described in 9.5.3.4

In the link state L2, the ATU-C may initiate a powem procedure described in 9.5.3.6. The
ATU-C should monitor ATU-R test parameters througkrbead messages described in 9.4.1.10 to
know when use of the trim procedure is appropriate.
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During the link state L2, the ATU-C shall monitoretiPS-TC and PMS-TC interfaces for the
arrival of primitives that indicate data rates Erghan the reduced data rates that must be
transported to the ATU-R. When this condition isedétd, the ATU-C shall use the low power exit
procedure described in 9.5.3.4.

Error recovery is through the initialization procestidefined in clauses 6, 7 and 8. At the start of
these procedures, the ADSL link state is changetl3o

9.5.1.3 Idle L3 state

Upon the ATU completing the SELFTEST procedures, asvsho Figures D.1 and D.2, the link
state is set to the Idle L3 state (not upon reagfiphe self test command). During the L3 link stat
the ATUs shall operate according to the Power Mamage subclauses of clauses 6, 7 and 8. In the
L3 link state, the MPS-TC has no specified function

In the L3 link state, an ATU may determine to use thitialization procedure. An ATU that
receives a higher layer signal to activate shadlthe initialization procedure defined in clauseg 6
and 8. An ATU that detects the signals of the ih#&ion procedure at the U reference point, if
enabled, shall respond by using the initializappoocedure. If disabled, the ATU shall remain in L3
link state.

NOTE — The Idle L3 state is a link state. The IdBlink state should not be confused with the ATthkess
C-IDLE or R-IDLE as shown in Figures D.1 and D.8pectively.

9.5.2  Stationarity control mechanism

ATU-C PMD control parameters provide means to camgthe minimum duration within link
state LO (before transition to a different linktedaand the minimum duration within link state L2
before using the power trim procedure. This L2 mummdoes not restrict the use of the fast exit
power procedures. The minimum link state duratioay aepend on the amount of power cutback
to be applied.

ATU-C PMD control parameters also provide meansottfigure the maximum aggregate transmit
power reduction that is allowed in any single L& lpower trim request.

9.5.3 Link state transitions

Link state transitions can be initiated by varipusnitives received within the MPS-TC. Primitives
may arise from MPS-TC, TPS-TC, PMS, and PMD functispscified in this Recommendation
and from events outside this Recommendation's scbmsitions may be grouped into several
categories that potentially lead to link transison

. Local conditions — One or more primitives areeieed from local TPS-TC, PMS-TC, or
PMD function and satisfy conditions that can caasstate transition. Upon successful
execution of the transition procedure, the linkiestss changed. Unsuccessful procedure
does not result in a link state change.

. Local command — A local command from higher layenctions is received by the
MPS-TC and results in an unconditional request tongk states. The reason for requesting
a change state is outside the scope of the Recodatien.

. Remote command — A command from remote MPS-TCtimmgs received and can cause
a state transition. The reason for requesting e shange may be remote conditions or a
remote command.

The allowed state transitions are listed in Table29#@hd each is assigned a label string. The
labeled power management transitions are showiguré9-5.
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Figure 9-5/G.992.3 — ADSL link power management stes and transitions

Table 9-32/G.992.3 — Power management states andrtsitions

Starting

Resulting

Label state state Event Procedure
TOa LO L2 Local command to Following this event, the ATUs shall use the
ATU-C procedure for entering low power state in 9.5.8.3.
TOb LO L3 Local command to | Following this event, the ATUs shall use the
either the ATU-C or | orderly shutdown procedure in 9.5.3.1.
ATU-R
TOc LO L3 ATU-R PMD asserts | Following the Ipr primitive at the ATU-R, the
Ipr primitive ATUs shall use the disorderly shutdown
procedure in 9.5.3.2.
T2a L2 LO Local primitives at Following these local primitives, the ATUs shall
ATU-C or ATU-R use the low power exit procedure in 9.5.3.4.
T2b L2 L3 ATU-R PMD asserts | Following the Ipr primitive at the ATU-R, the
Ipr primitive ATUs shall use the disorderly shutdown
procedure in 9.5.3.2.
T3a L3 LO Local ATU command The ATUs shall use the initialization procedurgs
as defined in clauses 6, 7 and 8.
9.5.3.1  Orderly shutdown procedure

A higher layer entity at the ATU-C or ATU-R may imite the transition to L3 labeled TOb by
providing a command to the MPS-TC function. This $raon should be used for orderly power

down procedure.

When initiated by the ATU-C, the following stepscac

The ATU-C sends a Power Management request commaggbage containing the
proposed new link state L3.

1)
2)

3)

The ATU-R responds with either a grant message @ject message (including a reason

code).

If the ATU-C receives the grant message, the AT 6hall coordinate the transition to link
state L3 using the procedures defined in clausésafd 8.
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4) When the ATU-R observes the stopped transmissioresponding to the link state L3, it
also shall coordinate the transition to link stai® using the procedures defined in
clauses 6, 7 and 8.

When initiated by the ATU-R, the following stepscac

1) The ATU-R sends a Power Management request commagsbage containing the
proposed new link state L3.

2) The ATU-C responds with either a grant messagereject message.

3) If the ATU-R receives the grant message, the AR Bkops transmitting.

4) When the ATU-R observes the stopped transmisgiatgso stops transmitting.

9.5.3.2 Disorderly shutdown procedure

The ATU-R may initiate the transitions to L3 labelgat and T2b. These transitions should only be
used if power is unexpectedly removed from the ATU-R

Upon detection of the near-end loss of power (fpinitive by the ATU-R, it shall send the Ipr
indicator bit at least 3 consecutive times prioctmrdinating the transition to link state L3 using
the procedures defined in clauses 6, 7 and 8. dptection of the far-end Ipr primitive followed by
the near-end loss of signal (LOS) defect, the ATYh@ll coordinate the transition to link state L3
using the procedures defined in clauses 6, 7 and 8.

9.5.3.3 Low power entry procedure

A higher layer entity at the ATU-C may initiate th@nsition to L2 labeled T2a by providing a
command to the MPS-TC function.

The following steps occur to successfully signahemtto the L2 link state:

1) The ATU-C sends a power management L2 request emohrmessage containing the
parameters defined in Table 9-21.

2) The ATU-R shall respond with an L2 grant messag#aining the parameters defined in
Table 9-22. The ATU-R may also respond with a L2 tepeessage by supplying a reason
code defined in Table 9-23 (see 9.4.1.7.3).

3) If the ATU-C receives the L2 grant message, ti&# shall coordinate the entry into the
L2 link state using procedures defined in clauses#hd 8.

9.5.3.4 ATU-C initiated low power fast exit procedte

During the L2 link state, the ATU-C can use the jpower exit procedure to signal the return to the
LO link state. For this purpose, a PMD L2 exit senee is defined in 8.7.

The following steps occur to successfully signalimeto the link state LO:
1) The ATU-C shall transmit a PMD L2 exit sequenceéefined in 8.7.

2) After transmitting the PMD L2 exit sequence, &BU-C shall coordinate the exit from the
L2 into the LO link state using procedures defimedlauses 6, 7 and 8.
3) Upon detection of the L2 exit sequence, the ATWHRIl coordinate the exit from the

L2 into the LO link state using the proceduresmkddiin clauses 6, 7 and 8.

9.5.3.5 ATU-R initiated low power exit procedure

During the L2 link state, the ATU-R can use the lpower exit procedure to change to the LO link
state. For this purpose, an overhead power manageewiest command is defined.

The following steps occur to successfully signalmeto the link state LO:

1) The ATU-R sends an overhead power managementsiegessage containing the request
to transition to link state LO.
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2) The ATU-C shall grant the request using the exgcianism described in the ATU-C
initiated low power exit procedure in 9.5.3.4.

9.5.3.6 Low power trim procedure

During the L2 link state, the ATU-C can use the lpgwer trim procedure to reduce downstream
power of all bins constant power reduction value.

The following steps occur:

1) The ATU-C sends a power management L2 trim commaedsage containing the
parameters defined in Table 9-21.

2) The ATU-R shall respond with an L2 trim grant naggscontaining the parameters defined
in Table 9-22. The ATU-R may also send the L2 trineecejcommand by supplying a
reason code defined in Table 9-23 (see 9.4.1.7.4).

3) If the ATU-C receives the L2 trim grant message, ATUs shall coordinate the change to
the L2 link state using procedures defined in 8.7.

The ATUs shall not modify the stored LO control pagesens during this procedure.

If the ATU-C needs to use the ATU-C initiated low movexit procedure, the ATU-C shall not send
the Synchflag in response to trim grant messag@e aft L2 exit sequence is initiated (i.e., after th
first L2 exit symbol is transmitted, see 8.7.6).

If an L2 exit sequence immediately follows the céetipn of the low power trim procedure, the L2
exit sequence shall be transmitted using the Li@e@ar L2 control values of the PMD (depending on
thebi/g; flag defined in 8.7.2 and 9.4.1.7.3).

10 Dynamic behaviour

The ATUs contain several dynamic behaviours, inclgdmtialization, on-line reconfigurations
and power management transitions. The control o&ohya behaviour of G.992.3 transceivers is not
easily seen from the block diagrams of the TPS-TCSPNL, and PMD functions (shown in
Figure 5-1). However, the control flows are proddby the Recommendation to enable the
following types of dynamic behaviours.

10.1 Initialization

Initialization is a special case of a power manag@ntransition and is used to enter the LO state.
The allowed procedures for moving into the LO litkts are described in 9.5.3. Initialization is also
used as an error recovery procedure in all lintesta

Transceiver initialization may be caused by higlaget functions external to the ATUs or by error
condition internal to the modems. From the perspeadf the local ATU, high layer signals or
commands will cause the modem to start the iratiion sequence. In addition, the local ATU may
start the initialization procedure in responsedtedtion of U reference point signals.

10.2  On-line Reconfiguration (OLR)

On-line reconfiguration is a powerful feature oistRecommendation. It is provided so the ATUs
can autonomously maintain operation within limietx by control parameters during times when
line or environment conditions are slowly changiMyhen the control parameters cannot be
maintained through autonomous on-line reconfigargtan error condition occurs.

On-line reconfiguration is also used to optimise Asettings following initialization, especially
when using the fast initialization sequence thgqtines making faster estimates during training.

In addition, higher layer data, management, andtrebriunctions can make use of on-line
reconfiguration. In these cases, the on-line ragardtion is associated with various application
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options of ADSL.

10.2.1 Types of on-line reconfiguration

Reconfiguration takes three forms, although theigdesion of these forms is primarily for
convenience of description. The forms of on-lineordguration are: Bit Swapping (BS), Dynamic
Rate Repartitioning (DRR) and Seamless Rate Adapté&RA).

Bit Swapping (BS) reallocates data and power (m&rgin) among the allowed subcarriers without
modification of the higher layer features of theygibal layer. Bit Swapping reconfigures the bits
and fine gainlg, g) parameters without changing any other PMD or PMISeontrol parameters.
After a Bit Swapping reconfiguration the total datde &L,) is unchanged and that data rate on
each latency pathLf) is unchanged. Because bit swapping is used fnamous changes to
maintain the operating conditions for the modemrduchanging environment conditions, BS is a
mandatory feature. The procedure for BS is defimthe OLR message command subclause in
9.4.1.1 and shall be implemented using Type 1 OleRsages.

Dynamic Rate Repartitioning (DRR) is used to rempnk the data rate allocation between multiple
latency paths by modifying the frame multiplexontol parametersL{). DRR can also include
modifications to the bits and fine gail,(g) parameters, reallocating bits among the subcarrie
DRR does not modify the total data raf# ) but does modify the individual latency path dates
(Lp). DRR can include a change in the number of odteta frame bearerr#per Mux Data Frame
on latency pathgt i.e., inB, , Because DRR is used in response to higher layamamds, DRR is
an application option. The ability to support DRRidentified during the initialization procedure.
The procedure for DRR is defined in the OLR messagemand subclause in 9.4.1.1 and shall be
implemented using Type 2 OLR messages.

Seamless Rate Adaptation (SRA) is used to recomfithe total data rat&l(,) by modifying the
frame multiplexor control parameterkp) and modifications to the bits and fine gaits ()
parameters. Since the total data rate is modifieteast one latency path (or more) will have a new
data ratel(,) after the SRA. The number of frame bearer octetsMux Data Frame can also be
modified in SRA transactions. Because SRA is usa@sponse to higher layer commands, SRA is
an application option. The ability to support SRAiIdentified during the initialization procedure.
Any ATU that implements the optional PMD short ialtzation procedure should implement SRA
operations. The procedure for SRA is defined in@d&R message command subclause in 9.4.1.1
and shall be implemented using Type 3 OLR messages.

10.2.2 On-line reconfiguration procedures

The procedure for reconfiguration of the PMD funcfois begun by the transport of control
messages between the ATU control entities, oveupiséream and/or downstream PMS-TC control
signals. The control messages that shall be useéafdh of these PMD parameter reconfiguration
types is defined in 9.4.1.1. The messages deschiberdquested changes to the upstream or
downstream TPS-TC, PMS-TC or PMD functions. After tbatrol messages have been sent, the
transmit PMS-TC function generates a PMD.Synchfeagiest primitive, resulting in the transmit
PMD function transporting the Synchflag over thetérface as a time marker for when the on-line
reconfiguration takes effect. Following the recgofiation, each PMD function notifies the
PMS-TC function of the reconfiguration with a PMDrsflag primitive; the transmit
PMD function uses a .confirm primitive and the ieed?MD function uses a .indicate primitive.

10.2.2.1 Receiver initiated procedure

A successful receiver initiated reconfiguration tfesfollowing steps (see Figure 10-1):

1) If the reconfiguration procedure is initiated ttne ATU's control or management function,
a PMD.Reconfig.indicate primitive is used to triggereconfiguration of the receive PMD
function to the newL value. The receiving ATU's control or managememicfion uses
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2)

3)

4)

5)

6)

7)

8)

9)

similar primitives to pass new control parametetuga to the receive TPS-TC and
PMS-TC functions, if these functions are involvedhia reconfiguration.

The receive PMD function sends a PMD.Control.estjyprimitive to the receiving ATU's
control function, carrying the new values of the-dad transmit PMD function's control
parameters. This primitive may be sent autonomo@sfgh unchangedL value, i.e.,
receiver initiated bitswap) or in response to a PRKEXonfig.indicate primitive
(with change ot value, i.e., receiver initiated rate adaptation).

The receiving ATU's control function sends theassary control messages describing the
new values of the transmit PMD function control graeters to the transmitting ATU's
control function. These messages may also includenfeyuration of TPS-TC and
PMS-TC function control parameters.

The receiving ATU's control function sends a PMantol.confirm primitive to the
receive PMD function, which then waits for a PMDnSflag to be received from the
transmit PMD function.

When the control messages have been successéaiyved by the transmitting ATU's
control function, the transmitting ATU's control fitton sends a PMD.Control.indicate
primitive to the transmit PMD function, carryingetmew values of the transmit PMD
function control parameters. The transmitting ATU'snteol function uses similar
primitives to pass new control parameters valueth&o TPS-TC and PMS-TC transmit
functions, if these functions are involved in teeanfiguration.

The transmit TPS-TC sends a Frame.Synchflag.requiesitive to the transmit PMS-TC
function, which sends a PMD.Synchflag.request gimito the transmit PMD function as
an indication that the TPS-TC and PMS-TC transmittions are ready to be reconfigured.

The transmit PMD function transmits the PMD.Syftagh primitive on the line as defined
in 8.7, as a time marker for the instant where rimonfiguration will take place. The
PMD.Synchflag primitive is received by the receR#&ID function. This primitive may be
sent autonomously by the transmit PMD functionhé {TPS-TC and PMS-TC transmit
functions are not involved in the reconfiguration.

At the instant the reconfiguration takes plasse(8.16.2), the transmit PMD function sends
a PMD.Synchflag.confirm primitive to the transmiMB-TC function, which sends a
Frame.Synchflag.confirm primitive to the transmitSFPC function as a time marker for
the instant where the reconfiguration takes pl&oe.the transmit PMD function, this is the
symbol boundary where the size of data frames vedefrom the PMS-TC (with the
PMD.Bits.confirm primitive) changes.

At the instant the reconfiguration takes plasee(8.16.2), the receive PMD function sends
a PMD.Synchflag.indicate primitive to the receiv$TC function, which sends a
Frame.Synchflag.indicate primitive to the receivesTRC function as a time marker for the
instant where the reconfiguration takes place. therreceive PMD function, this is the
symbol boundary where the size of data frames e&d to the PMS-TC (with the
PMD.Bits.indicate primitive) changes.
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Figure 10-1/G.992.3 — Steps involved in the recenmitiated on-line reconfiguration

10.2.2.2 Transmitter initiated procedure
A successful transmitter initiated reconfiguratias the following steps (see Figure 10-1):

1) The transmitting ATU's control or management fimmctsends all necessary control
messages describing the new boundary conditionthéfPS-TC and/or PMS-TC function
control parameters to the receiving ATU's controhction (shown as step 0 in
Figure 10-1).

2) The reconfiguration is initiated from the recatyiATU's control function (shown as
steps 1 to 9 in Figure 10-1).

This Recommendation supports receiver initiated Qiriy. It does not provide for overhead
messages to accomplish step 1. Other Recommenslatiay provide a mechanism to convey the
necessary control information from the transmittethe receiver to accomplish step 1, which then
may be followed by step 2 according to procedusgmdd in this Recommendation.

10.3  Power management

Power management includes several dynamic behaviodlt of the transitions for power
management are defined in 9.5. Many of the behawviate caused by local or remove higher layer
signals and commands. A few of the transitions aaesed by local conditions and can occur
autonomously without intervention of higher layers.

10.3.1 Types of power management transitions
The 9.5 identifies power management link state ttians:

. Entry into Low Power State L2 from LO State, whidianges thé; and/org; values and
thelL value;

. Exit from Low Power State L2 into LO State, whicanges thé; and/org; values and the
L value;

. L2 Low Power Trim (while in Low Power L2 State)high changes the PCBds value,

without changing thé; value and thé value.
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10.3.2 Power management procedures

The procedure for a power management transitioregai by the transport of control messages
between the ATU control entities, over the upstreard/or downstream PMS-TC control signals.
The control messages that shall be used for a pmaeagement transition are defined in 9.4.1.7.
The messages describe the requested changes towmestceam TPS-TC, PMS-TC or PMD
functions. After the control messages have beety sem transmit PMS-TC function generates a
PMD.Synchflag.request primitive, resulting in theansmit PMD function transporting the
synchflag over the U interface as a time markeriben the power management transition takes
effect (see 8.17.2). Following the power managentamisition in the PMD sublayer, each PMD
function notifies the PMS-TC function of the poweamagement transition with a PMD.Synchflag
primitive; the transmit PMD function uses a .comfiprimitive and the receive PMD function uses a
Indicate primitive.

10.3.2.1 Receiver initiated procedure

A successful receiver initiated power managemeransition has the following steps
(see Figure 10-2):

1) If the procedure for a power management tramsiis initiated by the ATU's control or
management function, a PMD.Reconfig.indicate pnreitis used to trigger a power
management transition of the receive PMD functi®he receiving ATU's control or
management function uses similar primitives to psss control parameters values to the
receive TPS-TC and PMS-TC functions, if these funsti@me involved in the power
management transition.

2) The receive PMD function sends a PMD.Control.estjyrimitive to the receiving ATU's
control function, carrying the new values of the-éad transmit PMD function's control
parameters. This primitive may be sent autonomo(sly exit to allow for subsequent
receiver initiated bitswap) or in response to a PREzonfig.indicate primitive (L2 exit to
allow for subsequent receiver initiated rate adamteor L2 entry or L2 trim).

3) The receiving ATU's control function sends theassary control messages describing the
new values of the transmit PMD function control graeters to the transmitting
ATU's control function. These messages may also decheconfiguration of TPS-TC and
PMS-TC function control parameters.

4) The receiving ATU's control function sends a PMantol.confirm primitive to the
receive PMD function, which then waits for a PMDnSflag to be received from the
transmit PMD function.

5) When the control messages have been successfalyved by the transmitting ATU's
control function, the transmitting ATU's control fition sends a PMD.Control.indicate
primitive to the transmit PMD function, carryingetmew values of the transmit PMD
function control parameters. The transmitting ATU'snteol function uses similar
primitives to pass new control parameters valuesh&eo TPS-TC and PMS-TC transmit
functions, if these functions are involved in tleevyer management transition.

6) The transmit TPS-TC sends a Frame.Synchflag.requiesitive to the transmit PMS-TC
function, which sends a PMD.Synchflag.request gnmito the transmit PMD function as
an indication that the TPS-TC and PMS-TC transmittions are ready to be reconfigured.

7) The transmit PMD function transmits the PMD.Syftag primitive on the line as defined
in 8.7, as a time marker for the instant wheregbeer management transition will take
place. The PMD.Synchflag primitive is received by threceive PMD function. This
primitive may be sent autonomously by the tranddMD function if the TPS-TC and
PMS-TC transmit functions are not involved in thevpo management transition.
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8) At the instant the power management transitaeds place (see 8.17.2), the transmit PMD
function sends a PMD.Synchflag.confirm primitive tloe transmit PMS-TC function,
which sends a Frame.Synchflag.confirm primitivethle transmit TPS-TC function as a
time marker for the instant where the power managenransition takes place. For the
transmit PMD function, this is the symbol bounda#yere the size of data frames received
from the PMS-TC (with the PMD.Bits.confirm primitivehanges.

9) At the instant the power management transitakes place (see 8.17.2), the receive PMD
function sends a PMD.Synchflag.indicate primitieehe receive PMS-TC function, which
sends a Frame.Synchflag.indicate primitive to teeeive TPS-TC function as a time
marker for the instant where the power managemansition takes place. For the receive
PMD function, this is the symbol boundary where $iee of data frames delivered to the
PMS-TC (with the PMD.Bits.indicate primitive) charsge

TXTPS-TC RX TPS-TC

(6)

(8) 9)

Frame.| Frame. Frame.
Synchflag. Synchflag. TX initiated Synchflag|
request| confirm (0) control indicate

¥ | I _Messages__
W RX W
(3 initiated
RX
@) Control @) ~ ATU
PMD. | PMD. PMD. @) e CTLMGT
Synchflag. Synchflag. Synchflag] re ueslt entity
request| confirm indicate q
PMD. @)
Synchflag PMD.
TX PMD RX PMD (4) control.
confirm
G.992.3_F10-2
PMD. PMD.
Config. (5) (1) Reconfig.
indicate indicate

Figure 10-2/G.992.3 — Steps involved in the receive
initiated power management transition

10.3.2.2 Transmitter initiated procedure

A successful transmitter initiated power managenramisition has the following steps:

1) The transmitting ATU's control or management fiomctsends all necessary control
messages describing the new boundary conditionghéoPMS-TC and/or PMD function
control parameters to the receiving ATU's controhction (shown as step 0 in
Figure 10-2).

2) The power management transition is initiated fribv@ receiving ATU's control function
(shown as steps 1 to 9 in Figure 10-2).

When entering the L2 state, the ATU-C and ATU-R sk#dire the LO state control parameter
values. An ATU-C initiated Exit from L2 into LO inles only the steps 5 to 9 shown in
Figure 10-2.
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Annex A

Specific requirements for an ADSL system operating
in the frequency band above POTS

This annex defines those parameters of the ADSlesyshat have been left undefined in the body
of this Recommendation because they are uniquen tARSL service that is frequency-division
duplexed with POTS.

Al ATU-C functional characteristics (pertains to dause 8)

A.1.1 ATU-C control parameter settings

The ATU-C Control Parameter Settings to be used éenparameterized parts of the main body
and/or to be used in this annex are listed in TAble Control Parameters are defined in 8.5.

Table A.1/G.992.3 — ATU-C control parameter setting

Parameter Default setting Characteristics
NSCds 256
NOMPSDds —40 dBm/Hz Setting may be changed relative to this value du@rzp4.1

phase, see 8.13.2.

MAXNOMPSDds | —40 dBm/Hz Setting may be changed relative to this value du@rzp4.1
phase, see 8.13.2.

MAXNOMATPds | 20.4 dBm Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

A.1.2 ATU-C downstream transmit spectral mask for @erlapped spectrum operation
(supplements 8.10)

The passband is defined as the band from 25.87504 &Hz and is the widest possible band used
(i.e., for ADSL over POTS implemented with overlagpgpectrum). Limits defined within the
passband apply also to any narrower bands used.

Figure A.1 defines the spectral mask for the transignal. The low-frequency stop-band is
defined as frequencies below 25.875 kHz and induttee POTS band, the high-frequency
stop-band is defined as frequencies greater th@a RHiz.
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PSD in

—36.5 dBm/H k PSD
dBm/Hz m/hz pea —36 dB/octave

21 dB/octave
—90 dBm/Hz peak PSD

—50 dBm power in any
1 MHz sliding window

—97.5 peak/ —92.5 dBm/Hz peak PSD above 4545 kHz
+15 dBrn/
0-4 kHz
—
0 4 25.875 1104 3093 4545 11 4! reguency
in kHz
G.992.3_FA.1
Frequency bandf (kHz) Equation for line (dBm/Hz)
0<f<4 —97.5, with max power in the in 0-4 kHz band of5+dBrn
4<f<25.875 —92.5 + 21 x log(f/4)
25.875<f<1104 -36.5
1104<f< 3093 —36.5 — 36 x log(f/1104)
3093<f< 4545 —90 peak, with max power in thgf+ 1 MHz] window of
(-36.5 — 36 x log(f/1104) + 60) dBm
4545<f<11 040 —90 peak, with max power in thg {+ 1 MHz] window of —50 dBm

NOTE 1 — All PSD measurements are in IDdhe POTS band total power measurement is incb00

NOTE 2 — The breakpoint frequencies and PSD vaueexact; the indicated slopes are approximate.

NOTE 3 — Above 25.875 kHz, the peak PSD shall basmesd with a 10 kHz resolution bandwidth.

NOTE 4 — The power in a 1 MHz sliding window is reeeed in a 1 MHz bandwidth, starting at the measerd frequency.
NOTE 5 — The step in the PSD mask at 4 kHz is ¢degt V.90 performance. Originally, the PSD mashtitwed the

21 dB/octave slope below 4 kHz hitting a floor 8f7-5 dBm/Hz at 3400 Hz. It was recognized that mhight impact V.90
performance, and so the floor was extended to 4 kHz

NOTE 6 — All PSD and power measurements shall bdenadithe U-C interface (see Figures 5-4 and BiB)signals delivered tg
the PSTN are specified in Annex E.

Figure A.1/G.992.3 — ATU-C transmitter PSD mask fooverlapped spectrum operation

A.1.2.1 Passband PSD and response

There are three different PSD masks for the ATU-@simat signal, depending on the type of signal
sent. Across the whole passband, the transmit R8€& thall not exceed the maximum passband
transmit PSD level, defined as:

. NOMPSDdst+ 1 dB, for initialization signals up to and indlag the Channel Discovery
Phase;

. REFPSDds+ 1 dB, during the remainder of initializationading with the Transceiver
Training Phase;

. MAXNOMPSDds- PCBds+ 3.5 dB, during showtime.

The group delay variation over the passband shakxwmeed 50 us.

The maximum passband transmit PSD level allows fardB of non-ideal transmit filter effects
(e.g., passband ripple and transition band rolloff)

For spectrum management purposes, the PSD temmatenal passband transmit PSD level is
—40 dBm/Hz.
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A.1.2.2 Aggregate transmit power

There are three different PSD masks for the ATU-@simat signal, depending on the type of signal
sent (see A.1.2.1). In all cases,

. the aggregate transmit power in the voicebandisumed at the U-C interface, and that is
delivered to the Public Switched Telephone Netwd&TN) interface shall not exceed
+15 dBrn (see ITU-T Rec. G.996.1 [3] for method ofasi@ement);

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPds-PCBdg by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not exc€el @Bm.

. the aggregate transmit power over the 0 to 11.848z band, shall not exceed
(MAXNOMATPds- PCBdg by more than 0.9 dB, in order to account fordeal transmit
power in the stop bands and implementational tots.

The power emitted by the ATU-C is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLowihply with applicable national requirements
on emission of electromagnetic energy.

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 20.4 dBm.

A.1.3 ATU-C transmitter PSD mask for non-overlappedspectrum operation
(supplements 8.10)

Figure A.2 defines the spectral mask for the ATUWr&hsmitted signal, which results in reduced
NEXT into the ADSL upstream band, relative to the knasA.1.2. Adherence to this mask will, in
many cases, result in improved upstream performahtlke other ADSL systems in the same or
adjacent binder group, with the improvement dependgpon the other interferers. This mask
differs from the mask in A.1.2 only in the bandrfrd kHz to 138 kHz.

The passband is defined as the band from 138 to kH@4 Limits defined within the passband
apply also to any narrower bands used.

The low-frequency stop-band is defined as frequenbiglow 138 kHz and includes the POTS
band, the high-frequency stop-band is definedepuigncies greater than 1104 kHz.
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A

PSDin
dBm/Hz —36.5 dBm/Hz peak PSD

—36 dB/octave

36 dB/octave ~ /

—44.2 dBm/Hz peak PSD —90 dBm/Hz peak PSD

4.63 dB/octave —-50 dBm power in any

- 1 MHz sliding window
—97.5 peak —72.5 dBm/Hz peak PSD above 4545 kHz
+15 dBrn
0-4 kHz

——
—92.5 dBm/Hz peak PSD
0 4 80 138 1104 3093 4545 11 040 1SN
G.992.3_FA.2
Frequency bandf (kHz) Equation for line (dBm/Hz)
0<f<4 —97.5, with max power in the in 0-4 kHz band of5+dBrn
4<f<80 —92.5 + 4.63 x log(f/4)
80<f<138 —72.5 + 36 x log (f/80)
138<f<1104 -36.5
1104<f< 3093 —36.5 — 36 x log(f/1104)
3093<f< 4545 —90 peak, with max power in thgf+ 1 MHz] window of
(—36.5 — 36 x log(f/1104) + 60) dBm
4545<f<11 040 —90 peak, with max power in the {+ 1 MHz] window of —50 dBm

NOTE 1 — All PSD measurements are in {Ddhe POTS band total power measurement is inc600

NOTE 2 — The breakpoint frequencies and PSD vaueexact; the indicated slopes are approximate.

NOTE 3 — Above 25.875 kHz, the peak PSD shall basmesd with a 10 kHz resolution bandwidth.

NOTE 4 — The power in a 1 MHz sliding window is reeeed in a 1 MHz bandwidth, starting at the measerd frequency.

NOTE 5 — The step in the PSD mask at 4 kHz is ¢deggt V.90 performance. Originally, the PSD mashtitwed the

21 dB/octave slope below 4 kHz hitting a floor 8f7-5 dBm/Hz at 3400 Hz. It was recognized that mhight impact V.90
performance, and so the floor was extended to 4 kHz

NOTE 6 — All PSD and power measurements shall bdenadithe U-C interface (see Figures 5-4 and BiB)signals delivered tg
the PSTN are specified in Annex E.

Figure A.2/G.992.3 — ATU-C transmitter PSD mask
for non-overlapped spectrum operation

A.1.3.1 Passband PSD and response
See A.1.2.1.
A.1.3.2 Aggregate transmit power

See A.1.2.2. In addition, for non-overlapped spautroperation, the aggregate transmit power
across the whole passband shall not exceed 20.4 dBm

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 19.9 dBm.

A.2 ATU-R functional characteristics (pertains to dause 8)
A.2.1 ATU-R control parameter settings

The ATU-R Control Parameter Settings to be used enprameterized parts of the main body
and/or to be used in this annex are listed in TAl?e Control Parameters are defined in 8.5.
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Table A.2/G.992.3 — ATU-R control parameter setting

Parameter Default Setting Characteristics

NSCus 32

NOMPSDus —38 dBm/Hz Setting may be changed relative to this value during
G.994.1 phase, see 8.13.2.

MAXNOMPSDus —38 dBm/Hz Setting may be changed relative to this value during
G.994.1 phase, see 8.13.2.

MAXNOMATPus 12.5dBm Setting may be changed relative to this value during
G.994.1 phase, see 8.13.2.

A.2.2 ATU-R upstream transmit spectral mask (supplments 8.10)

The passband is defined as the band from 25.8788&Hz and is the widest possible band used.
Limits defined within the passband also apply tg aarrower bands used.

Figure A.3 defines the spectral mask for the transignal. The low-frequency stop-band is
defined as frequencies below 25.875 kHz and indutle POTS band (see also Figure A.1), the
high-frequency stop-band is defined as frequergieater than 138 kHz.

* PsDin

dBm/Hz -
34.5 dBm/Hz peak PSD _48 dB/octave

21.5 dB/octave /
\ ~90 dBm/Hz peak PSD

—50 dBm power in any
/ 1 MHz sliding window

-97.5 peak / -92.5 dBm/Hz peak PSD above 4545 kHz

+15 dBrn -
0-4 kHz /

——

»

0 4 25.875 138 307 1221630 11 o4df "éduency
in kHz
G.992.3 FA3
Frequency bandf (kHz) Equation for line (dBm/Hz)
0<f<4 —97.5, with max power in the in 0-4 kHz band of5+dBrn
4<f<25.875 —92.5 + 21.5 x logf/4)
25.875<f< 138 -34.5
138<f<307 —34.5 - 48 x logf/138)
307<f<1221 -90
1221<f< 1630 —90 peak, with max power in thg {+ 1 MHz] window of
(90 — 48 x log(f/1221) + 60) dBm
1630<f< 11 040 —90 peak, with max power in thg {+ 1 MHz] window of —50 dBm

NOTE 1 — All PSD measurements are in {BGhe POTS band total power measurement is inG00

NOTE 2 — The breakpoint frequencies and PSD vauvegxact; the indicated slopes are approximate.

NOTE 3 — Above 25.875 kHz, the peak PSD shall basme=d with a 10 kHz resolution bandwidth.

NOTE 4 — The power in a 1 MHz sliding window is reeged in a 1 MHz bandwidth, starting at the measerg frequency.

NOTE 5 — The step in the PSD mask at 4 kHz is togot V.90 performance. Originally, the PSD mashtitmied the
21.5 dB/octave slope below 4 kHz hitting a floor67.5 dBm/Hz at 3400 Hz. It was recognized thatithight impact V.90
performance, and so the floor was extended to 4 kHz

NOTE 6 — All PSD and power measurements shall beerafithe U-C interface (see Figures 5-4 and #i8)signals delivered tq
the PSTN are specified in Annex E.

Figure A.3/G.992.3 — ATU-R transmitter PSD mask
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A.2.2.1 Passband PSD and response

There are three different PSD masks for the ATU-Rsimat signal, depending on the type of signal
sent. Across the whole passband, the transmit R8& thall not exceed the maximum passband
PSD level, defined as:

. NOMPSDus+ 1 dB, for initialization signals up to and indlog the Channel Discovery
Phase;

. REFPSDus+ 1 dB, during the remainder of initializationaging with the Transceiver
Training Phase;

. MAXNOMPSDus-PCBus+ 3.5 dB, during showtime.

The group delay variation over the passband shakxwmeed 50 us.

The maximum transmit PSD level allows for a 1 dB radn-ideal transmit filter effects
(e.g., passband ripple and transition band rolloff)

For spectrum management purposes, the PSD temmatenal passband transmit PSD level is
—-38 dBm/Hz.

A.2.2.2 Aggregate transmit power

There are three different PSD masks for the ATU-Rstimat signal, depending on the type of signal
sent (see A.2.2.1). In all cases,

. the aggregate transmit power in the voicebandasmmed at the U-R interface, and that
which is delivered to the Plain Old Telephone Ser\({ieOTS) interface, shall not exceed
+15 dBrn (see ITU-T Rec. G.996.1 [3] for method ofasieement);

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPus-PCBug by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not excé&=d dBm,;

. the aggregate transmit power over the 0 to 11.048z band, shall not exceed
(MAXNOMATPus- PCBug by more than 0.8 dB, in order to account fordeal transmit
power in the stop bands and implementational totes.

The power emitted by the ATU-R is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLoathply with applicable national requirements
on emission of electromagnetic energy.

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 12.5 dBm.

A.3 Initialization

For this annex, no additional requirements applglative to the main body of this
Recommendation).

A4 Electrical characteristics

This clause specifies the combination of ATU-x anghkpass filter, as shown in Figures 5-4 and
5-5; further information about the low-pass filigispecified in Annex E.

A.4.1 Definition of impedance states

The source and load impedances of the ATU-R shallpbpmith the following, whereZs andZ,
are the source and the load impedances in theeastate ands.,; andZ, ., the source and load
impedances in the high impedance state, shall éategrtharZs andZ,, respectively. Vendors are
encouraged to seleZt. andZ_,; to be significantly higher thaf andZ, .
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The following requirements on the ATU-R allow for miplle ATU-R installations on the same pair
of lines, although only a single ATU-R should behaett any given time. The definitions of these
parameters and test procedures are defined in.A.4.4

In each of the four ATU-R impedance states defimedable A.3, the ATU-R transmitter shall
meet the ATU-R transmit PSD mask defined in A.2.

Table A.3/G.992.3 — ATU-R impedance states

ATU-R state _Source | Load
impedance | impedance

Unpowered Zshi Z
Disabled Zshi Z
(powered with transmitter and receiver inactive)
Inactive Zs i Z
(powered with transmitter inactive and receiveivacto detect C-TONES)
Active Zs Z
(powered with transmitter and receiver active anitiializing or in showtime)

The applicability of these impedance states ande@l@quirements to a "gateway device" (i.e., one
which is the single device between the access mktarma the home wiring) is under study.

A.4.2 POTS current and voltage specification

All electrical characteristics shall be met in firesence of all POTS loop currents from 0 mA to
100 mA, and differential loop voltages as follows:

. DC voltages of 0 V to —-60 V.

. Ringing signals no larger than 103 V rms at amgdency from 20 to 30 Hz with a DC
component in the range from 0 V to —60 V.

A.4.3 Electrical characteristics for the ATU-C andfor the ATU-R in the active state

A43.1

The input DC resistance of the ATU-x at the U-x ifgee shall be greater than or equal to@.M

NOTE — The most common implementation of the splitlilters is with the low-pass and high-pass
connected in parallel at the U-x port. In this agament the high-pass filter will typically blockCDwith
capacitors.

DC characteristics

A.4.3.2 Voiceband characteristics

A.4.3.2.1 Inputimpedance

The imaginary part of the ATU-x input impedance, asasured at the U-x interface, at 4 kHz shall
be in the range of 1.1-2.@Xk(approximately equivalent to a 20-34 nF capaciforthe ATU-R (or
the ATU-C that has an integrated splitter and highspfunction) and in the range of 500to
1.0 kQ (approximately equivalent to 40-68 nF) for the AUOMHesigned to be used with an external
splitter. In both cases, the imaginary part of impedance shall increase monotonically below
4 kHz.

Refer to Annex E for additional information.
A.4.3.3 ADSL band characteristics

A.4.3.3.1 Longitudinal balance

Longitudinal balance at the U-R interface shall greater than 40 dB over the 30 kHz (see
Figure A.1) to 1104 kHz frequency range.

ITU-T Rec. G.992.3 (07/2002) 201



If only the HPF part of the POTS splitter is intagrh in the ATU, the measurement of the
longitudinal balance in the specified band shallpbegormed as shown in Figure A.4. If both the
LPF and the HPF parts of the POTS splitter are rated in the ATU, the measurement of the
longitudinal balance in the specified band shalpbgormed with the POTS interfaces terminated
with ZTR, as shown in Figure A.5.

O—p-0o—

ATU—| HPF en

/ 7 7/ G.992.3_FA.4

Figure A.4/G.992.3 — Longitudinal balance above 3kHz
measurement method (only HPF integrated)

ATU— HPF [_|[ emC\>

On-hook = open v
Off hook:

ZTR = 6000 LPF
ZTC =900Q

/77 G9923 FAS5

Figure A.5/G.992.3 — Longitudinal balance above 3kHz
measurement method (HPF and LPF integrated)

The balance shall be measured both in the presemtal@sence of a DC bias voltage, with the
modem under test powered, active and quiet. In spmedictions and at some instances, the
amount of DC bias may be greater or smaller thas talue, however, this level should be
sufficient to indicate if any DC bias related baanproblems exist. The bias voltage shall be
connected using well matched inductors. The impeslafiche inductors shall be5000jQ over
the frequency range. The 2Q0resistors have been included for safety reasons.

Capacitors are included in the test setup to ptelsege DC current through the %D resistors.
Their impedance should kel —0.5jQ | over the frequency range.

The inductors and capacitors included in the setwepd to be matched so as not to affect the
results. When larger ratios of the impedance oirnidactors and capacitors to the @0esistors are
used, less matching is required in these devioelsickor matching is typically easier to achieva if
bifilar winding on a single core is used to crete matched pair. Adequate care should be taken to
insure no resonance occurs within the measuremequéncy range. This may require the use of
two inductors in series (of different size) to méeits requirement when the measurement is
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broadband. It is also important to ensure thaestst that have DC current flowing, no saturation
occurs in the inductors. It should also be noteat Home types of capacitors vary in value with
applied voltage, in general high quality plastipdyg should be suitable.

Longitudinal balanceLBal) is defined by the equation:

LBal = 20IogidB

where:

e; = the applied longitudinal voltage (referenced te thuilding or green wire
ground of the ATU);

en= the resultant metallic voltage appearing acrassminating resistor.

The test circuit should ideally exhibit 20 dB betbtafance than is required of the device under test
(if less is achieved, a greater error will be pnt¢se the measurement). To ensure this has been met,
the device under test should be replaced by twQ $6sistors and a suitable blocking capacitors to
ground, as shown in Figure A.6. The test circuisustably balanced if it exceeds the balance
requirements by 20 dB when Tip and Ring are condeitteeither configuration (Tip to A with
Ring to B, and Tip to B with Ring to A) to the calition impedance. Failure to reach this balance
indicates an imbalance in either the test circudrythe calibration impedance. An additional
resistor is needed in the calibration circuit whée device under test has the HPF and LPF
integrated as in Figure A.5. This resistor providd3C current path thus testing that the test dircui
inductors are not saturated by the DC currentsfitxatunder these test conditions.

ZCAL

It

For circuit 2 only
ZTR = 600Q
ZTC =900Q e,

509/ B
A %509

—lzblock —lzblock

ml

o= —52V

/77 G.992.3_FA.6

Figure A.6/G.992.3 — Calibration circuit

A.4.4 Electrical characteristics for the ATU-R in the high impedance state

The high-impedance state shall consist of the Unpedyehe Disabled and the Inactive impedance
states, as defined in Table A.3.

NOTE — The electrical characteristics for the ATUrRthe high-impedance state are specified fomglsi
ATU-R, with the intend to allow up to three ATU-Rsthe High Impedance state to be connected téirtbe
in parallel, in addition to an ATU-R in the actiggte at any given time.

A.4.4.1 DC characteristics
The input DC resistance of the ATU-R at the U-x ifstee shall be greater than or equal to@.M
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A.4.4.2 Voiceband characteristics

A.4.4.2.1 Insertion (bridging) loss

The ATU-R insertion (bridging) loss in the High Impede state shall be less than 0.33 dB at
3.4 kHz, and shall be less than 1 dB at 12 andH®6 Khis is to facilitate the insertion loss of thre
ATU-R's on the same line to be less than 1 dB akBz and to be less than 3 dB at 12 and
16 kHz.

A.4.4.2.2 Insertion (bridging) loss distortion

The ATU-R insertion (bridging) loss distortion in tiigh Impedance state, as referred to the
insertion loss at 3.4 kHz, shall be less than £@B2ver the 200 to 4000 Hz frequency range. This
is to facilitate insertion loss distortion of thradU-R's in the 200 to 4000 Hz frequency range to
be less than +1dB.

A.4.4.2.3 Intermodulation distortion

A 4-tone set as specified in ITU-T Rec. 0.42 [6la&tvel of -9 dBm , when applied to the ATU-R
in the High Impedance state, shall produce secord third order intermodulation distortion
products at least 80 dB and 85 dB, respectivelpvbéhe received signal level.

A.4.4.3 ADSL band characteristics

A.4.4.3.1 Insertion (bridging) loss

The ATU-R insertion (bridging) loss in the High Impede state for the signal received by the
active ATU-C shall be less than 0.33 dB at 100 KblZrequency in the active ATU-R transmit
band).

The ATU-R insertion (bridging) loss in the High Impede state for the signal received by the
active ATU-R shall be less than 0.33 dB at 500 kBiAréquency in the active ATU-R receive
band).

A.4.4.3.2 Insertion (bridging) loss distortion

The ATU-R insertion (bridging) loss distortion in theigh Impedance state for the signal
transmitted by the active ATU-R shall be less th@r83 dB, over the 25 to 1104 kHz frequency
range.

A.4.4.4 Characteristics above the ADSL band

A.4.4.4.1 Insertion (bridging) loss

The ATU-R insertion (bridging) loss in the High Impedte state shall be less than 0.33 dB at
5 MHz and at 9 MHz.

A.4.4.4.2 Insertion loss (bridging) distortion

The ATU-R insertion (bridging) loss distortion shia# less thar0.33 dB over the 4 to 10 MHz
frequency range.
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Annex B

Specific requirements for an ADSL system operating
in the frequency band above ISDN as defined
in ITU-T Rec. G.961 Appendices | and Il

This annex defines those parameters of the ADSlesyshat have been left undefined in the body
of this Recommendation because they are uniquen tARSL service that is frequency-division
duplexed with ISDN Basic Access on the same digitddscriber line. The scope is to establish
viable ways enabling the simultaneous deploymemDS&L and 160 kbit/s (2B + D) Basic Rate
Access with the constraint to use existing transiors technologies as those specified in ITU-T
Rec. G.961 [1] Appendices | and II.

B.1 ATU-C functional characteristics (pertains to tause 8)

B.1.1 ATU-C control parameter settings

The ATU-C Control Parameter Settings to be used enprameterized parts of the main body
and/or to be used in this annex are listed in TBole Control Parameters are defined in 8.5.

Table B.1/G.992.3 — ATU-C control parameter setting

Parameter Default setting Characteristics

NSCds 256

NOMPSDds —40 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMPSDds | —40 dBm/Hz Setting may be changed relative to this value du@rzp4.1
phase, see 8.13.2.

MAXNOMATPds | 19.9 dBm Setting may be changed relative to this value du@rzp4.1
phase, see 8.13.2.

B.1.2 ATU-C downstream transmit spectral mask for @erlapped spectrum operation
(supplements 8.10)

The passband is defined as the band from 120 kizRKspire B.1) to 1104 kHz and is the widest
possible band used (i.e., for ADSL over ISDN impégrted with overlapped spectrum). Limits
defined within the passband apply also to any n&rdoands used.

Figure B.1 defines the spectral mask for the transignal. The low-frequency stop-band is the
ISDN band and is defined as frequencies below 120 (see Figure B.1) kHz, the high-frequency
stop-band is defined as frequencies greater thas KHz.
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Frequency bandf (kHz) Equation for line (dBm/Hz)
0<f<50 -90
50 <f<80 -90 + 12 x log(f/50)
80 <f=120 -81.8 + 77.4 x log/f/80)
120 <f<1104 -36.5
1104 <f< 3093 -36.5 — 36 x log(f/1104)
3093 <f< 4545 —90 peak, with maximum power in tiie fr 1 MHZz] window of
(-36.5 — 36 x log(f/1104) + 60)dBm
4545 <f< 11 040 —90 peak, with maximum power in the f 1 MHz] window of —50 dBm

Figure B.1/G.992.3 — ATU-C transmitter PSD mask fooverlapped spectrum operation

All PSD measurements made at the Line port of 812N splitter shall measure the spectral power
into a resistive load having the same value aslésggn impedance for ADSL (i.e., 100).

The ISDN port of the ISDN splitter shall be termettwith the appropriate 2B1Q or 4B3T design
impedance for ISDN-BA as defined in ETSI TS 102 090 [7

It is intended that the degradation impact on ®BN-BA line system performance be no more
than 4.5 dB and 4 dB, for 2B1Q and 4B3T line cod=pectively, at the insertion loss reference
frequency.

B.1.2.1 Passband PSD and response

There are three different PSD masks for the ATU-@sinmat signal, depending on the type of signal
sent. Across the whole passband, the transmit 8€& thall not exceed the maximum passband
transmit PSD level, defined as:

. NOMPSDds+ 1 dB, for initialization signals up to and indlog the Channel Discovery
Phase;

. REFPSDds+ 1 dB, during the remainder of initializationaging with the Transceiver
Training Phase;

. MAXNOMPSDds- PCBds+ 3.5 dB, during showtime.
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The group delay variation over the passband shakxwoeed 5@s.

The maximum transmit PSD allows for a 1 dB of nosaidtransmit filter effects (e.g., passband
ripple and transition band rolloff).

For spectrum management purposes, the PSD temmbatenal passband transmit PSD level is
—40 dBm/Hz.

B.1.2.2 Aggregate transmit power

There are three different PSD masks for the ATU-@simat signal, depending on the type of signal
sent (see B.1.2.1). In all cases,

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPds — PCBdg by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not excéed @Bm;

. the aggregate transmit power over the 0 to 11.0488z band, shall not exceed
(MAXNOMATPds- PCBdg by more than 0.9 dB, in order to account fordeal transmit
power in the stop bands and implementational tots.

The power emitted by the ATU-C is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLowihply with applicable national requirements
on emission of electromagnetic energy.

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 19.9 dBm.

B.1.3 ATU-C transmitter PSD mask for non-overlappedspectrum operation
(supplements 8.10)

Figure B.2 defines the spectral mask for the ATW&hsmitted signal, which results in reduced
NEXT into the ADSL upstream band, relative to the knasB.1.2. Adherence to this mask will, in
many cases, result in improved upstream performaht¢ke other ADSL systems in the same or
adjacent binder group, with the improvement depehdgon the other interferers. This mask
differs from the mask in B.1.2 only in the bandnfr60 kHz to 254 kHz.

The passband is defined as the band from 254 to KH@4Limits defined within the passband also
apply to any narrower bands used.

The low-frequency stop-band is defined as frequanostow 254 kHz and includes the ISDN band,
the high-frequency stop-band is defined as fregesrgreater than 1104 kHz.
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209 <f<254 —62 + 48 x log(f/209)

254 <f< 1104 -36.5
1104 <f< 3093 —36.5 — 36 x log(f/1104)
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(—36.5 — 36 x log(f/1104) + 60)dBm
4545 <f< 11 040 —90 peak, with maximum power in the f 1 MHz] window of —50 dBm

Figure B.2/G.992.3 — ATU-C Transmitter PSD Mask fomon-overlapped spectrum operation

All PSD measurements made at the Line port of 812N splitter shall measure the spectral power
into a resistive load having the same value aslésggn impedance for ADSL (i.e., 100).

The ISDN port of the ISDN splitter shall be termettwith the appropriate 2B1Q or 4B3T design
impedance for ISDN-BA as defined in ETSI TS 102 090 [7

It is intended that the degradation impact on ®BN-BA line system performance be no more
than 4.5 dB and 4 dB, for 2B1Q and 4B3T line cod=pectively, at the insertion loss reference
frequency.

B.1.3.1 Passband PSD and response
See B.1.2.1.

B.1.3.2 Aggregate transmit power

See B.1.2.2. In addition, for non-overlapped spmctioperation, the aggregate transmit power
across the whole passband shall not exceed 19.8 dBm

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 19.3 dBm.

208 ITU-T Rec. G.992.3 (07/2002)



B.2 ATU-R functional characteristics (pertains to tause 8)

B.2.1 ATU-R control parameter settings

The ATU-R Control Parameter Settings to be used éenparameterized parts of the main body
and/or to be used in this annex are listed in TB?e Control Parameters are defined in 8.5.

Table B.2/G.992.3 — ATU-R control parameter setting

Parameter Default setting Characteristics

NSCus 64

NOMPSDus —38 dBm/Hz Setting may be changed relative to this value du@rzp4.1
phase, see 8.13.2.

MAXNOMPSDus | —38 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMATPus | 13.3dBm Setting may be changed relative to this value du@ri#p4.1
phase, see 8.13.2.

Tones 1to 32 Enabled/Disabled| Signifies that the transmission of upstream tons32 (or a
subset thereof) is enabled/disabled.
Negociated in the G.994.1 Phase (see B.3).

B.2.2 ATU-R upstream transmit spectral mask (supplments 8.10)

The passband is defined as the band from 120 kHzKsgire B.1) to 276 kHz and is the widest
possible band used. Limits defined within the passlalso apply to any narrower bands used.

Figure B.3 defines the spectral mask for the transignal. The low-frequency stop-band is the
ISDN band and is defined as frequencies below 20 (see Figure B.1) kHz, the high-frequency
stop-band is defined as frequencies greater th&rkBAz.
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4 PSin

dBm/H
minz —34.5 dBm/Hz peak
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Frequency bandf (kHz) Equation for line (dBm/Hz)
0 <f<50 -90
50 <f<80 —90 + 12 x log(f/50)
80 <f<120 -81.8 + 80.9 x log(f/80)
120 <f< 276 -34.5
276 <f<614 —34.5 — 48 x log(f/276)
614 <f<1221 -90
1221 <f< 1630 —90 peak, with maximum power in tfie fr 1 MHZz] window of
(—90 — 48 x log(f/1221) + 60) dBm
1630 <f< 11 040 —90 peak, with maximum power in théfr 1 MHz] window of -50dBm
NOTE — The upstream PSD mask is intended for utte DN 2B1Q and ISDN 4B3T. However, some deploytsdrave
reported field issues with ISDN 4B3T NT activatiwhen operating with ADSL overlay. ISDN passbandsusrADSL passband
tradeoff and ISDN splitter characteristics needher study. A result thereof could be a limitatmfithe ADSL transmit power
below 138 kHz when operation over ISDN 4B3T. Sueln$mit power limitation can be achieved througyfrency domain
masking of the tones below tone index 33 (if theUAR transmitter supports tones 1 to 32) or throtigie domain filtering with
filter rolloff from 138 kHz (if the ATU-R transmigr does not support tones 1 to 32).

Figure B.3/G.992.3 — ATU-R transmitter PSD mask

All PSD measurements made at the Line port of 812N splitter shall measure the spectral power
into a resistive load having the same value aslésggn impedance for ADSL (i.e., 100).

The ISDN port of the ISDN splitter shall be termettwith the appropriate 2B1Q or 4B3T design
impedance for ISDN-BA as defined in ETSI TS 102 090 [7

It is intended that the degradation impact on ®BN-BA line system performance be no more
than 4.5 dB and 4 dB, for 2B1Q and 4B3T line cod=pectively, at the insertion loss reference
frequency.

B.2.2.1 Passband PSD and response

There are three different PSD masks for the ATU-Rsimat signal, depending on the type of signal

sent. Across the whole passband, the transmit R8& thall not exceed the maximum passband

transmit PSD level, defined as:

. NOMPSDus+ 1 dB, for initialization signals up to and indlog the Channel Discovery
Phase;
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. REFPSDus+ 1 dB, during the remainder of initializationaging with the Transceiver
Training Phase;

. MAXNOMPSDus- PCBus+ 3.5 dB, during showtime.
The group delay variation over the passband shakxwmeed 50 us.

The maximum transmit PSD allows for a 1 dB of nosaidtransmit filter effects (e.g., passband
ripple and transition band rolloff).

For spectrum management purposes, the PSD temmatenal passband transmit PSD level is
—-38 dBm/Hz.

B.2.2.2 Aggregate transmit power

There are three different PSD masks for the ATU-Rsimat signal, depending on the type of signal
sent (see B.2.2.1). In all cases,

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPus — PCBug by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not excé&=8 dBm.

. the aggregate transmit power over the 0 to 11.848z band, shall not exceed
(MAXNOMATPus- PCBug by more than 0.8 dB, in order to account fordeal transmit
power in the stop bands and implementational tots.

The power emitted by the ATU-R is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLowihply with applicable national requirements
on emission of electromagnetic energy.

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 13.3 dBm.

B.2.3 Data subcarriers (replaces 8.8.1.1)

The channel analysis (see 8.13.5) allows for a mamxinof 63 data carriers to be used (iies,1

to 63). However, the use of carriars 1 to 32 is optional and their use is negociatedugh
G.994.1 (see B.3). The lower limit anis partly determined by the ISDN/ADSL splittindtdirs. If
FDM is used to separate the upstream and downstAda8L signals, the upper limit is set by
down-up splitting filters.

In all cases, the cut-off frequencies of theseeritare completely at the discretion of the
manufacturer, and the range of usabie determined during the channel estimation indcaiver
training (see 8.13.4). Implementations should, heagebe designed such that, when interworking
with implementations of other manufacturers, theuling range of usable enables the
performance requirements to be met.

B.2.4 Modulation by the inverse discrete Fourier tansform (supplements 8.8.2)

If the use of tones 1 to 32 is enabled (i.e., GBMS codepoint = 1), modulation by the IDFT
shall apply as defined in 8.8.2.

If the use of tones 1 to 32 is disabled (i.e., @.9MS codepoint = 0), the modulation by the IDFT
shall apply as defined in 8.8.2, with the additimeguirement that:

Z, =0,fori =1to32, if theATU-R hasset theG.994.1CLR codepoint=1;
or:
Z; =conj(Ze4; ),fori =1to31andZs, = 0, if theATU-R hasset theG.994.1CLR codepoint= 0;

NOTE — The modulation (demodulation) by the IDFT DRllows for implementation with a mirrored
complex conjugate transmitter (receiver). In thase; the tones 1 to 32 cannot be used. This icateti by
the transmitter (receiver) by setting the G.994L.RECL) codepoint to O.
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B.3 Initialization
B.3.1 Handshake — ATU-C (supplements 8.13.2.1)

B.3.1.1 CL messages (supplements 8.13.2.1.1)
See Table B.3.

Table B.3/G.992.3 — ATU-C CL message NPar(2) bit @iritions

NPar(2) bit Definition

Tones 1to 32 | If set to ONE, signifies that the ATUSs capable of receiving upstream tones 1 to 32.

B.3.1.2 MS messages (supplements 8.13.2.1.2)

Table B.4/G.992.3 — ATU-C MS message NPar(2) bit igtions

NPar(2) bit Definition

Tones 1to 32 | Set to ONE if and only if this bit was set to ONEhioth the last previous CL message
and the last previous CLR message. Signifies tlatrémsmission of upstream tones
1 to 32 (or a subset thereof) is enabled (set tw @)sabled (set to 0).

B.3.2 Handshake — ATU-R (supplements 8.13.2.2)

B.3.2.1 CLR messages (supplements 8.13.2.2.1)
See Table B.5.

Table B.5/G.992.3 — ATU-R CLR message NPar(2) bitedinitions for Annex B

NPar(2) bit Definition
Tones 1to 32 | If set to ONE, signifies that the ARUSs capable of transmitting upstream tones 12tq 3

B.3.2.2 MS messages (supplements 8.13.2.2.2)
See Table B.6.

Table B.6/G.992.3 — ATU-R MS message NPar(2) bit fil@tions for Annex B

NPar(2) bit Definition

Tones 1 to 32 | Set to ONE if and only if this bit was set to ONEbioth the last previous CL message
and the last previous CLR message. Signifies tleatrtimsmission of upstream tones
1 to 32 (or a subset thereof) is enabled (set tr d)sabled (set to 0).

B.3.3 Spectrum bounds and shaping parameters

Spectrum bounds and shaping parameters shall &pptye upstream subcarriers as defined in
8.13.2.4 (withNSCus= 64, see Table B.2).

For implementations using a mirrored complex coajagransmitter, an IDFT size of 32 shall be
indicated in G.994.1 (see 8.13.2). The minimisg values shall be calculated according to
Equation 8-1 (see 8.13.2.4) with SUPPORTEDset evigdintited to subcarriers in the 33 to 63
range,N = 32,NSC= 64 and's = 552 kHz. This results in an S(f) which is perodiith 276 kHz.
Because of this periodicity, and in order to aveedundantss information in G.994.1, spectrum
shaping parameters shall be defined only on sukbcar32 and above in the G.994.1 CLR message
(i.e., the first breakpoint frequency in the CLRss&ge shall be at subcarrier index 32 or higher).
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B.4 Electrical characteristics

This clause specifies the combination of ATU-x anghkpass filter, as shown in Figures 5-4 and
5-5; further information about the low-pass filieispecified in Annex E.

All electrical characteristics shall be met in ghresence of all of the ISDN signals, as defined in
ITU-T Rec. G.961 [1] Appendices | and Il (as apphieato the ISDN service).

B.4.1 Electrical characteristics for the ATU-C andfor the ATU-R in the active state

B.4.1.1 DC characteristics

The input DC resistance of the ATU-x at the U-x ifgee shall be greater than or equal toQ@.M

NOTE — The most common implementation of the splitlilters is with the low-pass and high-pass
connected in parallel at the U-x port. In this agament, the high-pass filter will typically blo€C with
capacitors.

B.4.1.2 ISDN band characteristics

B.4.1.2.1 ADSL noise interference into the ISDN aiuit

This is the specification for the lower stopband P&Ohe ATU-C and ATU-R (see B.2.1 and
B.2.2, respectively).

B.4.1.3 ADSL band characteristics

B.4.1.3.1 Longitudinal balance

Longitudinal balance at the U-R interface shall dpeater than 40 dB over the 120 kHz
(see Figure B.1) to 1104 kHz frequency range. Thinaaeof measurement shall be identical to the
method defined for ADSL over POTS in A.4.1.3.1.

Annex C

Specific requirements for an ADSL system operatingn the same
cable as ISDN as defined in ITU-T Rec. G.961 Appendlll

For further study.

Annex D

ATU-C and ATU-R state diagrams

D.1 Introduction

This annex provides state diagrams for the ATU-C addJ-R, some portions of which are
mandatory to guarantee interworking between differeanufacturers' units, and some portions of
which are optional.

D.2 Definitions

The following terms and abbreviations are used is #mnex. Where states or events have been
defined elsewhere in this Recommendation, the tiefits are referenced here for convenience.

D.2.1 LOS failure: An LOS failure is declared after 2.5 + 0.5 s ohtiguous LOS defect, or, if
LOS defect is present when the criteria for LORuf& declaration have been met (see LOF failure
definition below). An LOS failure is cleared afted + 0.5 s of no LOS defect.
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D.2.2 LOF failure: An LOF failure is declared after 2.5 + 0.5 s ohtiguous SEF defect, except
when an LOS defect or failure is present (see L&iire definition above). An LOF failure is
cleared when LOS failure is declared, or after 15ts of no SEF defect.

D.2.3 persistent LOF failure Persistent LOF failure is declared after 2.9.5 s of near-end
LOF failure with SEF defect still present. LOF faduand SEF defect are defined for operations
and maintenance in D.2.1 and 8.12.1.

D.2.4 persistent LOS failure Persistent LOS is declared after 250.5 s of near-end LOS
failure with LOS defect still present. LOS failuemd LOS defect are defined for operations and
maintenance in 9.3.

D.2.5 high_BER-ss High bit error ratio in received data, showtimie)§ync event. This event
occurs when some algorithm, which may be vendocifipe determines that a resync attempt
(on the showtime signal being received) is requifidds event is (but is not required to be) related
to the SEF (severely errored frame) defect defioedperations and maintenance (see 8.12.1).

D.2.6 high_BER-st High bit error ratio in received data, showtime){rain event. This event
occurs when some algorithm, which may be vendocifipe determines that a retrain attempt
(on the showtime signal being received) is requifidds event is (but is not required to be) related
to a high level of near-end LCD, CRC or FEC anonsatieer some period of time or to the SEF
(severely errored frame) or LOM (loss of marginjedé (see 8.12.1).

D.2.7 high_BER-hs High bit error ratio in received data, re-initia through G.994.1 event.
This event occurs when some algorithm, which maywéedor-specific, determines that a full
re-initialization (including a G.994.1 session)régjuired. This event is (but is not required to be)
related to a high level of near-end LCD, CRC or Fifomalies over some period of time or the
SEF (severely errored frame) or LOM (loss of margieject (see 8.12.1). It may also relate to
far-end performance primitives.

D.2.8 high_BER-si High bit error ratio in received data, re-initi through short initialization
event. This event occurs when some algorithm, whiely be vendor-specific, determines that a
short re-initialization (not including a G.994.1ssmn) is required. This event is (but is not reegir
to be) related to a high level of near-end LCD, GRREEC anomalies over some period of time or
the SEF (severely errored frame) or LOM (loss ofgmgrdefect (see 8.12.1). It may also relate to
far-end performance primitives.

D.2.9 host control channel For the ATU-C, this is a configuration control chahfrom some
host controller, such as a Network Management 8BygtéMS) outside or a management entity
within the Access Node. For the ATU-R, this is ageaal Computer (PC) outside or a management
entity within the Network Termination., which congs@ne or more ATU-C line units.

D.3 State diagrams

State diagrams are given in Figure D.1 for the ATIUand in Figure D.2 for the ATU-R. States are
indicated by ovals, with the name of the state miwathin the oval. The states are defined in
Table D.1 for the ATU-C and in Table D.2 for the ARJ-Transitions between states are indicated
by arrows, with the event causing the transitistelil next to the arrow. For some events, the source
of the event is indicated with letter(s) and a oofweceding the event name; a key to the source
events is provided at the bottom of each figuré sfdtes excefRetrainandResynare mandatory.

In the state diagram for the ATU-C, a C-IDLE stateuldobe desired to guarantee a quiet mode,
which may be useful prior to provisioning, to allmertain tests (e.g., MLT), or to discontinue
service. A selftest function is desirable, but iyrbe a vendor/customer option to define when
selftest occurs (e.g., always at power-up or omglen CO control), and which transition to take
after successfully completing selftest (e.g., en@®iDLE, or enter C-SILENT1 (see ITU-T
Rec. G.994.1), or enter C-INIT/TRAIN).
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A variety of "host controller" commands (eventsqa@ed by "c:_") are shown as non-mandatory in
the ATU-C state diagram to provide example events teansitions between states. The way in
which these events are implemented is left to tkeder since many options are possible
(e.g., separate host controller port on the ATU-@itches or other front-panel controls, fixed

options).

The receiving ATU shall transition state upon Peesist OS and/or LOF failure. This implies that:

. If no high_BER-hs or high_BER-is events cause #eeiving ATU to transition state
earlier, then the persistency allows the transngtATU to detect the LOS or LOF failure
condition through the indicator bits, before theceiging ATU transitions state
(i.e., removes the showtime signal from the line);

. If the ATU-C transitions from C-SHOWTIME to C-SILENT1hen the ATU-R shall detect
a Persistent LOS Failure, shall transition to RENITO followed by R-INIT/TRAIN and
shall transmit R-TONES-REQ within a maximum of 6 srathe ATU-C transitioning to
C-SILENT.

The receiving ATU also transitions state upon a hBfER event. These events are vendor-specific
and are (but are not required to be) related to-eed and/or far-end performance primitives
(see D.2). As an example, the ATU may define an IBfR event as 30 s of persistent near-end or
far-end LOM defect. The ATU should trade-off the jpency in the high_BER events to, on the
one hand, quickly recover data integrity, but o@ tther hand, not to unnecessarily interrupt data
transmission. This trade-off may be enhanced if &BJ is able to detect and quantify
instantaneous changes in line conditions (e.gable to detect hook state changes or the impact
thereof, see 8.13.3.1.11 and 8.13.3.2.11).

A Retrainstate and &esyncstate (both without interruption of the showtinignsll) are optional in
both state diagrams. Vendor proprietary algoritimay be used to restore frame and data integrity.
An optional short initialization (with interruptioof the showtime signal) is defined in 8.14, which
omits the G.994.1 session from the initializatiord aattempts to minimize the durations of the
variable length states of the initialization penfed in the INIT/TRAIN state.
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C-IDLE pass

(ignore ATU-R) <

c:_idle_monitor

C-SELFTEST

fail

c:_idle_ignore

from any state c:_activate

c:_idle_ignore c._selftest

c:_idle_monitor \
c:_activate

C-SILENT1

(monitor ATU-R) C-UNIT-FAIL

PersistenLOS
or
PersistenLOF
or

high_BER-hs

r._r-tones-req pass or fail

fail

C-INIT/HS
(G.994.1 session)

C-INIT/DIAG

diagnostics————» (loop diagnostics)

Persistent

train LOS or LOF

A 4

C-INIT/TRAIN

(training)
PersistenLOS
or LOF

C-RESYNC
(optional)

C-RETRAIN
(optional)

high_BER-si
(optional)

\

pass

high_BER-ss high_BER-st

C-SHOWTIME

G.992.3_FD.1

NOTE 1 — Event are received from the ATU-C hosttaglter (c:_) or from the ATU-R (r:_);
NOTE 2 — The main sequence of states is shovirola;

NOTE 3 — Optional (vendor proprietary) states aadditions are shown italics;

NOTE 4 — States are defined in Table D.1 and d@imé in D.2.

Figure D.1/G.992.3 — State diagram for the ATU-C
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r:_selfte

R-IDLE pass_host-init

(ignore ATU- C)

R-SELFTEST

r._idle |gnore

r._activate
from any state r._activate
r._idle_ignore
pass_auto-init

PersistenLOS
or

Persistent LOF
or

high_BER-hs

r._selftest

R-SILENTO
(monitor ATU-C)

<

auto _init silent

R-UNIT-FAIL

pass or fail

R-INIT/HS
(G.994.1 session)

R-INIT/DIAG

diagnostics——»| (loop diagnostics)

Persistent
LOS or LOF

fail

R-INIT/TRAIN
(training)
PersistenLOS
or LOF

pass

R-RESYNC
(optional)

R-RETRAIN
(optional)

high_BER-si
pass pass (optional)

high_BER-ss high_BER-st

R-SHOWTIME G.992.3 FD.2

NOTE 1 — Event are received from the ATU-C hosttaglter (c:_) or from the ATU-R (r:_);
NOTE 2 — The main sequence of states is shovirolat;

NOTE 3 — Optional (vendor proprietary) states aadditions are shown italics;

NOTE 4 — States are defined in Table D.2 and dimé in D.2.

Figure D.2/G.992.3 — State diagram for the ATU-R
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Table D.1/G.992.3 — ATU-C state definitions

State name

Description

C-SELFTEST
(mandatory)

Temporary state entered after power-up in whiehATU performs a self test;
Transmitter off (QUIET at U-C interface);

Receiver off (no response to R-TONES-REQ);

No response to host control channel;

If selftest pass then transition to C-IDLE;

If selftest fail then transition to C-UNIT-FAIL.

C-UNIT-FAIL
(mandatory)

Steady state entered after an unsuccessful ATltese

Transmitter off (QUIET at U-C interface);

Receiver off (no response to R-TONES-REQ);

Monitor host control channel if possible (allothe host controller to retrieve
self test results).

C-IDLE
(mandatory)

Steady state entered after successful self test;
Transmitter off (QUIET at U-C interface);
Receiver off (no response to R-TONES-REQ);
Monitor host control channel.

C-SILENT1
(mandatory)

Steady state defined in G.994.1, entered upondoogroller command;
Transmitter off (QUIET at U-C interface);

Receiver on (monitor for R-TONES-REQ, if detectednsition to C-INIT/HS
state);

Monitor host control channel.

C-INIT/HS
(mandatory)

Temporary state entered to perform G.994.1 pbasstialization;
Transmitter on (start with transmitting C-TONES);

Receiver on (start with monitoring for R-SILENTO)

Monitor host control channel;

If silent period then transition to C-SILENT1;

If loop diagnostics mode then transition to C-INOSTICS;
Else transition to C-INIT/TRAIN.

C-INIT/TRAIN
(mandatory)

Temporary state entered to perform other phalSstialization;
Transmitter on (start with C-QUIET/C-COMB));

Receiver on (start with monitoring for R-QUIETEOMB);

If init pass then transition to C-SHOWTIME;

If init fail then transition to C-SILENTZ;

Monitor host control channel.

C-INIT/DIAG
(mandatory)

Temporary state entered to perform other phaisstialization in loop
diagnostics mode;

Transmitter on (start with C-QUIET/C-COMB);

Receiver on (start with monitoring for R-QUIETEOMB);

Transition to C-SILENT1;

Monitor host control channel.

C-SHOWTIME
(mandatory)

Steady state entered to perform bit pump funsti@ame bearers active);
On-line reconfigurations and transitions into dmm the low power state occu
within this state;

If persistent LOS or LOF failure then transitionGeSILENTZ,;

If (vendor discretionary) high_ BER-ss, high_ BERRregh BER-hs or
high_BER-si event then transition to respectiMeliRESYNC, C-RETRAIN,
C-SILENT1 or C-INIT/TRAIN;

Monitor host control channel.
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Table D.1/G.992.3 — ATU-C state definitions

State name

Description

C-RESYNC

(optional state and
vendor proprietary
resync procedure)

Temporary state entered upon high_BER-ss evert[s?2), in which ATU
tries to recover frame integrity from receivedwstime signal (e.g., from the
synchronization symbols);

Transmitter and receiver on with showtime signal;

Declare SEF defect;

If resync pass then clear SEF defect and trandi@+SHOWTIME;

If resync fail then time-out on persistent LOF (@S) failure and transition to
C-SILENTZ,;

Monitor host control channel.

C-RETRAIN

(optional state and
vendor proprietary
retrain procedure)

Temporary state entered upon high_BER-st evest [52), in which ATU
tries to recover data integrity from received stime signal;

Transmitter and receiver on with showtime signal;

Declare SEF defect;

If retrain pass then clear SEF defect and tramstocC-SHOWTIME;

If retrain fail then time-out on persistent LOF (@S) failure and transition to
C-SILENTZ;

Monitor host control channel.

Table D.2/G.992.3 — ATU-R state definitions

State name Description
R-SELFTEST » Temporary state entered after power-up in whiehATU performs a self test;
(mandatory) » Transmitter off (QUIET at U-R interface);
* Receiver off (no response to C-TONES);
* No response to host control channel,
» |f selftest pass then transition to R-IDLE if ATi®lunder host control or
transition to R-SILENTO if ATU is in automatic tréng mode;
» |If selftest fail then transition to R-UNIT-FAIL.
R-UNIT-FAIL » Steady state entered after an unsuccessful ATfltesg
(mandatory) * Transmitter off (QUIET at U-R interface);
» Receiver off (no response to C-TONES);
» Monitor host control channel if possible (allothe host controller to retrieve
self test results).
R-IDLE » Steady state entered after successful selfftd3tl is under host control,
(mandatory) » Transmitter off (QUIET at U-R interface);
* Receiver off (no response to C-TONES);
* Monitor host control channel.
R-SILENTO » Temporary state defined in G.994.1 entered afifftest pass if ATU is in
(mandatory) automatic training mode or with host controllenoand;

Transmitter off (transmit R-SILENTO);

Receiver on (monitor for C-TONES, if detectednition to R-INIT/HS state);
Automatic training: immediate transition to R-IMHS (unless delayed for silept
period);

Monitor host control channel.
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Table D.2/G.992.3 — ATU-R state definitions

State name

Description

R-INIT/HS
(mandatory)

Temporary state entered to perform G.994.1 pbasetialization;
Transmitter on (start with transmitting R-TONEE®);
Receiver on (start with monitoring for C-TONES);

Monitor host control channel;

If silent period then transition to R-SILENTO;

If loop diagnostics mode then transition to R-INOSTICS;
Else transition to R-INIT/TRAIN.

R-INIT/TRAIN
(mandatory)

Temporary state entered to perform other phaksimitialization;
Transmitter on (start with R-QUIET/R-COMB);

Receiver on (start with monitoring for C-QUIETZOMB);

If init pass then transition to R-SHOWTIME;

If init fail then transition to R-SILENTO;

Monitor host control channel.

R-INIT/DIAG
(mandatory)

Temporary state entered to perform other phasiadtialization in loop
diagnostics mode;

Transmitter on (start with R-QUIET/R-COMB));

Receiver on (start with monitoring for C-QUIETOMB);

Transition to R-SILENTO;

Monitor host control channel.

R-SHOWTIME
(mandatory)

Steady state entered to perform bit pump funsti@rame bearers active);
On-line reconfigurations and transitions into & the low power state occu
within this state;

If persistent LOS or LOF failure then transitionReSILENTO;

If (vendor discretionary) LOF-ss, high BER-sijihi BER-hs or high_ BER-si
event, transition to respectively R-RESYNC, R-RETRAR-SILENTO or
R-INIT/TRAIN state.

Monitor host control channel.

R-RESYNC

optional state and
vendor proprietary
resync procedure)

Temporary state entered upon high_BER-ss evert[s?2), in which ATU
tries to recover frame integrity from receivedstime signal (e.g., from the
synchronization symbols);

Transmitter and receiver on with showtime signal;

Declare SEF defect;

If resync pass then clear SEF defect and tranditiédtSHOWTIME;

If retrain fail then time-out on persistent LOF (@S) failure and transition to
R-SILENTO;

Monitor host control channel.

R-RETRAIN

(optional state and
vendor proprietary
retrain procedure)

Temporary state entered upon high_BER-st evest [52), in which ATU
tries to recover data integrity from received stime signal;

Transmitter and receiver on with showtime signal;

Declare SEF defect;

If retrain pass then clear SEF defect and tramstodR-SHOWTIME;

If retrain fail then time-out on persistent LOF (@S) failure and transition to
R-SILENTO;

Monitor host control channel.
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Annex E
POTS and ISDN Basic Access Splitters

The purpose of the POTS splitter is twofold. For ADgnals, protection from the high-frequency
transients and impedance effects that occur dUA@®J S operation, ringing transients, ring trip
transients, and off-hook transients and impedar@nges, is provided. For POTS voiceband
service, the low-pass filters provide protectioanir ADSL signals which may impact, through
non-linear or other effects, remote devices (handse, voiceband, modem, etc.) and central office
operation. This filtering should be performed whitaintaining the quality of the end-to-end
voiceband connection (i.e., between the POTS and R&€ENaces).

Likewise, the ISDN Basic Access splitter is alsofiold.

E.1l Type 1 — POTS splitter — Europe

ADSL/POTS splitters shall comply with in ETSI Techni&pecification TS 101 952-1 [8]. The
relevant sub-parts are the following:

. Sub-part 1-1: Technical specification of the loasp part of ADSL/POTS splitters;
. Sub-part 1-2: Technical specification of the hggiss part of ADSL/POTS splitters.

E.1.1 Phoneline networking equipment isolation

To allow phoneline networking terminals (i.e., ITUREcs G.989.1 and G.989.2) to operate without
compromise from bridging loss caused by a low inamee at the remote splitter POTS port, an
impedance range at the remote splitter POTS patefimed for frequencies in the 2 to 10 MHz
band.

E.1.1.1 Remote splitter POTS port shunt impedance

The total (across tip and ring at the POTS port) olapee in the 2 to 10 MHz frequency band
should be at least 160.

The inclusion of series components to meet thisispatton shall not affect the other specified
parameters such as DC resistance, longitudinahbeJdip to ring capacitance measurements under
200 Hz, or return loss requirements.

E.2 Type 2 — POTS splitter — North America

E.2.1 Introduction

This clause contains specifications for a POTS spliippropriate to North America. The
requirements contained in E.2 shall be met for a P6di&er designed for deployment in North
America. The purpose of the low-pass filters is ml@f For ADSL signals, protection from the
high-frequency transients and impedance effects twaur during POTS operation, ringing
transients, ring trip transients, and off-hook siants and impedance changes, is provided. For
POTS voiceband service, the low-pass filters proydeection from ADSL signals which may
impact, through non-linear or other effects, renaggices (handset, fax, voiceband, modem, etc.)
and central office operation. This filtering shoblel performed while maintaining the quality of the
end-to-end link, that is, between the POTS and P3itétfaces of Figure 5-4.
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E.2.1.1 POTS splitter function location

Two POTS splitter functions are defined; one formote (R) end and one for the central office
(CO) end. The function can be implemented eitharnally to the ATU-x modem or externally. In
either case, all functions specified are requiredcéption is maintenance test signatures,
see E.2.1.7).

In Figure E.2, the capacitors are shown as QE2These capacitors are for DC blocking. They
work in concert with the input to the modem's HRRdtion and are to be included in the input
impedance calculation of the modem. This point isavailable for inspection when the CO splitter
function is provided internally to the modem arterefore, the capacitors do not appear explicitly.
The DC blocking function is, however, provided ire thormal HPF function. This difference is

taken into account in the test setups in this annex

In a case where some or all of the HPF functionirazerporated in the external CO POTS splitter,
the 0.12uF capacitors do not appear since the DC blockingbeiincluded in the HPF function.
Incorporating some or all of the HPF in the CO PQpkter is for further study.

E.2.1.2 Frequencies used in testing

Two bands of frequencies are used for testing:
. Voiceband (VB) frequencies are from 0-4 kHz.
. ADSL Band frequencies are from 30-1104 kHz.

Testing is not performed between 4-30 kHz but éxpected that the LPF will be well behaved in
that area.

All external POTS splitters with LPF or LPF/HPF mdéed shall meet specifications between
30 and 1104 kHz.

Not all integral modem designs are intended to pgadhe full spectrum between 30 and 1104 kHz.
In each implementation, testing may be performdg on the utilized frequency band. The vendor
in literature and in each test report shall expilicgtate the band of frequencies used in testaupe
modem.

E.2.1.3 Balanced terminations

All testing is done in a BALANCED (i.e., metallic)athod. One end of some setups may contain
an unbalanced connection to facilitate testing waodlogy if the resultant measurement maintains
balance.

E.2.1.4 Single ended testing

Single ended testing is performed on each POTSegpliinction. Specifications contained in this
annex are written for single splitter functionst emd-to-end. Compliance with this annex does
NOT guarantee end-to-end performance since the nodesmot included in this annex testing.

E.2.1.5 POTS splitter functions

The external central office POTS splitter may be niedisome distance from the ATU-C modem.
To protect from DC faults, DC blocking capacitorsisbe included on the xDSL port of the POTS
Splitter. These capacitors form part of the inputhi® xDSL HPF function and must be included in
calculations of that input impedance (approxima@0y34 nF). If the POTS splitter function is
included entirely within the modem, the capacitsinall be included as part of the HPF function.
See Figure E.1.
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XDSL Port

PSTN s
I LPF

Line Port

G.992.3 FE.1

Figure E.1/G.992.3 — External POTS central
office splitter without HPF function

The DC blocking capacitors are for the external PQpiter, without the HPF function, only.
Internal splitter function or external splitterstivia complete HPF function may incorporate this
capacitance in the input to the HPF function. The [d&king capacitors are optional on splitters
integrated within the equipment closely associatgd the ATU-C. See Figure E.2.

xDSL port

LPF I

Line port POTS

G.992.3_FE.2

Figure E.2/G.992.3 — External POTS remote splitter

E.2.1.6 ZHP defined

To facilitate testing of the POTS splitter indepentjeof the actual modem or specific vendor, two
ZHPs are defined in Figures E.3 and E.4 to allow @rdprmination of the xDSL port during
voiceband testing. The ZHP is valid only for voicetbdrequencies. The combination of capacitors
in the ZHP-r is only representative. The input sball7 nF, however derived.

ITU-T Rec. G.992.3 (07/2002) 223



0.10pF 0.10pF 0.12pF
| || |
|| | ||
100Q 0.47 mH 100Q 0.47 mH
| || |
| [ |
0.10pF 0.10pF 0.12pF

G.992.3_FE.3
NOTE — Component tolerances: Capacitors: 2.5%,sResi 1%, Coils: 59

G.992.3_FE4

Figure E.3/G.992.3 — ZHP definition for external
central office splitter

Figure E.4/G.992.3 — ZHP definition for remote end

E.2.1.7
If the maintenance test signatures are provideyy, shall be as shown in Figure E.5.

Maintenance test signatures

In order to allow the POTS splitter to be managedhaynetwork operational support systems and
to be identified by metallic loop test systems, B@TS splitter function may contain signatures that
are activated only by the metallic test systems. $igmatures are unique for ADSL and are
different for each end of the loop. All central ioff end POTS splitters shall have the same
signature and all remote end POTS splitters shalk the same signature. The signatures are
designed to be active only during the maintenaesé mode and will not interfere with normal
operation of the circuit. The signatures are locatedhe POTS/PSTN side of the LPF function,
protecting the ADSL band frequencies from the rioadr effects of the diodes. The signatures are
defined in Figure E.5.

CO splitter signature Remote splitter signature

T T
0 [
36V 10% =~ 6.8V 10%
33K 1%
33K 1%
R R

G.992.3_FE.5

Figure E.5/G.992.3 — Maintenance test signatures

E.2.2 DC characteristics

All requirements shall be met in the presence IdP@ITS loop currents from 0 mA to 100 mA. The
low-pass filter shall pass POTS tip-to-ring DC vg#a of 0 V to —60 V DC and ringing signals no
larger than 103 ¥s superimposed on the DC signal at any frequency 26 to 30 Hz.

The DC resistance from tip-to-ring at the PSTN irsteef with the U-C interface shorted, or at the
POTS interface with the U-R interface shorted, shmdl less than or equal to 28. The
DC resistance from tip to ground and from ring tound at the PSTN interface with the
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U-C interface open, or at the POTS interface with thR interface open, shall be greater than or
equal to 5 M.

E.2.3 Voiceband characteristics
E.2.3.1 Metallic balanced (differential mode)

E.2.3.1.1 Testloops

Loops to be used for testing are divided into twougs. This is done to obtain more specific
requirements under the widely varying conditionssbért and long loops and to account for the
effect of the opposite splitter impedances beireg§ through the loop and affecting performance.

. Short loops: 0, 152 m (0.5 kft), 619 m (2.0 kith20 m (5 kft) pairs of 26 AWG cables.
. Long loops: resistance design loops T #7, T #9,Ta#d3 and loops C #4, C #6, C #7 and
C #8.

Test loops are defined in ITU-T Rec. G.996.1 [3].

E.2.3.1.2 Insertion loss at 1004 Hz

For each of the test loops specified in E.2.3.1nt, @sing the test setup shown in Figures E.6 and
E.7, the insertion loss from the source to the teation shall be measured with and without the
splitter/ZHP combination inserted.

The increase in insertion loss at 1004 Hz on anyhef test loops, due to the addition of the
splitter/ZHP, shall be less than specified in Tdble.

Table E.1/G.992.3 — Loss due to addition of splittZ HP

Description Loss
Short loopZTc=900,ZTr = 600 <1.0dB COend
Long loop,ZTc=900,ZTr = 600 <0.75dB CO end
Short loopZTc=900,ZTr = 600 <1.0dB R end
Long loop,ZTc=900,ZTr = 600 <0.75dB R end

E.2.3.1.3 Attenuation distortion in the voiceband

The variation of insertion loss with frequency shmdl measured using the test setup in Figures E.6
and E.7. The defined ZHP will be attached to the x[p8Lt of the splitter. If the splitter is an
internal part of the ATU, then the modem remainachied as the xDSL load. The increase in
attenuation distortion, relative to the 1004 Hzemi®n loss, caused by the POTS splitter with the
ZHP (or modem) load attached using each of theldegis identified above, shall be less than that
specified in Table E.2.

Table E.2/G.992.3 — Increase in attenuation distadn caused by POTS splitter

o Loss (Note)
Description
0.2-3.4 kHz 3.4-4.0 kHz

Short loop, CO splitteZTc= 900,ZTr = 600 +1.5t0-1.5 +2.0t0-2.0
Long loop, CO splitterZTc= 900,ZTr = 600 +0.5t0-1.5 +1.0to-1.5
Short loop, R splitterZTc= 900,ZTr = 600 +1.5t0-1.5 +2.0t0-2.0
Long loop, R splitterZTc= 900,ZTr = 600 +0.5t0-1.5 +1.0to-1.5
NOTE — Attenuation is a positive value, gain isegative value.
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Figure E.6 defines the test configuration and tHaevaf the test components that shall be used for
transmission measurements in the voiceband focghwral office POTS splitter.

PSTN u-c U-R

ZTc is the normal

termination in test CO POTS splitter

I |
| |
| |
| |

set | I
| |
| S I

ZTc Test l Ul LpE | Test ZTr
(900Q) equipment | | G | loop | (600Q)

| | |
| _JoazpF | | |
| — I |
| | |
! xDSL ! !
| | |
I | I
I | I
i ZHP-c i i
: (Ioad) : :
: : : G.992.3 FE.6

ZHP-c = the impedance presented to the POTS cdondry an ATU-C through the capacitance of the POTS
splitter DC blocking capacitors

NOTE — The DC blocking capacitors are only for éix¢éernal POTS splitter without the HPF functiortehmal splitte
function or external splitters with a complete HiaRction may incorporate this capacitance in thputrto the PHF function.

Figure E.6/G.992.3 — Transmission measurements
in voiceband for the central office splitter

Figure E.7 defines the test configuration and tHaevaf the test components that shall be used for
transmission measurements in the voiceband foretinete POTS splitter.

u-C U-R POTS
I

ZTris the normal

Remote POTS Splitter termination in test set

ZTc Test
(900Q) Loop

Test ZTr

LPF ! equipment (600Q)

xDSL

ZHP-r
(load)

G.992.3 FE.7
ZTc =900Q

ZTr =600Q
ZHP-r  =the impedance presented to the POTS coiondoy an ATU-R

Figure E.7/G.992.3 — Transmission measurements
in voiceband for the remote POTS splitter
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E.2.3.1.4 Delay distortion

The delay distortion of the POTS splitter shall beasuged using Figures E.6 and E.7. The increase
in delay distortion caused by the POTS splitter acheof the test loops shall be less than that
specified in Table E.3.

Table E.3/G.992.3 — Increase in delay distortion csed by POTS splitter

Delay distortion
Description
0.6-3.2 kHz 0.2-4.0 kHz
Short loop, CO splitteZTc= 900,ZTr = 600 20Qus 250us
Long loop, CO splitterZTc= 900,ZTr = 600 20Qus 250us
Short loop, R splitterZTc= 900,ZTr = 600 20Qus 250us
Long loop, R splitterZTc= 900,ZTr = 600 20Qus 250us

E.2.3.1.5 Return loss

Figures E.8 and E.9 define the test configurationthrdvalue of the test components that shall be
used for impedance measurements in the voicebandodth the central office and remote
POTS splitter units.

POTS Splitter at CO

Real cable L
Termination

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
I S I
. | |
Test equipment T | LPF T
: G J_ : 600
| TN | Q
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

0.12pF
(used only at CO|
termination)

ZNL-c

ZHP-c

Return loss reference
impedance

G.992.3 FE.8
xDSL

Figure E.8/G.992.3 — CO POTS splitter return lossetup
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U-R POTS

Remote POTS splitter

Return loss reference
impedance

| |
| |
| |
! l
! l
! l
! l
: l
| |
Termination Real cable | S !
| |
900 : LPF [ : Test equipment

Q i G |
+ 2.16pF ! !

| | G.992.3_FE.9
| |
| |
| |

| zrP | INLr

! l
| xDSL !
| |
| |
! !

ZNL-c (see Note 2) = 80Q in parallel with the series connection of a ID@esistor and a 50 nF capacitor
(long loop modeken from CO)
ZNL-r (see Note 2) = 1330Q in parallel with the series connection of a I 8esistor and a 100 nF capacitor
(long loop modeken from RT)
ZHP-c = the impedance presented to the POTS cdonday an ATU-C through the capacitance of the POTS
splitter DC blocking capacitors
ZHP-r = the impedance presented to the POTS cdionday an ATU-R

NOTE 1 — The DC blocking capacitors are for themal POTS splitter without the HPF function onhterna
splitter function or external splitters with a coete HPF function may incorporate this capacitand@e input to

the HPF function.
NOTE 2 — This value comes from the Bellcore LSSGR aeference compromise impedance for non-loadele s

Figure E.9/G.992.3 — Remote POTS splitter return ks setup

The return loss of each splitter under the specifiedditions, either with or without the ZHP
attached, shall be greater than the values spedifi€able E.4.

Table E.4/G.992.3 — Splitter return loss

Description Zref zterm ERL SRL-L SRL-H Comments
(@) (dB) (dB) (dB)
CO splitter ZNL-c 600 8 5 5
CO splitter ZNL-c 600 N/A N/A 2 Single freq.
RT splitter ZNL-r 900 6 5 3
RT splitter ZNL-r 900 N/A N/A 2 Single freq.
NOTE - Individual frequencies start at 2200 Hz angep to 3400 Hz.

E.2.3.1.6 Distortion

The distortion contributed by the low-pass filteakte measured using the test configuration of
Figures E.6 and E.7 and the null loop.

With an applied 4-tone set as specified in ITU-T R2el2 [6], at a level of -9 dBm, the second and
third order intermodulation distortion products Ishee at least 57 dB and 60 dB, respectively,
below the received signal level.
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E.2.3.2 Longitudinal balance of POTS splitter

The longitudinal balance of the POTS splitter camieasured using two different techniques. One
technique is to treat the POTS splitter as a separatity which requires using the 2 PORT testing
technique. The other technique is to test the C@tesptontaining the POTS splitter, ATU-C and
CO line card combination as a one port network. Tme port network would require using the
1 PORT testing technique.

E.2.3.2.1 Longitudinal balance of POTS splitter usig 2 PORT testing technique
This method shall be used to test a POTS splittenvthis treated as a separate entity.

The longitudinal balance of the POTS splitter (withilmops), measured in either direction between
the POTS/PSTN and line port, as a two-port devical] ble measured in accordance with the latest
North American measurement practices. In the cdsrevDC blocking capacitors are included as
part of the splitter function on the xDSL port, tkieSL port shall be shorted. Otherwise, the xDSL
port shall be open. Because of the maintenanceatsiggs, the applied longitudinal voltage shall be
maximum 3.0 V p-p. The balance shall be greater tb8ndB for frequencies between
200 Hz-1 kHz with a straight line level decreasiog3 dB at 3 kHz. A DC bias current of 25 mA
will be applied.

The termination of the test set is set for seridarlz® measurement per the latest North American
measurement practices. Prior to testing, a testitibalance (calibration) of 77 dB (58 + 19 dB)
will be achieved to ensure 1 dB accuracy.

Figure E.10 shows the test setup for the externalPRQO'S splitter. The xDSL port is shorted. If
testing longitudinal balance on an integrated COdeno, the ATU-C shall be connected but
powered down.

Figure E.11 shows the test setup for the extermabte POTS splitter.

XDSL port || 0.12pF
Shortec<: : :
Il 0.12uF
PSTN S
| LPF LB test
G . load
LB test Line port
source

G.992.3_FE.10

Figure E.10/G.992.3 — Longitudinal balance CO testetup

xDSL port
S
LB test LPF | LB test
G
load Line port POTS source

G.992.3_FE.11

Figure E.11/G.992.3 — Longitudinal balance remoteett setup
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E.2.3.2.2 Longitudinal balance of POTS splitter usig 1 PORT testing technique

This method shall be used to test a CO splitter whenPOTS splitter, ATU-C and CO line card
combination is treated as a one port network.

The longitudinal balance of the combined POTS spligddU-C and CO line card (without loops)
shall be measured in accordance with the latesthNamerican measurement practices. Because of
the maintenance signatures, the applied longitlidiodage shall be maximum 3.0 V p-p. The
balance shall be greater than 52 dB for frequertmddseen 200 Hz-3.2 kHz. A DC POTS load to
generate a bias current of 25 mA will be used.

Prior to testing, a test circuit balance (calitmajiof 71 dB (52 + 19 dB) will be achieved to ersur
1 dB accuracy.

Figure E.12 shows the test setup for the POTS gplAfBU-C and CO line card combination one
port network.

ATU-C

| LPF LB test
G source

Line port

CO line
card

G.992.3_FE.12

Figure E.12/G.992.3 — Longitudinal balance CO testetup for 1 PORT networks

E.2.3.3 Transparent testing capacitance

To allow the current metallic test systems to camito test with current test capabilities, an input
impedance is defined for a special, narrow-frequdrand.

E.2.3.3.1 Tip to ring capacitance

The intent of this requirement is to limit the maxim capacitance seen by metallic line testing
systems. By setting this limit, the metallic tegstems can still test POTS services with the
accuracy and dependability they have today.

Overall, the admittance of the POTS or PSTN portl ffeatapacitive.

The capacitance present at either the POTS or PSENaoés in the frequency range of 20-30 Hz
shall be a maximum of 300 nF. This amount inclutlescapacitance of the two POTS splitters with
attached modems.

The following, per end, maximum/minimum measuremastshown in Figure E.13 shall be met:
. POTS splitter, either CO or remote without the sracconnected:

— 115 nF Max.

— 20 nF Min.
. Modem input allowance, including the DC blockicepacitors at the CO end:

— 35 nF Max.

— 20 nF Min.
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. Modem with integral POTS splitter function or extal POTS splitter with both HPF and
LPF functions, are the sum of the above:

— 150 nF Max.
— 40 nF Min.
xDSL port
S
LPF | .
G <+—— Capacitance
Line port POTS

G.992.3_FE.13

Figure E.13/G.992.3 — Capacitance test

E.2.3.3.2 Capacitance to ground

There should be no designed AC path to ground.deraio maintain the ability to test accurately,
the maximum stray capacitance to ground from eitbgrof the POTS splitter shall be less than
1.0 nF.

E.2.4 ADSL band testing

E.2.4.1 ADSL band attenuation

The insertion loss of the low-pass filter and ZHR.(ithe difference in attenuation measured with
and without the filter) measured as shown in Figltel4 and E.15 shall be greater than 65 dB from
32 to 300 kHz and 55 dB from 300 to 1104 kHz withirgput level of 10 dBm.

External CO POTS splitter without HPF

xDSL Port | | 0.12uF
ZHP-c : :
I 0.12uF
S
PSTNI | LPF >
G Line port
G.992.3_FE.14
| Source 10@
Hi Z 9000 30 kHz-1104 kHz
balanced

Figure E.14/G.992.3 — Measurement of the CO splitte
attenuation in the ADSL band
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Remote POTS splitter

xDSL Port
ZHP-r
S
> LPF | POTS
Line port G
Source 10@ G.992.3_FE.15
30 kHz-1104 kHz 600Q HiZ

balanced

Figure E.15/G.992.3 — Measurement of the remote
splitter attenuation in the ADSL band

E.2.4.2 Inputimpedance (loading of ADSL signal p#i)

The insertion loss caused by the low-pass filtethanband from 30 to 1104 kHz between nominal
impedances with an input level of —10 dBm, as showhigures E.16 and E.17 shall be no more
than 0.25 dB.

XxDSL Port
I I 0.12pF 100Q load
[
T 0.12pF
S
| LPF <
psTN|| © Line port
G.992.3_FE.16
Source 10®@
9000 30 kHz-1104 kHz
balanced
Figure E.16/G.992.3 — Measurement of loading effect
of the CO splitter in the ADSL band
xDSL port
100Q load
S
> LPF [
Line port G MTproTd
Source 10@ G.992.3 FE.17
30 kHz-1104 kHz 600Q
balanced

Figure E.17/G.992.3 — Measurement of loading effect
of the remote splitter in the ADSL band
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E.2.5 Home premises physical considerations

E.2.5.1 Wiring considerations

The running of ADSL signals and POTS signals togewidrin a single multiple pair cable cross
couples POTS noises into the received ADSL sigridiese POTS noises are generated as the
result of ringing, ringing trip, dial pulsing, amd/off hook operation. The levels of these noises ar
great enough that without adequate pair-to-pailaigm, errors in the received data are possible.
This quality of service degradation may be mitigabgdhe use of interleaving or error control in
any higher-level data communications protocol.

The wiring configuration reference model, using safgcables, for an external POTS Splitter is
shown in Figure E.18. If POTS and ADSL are to beiruthe same cable, intercable isolation is
assumed to be a minimum of 80 dB between pairs CAT5 cable). It must be noted that the
length of interpremises cabling must be includedhi@ transmission link budgets. Use of other
cable types (i.e., Quad or Standard twisted paiith) lower separation specifications may result in
higher errors and lower performance.

UR | Terminates with RI14C on ATUR |

Remote splitter — (NID or external) \
xDSL port
S
ot R

Line port G POTS

(=
>
—
¢
Py

G.992.3_FE.18

Figure E.18/G.992.3 — Home premises wiring
on separate sheaths for ATU-R

E.2.6 Phoneline networking equipment isolation

To allow phoneline networking terminals (i.e., ITUREcs G.989.1 and G.989.2) to operate without
compromise from bridging loss caused by a low ingpeg at the remote splitter POTS port, an
impedance range at the POTS port is defined fouémrgies in the 2 to 10 MHz band.

E.2.6.1 Remote splitter POTS port shunt impedance

The total (across tip and ring at the POTS port) ohapee in the 2 to 10 MHz frequency band
should be at least 16Q0.

The inclusion of series components to meet thisipatton shall not affect the other specified
parameters such as DC resistance, longitudinahbaJdip to ring capacitance measurements under
200 Hz, or return loss requirements.

E.3 Type 3 —ISDN (ITU-T Rec. G.961 Appendix | orll) Splitter — Europe

ADSL/ISDN splitters shall comply with in ETSI Technicapecification TS 101 952-1 [8]. The
relevant sub-part is the following:

. Sub-part 1-3: Technical specification of ADSL/ISBplitters.
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E.4 Type 4 — POTS splitter — Japan

This clause describes specifications and testingnodstfor a POTS splitter appropriate to Japan.
Both a central office (CO) POTS splitter and a raaf@®OTS splitter shall conform to them.

E.4.1 Introduction

E.4.1.1 Frequencies and level of voiceband signal

The frequencies and level of the voiceband sigraliged by the local switch (LS) are as follows:
. Signal frequency: 0.2-4.0 kHz.

. Signal level: maximum of +3 dBm.

A signal of +36 dBm at 400 Hz is also used as alé&osignal.

E.4.1.2 DC blocking capacitor for external POTS sptiter

The external POTS splitter, either CO or remote, ipayocated some distance from ATU-C or
ATU-R modem. To protect against DC faults, DC blogkicapacitors of 0.12iF per wire
(as shown in Figures E.20 and E.21) should be indludeghe xDSL port of the external POTS
splitter. These capacitors configure parts of thruirto the xDSL HPF function, so they shall be
incorporated in the input capacitance specifieH.#2.6.1.

The DC blocking capacitors are only for the exte@ITS splitter. When the POTS splitter, either
CO or remote, is included entirely within the ATU-® ATU-R modem, the DC blocking
capacitors are not necessary for the internal P§pliSer.

E.4.1.3 ZHP definition

To facilitate testing of the POTS splitter indepertjeaf the actual modem, a ZHP is defined to
allow proper termination of the xDSL port duringiegband testing. The ZHP is valid only for
voiceband frequencies. It shall be as shown inreidul19.

0.10uF

1000 0.47 mH

|
|
0.10pF

G.992.3_FE.19

NOTE — Component Tolerances: Capacitors: 2.5%,9R@st 1%, Coils: 5%

Figure E.19/G.992.3 — ZHP definitions

E.4.2 DC characteristics

This clause contains the DC specifications, suchth&s loop DC current, the ringing, the
L1-to-L2 DC voltage, the loop DC resistance, theldson resistance, the L1-to-L2 capacitance,
and the capacitance to ground, and the methodadasuring them.

All requirements shall be met in the presence ldP@TS loop currents ranging from 0 to 130 mA.

E.4.2.1 Loop DC current
The POTS splitter shall ensure normal operationdop IDC currents ranging from 0 to 130 mA.
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E.4.2.2 Ringing
The POTS splitter shall accept the following ringsignals:

. Ringing frequency: 15-20 Hz;
. Ringing AC (superimposed on DC): 83 Vrms Max;
. DC: 53 V Max.

E.4.2.3 L1-to-L2 DC voltage

The POTS splitter shall accept POTS L1-to-L2 DC vatagf 0 to +53 V. In addition, it shall be
able to withstand a POTS L1-to-L2 voltage of up20 V for at least 10 s.

NOTE - In addition, the resistibility of the POTS igpl to overvoltages and overcurrents should be
compliant to the requirements and test procedupeified in [B13] for equipments installed in a
telecommunications centre and in [B14] for equipteémstalled in customer premises.

E.4.2.4 DC resistance

The L1-to-L2 DC resistance, at the PSTN port withlthe port shorted, or at the POTS port with
the line port shorted, shall be less than or etudD Q.

E.4.2.5 Isolation resistance
The isolation resistance of the POTS splitter sleatiain intact under the following conditions.

E.4.2.5.1 L1-to-L2 isolation resistance

The L1-to-L2 isolation resistance at the PSTN pothuwine line port opened, or at the POTS port
with the line port opened, shall be greater thaequal to 10 MD.

E.4.2.5.2 Isolation resistance to ground

The isolation resistance to ground at the PSTN pilt the line port opened, or at the POTS port
with the line port opened, shall be greater thaecural to 10 MD.

E.4.2.6 Capacitance
The capacitance of the POTS splitter and modem sagdify the following requirements.

E.4.2.6.1 L1-to-L2 capacitance

The L1-to-L2 capacitance at the PSTN or POTS porttaadnodem input allowance shall be as
shown in Table E.5.

Table E.5/G.992.3 — L1-to-L2 capacitance

POTS splitter, either CO or remote, without the Bracconnected 250 nF Max (DC-30 Hz

Modem input allowance, including the DC blockingpaaitors built in the 35 nF Max (DC-30 Hz)
POTS splitter

Modem with internal POTS splitter is the sum of #wve 285 nF Max (DC-30 Hz)

Modem input allowance, excluding the DC blockinga&eitors built in the | 84 nF Max (DC-30 Hz)
POTS splitter (see Note)

NOTE — The capacitance summing up the ATU-R anciternal remote POTS splitter is allowed up fo
334 nF Max in a case that the ATU-R is connectatié¢dine directly without passing the external oden
POTS splitter and a phone only is connected aPtE&S port without the ATU-R connected at the xDSL
port of the external remote POTS splitter.
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E.4.2.6.2 Capacitance to ground

The capacitance to ground at the PSTN port withitteedort opened, or at the POTS port with the
line port opened, shall be less than or equalGmE.

E.4.3 AC characteristics

This clause contains the AC specifications of thécetlmand, such as the insertion loss, the
attenuation variation, the delay distortion, theume loss, the longitudinal balance, the distortion
caused by harmonics, and the termination, and tethads for measuring them. In addition, it
contains specifications and measurement methodkdasut band and the ADSL band.

E.4.3.1 Voiceband
This clause describes the AC characteristics ivtiheeband.

E.4.3.1.1 Insertion loss (at 1 kHz)

The insertion loss of the POTS splitter shall be teas or equal to £1.0 dB at 1 kHz. Using the test
set-up shown in Figures E.20 and E.21, the inseltiss from the source to termination shall be
measured with and without the POTS splitter andxib8L port terminal impedance combination

inserted, and with an input level of 0 dBm (6QQ For the CO POTS splitter test in Figure E.20,
the terminal impedance at the xDSL port shall béPZIHor the remote POTS splitter tests, the
terminal impedance at the xDSL port shall be ZHP dofirst test in Figure E.21a and open

impedance unconnecting ZHP for a second test iar€ig.21b.

A DC bias current of 50 mA shall be applied durihg test. The C and L in Figures E.20 and E.21
are for superimposing the DC bias current. Propdues of the C and L should be set for testing
voiceband frequencies ranging from 0.2 kHz to 4 k&t C> 20 pF and 1> 15 H may be one of
the proper values.

Source: 60

0.2-4kHz CO POTS splitter

balanced ¢ PSTN - c bz(l)aonf:)ed
| port Line port |

I I
TEST
| LPF | LOOP
I
C

cl Hi Z
0.12UF == ——0.12uF
L L xDSL 2L
port
G.992.3_FE.20
ZHP 50 mA

NOTE - The test loop is specified in Figure E.22.

Figure E.20/G.992.3 — Transmission measurements
in the voiceband for the CO POTS splitter
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600 Q
balanced

Hi z

600 Q
balanced

Hi z

TEST
LOOP

Remote POTS splitter

C
4| | Line port
I

H|

Source: 60
0.2-4kHz

C

TEST
LOOP

_| | Line port
I

POTS C balanced
port |
[
LPF
|
[
0.12UF—— ——0.12pF c
xDSL oL
port
G.992.3 FE.21
ZHP 50 mA
a) First test
Source: 600
Remote POTS splitter 0.2-4kHz
POTS C balanced
port |
I
LPF
|
1 '
0.12uF_|_ ——0.12pF c
xDSL 2L
t
por G.992.3_FE.21.1
Open 50 mA

b) Second test

NOTE — The test loop is specified in Figure E.22.

Figure E.21/G.992.3 — Transmission measurements
in the voiceband for the Remote POTS splitter

O O
140Q 140Q
100 nF
O O
140Q 140Q

G.992.3_FE.22

NOTE — This test loop model is valid only for vdieend frequencie

Figure E.22/G.992.3 — Test loop definition
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E.4.3.1.2 Attenuation distortion in voiceband variéion

The variation of insertion loss value from that mead with 1 kHz shall be measured using the test
set-up in Figures E.20 and E.21, and with an inpuéll®f 0 dBm (60Q2). The increase in
attenuation distortion, relative to the 1 kHz ineer loss, caused by the POTS splitter with the ZHP
(or modem) load attached using the test loop deéfineFigure E.22, between 0.2 and 3.4 kHz shall
be less than +1.0 dB and between 3.4 kHz and 4z20skidll be less than £1.5 dB.

A DC bias current of 50 mA shall be applied durihg test. Proper values of the C and L should be
set for testing voiceband frequencies ranging féothkHz to 4 kHz, and € 20 uF and > 15 H
may be one of the proper values.

E.4.3.1.3 Absolute group delay and group delay disttion

The absolute group delay of the POTS splitter affrdguency of minimum group delay shall not
exceed 150 ps. The group delay distortion of the P&dlf&er shall lie within the limits shown
below, where the group delay distortion is defirresdthe increase from the minimum value of
absolute group delay:

. 0.2-0.6 kHz: maximum of 25@s
. 0.6-3.2 kHz: maximum of 200s
. 3.2-4.0 kHz: maximum of 250s

The absolute group delay and group delay distorifothe POTS splitter shall be measured using
the test set-up and conditions defined in Figur@®B&nd E.21.

E.4.3.1.4 Return loss

Figure E.23-1 defines the test configuration andviilaes of the test components that shall be used
for impedance measurements in the voiceband fdr that CO splitterThe terminal impedance at
the xDSL port shall be ZHP. Figures E.23-2 and E.2&fthe the test configuration and the values
of the test components that shall be used for impeel measurements in the voiceband for the
remote POTS splittelThe terminal impedance at the xDSL port shall be ZbiPa first test in
Figure E.23-2, and open impedance unconnecting ZfR tecond test in the Figure E.23FBe
return loss of each splitter under the specifienddmons shall be as follows:

. 11 dB (0.2-1.5 kHz)
. 10 dB (1.5-2.0 kHz)
. 9 dB (2.0-3.4 kHz)
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CO POTS splitter

PSTN port Line port
Test equipment Zin > LPF ZNL-c
0.12uF —— ——0.12pF
G.992.3_FE.23.1
xDSL
port
ZNL-c
ZHP

Return loss reference
impedance

ZNL-c — Zin
Zin + ZNL-c

ReturnLoss = -20 Lo dB

Where:

ZNL-c = 15@ + (830Q // 72 nF)

NOTE - The ZNL-c is valid only for voiceband freques.

Figure E.23-1/G.992.3 — Impedance measurements
in the voiceband for the CO POTS splitter

Remote POTS splitter

POTS port Line port
Test equipment Zin > LPF ZNL-r
0.12uF —— J:O.lZuF
G.992.3_FE.23.2
xDSL
port
ZNL-r
ZHP

Return loss reference
impedance

ZNL-r — Zin
Zin + ZNL-r

ReturnLoss = -20 Lo dB

Where:

ZNL-r = 150Q + (72 nF // (8302 + 1 pF))
NOTE — The ZNL-r is valid only for voiceband frequmes.

Figure E.23-2/G.992.3 — Impedance measurements
in the voiceband for the Remote POTS splitter
(First Test)
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Remote POTS splitter

POTS port Line port
Test equipment Zin - LPF ZNL-r
0.12pF —— J*0.1211[3
—|_ G.992.3 FE.23.3
xDSL
port
ZNL-r
Open
Return loss reference
impedance
ReturnLoss = 20 Lo 2N =41n 1 4g
Zin + ZNL-r
Where:

ZNL-r = 150Q + (72 nF // (83@ + 1 uF))
NOTE — The ZNL-r is valid only for voiceband frequaes.

Figure E.23-3/G.992.3 — Impedance measurements
in the voiceband for the Remote POTS splitter
(Second Test)

E.4.3.1.5 Non-linear distortion

The distortion contributed by the low-pass filteaklbe measured using the test configurations in
Figures E.20 and E.21, and the null loop.

The testing method shall comply with ITU-T Rec. O.8P |

With an applied tone set, at a level of -9 dBm,dbeond and third order intermodulation distortion
products shall be at least 57 dB and 60 dB, resdygtbelow the received signal level.

E.4.3.1.6 Longitudinal balance

The longitudinal balance of the POTS splitter sheallgoeater than 58 dB for frequencies ranging
from 0.2 to 3.4 kHz. Test setups are shown in FiglE4, E.25-1 and E.25-2. For the CO POTS
splitter test in Figure E.24, the terminal impedaatéhe xDSL port shall be ZHP. For the remote
POTS splitter tests, the terminal impedance at h8Lx port shall be ZHP for a first test in
Figure E.25-1, and open impedance unconnecting OiHR $econd test in Figure E.25-2.

A DC bias current of 50 mA shall be applied durihg test. Proper values of the C and L in
Figures E.24, E.25-1 and E.25-2 should be set fomtpstoiceband frequencies ranging from
0.2 kHz to 3.4 kHz, and € 20 uF and 1= 15 H may be one of the proper values. The longitidi
voltage of 3.0 {, shall be imposed as the Vt in the figures.
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CO POTS splitter
PSTN c

@]

| port Line port || 11 600Q
R 1l |
E: LPF
T [ [
[l I
C e C
0.12uF —— —— 0.12pF 1500
L L xDSL 2L
port IVt 0.2-3.4 kHz
777 ZHP 50 mA G.992.3 FE.24

Longitudinal Balance = -20 Log (Vm/Vt) dB
Where: R = 300

Figure E.24/G.992.3 — Longitudinal balance CO testetup

Remote POTS splitter

c POTS C
GOOQ 1:1 [| Line port port 0
i I Lg
LPF B
=R
[| [|
[ |l
C 1 C
1500 0.12pF—— ——0.12pF
L L xDSL 2L
port
0.2-3.4 kHz
ZHP 50 mA zZa

G.992.3_FE.25.1

Longitudinal Balance = -20 Log (Vm/Vt) dB
Where: R = 300

Figure E.25-1/G.992.3 — Longitudinal balance remottest setup (First Test)

Remote POTS splitter

c POTS C
GOOQ [| Line port port |
1l | p—
LPF B
=R
[ [
[ I
C 1 C
1500 0-12uF—|_ ——0.12uF
L L xDSL 2L
port
0.2-3.4 kHz
Open 50 mA vz

G.992.3_FE.25.2

Longitudinal Balance = -20 Log (Vm/Vt) dB
Where: R = 300

Figure E.25-2/G.992.3 — Longitudinal balance
remote test setup (Second Test)
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E.4.3.2 Out band

The band between the voiceband and ADSL band isetkfas the out band. The attenuation in the
out band of the low-pass filter of the remote POT8tter (i.e., the difference in attenuation
measured with and without the low-pass filter),v@hon Figure E.27, shall be greater than or equal
to 26.48 x log(f/4) dB for 4.0 kHz< f < 25 kHz (where f in kHz) with an input level @D dBm
(see Notes 1 and 2). A DC bias current of 50 mAl $feaapplied during the test. Proper values of
the C and L in Figure E.27 should be set for tedimegfrequency range from 4 kHz to 25 kHz, and
C>2 pF and > 1.5 H may be one of the proper values. This outllztenuation specification is
only for the remote POTS splitter, and is not agaplio the CO POTS splitter (see Note 3). The out
band is used with pulse metering (16 kHz), and Gidals (7.8 kHz), etc. The service splitters
supporting these circuits as using out band sigar@®utside scope of this annex.

NOTE 1-The ATU-R transmit power spectral dens{SD) should be less than or equal to
—97.5 + 26.48 x logf/4) dBm/Hz for 4.0 kHz f < 8.06 kHz (where f in kHz) in order to supprésBU-R
transmit signal leakage into phones through thepgags filter of the remote POTS splitter, assumhmgy t
above out band sloped attenuation specificatiothf®remote POTS splitter.

NOTE 2 — The digital modem defined in ITU-T Rec9¥.at a signal rates of up to 56 kbit/s downstream
might be affected in several decrements of 8/6%biy the low-pass filter cut-off characteristithe service
splitter fully supporting the V.90 modem with narfmemance degradation is outside scope of thisxanne

NOTE 3 — The cut-off frequency of the low-passefilof the CO POTS splitter should be less than oalequ
to 8.58 kHz in order to suppress ATU-R transminalgdeakage into the CO analogue line card thrabgh
low-pass filter of the CO POTS splitter, when tbed is short and the ATU-R transmit signal atteiounadn

the CO side is small, where the assumptions arethieacharacteristics of the low-pass filter binltthe

CO analogue line card is compliant with [B18], ahe transmission characteristics at 2-wire analogue
interfaces is compliant with [B19] and [B20].

E.4.3.3 ADSL band
This clause describes the AC characteristics ilADSL band.

E.4.3.3.1 ADSL band attenuation

The attenuation in the stop band of the low-passrfii.e., the difference in attenuation measured
with and without the low-pass filter), shown in &igs E.26 and E.27, shall be greater than 65 dB
for the CO POTS splitter and 70 dB for the remotelBGplitter for frequencies ranging from
25 kHz to 300 kHz with an input level of 10 dBm (1Q). For frequencies ranging from 300 kHz
to 1104 kHz, the attenuation shall be greater BB for the CO and remote POTS splitters in
the same test conditions (see Note). A DC biaseatimf 50 mA shall be applied during the test.
Proper values of the C and L in Figures E.26 and Bl@unld be set. € 2 uF and L> 0.5 H may

be one of the proper values for testing the frequeange from 25 kHz to 1104 kHz. As testing the
out band (see E.4.3.2) together with the ADSL b&hd, 2 pF and > 1.5 H may be one of the
proper values for testing the frequency range fokiz to 1104 kHz.

NOTE —The attenuation of CO/remote POTS splitterssighed for use with VDSL
(ITU-T Rec. G.993.1 [13]) should also be greatanttb5 dB for frequencies ranging from 1104 kHz to

12 MHz. Proper values of the C and L (e.gx G.2uF and L> 5 mH) in Figures E.26 and E.27 should be
set for testing in the frequency range from 1104 kiH12 MHz.
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Source : 10

600Q CO POTS splitter 4-1104 kHz
balanced © PSTN c balanced
| port Line port |
| |
LPF (i)
| | L <
M- T u
c 0.12uF—— ——0.12yF
T
L L xDSL 2L
port
100Q 50 mA G.992.3_FE.26
Figure E.26/G.992.3 — Measurement of the CO POTS
splitter attenuation in the ADSL band
Source : 10 .
4-1104 kHz c Remote POTS splitter PSTN 6000
balanced | Line port port | balanced
j o | I
LPF
o] |
c 1T 1™ iz
0.12pF ——0.12pF
1
L L xDSL 2L
port

100Q G.992.3 FE.27

50 mA

Figure E.27/G.992.3 — Measurement of the remote PGT
splitter attenuation in the ADSL band

E.4.3.3.2 ADSL band insertion loss as LPF loadingfect

The insertion loss caused by loading the low-pdssr fin the band from 25 kHz to 1104 kHz
(see Note) with an input level of =10 dBm (1Q§) as shown in Figures E.28 and E.29, shall be less
than 0.35 dB. The requirement shall be met for @& PSTN port termination impedance of both
600Q and open. A DC bias current of 50 mA shall be iggpin the test case of the POTS/PSTN
port termination impedance of 6@0 No DC bias current of 0 mA shall be applied ia thst case

of the POTS/PSTN port termination impedance of opeoper values of the C and L in Figures
E.28 and E.29 should be set for testing the frequeanoye from 25 kHz to 1104 kHz, and>@ uF

and L> 0.5 H may be one of the proper values.

NOTE — The insertion loss for CO/remote POTS spéttedesigned for use with VDSL
(ITU-T Rec. G.993.1 [13]) should be less than 1Bfdr frequencies ranging from 1104 kHz to 12 MHz.
Proper values of the C and L in Figures E.28 a2® Bhould be set. £0.2uF and L> 5 mH may be one of
the proper values for testing the frequency range 1104 kHz to 12 MHz.
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100Q

balanced
CO POTS splitter Hi Z
C PSTN C
[l port Line port || -«
1 [ h
RQ % LPF J\NE\JD
N | <
1 [ B
c HE L C Source : 10
0.12uF—— _|_0-12uF 25-1104 kHz
] ) DSL oL balanced
port
G.992.3_FE.28
Open

Where: R = 60, J =50 mA
R =open, J=0mA

Figure E.28/G.992.3 — Measurement of loading effect
of the CO POTS spilitter in the ADSL band

100Q
balanced

i Remote POTS splitter
iz C P POTS c
[l Line port| port [
" I 1]
e H
Source : 10 c e c
25-1104 kHz 0-12L1F—|_ ——0.12uF
balanced
L L xDSL 2L
port
G.992.3_FE.29
Open

Where: R = 60, J =50 mA
R =open, J=0mA

Figure E.29/G.992.3 — Measurement of loading effect
of the remote POTS splitter in the ADSL band

E.4.3.3.3 ADSL band return loss as LPF loading efte

The return loss caused by loading the low-pasg fittehe band from 25 kHz to 1104 kHz against
the reference impedance of 1Q0as shown in Figure E.30, shall be greater thadBLgsee Note).
The requirement shall be met for the POTS/PSTN moniination impedance of both 6@Dand
open.

NOTE —The return loss for COfremote POTS splitteresighed for use with VDSL
(ITU-T Rec. G.993.1 [13]) should also be greatanti2 dB in the band from 1104 kHz to 12 MHz.
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POTS splitter

POTS/
PSTN por Line port

600Q . .
and Open% LPF 100Q %H Zin| Test equipment

1
T

0.12uF—— 0.12pF
xDSL
port
G.992.3_FE.30
Open
100Q
Return loss reference
impedance
Return Loss = -20 Lo 100 — Zin dB
Zin + 100

Figure E.30/G.992.3 — Impedance measurements in tAd®SL band
for the CO and remote POTS splitters

E.4.3.3.4 ADSL band longitudinal balance

The longitudinal balance of the POTS splitter shallgoeater than 40 dB for frequencies ranging
from 25 kHz to 1104 kHz (see Note). A DC bias cotraf 50 mA shall be applied during the test.
Proper values of the C and L in Figures E.31 and Ehg®ild be set for testing the frequency range
from 25 kHz to 1104 kHz, and € 2 uF and L> 0.5 H may be one of the proper values. The
longitudinal voltage of 3.0 ) shall be imposed as the Vt in the figures.

NOTE — The longitudinal balance for CO/remote POTSitteps designed for use with VDSL
(ITU-T Rec. G.993.1 [13]) should also be greatantl®0 dB for frequencies ranging from 1104 kHz to
12 MHz. Proper values of the C and L in FigureslEaBd E.32 should be set for testing the frequeanyge
from 1104 kHz to 12 MHz, and €0.2uF and L>5 mH may be one of the proper values.

CO POTS splitter
PSTN C

C
[ port Line port || 11 1OOQ
. 1 1
= LPF
| |
[ | |
C
0.12 yF—— 0 12uF 1500
L L DSL
port IV'{ 25-1104 kHz
77 100Q 50 mA G.992.3_FE.31

Longitudinal Balance = -20 Log (Vm/Vt) dB

Where: R = 3002

Figure E.31/G.992.3 — Longitudinal balance CO testetup in the ADSL band
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Remote POTS splitter

C POTS ¢
100Q 11 || Line port port [
i | —"
LPF L7
> | [T
Hi Z Il I
C . C
1500 0.12puF—— _|_0.12uF
L L xDSL 2L
Vit i port
25-1104 kHz
Longitudinal Balance = —20 Log (Vm/Vt) dB G.992.3 FE.32

Where: R = 300

Figure E.32/G.992.3 — Longitudinal balance remoteest setup in the ADSL band

Annex F

ATU-x performance requirements for region A (North America)

F.1 Performance requirements for operation of ADSLover POTS (Annex A)

F.1.1 Overlapped spectrum operation

An ATU configured for overlapped spectrum operatamcording to A.1.2 and A.2, shall meet the
performance requirements defined in DSL Forum TR{®8as applicable to North America for
testing of physical layer aspects (i.e., excluditegise 9), with the ATU control parameters set as
defined in F.1.3.

The pass/fail criteria contained in DSL Forum TR-O§ shall apply as requirements for
conformance to this Recommendation.

F.1.2 Non-overlapped spectrum operation

An ATU configured for non-overlapped spectrum operaaccording to A.1.3 and A.2, shall meet
the performance requirements defined in DSL ForumOZ%R [9], as applicable to North America

for testing of physical layer aspects (i.e., excigdclause 9), with the ATU control parameters set
as defined in F.1.3.

The pass/fail criteria contained in DSL Forum TR-O§ shall apply as requirements for
conformance to this Recommendation.

F.1.3 ATU control parameter settings

For the purpose of testing according to DSL ForumOBR [9], the ATU control parameters shall
be set as follows:

. Rate adaptive at Init mode (see 8.5) shall bal,us&cept for DSL Forum TR-048 [9]
clauses 8.2 and 8.5.2, which shall use fixed rate;

. Trellis coding is allowed;

. The target noise margin shall be set to 6 dB epstrand downstream;

. Single latency path and Single Frame Bearer oipera
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. Framing message based overhead data rate stsdt beMSGmin = 6 kbit/s;

. Fast Mode shall be tested with a nominal one-mayximum payload transfer delayd ms;

. Interleaved Mode shall be tested with a nomimed-wvay maximum payload transfer delay
<20 ms;

. The minimum noise margin shall be set to 0 dB;

. No limitation of maximum noise margin (set tdedst 30 dB);

. For testing of operation in the presence of InpuNoise events (DSL Forum TR-048 [9]

clause 8.8), the ATU shall be configured in interechmode.
The nominal one-way maximum payload transfer dedajefined in 5.2.

F.2 Performance requirements for operation of All Dgital Mode ADSL (Annex I)

F.2.1 Overlapped spectrum operation

An ATU configured for overlapped spectrum operatgoording to 1.1.2 and 1.2, shall meet at least
the performance requirements for overlapped spactperation of ADSL over POTS, as defined
in F.1.1.

The exact definition of the performance requirementer further study.

F.2.2 Non-overlapped spectrum operation

An ATU configured for non-overlapped spectrum operaaccording to 1.1.3 and 1.2, shall meet at
least the performance requirements for non-oveddmpectrum operation of ADSL over POTS, as
defined in F.1.2.

The exact definition of the performance requireménter further study.

Annex G

ATU-x performance requirements for region B (Europg

G.1 Performance requirements for operation of ADSLover POTS (Annex A)

G.1.1 Overlapped spectrum operation

An ATU configured for overlapped spectrum operatacording to A.1.2 and A.2, shall meet the
performance requirements defined in ETSI TS 101 388 hapter 5, Transmission performance
objectives and test methods, as applicable to ECLA®&Sr POTS.

G.1.2 Non-overlapped spectrum operation

An ATU configured for non-overlapped spectrum operaaccording to A.1.3 and A.2, shall meet
the performance requirements defined in ETSI TS 10& R®], Chapter 5, Transmission
performance objectives and test methods, as apfdita FDD ADSL over POTS.

G.2 Performance requirements for operation of ADSLover ISDN (Annex B)

G.2.1 Overlapped spectrum operation

An ATU configured for overlapped spectrum operatmeording to B.1.2 and B.2, shall meet the
performance requirements defined in ETSI TS 101 388 [hapter 5, Transmission performance
objectives and test methods, as applicable to ECLA®&r ISDN.
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G.2.2 Non-overlapped spectrum operation

An ATU configured for non-overlapped spectrum ogeraticcording to B.1.3 and B.2, shall meet
the performance requirements defined in ETSI TS 108 [B®], Chapter 5, Transmission
performance objectives and test methods, as apfdita FDD ADSL over ISDN.

G.3 Performance requirements for operation of All Dgital Mode ADSL (Annex I)

G.3.1 Overlapped spectrum operation

An ATU configured for overlapped spectrum operatgoording to 1.1.2 and 1.2, shall meet at least
the performance requirements for overlapped spactperation of ADSL over POTS, as defined
in G.1.1.

The exact definition of the performance requirementer further study.
G.3.2 Non-overlapped spectrum operation

An ATU configured for non-overlapped spectrum operaaccording to 1.1.3 and 1.2, shall meet at
least the performance requirements for non-oveddgpectrum operation of ADSL over POTS, as
defined in G.1.2.

The exact definition of the performance requirementer further study.

G.4 Performance requirements for operation of All Dgital Mode ADSL (Annex J)

G.4.1 Overlapped spectrum operation

An ATU configured for overlapped spectrum operatamtording to J.1.2 and J.2, shall meet at
least the performance requirements for overlapgetteum operation of ADSL over ISDN, as
defined in G.2.1.

The exact definition of the performance requirementer further study.

G.4.2 Non-overlapped spectrum operation

An ATU configured for non-overlapped spectrum operaticcording to J.1.3 and J.2, shall meet at
least the performance requirements for non-oveddgpectrum operation of ADSL over ISDN, as
defined in G.2.2.

The exact definition of the performance requirementer further study.

Annex H
Specific requirements for a synchronized symmetrideDSL (SSDSL)
system operating in the same cable binder as ISDI aefined
in ITU-T Rec. G.961 Appendix IlI

For further study.
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Annex |

All digital mode ADSL with improved spectral
compatibility with ADSL over POTS

1.1 ATU-C functional characteristics (pertains to dause 8)

[.1.1  ATU-C control parameter settings

The ATU-C Control Parameter Settings to be used enprameterized parts of the main body
and/or to be used in this annex are listed in ThbleControl Parameters are defined in 8.5.

Table 1.1/G.992.3 — ATU-C control parameter setting

Parameter Default setting Characteristics

NSCds 256

NOMPSDds —40 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMPSDds —40 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMATPds 20.4 dBm Setting may be changed relative to this value du@rzp4.1

(operation per 1.1.2) phase, see 8.13.2.

[.1.2  ATU-C downstream transmit spectral mask for oerlapped spectrum operation
(supplements 8.10)

The passband is defined as the band from 3 to 1HXadnd is the widest possible band used
(i.e., implemented with overlapped spectrum). Lemefined within the passband apply also to any
narrower bands used.

Figure 1.1 defines the spectral mask for the transignal. The low-frequency stop-band is defined
as frequencies below 3 kHz, the high-frequency-btpd is defined as frequencies greater than
1104 kHz.
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A PSDin

dBm/Hz
—36.5 dBm/Hz peak

12 dB/octave
\ —36 dB/octave

—48.5 dBm/Hz pea / -90 dBm/Hz peak

—50 dBm max power in any
1 MHz sliding window
above 4545 kHz

Frequency
in kHz

>
|

0 15 3 1104 3093 4545 11 040
G.992.3 FI.1

Frequency bandf (kHz) Equation for line (dBm/Hz)
0<f<15 -48.5
15<f<3 —36.5 + 12 x log(f/3)
3<f<1104 -36.5
1104 <f< 3093 —36.5 - 36 x lgdf/1104)
3093 <f< 4545 —90 peak, with max power in thef[+ 1 MHz] window of
(—36.5 — 36x log, (f/1104) + 60) dBm
4545 <f< 11 040 —90 peak, with max power in thef f- 1 MHz] window of -50 dBm

NOTE 1 — All PSD measurements are in a QDfesistive termination.

NOTE 2 — The breakpoint frequencies and PSD vape®xact; the indicated slopes are approximate.

NOTE 3 — Above 3 kHz, the peak PSD shall be measwith a 10 kHz resolution bandwidth. Below 3 kitze peak PSD shall
be measured with a 100 Hz resolution bandwidth.

NOTE 4 — The power in a 1 MHz sliding window is reeeed in a 1 MHz bandwidth, starting at the measerg frequency.

NOTE 5 — All PSD and power measurements shall beena& the U-C interface

Figure 1.1/G.992.3 — All digital mode ATU-C transmtter
PSD mask for overlapped spectrum operation

NOTE —When deployed in the same cable as ADSL-B@FS (Annex A/G.992.1 and
Annexes A and B/G.992.2) there may be a spectrabetibility issue between the two systems due ¢o th
overlap of the All-Digital Loop downstream channeith the ADSL-over-POTS upstream channel at
frequencies below 138 kHz. Detailed study of speutrcompatibility is referred to regional bodies.
Deployment restrictions for systems using the dareasn PSD masks defined in this annex may be imposed
(e.g., by the regional regulatory authority).

[.1.2.1  Passband PSD and response

There are three different PSD masks for the ATU-@simat signal, depending on the type of signal
sent. Across the whole passband, the transmit R8€& thall not exceed the maximum passband
transmit PSD level, defined as:

. NOMPSDds+ 1 dB, for initialization signals up to and indlog the Channel Discovery
Phase;

. REFPSDds+ 1 dB, during the remainder of initializationaging with the Transceiver
Training Phase;

. MAXNOMPSDds- PCBds+3.5 dB, during showtime.

The group delay variation over the passband shakxwmeed 50 us.
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The maximum passband transmit PSD level allows fardB of non-ideal transmit filter effects
(e.g., passband ripple and transition band rolloff)

For spectrum management purposes, the PSD temmatenal passband transmit PSD level is
—40 dBm/Hz.

1.1.2.2  Aggregate transmit power

There are three different PSD masks for the ATU-@sinmait signal, depending on the type of signal
sent (see 1.1.2.1). In all cases,

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPds — PCBdg by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not exc&edl @Bm.

. the aggregate transmit power over the 0 to 11.848z band, shall not exceed
(MAXNOMATPds- PCBdg by more than 0.9 dB, in order to account fordeal transmit
power in the stop bands and implementational totes.

The power emitted by the ATU-C is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLoathply with applicable national requirements
on emission of electromagnetic energy.

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 20.4 dBm.

[.1.3 ATU-C downstream transmit spectral mask for ron-overlapped spectrum operation
(supplements 8.10)

The ATU-C transmit spectral mask shall be identicakthe ATU-C transmit spectral mask for
non-overlapped spectrum operation over POTS, ameadefin Figure A.2 in A.1.3, with the
following modification:

For 0 <f < 4, the PSD shall be below —97.5 dBm/Hz (no ektni&ation of max power in
0-4 kHz band).

Adherence to this mask will, in many cases, resuimproved upstream performance of the other
ADSL systems in the same or adjacent binder grouih, the improvement dependent upon the
other interferers. This mask differs from the mask1.2 only in the band below 138 kHz.

The passband is defined as the band from 138 to KH@#4Limits defined within the passband also
apply to any narrower bands used.

The low-frequency stop-band is defined as frequendielow 138 kHz, the high-frequency
stop-band is defined as frequencies greater thas KHz.

1.1.3.1 Passband PSD and response
See A.1.3.1.

1.1.3.2  Aggregate transmit power
See A.1.3.2.
1.2 ATU-R functional characteristics (pertains to dause 8)

1.2.1  ATU-R control parameter settings

The ATU-R Control Parameter Settings to be used enprameterized parts of the main body
and/or to be used in this annex are listed in ThBleControl Parameters are defined in 8.5.
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Table 1.2/G.992.3 — ATU-R control parameter setting

Parameter Default Setting Characteristics

NSCus 32

NOMPSDus —38 dBm/Hz Setting may be changed relative to this value du@rzp4.1
phase, see 8.13.2.

MAXNOMPSDus —38 dBm/Hz Setting may be changed relative to this value du@rzp4.1
phase, see 8.13.2.

MAXNOMATPus 13.3dBm Setting may be changed relative to this value du@riip4.1
phase, see 8.13.2.

[.2.2  ATU-R upstream transmit spectral mask (supplenents 8.10)

The passband is defined as the band from 3 to 138akid is the widest possible band used. Limits
defined within the passband apply also to any me&rdands used.

Figure 1.2 defines the spectral mask for the transignal. The low-frequency stop-band is defined
as frequencies below 3 kHz, the high-frequency-btpd is defined as frequencies greater than
138 kHz.

* PSD (dB)
—34.5 dBm/Hz peak
12 dB/octave
—48 dB/octave
—46.5 dBm/Hz pea —90 dBm/Hz peak
—50 dBm max power in any
1 MHz sliding window
above 1630 kHz
Frequency
(kHz)
0 15 3 138 307 12211630 11 040
G.992.3_FI.2
Frequency bandf (kHz) Equation for line (dBm/Hz)
0<f<15 -46.5
1.5<f<3 —34.5 + 12x log,(f/3)
3<f<138 -34.5
138 <f <307 —34.5 — 48« logy(f/138)
307 <f<1221 —90 peak, with max power in tHgef[+ 100 kHz] window of —42.5 dBm
1221 <f< 1630 —90 peak, with max power in thef[+ 1 MHz] window of
(90 — 48x logy(f/1221) + 60) dBm
1630 <f< 11 040 —90 peak, with max power in tifief fr 1 MHZz] window of —50 dBm
NOTE 1 — All PSD measurements are into a @0@sistive termination.
NOTE 2 — The breakpoint frequencies and PSD vaupegxact; the indicated slopes are approximate.
NOTE 3 — Above 3 kHz, the peak PSD shall be measwith a 10 kHz resolution bandwidth. Below 3 kl#tze peak PSD shall
be measured with a 100 Hz resolution bandwidth.
NOTE 4 — The power in a 1 MHz sliding window is raeeed in a 1 MHz bandwidth, starting at the measerg frequency.
NOTE 5 — All PSD and power measurements shall bdena& the U-R interface (see Figure 5-6)

Figure 1.2/G.992.3 — All digital mode ATU-R transmtter PSD mask
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1.2.2.1  Passband PSD and response

There are three different PSD masks for the ATU-@simat signal, depending on the type of signal
sent. Across the whole passband, the transmit R8& thall not exceed the maximum passband
transmit PSD level, defined as:

. NOMPSDus+ 1 dB, for initialization signals up to and indlog the Channel Discovery
Phase;

. REFPSDus+ 1 dB, during the remainder of initializationaging with the Transceiver
Training Phase;

. MAXNOMPSDus-PCBus+ 3.5 dB, during showtime.

The group delay variation over the passband shakxwoeed 5@s.

The maximum transmit PSD allows for a 1 dB of nosaidtransmit filter effects (e.g., passband
ripple and transition band rolloff).

For spectrum management purposes, the PSD temmatenal passband transmit PSD level is
—-38 dBm/Hz.

1.2.2.2  Aggregate transmit power

There are three different PSD masks for the ATU-Rstmat signal, depending on the type of signal
sent (see 1.2.2.1). In all cases,

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPus-PCBug by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not excé&=8 dBm.

. the aggregate transmit power over the 0 to 11.848z band, shall not exceed
(MAXNOMATPus- PCBug by more than 0.8 dB, in order to account fordeal transmit
power in the stop bands and implementational totes.

The power emitted by the ATU-R is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLoathply with applicable national requirements
on emission of electromagnetic energy.

For spectrum management purposes, the PSD tenmaatmal passband aggregate transmit power
is 13.3 dBm.

1.3 Initialization

For this annex, no additional requirements applglafive to the main body of this
Recommendation).

1.4 Electrical characteristics

.4.1  Wetting current (Region A — North America)

The ATU-C and ATU-R shall support wetting current flimcality and related characteristics. The
operator may disable the provisioning of wettingent at the ATU-C.

The ATU-R shall be capable of drawing between 1.0 20hvahA of wetting (sealing) current from
the remote feeding circuit. The maximum rate of geaof the wetting current shall be no more
than 20 mA per second.

The ATU-C may optionally supply power to support wegtcurrent. The minimum voltage should
be high enough to ensure a minimum of 32 V at tipeiis of the ATU-R. The potential from tip to
ground should be zero or negative. In no case s$hallvoltage or current accessible to the user
(in the network or at the ATU-R) exceed the maximeatues required for conformance to regional
safety requirements.
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NOTE — One method to ensure conformance with regisafety requirements would be to design for
compliance with the most recent edition of [B15ithwappropriate consideration for national deviasio

1.4.1.1 Metallic termination

A metallic termination at the ATU-R shall be prowiden conjunction with the use of wetting
current (see 1.4.1).

Table 1.3 and Figure 1.3 give characteristics thaply to the DC metallic termination of the

ATU-R. The metallic termination provides a direct remt path from tip to ring at the ATU-R,

providing a path for sealing current. By exercisitige nonlinear functions of the metallic
termination, a network-side test system may idgritie presence of a conforming ATU-R on the
customer side of the interface. The characteristidhe metallic termination shall not be affected
by whether the ATU-R is powered in any state, oraugred.

There are two operational states of the DC metatmination:
a) the ON or conductive state;
b) the OFF or nonconductive state.

1.4.1.1.1 ON state

The application of a voltage across the metallicmieation greater thanVan, the
activate/non-activate voltage, for a duration greathan the activate time shall cause the
termination to transition to the ON state. The atB¥nonactivate voltage shall be in the range of
30.0 to 39.0 V. The activate time shall be in thegeaof 3.0 to 50.0 ms. If a change of state is to
occur, the transition shall be completed withinr88 from the point where the applied voltage
across the termination first exce@gs, Application of a voltage greater th&fy for a duration less
than 3.0 ms shall not cause the termination tosttian to the ON state. See Table 1.3 and
Figure 1.3.

While in the ON state, when the voltage acrosgehmaination is 15 V, the current shall be greater
than or equal to 20 mA. The metallic terminationlisteanain in the ON state as long as the current
is greater than the threshdigk (see Table 1.3 and Figure 1.3) whose value shalinbthe range of
0.1 to 1.0 mA. Application of 90.0 V through 2004600Q (for a maximum duration of 2 s) shall
result in a current greater than 9.0 mA.

1.4.1.1.2 OFF state

The metallic termination shall transition to the Odtkte if the current falls below the threshipld
whose value shall be in the range of 0.1 to 1.0 fmAa duration greater than the "guaranteed
release” time (100 ms) (see Table 1.3 and Figupe I£.& change of state is to occur, the transition
shall be completed within 100 ms from the point vehe current first falls below If the current
falls belowlyr for a duration of less than 3.0 ms, the terminasball not transition to the OFF
state. While in the OFF state, the current shalebs than 5.QA whenever the voltage is less than
20.0 V. The current shall not exceed 1.0 mA while ¥bltage across the termination remains less
than the activate voltage.

Descriptive material can be found in Table 1.3 aiglife I.3.

.4.1.2  ATU-R capacitance

While the metallic termination is OFF, the tip-iog capacitance of the ATU-R when measured at
a frequency of less than 100 Hz shall beyEQ 10%.
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1.4.1.3  Behavior of the ATU-R during metallic testng

During metallic testing, the ATU-R shall behave altofvs:

a) When a test voltage of up to 90 V (see Notegpplied across the loop under test, the
ATU-R shall present its DC metallic termination asfided in 1.4.1.1, Table 1.3, and
Figure 1.3, and not trigger any protective devibattwill mask this signature. The series
resistance (test system + test trunk + loop + margan be from 200 to 404Q (balanced

between the two conductors);

b) The ATU-R may optionally limit current in excese2b mA (20 mA maximum sealing
current + 5 mA implementation margin).

NOTE — One test system in common use today appbe¥ DC plus 10 Vrms AC (84.4 V peak) to one
conductor of the loop while grounding the otheraactor.

Table 1.3/G.992.3 — Characteristics of DC metallitermination at the ATU-R

Characteristic

Value

Type of operation

Normally OFF DC termination. Turned ON by application

of metallic voltage. Held ON by loop current flolrned

OFF by cessation of loop current flow.

Current in the ON state and at 15V

>20 mA

DC voltage drop (when ON) at 20 mA
current

<15V

DC current with application of 90 V througk
4000Q for up to 2 s.

min 9 mA (see Note). See Figure 1.3.

DC leakage current (when OFF)at20V [ >5.0p A
Activate/non-activate voltage 30.0VBO/;n<39.0V DC
Activate (break over) current sy <1.0mA

Activate time for voltage Van

3 msto 50 ms

Hold/release current

0.1 mAljr< 1.0 mA

Release/non-release time for curremig

3 msto 100 ms

NOTE — This requirement is intended to ensure miteation consistent with test system operation.
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Ik Leakage current ILT<5PA VrsT= 20 V Test voltage
VaN Activate/Non-activate voltage 30 V<Van<39V
lso Break over current lgo< 1.0 mA
IuR Hold/Release current 0.1 MA<Iyr<1.0 mA
Von ON voltage Von< 15V lTsT= 20 mA Test current
[Lmin Minimum ON current 9 mA 54V

Figure 1.3/G.992.3 — lllustration of DC characterigics of the ATU-R
(bilateral switch and holding current)

1.4.2  Wetting current (Region B — Europe)

The ATU-C and ATU-R shall support wetting current flimeality and related characteristics. The
operator may disable the provisioning of wettingrent at the ATU-C.

The ATU-R shall be capable of drawing between 0.2 ZimdA of wetting (sealing) current from
the remote feeding circuit.

The ATU-C may optionally supply power to support wegtcurrent. In no case shall the voltage or
current accessible to the user (in the network totha ATU-R) exceed the maximum values
required for conformance to regional safety requests.

NOTE — One method to ensure conformance with regisafety requirements would be to design for
compliance with the most recent edition of [B16ithwappropriate consideration for national deviasio

.4.3 ADSL band characteristics

1.4.3.1  Longitudinal balance

Longitudinal balance at the U-R interface shallgoeater than 40 dB over the 5 kHz to 1104 kHz
frequency range.
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Test setup and methodology is defined in A.4. Thasueement of the longitudinal balance in the
specified band shall be performed as shown in Eigud. The balance shall be measured in the
absence of a DC bias voltage, with the modem utedgractive (i.e., powered with transmitter and
receiver active and initializing or in showtime).

Annex J

All Digital Mode ADSL with improved spectral
compatibility with ADSL over ISDN

J.1l ATU-C functional characteristics (pertains to ¢tause 8)

J.1.1 ATU-C control parameter settings

The ATU-C Control Parameter Settings to be used enprameterized parts of the main body
and/or to be used in this annex are listed in TadleControl Parameters are defined in 8.5.

Table J.1/G.992.3 — ATU-C control parameter setting

Parameter Default setting Characteristics

NSCds 256

NOMPSDds —40 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMPSDds —40 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMATPds 20.4 dBm Setting may be changed relative to this value du@rzp4.1

(operation per J.1.2) phase, see 8.13.2.

J.1.2 ATU-C downstream transmit spectral mask for gerlapped spectrum operation
(supplements 8.10)

The ATU-C transmit spectral mask shall be identicakthe ATU-C transmit spectral mask for
overlapped spectrum operation, as defined in Figtri 1.1.2.

The passband is defined as the band from 3 to 1HXadnd is the widest possible band used
(i.e., implemented with overlapped spectrum). Lewefined within the passband apply also to any
narrower bands used.

The low-frequency stop-band is defined as frequenoetow 3 kHz, the high-frequency stop-band
is defined as frequencies greater than 1104 kHz.

NOTE —When deployed in the same cable as ADSL-B@FS (Annex A/G.992.1 and
Annexes A and B/G.992.2) there may be a spectrabetibility issue between the two systems due ¢o th
overlap of the All-Digital Loop downstream channeith the ADSL-over-POTS upstream channel at
frequencies below 138 kHz. Detailed study of speutrcompatibility is referred to regional bodies.
Deployment restrictions for systems using the dareasn PSD masks defined in this annex may be imposed
(e.g., by the regional regulatory authority).

J.1.2.1 Passband PSD and response
See .1.2.1.

J.1.2.2  Aggregate transmit power
See |.1.2.2.
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J.1.3 ATU-C downstream transmit spectral mask for mn-overlapped spectrum operation
(supplements 8.10)

The ATU-C transmit spectral mask shall be identicakthe ATU-C transmit spectral mask for
non-overlapped spectrum operation over ISDN, ameefin Figure B.2.

Adherence to this mask will, in many cases, resuimproved upstream performance of the other
ADSL systems in the same or adjacent binder grouth the improvement dependent upon the
other interferers. This mask differs from the mask1.2 only in the band below 254 kHz.

The passband is defined as the band from 254 to KH@4Limits defined within the passband also
apply to any narrower bands used.

The low-frequency stop-band is defined as frequandielow 254 kHz, the high-frequency
stop-band is defined as frequencies greater th@a RHiz.

J.1.3.1 Passband PSD and response
See B.1.2.1.

J.1.3.2  Aggregate transmit power
See B.1.2.2.

J.2 ATU-R functional characteristics (pertains to ¢tause 8)

J.2.1 ATU-R control parameter settings

The ATU-R Control Parameter Settings to be used éenparameterized parts of the main body
and/or to be used in this annex are listed in TaldeControl Parameters are defined in 8.5.

Table J.2/G.992.3 — ATU-R control parameter setting

Parameter Setting Characteristics

NSCus 64

NOMPSDus —41 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMPSDus —38 dBm/Hz Setting may be changed relative to this value duBr@p4.1
phase, see 8.13.2.

MAXNOMATPus 13.4 dBm Setting may be changed relative to this value du@ri#p4.1
phase, see 8.13.2.

J.2.2 ATU-R upstream transmit spectral mask (supplsents 8.10)

The ATU-R transmit PSD shall comply to one of thewkd family of spectral masks ADLU-32,
ADLU-36,... ADLU-64 (see Note 1). Each of the spektraarks shall be as defined in Figure J.1
and Table J.3.

The passband is defined as the band from 3 kHz toapperbound frequencii, defined in
Table J.3. It is the widest possible band used. tsimefined within the passband apply also to any
narrower bands used.

Figure J.1 defines the family of ATU-R spectral kgafor the transmit signal. The low-frequency
stop-band is defined as frequencies below 3 kHe, hligh-frequency stop-band is defined as
frequencies greater than the passband upperbowegleincyfl defined in Table J.3. The
Inband_peak PSD and the frequenéieandf2 shall be as defined in Table J.3.
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A PSDin
dBm/Hz

12 dB/octave

N

—46.5 dBm/Hz peak

Inband peak PSD

—48 dB/octave

/90 dBm/Hz peak

—50 dBm max power i
1 MHz sliding window
above 1630 kHz

Freq

n any

uency

in kHz

15

fl

f2 1221 1630

11 040

G.992.3 FJ.1

Frequency bandf (kHz)

Equation for Line (dBm/Hz)

0<f<1.5 -46.5
15<f<3 —46.5 + (Inband_peak_PSD + 46.5) x46t].5 kHz)
3<f<fl Inband_peak_PSD
fl<f<f2 Inband_peak_PSD — 48 Ig{f1)

f2<f<1221 -90

1221 <f< 1630

—90 peak, with max power in thgf[+ 1 MHz] window of
(—30 — 48 log(f/1221 kHz)) dBm

1630 <f< 11 040

—90 peak, with max power in teg f 1 MHz] window of =50 dBm

NOTE 1 — All PSDs measurements are into a @Q@sistive termination.
NOTE 2 — The breakpoint frequencies and the PSDegére exact, the indicated slopes are approximate

NOTE 3 — Above 3 kHz, the peak PSD shall be measwith a 10 kHz resolution bandwidth. Below 3 kl#tze peak PSD shall
be measured with a 100 Hz resolution bandwidth.
NOTE 4 — The power in a 1 MHz sliding window is reeeed in a 1 MHz bandwidth, starting at the measer# frequency.

NOTE 5 — All PSD and power measurements shall bdena& the U-R interface, as defined in Figure 5-6.

Figure J.1/G.992.3 — The family of ATU-R transmitte PSD masks

Table J.3/G.992.3 — Inband peak PSD and the frequeiesfl andf2

Template Template
Upstream nominal maximum Inband Frequency | Erequenc
mask- Designator PSD aggregate peak PSD flcngZ)y fz%kHz)y
number (dBm/Hz) transmit (dBm/Hz)
power (dBm)
1 ADLU-32 -38.0 134 -34.5 138.00 307
2 ADLU-36 -38.5 134 -35.0 155.25 343
3 ADLU-40 -39.0 134 -35.5 172.50 379
4 ADLU-44 -39.4 134 -35.9 189.75 415
5 ADLU-48 -39.8 134 -36.3 207.00 450
6 ADLU-52 -40.1 134 -36.6 224.25 485
7 ADLU-56 -40.4 134 -36.9 241.50 520
8 ADLU-60 -40.7 134 -37.2 258.75 554
9 ADLU-64 -41.0 134 -37.5 276.00 589
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For spectrum management purposes, the PSD temqataal passband transmit PSD level and
nominal passband aggregate transmit power are givéable J.3. The family of ATU-R transmit
spectral templates corresponding to the ATU-R transpectral masks are shown in Figure J.2. For
comparison, the ATU-R transmit spectral template A&'SL over ISDN (see Annex B) is also
shown.

30 Upstream nominal PSD templates ADLU-32 to ADLU-6#laéAnnex B/G.992.3

ADLU-32
ADLU-36
ADLU-40
ADLU-44
ADLU-48
ADLU-52
ADLU-56
ADLU-60
ADLU-64
————— Annex B/G.992

PSD [dBm/HZz]
|
a1
(@]

x 10°
G.992.3_FJ.2

NOTE 1 -The ATUR selects a transmit PSD mask from the fawifilupstream transmit PSD masks specified in
Table J.3, based on the limitations imposed byd®eMIB (which are exchanged during the G.994.1
Phase of initialization, see 8.13.2.4) and basethertapabilities of its transmit PMD function.

NOTE 2 -When deployed in the same cable as ADSL-over-P@hadx A/G.992.1, Annexes A and B/G.992.2,
Annex A/ G.992.3 and Annex A/G.992.4), there maylspectral compatibility issue between the two

systems due to the overlap of the All-Digital Laggstream channel with the ADSL-over-POTS

downstream channel at frequencies above 138 kHailBé study of spectrum compatibility is referted

regional bodies. Deployment restrictions for sysersing the upstream PSD masks defined in thisxanne

may be imposed (e.g., by the regional regulatotiiaity).

Figure J.2/G.992.3 — The family of ATU-R transmit pectrum templates

J.2.2.1 Passband PSD and response

There are three different PSD masks for the ATU-Rsimat signal, depending on the type of signal
sent. Across the whole passband, the transmit 8€& thall not exceed the maximum passband
transmit PSD level, defined as:

. NOMPSDus+ 1dB, for initialization signals up to and incing the Channel Discovery
Phase;

. REFPSDus+ 1 dB, during the remainder of initializationaging with the Transceiver
Training Phase;

. MAXNOMPSDus-PCBus+ 3.5 dB, during showtime.
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The group delay variation over the passband shakxwoeed 5@s.

The maximum transmit PSD allows for a 1 dB of nosaidtransmit filter effects (e.g., passband
ripple and transition band rolloff).

J.2.2.2  Aggregate transmit power
(see J.2.2.1). In all cases,

. the aggregate transmit power across the wholesbpasl, shall not exceed
(MAXNOMATPus-PCBug by more than 0.5 dB, in order to accommodate
implementational tolerances, and shall not excé&=8 dBm.

. the aggregate transmit power over the 0 to 11.848z band, shall not exceed
(MAXNOMATPus- PCBug by more than 0.8 dB, in order to account fordeal transmit
power in the stop bands and implementational totes.

The power emitted by the ATU-R is limited by the regments in this clause. Notwithstanding
these requirements, it is assumed that the ADSLoathply with applicable national requirements
on emission of electromagnetic energy.

J.3 Initialization

For this annex, no additional requirements applglative to the main body of this
Recommendation).

J.4 Electrical characteristics

The ATU shall meet the electrical characteristicsnaef in 1.4.

Annex K
TPS-TC functional descriptions

This annex contains the functional descriptionsafous TPS-TC types that may be used within
the G.992.3 transceivers.

K.1 STM Transmission Convergence (STM-TC) function

K.1.1 Scope

The STM-TC function provides procedures for the transpf one unidirectional STM-TC stream

in either the upstream or downstream direction.eOdtoundaries and the position of most
significant bits are explicitly maintained acroks transport for the STM-TC stream. The STM-TC
stream is presented synchronously across the TAR®@rreference point with respect to the PMD
bit clocks.

The support for a plesiochronous interface is ustety.

K.1.2 References
This clause is intentionally blank because therenar8 TM-TC specific references.

K.1.3 Definitions
This clause is intentionally blank because therenar8 TM-TC specific definitions.

K.1.4 Abbreviations
This clause is intentionally blank because therenar8 TM-TC specific abbreviations.

ITU-T Rec. G.992.3 (07/2002) 261



K.1.5 Transport capabilities

The STM-TC function provides procedures for the transpf one unidirectional STM-TC stream

in either the upstream and downstream directiontetOboundaries and the position of most
significant bits are explicitly maintained acroks transport for the STM-TC stream. The STM-TC
stream is presented synchronously across the TAR@rreference point with respect to the PMD
bit clocks.

After each of the transmit STM-TC procedures has lamatied, transport of the STM-TC stream
to a receive STM-TC function is carried out by ungied PMS-TC and PMD layers through a
series of data frames and PMD symbols. The STM-TCspan capabilities are configured by
control parameters described in K.1.7. The contratameters provide for the application
appropriate data rates and characteristics of th®l-BC stream. The values of all control
parameters are set during initialization or reagunfation of the ATU. The receive STM-TC
functions recover the input signal that was pre=grio the corresponding transmit STM-TC
function, those signals having been transportedsacthe STM-TC, PMS-TC, and PMD functions
of an ATU-C and ATU-R pair.

The transmit STM-TC function accepts input signalsnfritie data plane and control plane within
the ATU. As a data plane element, the transmit STMfdi@tion accepts one STM-TC stream
from the V-C or T-R reference points. The strearagsociated with one, and only one, STM-TC
function. These input signals are conveyed to tleeive STM-TC interface as depicted in
Figure K.1. Octet boundaries and the position okisgnificant bits are explicitly maintained
across the transport for the STM-TC frame bearers. Bi&M-TC stream is presented
synchronously across the T-R or V-C reference pwitit respect to the PMD bit clocks.

ATU-R higher JJ ATU-C higher
Upstream SIM-TC layer STM functions Downstream STM-TC | | _1&yer STMiunctions Upstream STM-TC
stre
A/ streams - A, streams
TR V-C
! —
I [ N [T
C ] 1 e |
Upstream ATURSTMTCs |H ATU-C STM-TCs ot
I~ Downstream pstream
e bearers\ A/ frame bearers \ A / frame bearers
B a
4 4
ATU-RPMS-TC ATU-CPMS-TC
NTL, NTL2 ATU-RPND ATU-C PMD LT
Physical TP media
G.992.3_FK.1

Figure K.1/G.992.3 — STM-TC transport capabilitieswithin the user plane

As a management plane element, there are no speaifisport functions provided by the STM-TC
function. However, there are some specific indicaits and overhead response definitions for the
STM-TC function as defined in this annex.
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K.1.6 Interface primitives

Each ATU-C STM-TC function has many interface sigradsshown in Figure K.2. Each named
signal is composed of one or more primitives, asotkr by the directional arrows. The primitive
type associated with each arrow is according tdithee legend.

The diagram is divided by a dotted line to sepattaedownstream function and signals from the
upstream. The signals shown at the top edge conmueitiges to a higher layer STM function. The
signals shown at the bottom edge convey primitieethe PMS-TC function. The signals at the left
and right edges convey control primitives.

Each ATU-R STM-TC function has similar interface signas shown in Figure K.3. In this figure,
the upstream and downstream labels are reversedHigure K.1.

STM-TC. STM-TC.
Stream(q) f Streami) 4
|
| \Y,
A 4
Transmit ATU-C Receive
STM-TC TPSTC function STM-TC
function function
WA
! I
—— a
| I
Frame. av ; Frame. Frame. . Frame.
Bearer() Synchflag Bearer() Synchflag
Downstream Upstream
G.992.3_FK.2
Primitives:
- » .request | » .indicate
SR .confirm «————— . response

Figure K.2/G.992.3 — Signals of the ATU-C STM-TC faction

STM-TC. STM-TC.
Stream() f Streami) 4
|
| T-R
Transmit ATU-R Receive
STM-TC TPSTC function STM-TC
function function
! |
|
T B
Frame. iv y | Frame. Frame. | . Frame.
Bearer() “Synchflag Bearer() Synchflag
Upstream Downstream
G.992.3 FK.3
Primitives:
- » .request W +» .indicate
s .confirm “«——————- .response

Figure K.3/G.992.3 — Signals of the ATU-R STM-TC faction
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The signals shown in Figures K.2 and K.3 are usecatoy primitives between functions of this
Recommendation. Primitives are only intended forppaes of clearly specifying functions to
assure interoperability.

The primitives that are used between a higher I&E¥ function and STM-TC function are
described in Table K.1. These primitives supportakehange of frame bearer data and regulation
of data flow to match PMS-TC configuration. Theyoassipport coordinated online reconfiguration
of the ATU-C and ATU-R.

Table K.1/G.992.3 — Signalling primitives between M
higher layer functions and the STM-TC function

Signal Primitive Description

TPS-TC.Streamm).STM | .request | This primitive is used by the transmit STM-TC fuoatto request
one or more octets from the transmit higher layg¥iSunction to
be transported. By the interworking of the request confirm, the
data flow is matched to the STM-TC configurationdamderlying
functions). Primitives are labelex] wheren corresponds to the
TPS-TC function id (e.gn = 0 for TPS-TC #0).

.confirm | The transmit higher layer STM function passes anaare octets
to the STM-TC function to be transported with thignitive.
Upon receipt of this primitive, the STM-TC functishall perform
the Data Plane Procedures in K.1.8.

.indicate | The receive STM-TC function passes one or moreg®tbethe
receive higher layer STM function that have beangported with
this primitive.

K.1.7 Control parameters

The configuration of the STM-TC function is controlleg a set of control parameters displayed in
Table K.2 in addition to those specified in the mgdy of this Recommendation. The values of
these control parameters are set communicated glunitialization or reconfiguration of an
ATU pair. All the values are determined by applicatrequirements and means that are beyond the
scope of this Recommendation.

Table K.2/G.992.3 — STM-TC Parameters

Parameter Definition

Minimum net data rat@ The minimum net data rate supported by the STM-{f€m #. The ATU shall
net_min implement appropriate initialization and reconfigtimn procedures to provide
net_min data rate.

Maximum net data rate The maximum net data rate supported by STM-TC stigarBuring
net_max initialization and reconfiguration procedures, tie¢ data rate shall not exceed
this value.

Minimum reserved The minimum reserved data rate supported by STM{ii&2us # that shall
data ratenet_reservg | always be available upon request by an approméatenfiguration procedure.
The value ohet_reservgshall be constrained such tim&t_min < net_reservg

< net_max
Maximum PMS-TC The STM-TC streamr#shall be transported with underlying PMS-TC funasio
latencydelay_max configured such that the derived parametgay, is no larger than this control

parametedelay _max
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Table K.2/G.992.3 — STM-TC Parameters

Parameter

Definition

Maximum PMS-TC
BER error_max,

The STM-TC streamr#tshall be transported with bit error ratio not xceed
error_may, referenced to the output of the PMS-TC functiothie receiver.
The modem shall implement appropriate initializatémd reconfiguration
procedures to assure this value.

Minimum PMS-TC
impulse noise
protectionINP_min,

The ATM-TC stream # shall be transported with underlying PMS-TC funasid
configured such that the derived paramé#?, is not lower than this control
parametetNP_min,.

If the values oihet_min, net_may, andnet_reservgare set to the same value, then the STM-TC
stream is designated as a fixed data rate STM-T€arstr(i.e., RA_mode = MANUAL, see
Table 8-6). Ifnet_mip = net_reservg and net_min # net_may, then the STM-TC stream is
designated as a flexible data rate STM-TC streanthdf value ofnet _min # net_max #
net_reservgax then the STM-TC stream is designated as a flexiata rate STM-TC stream with
reserved data rate allocation.

During initialization and reconfiguration procedsiréhe actual net data ratet_act for stream #
shall always be set to the value of the derivecaipaternet_act, of the underlying PMS-TC
latency path function and shall be constrained sbhabnet_min < net_act < net_may However,

in case thenet min, = net max, thenet act, may exceed thaet_max by up to 4 kbit/s, to allow
for the PMS-TC net data rate granularity (see Tabi¢ The latencylelay act shall always be set
to the value of the derived parametieday, of the underlying PMS-TC latency path function and
constrained such thakelay act < delay_max The valuemet _act anddelay_act are not control
parameters; these values are the result of spadifi@lization and reconfiguration procedures.

The impulse noise protectidNP_act, of transport of streamr#shall always be set to the value of
the derived parametdNP, of the underlying PMS-TC path function and consedi such that
INP_act, = INP_min,. The valueset_act, delay _act and INP_act, are not control parameters;
these values are the result of specific initial@atind reconfiguration procedures.

K.1.7.1 Valid configurations
The configurations listed in Table K.3 are valid floe STM-TC function.

Table K.3/G.992.3 — Valid configuration for STM-TCfunction

Parameter Capability
typé, 1
net_min net_min may be supported for all valid framing configuoais
net_max net_maxmay be supported for all valid framing configuoat

net_reservg net_reservemay be supported for all valid framing configuoats

delay_max 0 < delay_max< the largest value oflelay, (see 7.6.1) for supported valid
framing configurationsdelay_max= 0 is a special value indicating no delay
bound is being imposedelay _max= 1 is a special value indicating the lowest
delay is being imposed (see 7.3.2.2/G.997.1).

error_max, 10° 10°, 107

INP_min, 0,1/2,1,2
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K.1.7.2 Mandatory configurations

If implementing a STM-TC, an ATU shall support allngoinations of the values of STM-TC
control parameters for a STM-TC function displayed @ables K.4 and K.5 in the downstream and
upstream directions, respectively. The transmitted eeceiver shall support mandatory features

displayed in the tables.

Table K.4/G.992.3 — Mandatory downstream configurdabn for STM-TC function

Parameter Capability
type, 1
net_min net_minR shall be supported for all valid framing configiiwas up to and equal to
8 Mbit/s, (see Note).
net_max net_max shall be supported for all valid framing configiwas up to and equal to

8 Mbit/s, (see Note).

net_reservg

net_reservgshall be supported for all valid framing configiimas up to and equal to
8 Mbit/s.

delay_max All valid values shall be supported.
error_max, All valid values shall be supported.
INP_min, All valid values shall be supported.

NOTE - Support for values above the required ntt dete is optional and allowed.

Table K.5/G.992.3 — Mandatory upstream control confuration for STM-TC function

Parameter Capability
typ&, 1
net_min net_min shall be supported for all valid framing configliwas up to and equal to
800 kbit/s, (see Note).
net_max net_max shall be supported for all valid framing configiwas up to and equal to

800 kbit/s, (see Note).

net_reservg

net_reservgshall be supported for all valid framing configiimas up to and equal to
800 kbit/s, (see Note).

delay_max All valid values shall be supported.
error_max, All valid values shall be supported.
INP_min, All valid values shall be supported.

NOTE - Support for values above the required ntt dete is optional and allowed.

K.1.8 Data plane procedures

Upon receipt of the Frame.Bearer.requgspfimitive, the transmit STM-TC function shall sidrsa
TPS-TC.Stream.STM.request to the STM higher layer fanctequesting data for transport.

Upon receipt of a TPS-TC.STM.confirm)(primitive, the receive STM TC functiom#hall signal
a Frame.Bearemj.confirm primitive to the PMS-TC function, providjrdata for transport.

Upon receipt of the Frame.Bearer.indicajeprimitive, the receive STM TC functionn#shall

signal a TPS-TC.Stream.STM.indicate to the STM hidager function, providing data that has

been transported.
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K.1.9 Management plane procedures

K.1.9.1 Surveillance primitives
Surveillance primitives for the STM-TC function aneder study.

K.1.9.2 Indicator bits
TIB#0 and TIB#1 shall be set to a 1 for use inZ. 3.

K.1.9.3 Overhead command formats

K.1.9.3.1 Inventory command

The octets returned for the overhead inventory comthiar TPS-TC capabilities shall be inserted
into the response in Table 9-15 based upon the STMap@bilities octets transmitted during the
most recent initialization procedure. The capabksitoctets are defined in Table K.6.

K.1.9.3.2 Control value read command

The octets returned for the overhead control pammetad command for TPS-TC control
parameters capabilities shall be inserted intordsponse in Table 9-17 based upon the control
parameters currently in use by the STM-TC receiverction. The control parameter shall be
transmitted in the format displayed in Table K.7.

K.1.9.3.3 Management counter read command

The TPS-TC octets in the response to the overhead gearemt counter read command
corresponding to the STM-TC function are under stldhe block of counter values corresponding
to the STM-TC function returned in the message degict Table 9-20 shall have zero length.

K.1.10 Initialization procedure

STM-TC functions shall be configured fully prior tdet initialization of the PMS-TC and
PMD functions or be configured after initializatiof the PMS-TC and PMD function in a manner
that is outside the scope of the Recommendation. cddwrgiguration prior to initialization is
performed via a G.994.1 MS message. Information b&gxchanged prior to the mode select to
ascertain capabilities using a G.994.1 CL or CLRsage.

K.1.10.1 ITU-T Rec. G.994.1 capabilities list mesga

The following information about each upstream andvitkiream STM-TC function supported
within an ATU shall be as defined in ITU-T Rec. G.994s part of the CL and CLR messages.
This information may be optionally requested andoregul via G.994.1 at the start of a session.
However, the information shall be exchanged attlease prior to enabling an STM-TC function
between ATU-C and ATU but not necessarily at thet st each session. The information
exchanged includes:

. Maximum net data rate that can be supported &¥iHM-TC function;

. Maximum latency that might be acceptable for 8iEM-TC function. The method for
setting this value is out of the scope of the Revemdation.

This information for an STM-TC function is representesing a block of G.994.1 information as
shown in Table K.6.
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Table K.6/G.992.3 — Format for an STM-TC CL and CLRmessage

Spar(2) bit Definition of related Npar(3) octets

Downstream STM | A block of Npar(3) octets as defined below desaglthe capabilities of the
TPS-TC #0 downstream STM-TC function #0, if present.

Downstream STM | A block of Npar(3) octets as defined below desaghihe capabilities of the
TPS-TC #1 downstream STM-TC function #1, if present.

Downstream STM | A block of Npar(3) octets as defined below desaghihe capabilities of the
TPS-TC #2 downstream STM-TC function #2, if present.

Downstream STM | A block of Npar(3) octets as defined below desaglthe capabilities of the
TPS-TC #3 downstream STM-TC function #3, if present.

Upstream STM A block of Npar(3) octets as defined below desaogtthe capabilities of the
TPS-TC #0 upstream STM-TC function #0, if present.

Upstream STM A block of Npar(3) octets as defined below desogtthe capabilities of the
TPS-TC #1 upstream STM-TC function #1, if present.

Upstream STM A block of Npar(3) octets as defined below desagitihe capabilities of the
TPS-TC #2 upstream STM-TC function #2, if present.

Upstream STM A block of Npar(3) octets as defined below desagitihe capabilities of the
TPS-TC #3 upstream STM-TC function #3, if present.

Definition of the parameter block of Npar(3) octes
A parameter block of 8 octets containing:

— the value ohet_max

— the value ohet_min

— the value ohet_reserve

— the value oflelay_max

— the value o&rror_max and

— the minimum Impulse Noise ProtectidP_min

The unsigned 12-bitet_max, net_miandnet_reserveralues represent the data
rate divided by 4000 bit/s.

Thedelay_maxs a 6-bit unsigned value expressed in ms. A vafu@0000
indicates no delay bound is being imposed.

Theerror_maxis a 2-bit indication, defined as 00 for an enatio of 1E-3, 01 for
an error ratio of 1E-5, and 10 for an error rafidB-7. The value 11 is reserved.

ThelNP_minis a 2 bits indication, defined as 00 fbiP = 0, 01 forINP = 1/2,
10 forINP =1 and 11 fofNP = 2.INP_min= 0 is a special value indicating no
impulse noise protection bound is being imposed.

K.1.10.2 G.994.1 mode select message

Each of the control parameters for each upstreamdamshstream STM-TC function shall be as
defined in ITU-T Rec. G.994.1 as part of the MS ragss This information for each enabled
STM-TC function shall be selected using a MS messgg®r to the PMD and
TPS-TC initialization.

The configuration for an STM-TC function is represeniising a block of G.994.1 information as
shown in Table K.7.
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Table K.7/G.992.3 — Format for an STM-TC MS message

Spar(2) bit Definition of related Npar(3) octets
Downstream STM | A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #0 downstream STM-TC function #0, if present.
Downstream STM | A block of Npar(3) octets as defined below desaghthe configuration of the
TPS-TC #1 downstream STM-TC function #1, if present.
Downstream STM | A block of Npar(3) octets as defined below desaghthe configuration of the
TPS-TC #2 downstream STM-TC function #2, if present.
Downstream STM | A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #3 downstream STM-TC function #3, if present.
Upstream STM A block of Npar(3) octets as defined below desaghihe configuration of the
TPS-TC #0 upstream STM-TC function #0, if present.
Upstream STM A block of Npar(3) octets as defined below desaghihne configuration of the
TPS-TC #1 upstream STM-TC function #1, if present.
Upstream STM A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #2 upstream STM-TC function #2, if present.
Upstream STM A block of Npar(3) octets as defined below desaghine configuration of the
TPS-TC #3 upstream STM-TC function #3, if present.

Definition of the parameter block of Npar(3) octes

A parameter block of 8 octets containing:

— the value ohet_max

— the value ohet_min

— the value ohet_reserve

— the value oflelay_max

— the value o&rror_max and

— the minimum Impulse Noise ProtectidP_min

The format of the octets is as described in Tab&e K

K.1.11 On-line reconfiguration

The on-line reconfiguration of the STM-TC generallguiges the STM-TC to communicate peer-
to-peer through means outside the scope of thisiRe®endation. There is no specified mechanism
to modify the value of the control parameters & 8TM-TC function. The value afet_actand
delay_actare automatically updated from the underlying PMStatency path function.

K.1.11.1 Changes to an existing stream

Reconfiguration of an existing STM-TC function occardy at boundaries between octets. The
transmit STM-TC function uses the new values of thetrol parameters)et_act anddelay_actto
generate octets that follow the signalling of thranke.Synchflag.confirm primitive. The receive
STM-TC function procedures process octets that follothe signalling of the
Frame.Synchflag.indicate primitive using the newga of the control parameters.

K.1.12 Power management mode

The procedures defined for the STM-TC function arended for use while the ATU link is in
power management states LO and L2.
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K.1.12.1 LO Link state operation

The STM-TC function shall operate according to theagdaine procedures defined in K.1.8 and
K.1.9 as well as those in the main body of the Rewendation while the link is in power
management state LO. All control parameter detingiand conditions provided in K.1.7, as well as
those provided in the main body of the Recommeadaghall apply.

K.1.12.1.1 Transition to L2 link state operation

During a transition from link state LO to state liRe value of control parameters are not modified.
However, the value ohet_actand delay actare automatically updated to match those of the
underlying PMS-TC latency path function. Followirgetsuccessful completion of the protocol
described in the main body of the Recommendatioa,cbordinated entry into the L2 link state
shall be made as described in K.1.11.1.

K.1.12.1.2 Transition to L3 link state operation

The orderly shutdown of the ATU shall be as describeithe main body of the Recommendation
referring to this annex. No specific STM-TC tear-dgevacedure is specified.

K.1.12.2 L2 link state operation

The STM-TC function shall operate according to theagdtine procedures defined in K.1.8 and
K.1.9 as well as those in the main body of the Rewendation while the link is in power
management state L2. All control parameter debn#iprovided in K.1.7, as well as those provided
in the main body of the Recommendation shall appgbwever, the operating limits imposed by the
control parametenset_min net_reserveanddelay _maxshall not apply while in the L2 link state.

During the link state L2, the ATU-C STM-TC shall mamitts interface for the arrival of primitives
that indicate data rates larger than the reductal rdées must be transported to the ATU-R. When
this condition is detected, the ATU-C shall use phecedure described in 9.5.3.4 to return to the
link state LO.

K.1.12.2.1 Transition to LO link state operation

Entry into the LO link state shall be preceded by pinotocol described in the main body of the
Recommendation. The values of the control paramatersiot modified upon return to the L2 link
state; however, during a transition from link sta to state LO, the values ofet_actand
delay _actare automatically updated to match those of thdedying PMS-TC latency path
function. Following the successful completion oé throtocol described in the main body of the
Recommendation, the coordinated entry into the ib® ktate shall be made as described in
K.1.11.1.

K.1.12.2.2 Transition to L3 link state operation

Transitions to link state L3 shall be as describedhie main body of the Recommendation. No
specific STM-TC tear-down procedure is specified.

K.1.12.3 L3 link state operation
In the L3 link state, no specific procedures amec#ped for the STM-TC function.

K.1.12.3.1 Transition to LO link state operation

The initialization procedures of the ATU are intendegrovide the transition from link state L3 to
state LO. The transition shall be as described ih.1K. as well as in the main body of the
Recommendation.
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K.2 ATM Transmission Convergence (ATM-TC) function

K.2.1 Scope

The ATM-TC function provides procedures for the tramspf one unidirectional ATM-TC stream
in either the upstream or downstream direction.eOdtoundaries and the position of most
significant bits are explicitly maintained acrodse ttransport for the ATM-TC stream. The
ATM-TC stream is presented asynchronously acros34Reor V-C reference point with respect to
the PMD bit clocks.

K.2.2 References
References applicable to this annex are includethuse 2.

K.2.3 Definitions
This clause is intentionally blank because therenarATM-TC specific definitions.

K.2.4 Abbreviations
Abbreviations applicable to this annex are inclugtedause 4.

K.2.5 Transport capabilities

The ATM-TC function provides procedures for the tramspf one unidirectional ATM-TC stream
in either the upstream or downstream direction.eOdtoundaries and the position of most
significant bits are explicitly maintained acrole transport for the ATM-TC stream. The ATM-TC
stream is presented asynchronously across the MRMreference point with respect to the PMD
bit clocks.

After each of the transmit ATM-TC procedures has keggplied, transport of the ATM-TC stream
to a receive ATM-TC function is carried out by ungiery PMS-TC and PMD layers through a
series of data frames and PMD symbols. The ATM-TCspart capabilities are configured by
control parameters described in K.2.7. The contratameters provide for the application
appropriate data rates and characteristics of thi&-AC stream. The values of all control
parameters are set during initialization or reagunfation of the ATU. The receive ATM-TC
functions recover the input signal that was presgerio the corresponding transmit ATM-TC
function, those signals having been transportedsacthe ATM-TC, PMS-TC and PMD functions
of an ATU-C and ATU-R pair.

The transmit ATM-TC function accepts input signalarirthe data plane and control plane within
the ATU. As a data plane element, the transmit ATM{liGction accepts one ATM-TC stream
from the V-C or T-R reference points. The strearassociated with one, and only one, ATM-TC
function. These input signals are conveyed to theeive ATM-TC interface as depicted in

Figure K.4. Octet boundaries and the position ofstreignificant bits are explicitly maintained

across the transport for the ATM-TC frame bearers. REM-TC stream is presented

asynchronously across the T-R or V-C referencetpuith respect to the PMD bit clocks.
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Figure K.4/G.992.3 — ATM-TC transport capabilitieswithin the user plane

As a management plane element, there are no speaifisport functions provided by the ATM-TC
function. However, there are some specific indichib and overhead response definitions for the
ATM-TC function as defined in this annex.

K.2.5.1 Additional functions

In addition to transport functions, the transmit ATINC function also provides procedures for rate
decoupling of the ATM-TC stream and the frame bebhyeATM idle cell insertion, ATM header
error control generation, and scrambler.

The receive ATM-TC function reverses each of the dispgocedures so that the transported
information may be recovered. Additionally, the ATeceive framing function provides several
supervisory indications and defect signals assediaith some of these procedures (e.g., ATM cell
delineation status, HEC error check failure) as dlesd in 8.12.1.

K.2.6 Interface primitives

Each ATU-C ATM-TC function has many interface signassaown in Figure K.5. Each named
signal is composed of one or more primitives, asotkr by the directional arrows. The primitive
type associated with each arrow is according tdithee legend.

The diagram is divided by a dotted line to sepattaedownstream function and signals from the
upstream. The signals shown at the top edge comirytipes to a higher layer ATM function. The
signals shown at the bottom edge convey primitieethe PMS-TC function. The signals at the left
and right edges convey control primitives.

Each ATU-R ATM-TC function has similar interface sitgias shown in Figure K.6. In this figure,
the upstream and downstream labels are reversedHigure K.5.
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Figure K.6/G.992.3 — Signals of the ATU-R ATM-TC function

The signals shown in Figures K.5 and K.6 are usecatoy primitives between functions of this
Recommendation. Primitives are only intended forppaes of clearly specifying functions to
assure interoperability.

The primitives that are used between a higher I&yE¥ function and ATM-TC function are
described in Table K.8. These primitives supportetkhehange of stream and frame bearer data and
regulation of data flow to match PMS-TC configuratidrhey also support coordinated on-line

reconfiguration of the ATU-C and ATU-R.
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Table K.8/G.992.3 — Signalling primitives between AM
higher layer functions and the ATM-TC function

Signal Primitive Description
TPS-TC.Streanm). | .request This primitive is used by the transmit ATM-TC fuiwgt to request
ATM one or more ATM cells from the transmit higher lapd M

function to be transported. By the interworkinglod request and
confirm, the data flow is matched to the ATM-TC figaration
(and underlying functions). Primitives are labefeavheren
corresponds to the TPS-TC function id (eng=, 0 for TPS-TC #0).

.confirm The transmit higher layer ATM function passes onmore ATM
cells to the ATM-TC function to be transported witiis primitive.
Upon receipt of this primitive, the ATM-TC functiatall perform
the procedures in K.2.8.2.

.indicate The receive ATM-TC function passes one or more AdéMs to the
receive higher layer ATM function that have beemgported with
this primitive.

K.2.7 Control parameters

The configuration of the ATM-TC function is controlleg a set of control parameters displayed in
Table K.9 in addition to those specified in the mgdy of this Recommendation. The values of
these control parameters are set communicatedglumtialization or reconfiguration of an ATU
pair. All the values are determined by applicatiequirements and means that are beyond the scope
of this Recommendation.

Table K.9/G.992.3 — ATM-TC parameters

Parameter Definition
Minimum net data rate | The minimum net data rate supported by the ATM-Tr€asn #. The ATU
net_min shall implement appropriate initialization and nefiguration procedures to

providenet_min data rate.

Maximum net data rate | The maximum net data rate supported by ATM-TC stréa During
net_max activation and reconfiguration procedures, thedagd rate shall not exceed
this value.

Minimum reserved data | The minimum reserved data rate supported by ATMsir€am # that shall
ratenet_reservg always be available upon request by an appropatenfiguration
procedure. The value akt_reservgshall be constrained such thmet_min
< net_reservg< net_max

Maximum PMS-TC The ATM-TC stream # shall be transported with underlying PMS-TC
latencydelay_max functions configured such that the derived paranuiay, is no larger than
this control parametatelay _max

Maximum PMS-TC BER | The ATM-TC stream # shall be transported with bit error ratio not xaeed
error_max, error_may, referenced to the output of the PMS-TC functiotthie receiver.
The modem shall implement appropriate initializatisd reconfiguration
procedures to assure this value.

Minimum PMS-TC The ATM-TC stream # shall be transported with underlying PMS-TC
impulse noise protection | functions configured such that the derived paranidii, is not lower than
INP_min, this control parametdNP_min,.
IMA Compatibility Mode | This single bit flag controls specialized functibtyeof the ATM-TC
flag IMA_flag function. If set to one, the specialized functidyadk enabled. See K.2.8.2
and K.2.8.5. More information on the IMA operatimode is available
in [B17].
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If the values ohet_minR, net_may, andnet_reservgare set to the same value, then the ATM-TC
stream is designated as a fixed data rate ATM-TCamsirdi.e., RA_mode = MANUAL,
see Table 8-6). lhet_miR = net_reservgandnet_min # net_may, then the ATM-TC stream is
designated as a flexible data rate ATM-TC streamth#d value ofnet_mip # net_max #
net_reservgax then the ATM-TC stream is designated as a flexdala rate ATM-TC stream with
reserved data rate allocation.

During activation and reconfiguration proceduré® &actual net data rateet_act for stream #
shall always be set to the value of the derivecaipaternet_act, of the underlying PMS-TC
latency path function and shall be constrained sbhatnet_min < net_act < net_may However,
in case thenet min, = net max, thenet act, may exceed thaet_max by up to 4 kbit/s, to allow
for the PMS-TC net data rate granularity (see Tab®. The latencyelay act of transport of
stream # shall always be set to the value of the derivethipaterdelay, of the underlying
PMS-TC path function and constrained such tieddy act < delay _max The valuesiet_act and
delay_act are not control parameters; these values are d@heltrof specific initialization and
reconfiguration procedures.

The impulse noise protectidNP_act, of transport of streamr#shall always be set to the value of
the derived parametdNP, of the underlying PMS-TC path function and conskdi such that
INP_act, = INP_min,. The valuesmet_act, delay act and INP_act, are not control parameters;
these values are the result of specific initial@atind reconfiguration procedures.

K.2.7.1 Valid configurations

The configurations listed in Table K.10 are valid tloe ATM-TC function.

Table K.10/G.992.3 — Valid configuration for ATM-TC function

Parameter Capability
type& 2
net_min net_mip may be supported for all valid framing configuoais
net_max net_maxmay be supported for all valid framing configuoais
net_reservg net_reservemay be supported for all valid framing configuoats
delay_max 0 < delay_max< the largest value oflelay, (see 7.6.1) for supported valid framing

configurationsdelay_max= 0 is a special value indicating no delay boumnbding
imposeddelay_max= 1 is a special value indicating the lowest détayeing
imposed (see 7.3.2.2/G.997.1).

error_max, 102 10° 107
INP_min, 0,1/2,1,2
IMA_flag Oand1

K.2.7.2 Mandatory configurations

If implementing an ATM-TC, an ATU shall support albmbinations of the values of ATM-TC

control parameters for ATM-TC function #0 displayed Tables K.11 and K.12 and in the
downstream and upstream directions, respectively fransmitter and receiver shall support
mandatory features displayed in the tables.
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Table K.11/G.992.3 — Mandatory downstream configurgon for ATM-TC function #0

Parameter Capability

type, 2

net_min net_min shall be supported for all valid framing configtiwas up to and equal to
8 Mbit/s, (see Note).

net_max net_max shall be supported for all valid framing configuwas up to and equal to
8 Mbit/s, (see Note).

net_reservg net_reservgshall be supported for all valid framing configiimas up to and equal to
8 Mbit/s.

delay_max All valid values shall be supported.

error_max, All valid values shall be supported.

INP_min, All valid values shall be supported.

IMA_flag All valid values shall be supported.

NOTE - Support for values above the required ntt dete is optional and allowed.

Table K.12/G.992.3 — Mandatory upstream control cofiguration for ATM-TC function #0

Parameter Capability

typ&, 2

net_min net_min shall be supported for all valid framing configliwas up to and equal to
800 kbit/s, (see Note).

net_max net_max shall be supported for all valid framing configiiwas up to and equal to
800 kbit/s, (see Note).

net_reservg net_reservgshall be supported for all valid framing configlimas up to and equal to
800 kbit/s, (see Note).

delay_max All valid values shall be supported.

error_max All valid values shall be supported.

INP_min, All valid values shall be supported.

IMA_flag All valid values shall be supported.

NOTE - Support for values above the required ntt dete is optional and allowed.

K.2.8 Data plane procedures

K.2.8.1 Block diagram

Figure K.7 depicts the functions within a transdTfM-TC function that supports one

unidirectional ATM-TC stream and one frame bearer. AM®-TC stream is shown at the leftmost
edge of Figure K.7. The output signal from the ATM-il@ction forms a frame bearer (i.e., input
to the transmit TPS-TC function), is depicted atrightmost edge of Figure K.7.

276 ITU-T Rec. G.992.3 (07/2002)



ATM TC Sub-function 0

ATM
stream # Frame
AT.M 'd'? cell HEC generation Scrambling bearer #
insertion
net_actug|

G.992.3_FK.7

Figure K.7/G.992.3 — Block diagram of transmit ATM-TC function

In the ATM-TC stream and within the ATM-TC function,tdactets are transmitted MSB first in
accordance with ITU-T Rec. 1.361 [11] and ITU-T Red32.1 [12]. All serial procedures within
the ATM-TC function begin MSB first. Below theandf interfaces of the ATU (starting with the
Frame.Bearer primitives), data octets are tranedoliSB first. As a result, the MSB of the first
octet of the first ATM-TC.Stream].confirm primitive will be the LSB of the first ¢et of the first
Frame.Bearen).confirm primitive. The labelling of bits within }hATM-TC layer and at the frame
bearer is depicted in Figure K.8.

Octet format in

TPS-TC.bearen).ATM | gp MSB
primitives and within
ATM-TC layer |AO|A1‘AZ‘A3‘A4‘A5‘A6‘A7‘
A A A A A A A A ATM TC/
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Figure K.8/G.992.3 — Bit mapping of the user plan&ansport function
of the ATM-TC function

K.2.8.2 Rate matching by idle cell insertion

ATM idle cells shall be inserted by the transmitdtion to provide ATM cell rate decoupling. If
the IMA_flag is not asserted, ATM idle cells shatitive delivered to higher layers functions by the
receive ATM-TC functions. If the control variable IMAag is asserted, all ATM cells received and
delineated shall be passed in TPS-TC.Strep&{M.indicate primitive.

ATM idle cells are identified by the standardizedtgan for the cell header given in ITU-T
Rec. 1.432.1 [12].

Cell rate decoupling is expected to be performedhgyIMA function when the control variable
IMA_flag is asserted. The ATM-TC function thereforgents a minimum number of idle cells, i.e.,
no cells are inserted if exact rate decouplingeidggmed by the IMA function.

K.2.8.3 HEC octet

The transmit ATM-TC function shall generate a HEC ©Octes described in ITU-T
Rec. 1.432.1 [12], including the recommended modRl@ddition (XOR) of the pattern binary
01010104 to the HEC bits.

The HEC covers the entire cell header. The generatgnpmial coefficient set used and the HEC
sequence generation procedure shall be in accardaitic ITU-T Rec. 1.432.1 [12].
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K.2.8.4 Cell delineation

The receiver ATM-TC function shall perform cell dektien. The cell delineation procedure
permits the identification of ATM cell boundaries ihe Frame.Bearer.indicate primitives. The
procedure uses the HEC field in the cell headed. d&diheation shall be performed using a coding
law by checking the HEC field in the cell headecading to the algorithm described in ITU-T
Rec. 1.432.1 [12]. The cell delineation procedurdapicted as a state machine in Figure K.9. Each
state is described in Table K.13.

Bit-by-bit Cell-by-cell
Correct HEC

<
<

Incorrect HEC
ALPHA consecutiv DELTA consecutive
incorrect HEC correct HEC

Cell-by-cell G.992.3_FK.9

Figure K.9/G.992.3 — Cell delineation procedure sta machine

Table K.13/G.992.3 — ATM cell delineation proceduretates

State Definition

HUNT In the HUNT state, the cell delineation proceduralisbe performed by checking bit by bit
for the correct HEC. Once such an agreement isdfatirs assumed that one header has
been found, and the method enters the PRESYNC ¥thien octet boundaries are
available, the cell delineation procedure may béopmed octet by octet.

PRESYNC]| In the PRESYNC state, the cell delineation procedinall be performed by checking cell by
cell for the correct HEC. The procedure repeats ti correct HEC has been confirmed
DELTA times consecutively. If an incorrect HEC @ihd, the procedure returns to the
HUNT state.

SYNC In the SYNC state the cell delineation proceduilsbturn to the HUNT state if an
incorrect HEC is obtained ALPHA times consecutively.

No recommendation is made for the values of ALPHW ®ELTA, because the choice of these
values is not considered to effect interoperabildpwever, it should be noted that the use of the
values suggested in ITU-T Rec. 1.432.1 [12] (ALPHA,=DELTA = 6) may be inappropriate due
to the ATU transport characteristics.

K.2.8.5 ATM cell error detection

The receiver ATM-TC function shall implement error ettion over the entire cell header as
defined in ITU-T Rec. 1.432.1 [12]. The code specifiadTU-T Rec. 1.432.1 [12] is capable of
single bit error correction and multiple bit eraetection. However, HEC error correction shall not
be implemented by the ATU, and any HEC error shatidresidered as a multiple bit error.

If the control variable IMA_flag is not assertedTM cells detected to be in error shall not be
passed in a TPS-TC.StreaipATM.indicate primitive. If the control variable IM flag is asserted,
all ATM cells received and delineated shall be passe TPS-TC.Streamj.ATM.indicate
primitive.
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K.2.8.6 Scrambler

The transmit ATM-TC function shall scramble the ceallylpad field to improve the security and
robustness of the HEC cell delineation mechanism. §éie synchronizing scrambler uses the
polynomial X* + 1. The scrambler procedures defined in ITU-T Ret32.1 [12] shall be
implemented.

K.2.9 Management plane procedures

K.2.9.1 Surveillance primitives

The ATM-TC function surveillance primitives are ATM patelated. Both anomalies and defects
are defined for each receiver ATM-TC function.

Three near-end anomalies are defined as follows:

. No Cell Delineation (ncsy) anomaly: An ncdr anomaly occurs immediately after
receiving the first Frame.Beargj(ndicate primitive. The anomaly terminates whea th
cell delineation process of the receive ATM-TC fuot#h transitions to the SYNC state.
Once cell delineation is acquired, subsequent soséeell delineation shall be considered
as ocdn anomalies.

. Out of Cell Delineation (ocd) anomaly: An ocdi anomaly occurs when the cell
delineation process of receive ATM-TC sub-functiont#ansitions from the SYNC state to
the HUNT state. An ocd-anomaly terminates when the cell delineation psdensitions
from PRESYNC state to SYNC state or when therladgfect is asserted.

. Header Error Check (hey-anomaly: A hear anomaly occurs each time the ATM cell
header process of receiver ATM-TC functiandgtects an error.

These near end anomalies are counted locally perTITRec. G.997.1 [4]. The values of the
counter may be read or reset via local commanddefoted in this Recommendation.

Three far-end anomalies are defined as follows:

. Far-end No Cell Delineation (fnag- anomaly: An fncda anomaly is a ncd- anomaly
detected at the far end.

. Far-end Out of Cell Delineation (foeg-anomaly: An focda anomaly is an ocd-anomaly
detected at the far end.

. Far-end Header Error Check (fhecanomaly: An fhea anomaly is an heg-anomaly

detected at the far end.

These far-end anomalies are not individually obd#deval'he count of these far-end anomalies may
be read and reset via overhead commands definéd .ih.6. The format of the counters shall be as
described in K.2.9.3.3.

One near-end defect is defined as follows:

. Loss of Cell Delineation (Icd) defect: An Icda defect occurs when at least one ocd-
anomaly is present in each of four consecutive leea@l channel periods and no sef-
defect is present. An lcd-defect terminates when no ondanomaly is present in four
consecutive overhead channel periods.

This near-end defect is processed locally per ITU-G. &997.1 [4].

One far-end defect is defined as follows:

. Far-end Loss of Cell Delineation (fleg-defect: An flcdn defect is a Icdt defect detected
at the far end. This defect shall be carried in biteoriented portion of the overhead
structured as defined in 7.8.2.1.

This far-end defect is directly observed throughnalicator bit as described in K.2.9.2.
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K.2.9.2 Indicator bits

The (logical OR of the) near end defect ltand the near-end anomalies mcdnd ocdA shall be
mapped onto the TPS-TC indicator TIB#0 and transpoais described in 7.8.2.2. The bit shall be
encoded as a 1 when inactive for use in 7.8.2.2.

The TIB#1 shall be setto a 1 for use in 7.8.2.2.

NOTE — The TIB#0 corresponds to the NCD indicatodbfined in ITU-T Rec. G.992.1.

K.2.9.3 Overhead command formats

K2.9.3.1 Inventory command

The octets returned for the overhead inventory comthiar TPS-TC capabilities shall be inserted
into the response in Table 9-15 based upon the ATM:djiabilities octets transmitted during the
most recent initialization procedure. The capakditbctets are defined in Table K.15.

K.2.9.3.2 Control value read command

The octets returned for the overhead control pammetad command for TPS-TC control
parameters capabilities shall be inserted intorésponse in Table 9-17 based upon the control
parameters currently in use by the ATM-TC receivarction. The control parameter shall be
transmitted in the format displayed in Table K.16.

K2.9.3.3 Management counter read command

The TPS-TC management counters in the response toviéread management counter read
command corresponding to the ATM-TC function shall pevided as defined in ITU-T
Rec. G.997.1 [4]. The block of counter values cqoesling to the ATM-TC function returned in
the message depicted in Table 9-20 shall be astddpic Table K.14.

Table K.14/G.992.3 — ATU management counter values

Octets Element name
ATM-TC
4 Counter of the HEC anomalies
4 Counter of total cells passed through HEC fumctio
4 Counter of total cells passed to the upper |&yiévl function
4 Counter of total bit errors detected in ATM idkdls payload

K.2.10 Initialization procedure

ATM-TC functions shall be configured fully prior thé initialization of the PMS-TC and PMD
functions or be configured after initializationtbie PMS-TC and PMD function in a manner that is
outside the scope of the Recommendation. The caatign prior to initialization is performed via
a G.994.1 MS message. Information may be exchapged to the mode select to ascertain
capabilities using a G.994.1 CL or CLR message.

K.2.10.1 G.994.1 capabilities list message

The following information about each upstream anavrikiream ATM-TC function supported
within an ATU shall be as defined in ITU-T Rec. G.994s part of the CL and CLR messages.
This information may be optionally requested andoregul via G.994.1 at the start of a session.
However, the information shall be exchanged attlease prior to enabling an ATM-TC function
between ATU-C and ATU-R, but not necessarily at skert of each session. The information
exchanged includes:
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. Maximum net data rate that can be supported ®AMM-TC function;

. Maximum latency that might be acceptable for &EM-TC function. The method for
setting this value is out of the scope of the Revemdation.

This information for an ATM-TC function is representesing a block of G.994.1 information as
shown in Table K.15.

Table K.15/G.992.3 — Format for an ATM-TC CL and CLR message

Spar(2) bit Definition of related Npar(3) octets

Downstream ATM | A block of Npar(3) octets as defined below desaghtihe capabilities of the
TPS-TC #0 downstream ATM-TC function #0, if present.

Downstream ATM | A block of Npar(3) octets as defined below desaghihe capabilities of the
TPS-TC #1 downstream ATM-TC function #1, if present.

Downstream ATM | A block of Npar(3) octets as defined below desaghihe capabilities of the
TPS-TC #2 downstream ATM-TC function #2, if present.

Downstream ATM | A block of Npar(3) octets as defined below desagttihe capabilities of the
TPS-TC #3 downstream ATM-TC function #3, if present.

Upstream ATM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #0 upstream ATM-TC function #0, if present.

Upstream ATM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #1 upstream ATM-TC function #1, if present.

Upstream ATM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #2 upstream ATM-TC function #2, if present.

Upstream ATM A block of Npar(3) octets as defined below desagitihe capabilities of the
TPS-TC #3 upstream ATM-TC function #3, if present.

Definition of the parameter block of Npar(3) octets
A parameter block of 8 octets containing:

— the maximum supported valuerat_max

— the maximum supported valuerat_min

— the maximum supported valuerdt_reserve

— the maximum supported valueddlay max

— the maximum supported valueesfor_max

— the minimum Impulse Noise ProtectitdiP_min and
— the support ofMA_flag.

The format of the octets is as described in Tab& KhelMA_flagis a single bit
indication, set to 1 if IMA is supported and seDtd IMA is not supported or
disabled.

K.2.10.2 G.994.1 mode select message

Each of the control parameters for each upstreamdamchstream ATM-TC function shall be as
defined in ITU-T Rec. G.994.1 as part of the MS ragss This information for each enabled
ATM-TC function shall be selected using a MS messgg®or to the PMD and
TPS-TC initialization.

The configuration for an ATM-TC function is represehtesing a block of G.994.1 information as
shown in Table K.16.
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Table K.16/G.992.3 — Format for an ATM-TC MS messag

Spar(2) bit Definition of related Npar(3) octets

Downstream ATM | A block of Npar(3) octets as defined below desagltihe configuration of the
TPS-TC #0 downstream ATM-TC function #0, if present.

Downstream ATM | A block of Npar(3) octets as defined below desaghthe configuration of the
TPS-TC #1 downstream ATM-TC function #1, if present.

Downstream ATM | A block of Npar(3) octets as defined below desaghthe configuration of the
TPS-TC #2 downstream ATM-TC function #2, if present.

Downstream ATM | A block of Npar(3) octets as defined below desaglthe configuration of the
TPS-TC #3 downstream ATM-TC function #3, if present.

Upstream ATM A block of Npar(3) octets as defined below desaglthe configuration of the
TPS-TC #0 upstream ATM-TC function #0, if present.

Upstream ATM A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #1 upstream ATM-TC function #1, if present.

Upstream ATM A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #2 upstream ATM-TC function #2, if present.

Upstream ATM A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #3 upstream ATM-TC function #3, if present.

Definition of the parameter block of Npar(3) octets
A parameter block of 8 octets containing:

— the value ohet_max

— the value ohet_min

— the value ohet_reserve

— the value oflelay_max

— the value orror_max

— the minimum Impulse Noise ProtectitdiP_min and
— the value of th&éMA flag.

The format of the octets is as described in TabkbK

K.2.11 On-line reconfiguration

The on-line reconfiguration of the ATM-TC generallgu@es the ATM-TC to communicate peer-
to-peer through means outside the scope of thisiRemwndation. There is no specified mechanism
to modify the value of the control parameters & &TrM-TC function. The value afiet_actand
delay_actare automatically updated from the underlying PMStatency path function.

K.2.11.1 Changes to an existing stream

Reconfiguration of an existing ATM-TC function occwsly at boundaries between octets. The
transmit ATM-TC function uses the new values of thetol parametersiet_act anddelay_actto
generate octets that follow the signalling of thranke.Synchflag.confirm primitive. The receive
ATM-TC function procedures process octets that follothe signalling of the
Frame.Synchflag.indicate primitive using the newga of the control parameters.

K.2.12 Power management mode

The procedures defined for the ATM-TC function areemated for use while the ATU link is in
power management states LO and L2.
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K.2.12.1 LO link state operation

The ATM-TC function shall operate according to theadalane procedures defined in K.2.8 and
K.2.9 as well as according to those in the mainylefdhe Recommendation referring to this annex
while the link is in power management state LO. @dhtrol parameter definitions and conditions
provided in K.2.7, as well as according to thosevjgred in the main body of the Recommendation
referring to this text, shall apply.

K.2.12.1.1 Transition to L2 link state operation

During a transition from link state LO to state tRe value of control parameters are not modified.
However, the value ohet_actand delay actare automatically updated to match those of the
underlying PMS-TC latency path function. Followingetsuccessful completion of the protocol

described in the main body of the Recommendatiternieg to this annex, the coordinated entry

into the L2 link state shall be made as describad.2.11.1.

K.2.12.1.2 Transition to L3 link state operation

The orderly shutdown of the ATU shall be as describeithe main body of the Recommendation
referring to this annex. No specific ATM-TC tear-dopnocedure is specified.

K.2.12.2 L2 link state operation

The ATM-TC function shall operate according to theadalane procedures defined in K.2.8 and
K.2.9 as well as according to those in the mainylmfdhe Recommendation referring to this annex
while the link is in power management state L2.ddhtrol parameter definitions provided in K.2.7
as well as according to those provided in the nimidy of the Recommendation referring to this
text shall apply. However, the operating limits mspd by the control parametengt_min
net_reserveanddelay _maxshall not apply while in the L2 link state.

During the link state L2, the ATU-C ATM-TC shall mamitits interface for the arrival of
primitives that indicate that data rates largenttiee reduced data rates must be transported to the
ATU-R. When this condition is detected, the ATU-Clshae the procedure described in 9.5.3.4 to
return to the link state LO.

K.2.12.2.1 Transition to LO link state operation

Entry into the LO link state shall be preceded by pinotocol described in the main body of the
Recommendation referring to this annex. The valdeth® control parameters are not modified
upon return to the L2 link state; however, duringransition from link state L2 to state LO, the
values ofnet_act and delay_actare automatically updated to match those of thdedying
PMS-TC latency path function. Following the succelssbmpletion of the protocol described in
the main body of the Recommendation referring i® dnnex, the coordinated entry into the LO link
state shall be made as described in K.2.11.1.

K.2.12.2.2 Transition to L3 link state operation

Transitions to link state L3 shall be as descrilbethe main body of the Recommendation referring
to this annex. No specific ATM-TC tear-down procedgrspecified.

K.2.12.3 L3 link state operation
In the L3 link state, no specific procedures amec#ped for the ATM-TC function.

K.2.12.3.1 Transition to LO link state operation

The initialization procedures of the ATU are intendegrovide the transition from link state L3 to
state LO. The transition shall be as described iB.1K. as well as in the main body of the
Recommendation referring to this annex.
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K.3 Packet transmission convergence function (PTM-T)

K.3.1 Scope

The PTM-TC function provides procedures for the transpf one unidirectional packet stream in
either the upstream or downstream direction. Pdo&endaries, octet boundaries, and the position
of most significant bits are explicitly maintainadross the transport for the PTM-TC stream. The
PTM-TC stream is presented asynchronously across-Rer V-C reference point with respect to
the PMD bit clocks.

The PTM-TC function is defined in terms of the PTM-TCimled in Annex H.1/G.993.1 [13].
Referring to the reference model of that annexR#®-TC of VDSL is defined connecting above
the PMS-TC function to either a fast or slow charthebugh the a/b interface. This same function
is used for K.3 and is defined to connect to alsiMS-TC latency path function.

K.3.2 References
References applicable to this annex are includethuse 2.

K.3.3 Definitions
This clause is intentionally blank because therenarBTM-TC specific definitions.

K.3.4 Abbreviations
Abbreviations applicable to this annex are inclugtedause 4.

K.3.5 Transport capabilities

The transport capabilities of the PTM-TC function described in H.2/G.993.1 [13]. Only the
mandatory capabilities that support a single PTM-Mm@&lle used with this Recommendation.

The PTM-TC transport capabilities are configured bgitiad parameters described in K.3.7. The
control parameters provide for the application appate data rates and characteristics of the
PTM-TC stream. The values of all control parametegssat during initialization or reconfiguration
of the ATU.

The transmit PTM-TC function accepts input signalsifthe data plane within the ATU. As a data
plane element, the transmit PTM-TC function accepis BTM-TC stream from a PTM entity
across the V-C or T-R reference points. The streaassociated with one and only one PTM-TC
function.
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Figure K.10/G.992.3 — PTM-TC transport capabilitieswithin the user plane

K.3.6 Interface primitives

Each ATU-C PTM-TC function has many interface signalglascribed in H.3/G.993.1 [13]. The
interface signals between the PTM-TC and PMS-TC comfdo those required by the

TPS-TC function in the main body of this Recommermhatiro map the signal interfaces required
in Annex H/G.993.1 [13] to the signal primitivesquered in the TPS-TC function of this

Recommendation, the procedure in Table K.17 shalideel. The optional bit clock signals defined
in Annex H/G.993.1 [13] are not used.

Table K.17/G.992.3 — Signalling primitives mappingrom
G.993.1 PTM-TC to G.992.3 PTM-TC functions

Signal Primitive Description

Frame.Bearen) | .request Whenever this .request primitive is asserted byNhe PMS-TC
function, the PTM-TC primitive O_synct signal shiadl considered
asserted. Primitives are labelgdvheren corresponds to the TPS-T(
function id (e.g.n = 0 for TPS-TC #0).

.confirm Whenever the PTM-TC signal O_synct is assertedypthet data
contained on the PTM-TC Tx signal shall be pasedtie ATU
PMS-TC in this .confirm primitive.

.indicate Whenever this .indicate primitive is asserted iy ATU PMS-TC
function, the octet data contained within it shlplaced onto the
PTM-TC signal Rx and the PTM-TC O_syncr signal iseated.

K.3.7 Control parameters

The configuration of the PTM-TC function is controlleg a set of control parameters displayed in
Table K.18 in addition to those specified in the miaody of this Recommendation. The values of
these control parameters are set communicatedgdunitialization or reconfiguration of an ATU
pair. All the values are determined by applicatiequirements and means that are beyond the scope
of this Recommendation.
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Table K.18/G.992.3 — PTM-TC parameters

Parameter Definition

Minimum net data rate The minimum net data rate supported by the PTM-{f€am #. The ATU shall
net_min implement appropriate initialization and reconfigtimn procedures to provide
net_min data rate

Maximum net data rate The maximum net data rate supported by PTM-TC stigarBuring
net_max initialization and reconfiguration procedures, tie¢ data rate shall not exceed
this value.

Minimum reserved The minimum reserved data rate supported by PTM{fl&am # that shall
data ratenet_reservg | always be available upon request by an approméatenfiguration procedure.
The value ohet_reservgshall be constrained such timet_min < net_reservg

< net_max
Maximum PMS-TC The PTM-TC streamr#shall be transported with underlying PMS-TC funesio
latencydelay_max configured such that the derived parametgay, is no larger than this control

parametedelay _max

Maximum PMS-TC The PTM-TC streamr#shall be transported with bit error ratio not xceed
BER error_max, error_may, referenced to the output of the PMS-TC functiothie receiver.
The modem shall implement appropriate initializatéod reconfiguration
procedures to assure this value.

Minimum PMS-TC The ATM-TC stream # shall be transported with underlying PMS-TC funasid
impulse noise configured such that the derived paraméi#?, is not lower than this control
protectionINP_min, parametetNP_min,.

If the values oihet_min, net_may, andnet_reservgare set to the same value, then the PTM-TC
stream is designated as a fixed data rate PTM-T€arstr(i.e., RA_mode = MANUAL, see
Table 8-6). Ifnet_min = net_reservg and net_min # net_may, then the ATM-TC stream is
designated as a flexible data rate ATM-TC streamth#d value ofnet_min # net_max #
net_reservgax then the PTM-TC stream is designated as a flexita rate ATM-TC stream with
reserved data rate allocation.

During initialization and reconfiguration procedsiréhe actual net data ratet_act for stream #
shall always be set to the value of the derivecaipaternet_act, of the underlying PMS-TC
latency path function and shall be constrained sbhabnet_min < net_act < net_may However,
in case thenet min, = net max, thenet act, may exceed thaet_max by up to 4 kbit/s, to allow
for the PMS-TC net data rate granularity (see Tab®. The latencyelay act of transport of
stream # shall always be set to the value of the derivethipaterdelay, of the underlying
PMS-TC latency path function and constrained suel dielay act < delay _max The values
net_act and delay _act are not control parameters; these values are élaltr of specific
initialization and reconfiguration procedures.

The impulse noise protectidNP_act, of transport of streamr#shall always be set to the value of
the derived parametdNP, of the underlying PMS-TC path function and conskdi such that
INP_act, = INP_min,. The valueset_act, delay act and INP_act, are not control parameters;
these values are the result of specific initialaatind reconfiguration procedures.
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K.3.7.1 Valid configurations
The configurations listed in Table K.19 are valid tiee PTM-TC function.

Table K.19/G.992.3 — Valid configuration for PTM-TC function

Parameter Capability
type, 3
net_min net_mip may be supported for all valid framing configuoas
net_max net_maxmay be supported for all valid framing configuoais

net_reservg net_reservemay be supported for all valid framing configuoais

delay_max 0 <delay_max< the largest value oflelay, (see 7.6.1) for supported valid framing
configurationsdelay_max= 0 is a special value indicating no delay bousdeing
imposeddelay_max= 1 is a special value indicating the lowest détayeing
imposed (see 7.3.2.2/G.997.1).

error_max, 103 10° 107

INP_min, 0,1/2,1,2

K.3.7.2 Mandatory configurations

If implementing a PTM-TC function, an ATU shall suppatl combinations of the values of
PTM-TC control parameters for PTM-TC function #0 digpld in Tables K.20 and K.21 in the
downstream and upstream directions, respectivelye fransmitter and receiver shall support

mandatory features displayed in the tables.

Table K.20/G.992.3 — Mandatory downstream configuraon for PTM-TC function #0

Parameter Capability
typ&: 3
net_min net_min shall be supported for all valid framing configliwas up to and equal to
8 Mbit/s, (see Note).
net_max net_max shall be supported for all valid framing configiimas up to and equal to

8 Mbit/s, (see Note).

net_reservg

net_reservgshall be supported for all valid framing configiimas up to and equal to
8 Mbit/s.

delay_max All valid values shall be supported.
error_max All valid values shall be supported.
INP_min, All valid values shall be supported.

NOTE — Support for values above the required ntt dete is optional and allowed.
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Table K.21/G.992.3 — Mandatory upstream control cofiguration for PTM-TC function #0

Parameter Capability

typ&, 3

net_min net_min shall be supported for all valid framing configliwas up to and equal to
800 kbits/s, (see Note).

net_max net_max shall be supported for all valid framing configiimas up to and equal to
800 kbit/s, (see Note).

net_reservg net_reservgshall be supported for all valid framing configiimas up to and equal to
800 kbit/s, (see Note).

delay_max All valid values shall be supported.

error_max All valid values shall be supported.

INP_min, All valid values shall be supported.

NOTE — Support for values above the required ntt dete is optional and allowed.

K.3.8 Functionality

The functionality of the PTM-TC shall be as defined H4/G.993.1 [13] and shall include
encapsulation, packet error monitoring, data rat®dpling, and frame delineation.

K.3.9 Management plane procedures

K.3.9.1 Surveillance primitives

The PTM-TC function surveillance primitives are PTM aagpath related and defined in
H.3.1.4/G.993.1 [13]. Anomalies and defects aresunistudy.

K.3.9.2 Indicator bits
The indicator bits TIB#0 and TIB#1 shall be set tbfar use in 7.8.2.2.

K.3.9.3 Overhead command formats

K.3.9.3.1 Inventory command

The octets returned for the overhead inventory conthiar TPS-TC capabilities shall be inserted
into the response in Table 9-15 based upon the ATM:diabilities octets transmitted during the
most recent initialization procedure. The capakditbctets are defined in Table K.22.

K.3.9.3.2 Control value read command

The octets returned for the overhead control pammetad command for TPS-TC control
parameters capabilities shall be inserted intorésponse in Table 9-17 based upon the control
parameters currently in use by the ATM-TC receivarction. The control parameter shall be
transmitted in the format displayed in Table K.23.

K.3.9.3.3 Management counter read command

The TPS-TC octets in the response to the overhead gearemt counter read command
corresponding to the PTM-TC function are under stdhe block of counter values corresponding
to the PTM-TC function returned in the message degitt Table 9-20 shall have zero length.
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K.3.10 Initialization procedure

PTM-TC functions shall be configured fully prior tbet initialization of the PMS-TC and PMD
functions or be configured after initializationthie PMS-TC and PMD function in a manner that is
outside the scope of the Recommendation. The caatign prior to initialization is performed via
G.994.1 a MS message. Information may be exchapged to the mode select to ascertain
capabilities using a G.994.1 CL or CLR message.

K.3.10.1 G.994.1 capabilities list message

The following information about each upstream andvitkiream PTM-TC function supported
within an ATU shall be defined in G.994.1 as partted CL and CLR messages. This information
may be optionally requested and reported via GIO%.the start of a session. However, the
information shall be exchanged at least once po@nabling a PTM-TC function between ATU-C
and ATU-R but not necessarily at the start of eadsisn. The information exchanged includes:

. Maximum net data rate that can be supported &yihiV-TC function;

. Maximum latency that might be acceptable for BREM-TC function. The method for
setting this value is out of the scope of the Revemdation.

This information for a PTM-TC function shall be remeted using a block of G.994.1 information
as shown in Table K.22.

Table K.22/G.992.3 — Format for a PTM-TC CL and CLRmessage

Spar(2) bit Definition of related Npar(3) octets
Downstream PTM | A block of Npar(3) octets as defined below desagttihe capabilities of the
TPS-TC #0 downstream PTM-TC function #0, if present.
Downstream PTM | A block of Npar(3) octets as defined below desaghihe capabilities of the
TPS-TC #1 downstream PTM-TC function #1, if present.
Downstream PTM | A block of Npar(3) octets as defined below desaghihe capabilities of the
TPS-TC #2 downstream PTM-TC function #2, if present.
Downstream PTM | A block of Npar(3) octets as defined below desagttihe capabilities of the
TPS-TC #3 downstream PTM-TC function #3, if present.
Upstream PTM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #0 upstream PTM-TC function #0, if present.
Upstream PTM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #1 upstream PTM-TC function #1, if present.
Upstream PTM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #2 upstream PTM-TC function #2, if present.
Upstream PTM A block of Npar(3) octets as defined below desagltihe capabilities of the
TPS-TC #3 upstream PTM-TC function #3, if present.

Definition of the parameter block of Npar(3) octes

A parameter block of 8 octets containing:

— the maximum supported valuerat_max

— the maximum supported valuerat_min

— the maximum supported valuerdt_reserve

— the maximum supported valuedslay max

— the maximum supported valueesfor_max and

— the minimum Impulse Noise ProtectidiP_min

The format of the octets is as described in Tab&e K
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K.3.10.2 G.994.1 mode select message

Each of the control parameters for each upstreamdamshstream PTM-TC function shall be as
defined in ITU-T Rec. G.994.1 as part of the MS ragss This information for each enabled
PTM-TC function shall be selected using a MS messager to the PMD and TPS-TC
initialization.

The configuration for a PTM-TC function shall be reganeted using a block of G.994.1 information
as shown in Table K.23.

Table K.23/G.992.3 — Format for an PTM-TC MS messag

Spar(2) bit Definition of related Npar(3) octets
Downstream PTM | A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #0 downstream PTM-TC function #0, if present.
Downstream PTM | A block of Npar(3) octets as defined below desaglthe configuration of the
TPS-TC #1 downstream PTM-TC function #1, if present.
Downstream PTM | A block of Npar(3) octets as defined below desaglthe configuration of the
TPS-TC #2 downstream PTM-TC function #2, if present.
Downstream PTM | A block of Npar(3) octets as defined below desagltihe configuration of the
TPS-TC #3 downstream PTM-TC function #3, if present.
Upstream PTM A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #0 upstream PTM-TC function #0, if present.
Upstream PTM A block of Npar(3) octets as defined below desagtthe configuration of the
TPS-TC #1 upstream PTM-TC function #1, if present.
Upstream PTM A block of Npar(3) octets as defined below desaglthe configuration of the
TPS-TC #2 upstream PTM-TC function #2, if present.
Upstream PTM A block of Npar(3) octets as defined below desaglthe configuration of the
TPS-TC #3 upstream PTM-TC function #3, if present.

Definition of the parameter block of Npar(3) octets

A parameter block of 8 octets containing:

— the value ohet_max

— the value ohet_min

— the value ohet_reservp

— the value oflelay_max

— the value o&rror_max and

— the minimum Impulse Noise ProtectiidP_min

The format of the octets is as described in Tab& K

K.3.11 On-line reconfiguration

The on-line reconfiguration of the PTM-TC generallguiges the PTM-TC to communicate peer-
to-peer through means outside the scope of thisiRemwndation. There is no specified mechanism
to modify the value of the control parameters & BiTM-TC function. The value ofet_actand
delay_actare automatically updated from the underlying PMStatency path function.

K.3.11.1 Changes to an existing stream

Reconfiguration of an existing PTM-TC function occardy at boundaries between octets. The
transmit ATM-TC function uses the new values of thetol parametersiet_act anddelay_actto
generate octets that follow the signalling of thranke.Synchflag.confirm primitive. The receive
PTM-TC function procedures process octets that folltke signalling of the Frame
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Synchflag.indicate primitive using the new valuéshe control parameters.

K.3.12 Power management mode

The procedures defined for the PTM-TC function arended for use while the ATU link is in
power management states LO and L2.

K.3.12.1 LO link state operation

The PTM-TC function shall operate according to theagdaine procedures defined in K.3.8 and
K.3.9 as well as according to those in the mainylefdhe Recommendation referring to this annex
while the link is in power management state LO. @dhtrol parameter definitions and conditions
provided in K.3.7 as well as according to thosevigled in the main body of the Recommendation
referring to this text shall apply.

K.3.12.1.1 Transition to L2 link state operation

During a transition from link state LO to state liRe value of control parameters are not modified.
However, the value ohet_actand delay actare automatically updated to match those of the
underlying PMS-TC latency path function. Followirgetsuccessful completion of the protocol

described in the main body of the Recommendatiternag to this annex, the coordinated entry

into the L2 link state shall be made as describa¢.8.11.1.

K.3.12.1.2 Transition to L3 link state operation

The orderly shutdown of the ATU shall be as describeithe main body of the Recommendation
referring to this annex. No specific PTM-TC tear-dgevacedure is specified.

K.3.12.2 L2 link state operation

The ATM-TC function shall operate according to theadalane procedures defined in K.3.8 and
K.3.9, as well as according to those in the maidytaf the Recommendation referring to this annex
while the link is in power management state L2.ddhtrol parameter definitions provided in K.3.7
as well as according to those provided in the nimidy of the Recommendation referring to this
text shall apply. However, the operating limits mspd by the control parametengt_min
net_reserveanddelay _maxshall not apply while in the L2 link state.

During the link state L2, the ATU-C ATM-TC shall mamitits interface for the arrival of
primitives that indicate that data rates largenttiee reduced data rates must be transported to the
ATU-R. When this condition is detected, the ATU-Clshae the procedure described in 9.5.3.4 to
return to the link state LO.

K.3.12.2.1 Transition to LO link state operation

Entry into the LO link state shall be preceded by photocol described in the main body of the
Recommendation referring to this annex. The valdeth® control parameters are not modified
upon return to the L2 link state; however, duringransition from link state L2 to state LO, the
values ofnet_actand delay_actare automatically updated to match those of thderying
PMS-TC latency path function. Following the succelssbmpletion of the protocol described in
the main body of the Recommendation referring i® dinnex, the coordinated entry into the LO link
state shall be made as described in K.3.11.1.

K.3.12.2.2 Transition to L3 link state operation

Transitions to link state L3 shall be as descrilbethe main body of the Recommendation referring
to this annex. No specific PTM-TC tear-down procedsiispecified.

K.3.12.3 L3 link state operation
In the L3 link state, no specific procedures amrec#ped for the PTM-TC function.
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K.3.12.3.1 Transition to LO link state operation

The initialization procedures of the ATU are intendegrovide the transition from link state L3 to
state LO. The transition shall be as described iB.1K. as well as in the main body of the
Recommendation referring to this annex.

Appendix |
ATM layer to physical layer logical interface

This appendix describes the logical interface betvibe ATM Layer and the Physical Layer. The
Physical Layer (i.e., the ATU) consists of the C&flecific Transmission Convergence Sublayer
(ATM TPS-TC), the Mux/Sync Control block (ADSL frangirand FEC in the PMS-TC) and the

other physical layer functions (modulation in th&P), as defined in clauses 6, 7 and 8
respectively, and shown in Figure 5-1.

The ATM layer to Physical Layer interface (named \aCthe ATU-C and named T-R at the
ATU-R) are shown in Figure I.1. TxRef* is optionalARIU-C, RxRef* is optional at ATU-R.
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RxE:nb* R
RXSOC
RxDat{[7..0]
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ATM to PHY layer interface G.992.3_FI.1(APP)
(V-C and T-R interface)

Figure 1.1/G.992.3 — ATM to physical layer logicalnterface at ATU-C and ATU-R

The ATM Layer performs cell multiplexing from and deltiplexing to the appropriate physical
port (i.e., latency path — fast or interleaved)duasn the Virtual Path Identifier (VPI) and Virtual
Connection Identifier (VCI), both contained in tAdM cell header. Configuration of the cell
demultiplexing process is done by ATM Layer manag#me

A Cell Specific Transmission Convergence sublayeFNIATPS-TC) is provided for each latency
path separately. Cell TC functionalities are spediin 7.2.3.
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The logical input and output interfaces at the Ve€erence point for ATM transport is based on the
UTOPIA Level 2 interface with cell level handshakée logical interface is given in Table 1.1 and
Table 1.2 and shown in Figure 1.1. When a flow cohfltag is activated by the ATU-C (i.e., the
ATU-C wants to transmit or receive a cell), the ATByér initiates a cell Tx or cell Rx cycle
(53 octet transfer). The ATU-x should support transfea complete cell within 53 consecutive
clock cycles. The UTOPIA Tx and Rx clocks are mastérexh the ATM layer. The same logical
input and output interfaces based on the UTOPIA L2veterface can be used at the T-R reference
point in the ATU-R.

Table 1.1/G.992.3 — UTOPIA level 2 ATM interface ginals for Tx

Signal name Direction Description
Transmit Interface

TxCIk ATM to PHY | Timing signal for transfer

TxClav[0] PHY to ATM | Asserted to indicate that the PHY Layer has buffeice available to
receive a cell from the ATM Layer (de-asserted dey before the end
of the cell transfer)

TXEnb* ATM to PHY | Asserted to indicate that the PHY Layer must sarapteaccept data
during the current clock cycle

TxSOC ATM to PHY | Identifies the cell boundary onOata

TxData[7..0] | ATMto PHY | ATM Cell Data transfer (8ttmode)

TxAddr[4..0] | ATM to PHY | PHY device address to select the device that wik&tive or polled for
TxClav status

TxRef* ATM to PHY | Network Timing Reference (8 kHimting signal) (only at V-C interface]

Table 1.2/G.992.3 — UTOPIA level 2 ATM interface ginals for Rx
Signal name Direction Description
Receive Interface

RxCIk ATM to PHY | Timing signal for transfer

RxClav[0] PHY to ATM | Asserted to indicate to the ATM Layer that the PHy&r has a cell
ready for transfer to the ATM Layer (de-assertethatend of the cell
transfer)

RxEnb* ATM to PHY | Asserted to indicate that the ATM Layer will sampled accept data
during the next clock cycle

RxSOC PHY to ATM | Identifies the cell boundary onBata

RxData[7..0] | PHY to ATM | ATM Cell Data transfer (8tlmode)

RxAddr[4..0] | ATM to PHY | PHY device address to select the device that wilhttive or polled for
RxClav status

RxRef* PHY to ATM | Network Timing Reference (8 kHming signal) (only at T-R interface

More details on the UTOPIA Level 2 interface carfdend in [B5].
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Appendix Il
Compatibility with other customer premises equipmem

G.992.3 ATU-R transceivers may share the CPE wiritgntpwith other equipment, e.g.,
networking devices, over the POTS splitter.

Some networking devices can operate above 4 MHzustomer premises phone wiring. To
prevent signals from such networking devices frdasang into the G.992.3 frequency band, the
inclusion of an adequate downstream receiver diaiag filter in the G.992.3 ATU-R is
recommended, collocated with the ATU-R shown in Fegu5-4 and 5-5. The filter may take the
form of an external in-line filter, may be integdtinto the G.992.3 ATU-R, or may be integrated
in the POTS splitter as specified in Annex E.

Home networking devices may coexist with voice feats and non-voice terminals on the
TELE/POTS port side (the port in Figures 5-4 and %é&t tattaches to the wire leading to the
telephone set or voiceband modem) of the POTS epliged in the G.992.3 application to isolate
the customer premises wiring from the ADSL sigitak desirable that the remote POTS splitter be
compatible with other customer premises wiring desi(e.g., the TELE/POTS port impedance
above 4 MHz should be considered).

Appendix Il

The impact of primary protection devices on line b&nce

.1 Scope

This appendix is to help guide operators in choospgropriate protection devices for lines
deploying G.992.3. It does not address the intenquietbction characteristics of these devices, only
the potential unintended effects on line impedaand line balance. A significant change in
impedance will reduce the received signal. Imbadacan impair performance on the imbalanced
line by increasing the coupled crosstalk and REfess. It can also impair performance on other
pairs in the cable by increasing the cross tall, @ause interference into devices outside the cable
by causing RFI egress. Each of these issues issdied.

1.2  Background

In many jurisdictions, primary protection devicee aequired to limit the chance of fire or a shock
to personnel. A secondary purpose of these protedlievices is to reduce the probability of
equipment damage, through over-voltage or overeotirivhen exposed to foreign potentials as can
be caused by lightning, power line contacts, poviee induction, or ground potential rise.
Figure Ill.1 shows a typical arrangement of pratectdevices. It should be noted that not all
protection components will be required in all jdicgions, and different arrangements are possible.

In many jurisdictions, there is a required firsvde of protection at the building entry. This is

usually in the Network Interface Device (NID) atetlsubscriber premises and at the Main
Distribution Frame (MDF) in the Central Office. THisst level of protection is intended to protect
against personal and property damage but may lmeviedl by additional protection devices to fully

protect against equipment damage. When the protéstiegally required and is located at the
customer premises location, it is referred to @Rhmary Protection device. When it is located in
the NID it is also referred to as the station prtue
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Figure 111.1/G.992.3 — Typical arrangement of protestion devices

The effect of the protection device on line balarscanportant in all levels of protection devices.

However, this discussion focuses on the buildingyetevices as they are usually specified by the
operator. Additional protection devices found withihodems will be covered by the balance
requirements of the modem.

Primary protection devices may be fused or fuseléssvever, in practice there is a strong
preference for fuseless protectors for safety mmséuseless over-voltage protection devices
include Carbon block, two or three Element Gas TuBedid State silicon avalanche or Metal
Oxide Varistor (MOV) devices and combinations ofiide types. They are deployed between tip
and ground and ring and ground as shown in Figute Typically, a fail-safe mechanism is used
in parallel to the device. Gas tube devices ofien have a parallel air gap as additional fail-safe
mechanism. Optionally, a current limiting componsuath as a resistor, PTC or fuse is placed in
series between the primary protector and seconplatgctor to prevent the secondary protector
from operating first thereby drawing unacceptabieels of current into the building.

Secondary protection devices, when present, areegldetween the primary devices and the
terminal equipment. The same elements are used reugenerally more sensitive. A current
limiting component such as a resistor, PTC or faggaced in series between the primary protector
and secondary protector to prevent the secondarggior from operating first, thereby drawing
unacceptable levels of current into the building.

The over-voltage protection elements differ in theast and protection characteristics (speed of
action, ability to self-restore, and operating ag#), and operator preferences have varied over tim

and region. The characteristics relevant to xDSlgperance are the impedance they present at the
frequencies used by the xDSL service and whethesr pinesent a different impedance from tip and

from ring to ground under normal operating conaisioln the case of services over POTS, normal
operating conditions in North America include up-&2 V applied to Ring, with Tip at OV.

Solid State Over Voltage Protection devices (SSOWRprporate with back-to-back silicon
avalanche diodes. Thus, the silicon avalanche diadeslways reverse biased when either polarity
of voltage is applied. Silicon avalanche diodesac#tpnce vary with reverse or forward bias. With
a hard reverse bias, such as would occur to theel&om Ring to ground in an on-hook condition,
a reduction in capacitance of 1/2 to 1/3 of theiasdd capacitance is possible. Gas and Carbon
block and Metal Oxide Varistor (MOV) devices do ratibit large changes in capacitan@g¢OV
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devices are technically a solid state device bunatoappear to be sold under the name SSOVP by
the industry.) Hybrid devices typically combine @asgube protection device with a MOV device to
get the desirable characteristics of each. Therehasyever, nothing that would prevent the
combination of Gas tubes with Silicon diodes froemlgy referred to as a hybrid device.

1.3 Recommended maximum capacitance of over-vol@ge protectors

Solid state based devices for telephony typicaflyehcapacitance in the 60 to 200 pF range with
0 DC bias, and Gas Tube devices in the 2-30 pF raftye capacitance is significant as it shunts
the differential impedance of the line.

To maintain a minimum of 100Q in parallel with the differential (nominally 10Q load requires
the capacitance be less than the value shown iTdb& 1ll.1). Note that two devices appear in
series from tip to ring, thus a single device nprssent a minimum of 500.

Table 111.1/G.992.3 — Maximum capacitance to ground
to maintain 500Q at top frequency of xDSL service

ITU-T Recommendation ;ggcﬁr?r?\%ir:j%igl; Max. C(% pl):e;cnance
G.991.2 385 kHz 826
G.992.2 552 kHz 575
G.992.1 1.024 MHz 310

G.993.1 and G.989.1 10 MHz 31

In North America, it is unlikely that existing deeis will exceed 200 pF as this is the maximum
capacitance allowed Tip to Ground, Ring to Groundlip to Ring by the regional specification on
primary protectors (see 1l.5). Thus, for G.991.2992.1, G.992.2, G.992.3 and G.992.4, this
parameter is not a significant factor. For G.99&ad G.989.1 this requirement on impedance
would tend to limit the protection choices to gabd, or carbon block. A lower impedance of
250Q or 62 pF would also allow Hybrid devices using M@M¥ments. Given the widely varying
line impedance at these frequencies, the lowerinthe differential impedance of the line from
approximately 10@ to approximately 882 that would occur with this additional capacitameay

be acceptable.

lll.4  Capacitance matching requirements of over-vaiage protectors

Line balance is important to xDSL services as tedrines the level of cross talk within a cable,
and the ingress and egress from the cable. The ambsignal transferred between two pairs due
to imbalance is a function of the product of thébatance of the interfering pair and that of the
victim pair. Thus, if each had 40-dB balance, thessrtalk would be down around 80 dB from the
differential level on the interfering pair.

Data from cable measurements at 80 kHz of NEXT ctakksin PIC can be used to generate
Table IIl.2. From these results, we can see thd0atB balance no significant change will occur to
the performance predictions based on 1% worst aoyiph the frequencies from 552 kHz to
10 MHz. However, it would have a small impact or 0% cross talk levels in a sparsely filled
cable. Thus, even 40-dB balance for frequencies et&®0 kHz will not invalidate cross talk
predictions.
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Table 111.2/G.992.3 — Data of NEXT cross talk in PC cables
measured at 80 kHz and extended to higher frequeres

Frequency 1% cross talker | 10% cross talker | 50% cross talker
(dB) (dB) (dB)
80 kHz 69.7 78.9 92.7
552 kHz 57.2 66.4 80.2
1.0 MHz 53.1 62.3 76.1
10 MHz 38.3 47.5 61.2

The second concern of ingress and egress from thie ¢a also directly dependent on cable
balance. Table 111.3 shows average cable balance &cstudy in Germany. The data correspond
roughly to measurements taken in North America.

Table 111.3/G.992.3 — Data of average cable balance
based on measurements taken in Germany

Frequency Average LCL balance of cables
(MHz) (dB)
0.2-05 57.9
0.5-1.0 54.6
1.0-2.0 50.7
2.0-5.0 47.6
5.0-10 44.1

Where possible the line balance of the protectieviad® should meet or exceed the typical balance
of the cable or ingress and egress issues willnbeeased. The precise values required to meet
egress requirements will vary with the nature efslrvice being interfered with, and the regulatory
definition of “interference".

Z,12 = 50Q

\A/ A 1
C,—— 2Z,,
C2 I chm

#\/ v I

z,/2 = 50Q

cm

= G.992.3_FIII.2

Figure 111.2/G.992.3 — Schematic used to determinkne balance
due to mismatched capacitance in protective devices

Figure 1ll.2 shows a schematic of the line drivencommon mode and terminated in an xDSL
modem. The differential impedance of the line isvam@s a simplified 10Q@. The capacitors, £

and G, represent the capacitance to ground of the pregedaevices. The common mode
impedance to ground could be defined either bycHi#e itself or the modem terminating the line.
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The common mode impedance of the cable can be highigble as it depends on the position of
the pair with respect to ground. The full equationtfalance given the above circuit is:

LineBalane (dB) =
2 7. .
ZjwC, - juc]
Z,
20%log;
(chﬁ 3 +2j(jwcz+ 3 +2]+1(jwcl+jwcz+1+4]
chm ZL chm ZL RL Zcm L

WhenZ,. =R andZ, 1l/joC,, 1/joC, >> R, then, the formula simplifies to:
LineBalane (dB) = 20x log, o(50x 1tx (C, — C; ) x f ) = 20xlog; o(50x AC x Tt f )

With Z, = R = 100Q, reducingZ., from infinite to 200Q will improve the balances in Table 111.4
by approximately 1.5 dB.

Table 111.4/G.992.3 — Required capacitance matchingvith Z.,, = 10 kQ
to achieve balances from 40 to 60 dB at the top eency of several xDSL services

Max. AC between tip and ground, and ring and ground
to maintain stated Balance
ITU-T Top frequency of
Recommendation | Recommendation | 40 dB 45 dB 50 dB 55 dB 60 dB
Balance | Balance | Balance | Balance | Balance
(PF) (PF) (PF) (PF) (PF)
G.991.2 385 kHz 165 92 52 29 16
G.992.2 552 kHz 115 64 36 20 11
G.992.4
G.992.1 1.104 MHz 57 32 18 10 5
G.992.3
G.989.1 10 MHz 6.3 35 2.0 1.1 0.6
G.993.1 12 MHz 53 2.9 1.6 0.9 0.5

The AC must be maintained under all the bias conditithres protection devices will be placed.
Thus, if POTS service is on the same line as the x8Elice theAC must be maintained when one
device has —-52 bias (North American numbers) ared dther has zero bias applied. If no
POTS service will ever be present, considerationtrhasmade for the inherent impedance match
without bias of the two devices within the protedim each other, the peak signal swing, and any
sealing currents that may be applied to keep theespclean.

1.5 References

The regional specification on primary protectorslagaple in North-America is:

GR-974-CORE Issue 2Generic Requirements for Telecommunications Linetdetor Units
(TLPUs) December 1999.

The ITU-T K-series Recommendations contain requiresntartresistibility of telecommunication
equipment against electro-magnetic effects andachenistics of protection components.

Telecommunication equipment is required to havenerent resistibility so that it can be installed
without additional protection components when tis& for overvoltages or overcurrents is deemed
sufficiently low by the operator. When there is nheel to be a significant risk for electro-magnetic
threats that exceed the inherent resistibilityhaf €quipment, additional protection components are
installed on the telecommunication and/or poweedinThese components are called "primary
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protection” and they are installed by the operaftee resistibility Recommendations contain tests
to insure the coordination between primary protecand the inherent protection of the equipment.
ITU-T Rec. K.46 provides guidance for the operatorghe decision to install primary protection.

Resistibility Recommendations:

K.44 (2/2000) defines the different resistibiligsts.

K.20 (2/2000) specifies the applicable tests aocckptance criteria for equipment installed
in the central office, e.g., Access Node.

K.21 (10/2000) specifies the applicable tests arckptance criteria for equipment installed
on the customer premises, e.g., ADSL modem.

K.45 (2/2000) specifies the applicable tests aocckptance criteria for equipment installed
in the outside plant, e.g., Access Node instaltea cabinet.

Recommendations on protective components:

[B1]

[B2]
[B3]

[B4]

[BS]
[B6]

K.36 (5/1996) provides guidance on the seleatibprotective components.

K.12 (2/2000) specifies the characteristics ffiedent types of gas discharge tubes that can
be installed in telecommunication networks.

Characteristics related to the transmission cajpiakilbof the line:

— Insulation resistance higher than 100Q hMitially, higher than 100 I after the life
tests;

— Capacitance less than 20 pF between terminals.CRairacteristic is not tested after the
life tests.

K.28 (3/1993) specifies the characteristics ahiseonductor arrestor assemblies.
Characteristics related to the transmission cajpiakilbof the line:
— Insulation resistance 169kto 100 M2, depending on the applied DC voltage;

— Capacitance less than 200 pF between any 2 talsnifhe capacitance measurement is
not specified with a DC bias.

K.30 (3/1993) defines characteristics of positiemperature coefficient (PTC) thermistors
used for overcurrent protection, and providesnesthods. It does not specify the values of
the different parameters as these may be veryréifftalepending on the application.
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