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ITU-T RECOMMENDATION G.992.1
ASYMMETRIC DIGITAL SUBSCRIBER LINE (ADSL) TRANSCEIV ERS

Summary

This Recommendation describes Asymmetric Digitabssuber Line (ADSL) Transceivers on a
metallic twisted pair that allows high-speed datmsmission between the network operator end
(ATU-C) and the customer end (ATU-R). This Recomdsion provides a variety of bearer
channels in conjunction with one of three othevises dependent on the environment:

1) ADSL transmission simultaneously on the sameih voice (band) service;

2) ADSL transmission simultaneously on the same wi#h G.961 (Appendix | or II) ISDN
services; or

3) ADSL transmission on the same pair with voiceb&mmnsmission and with TCM-ISDN

(G.961 Appendix Ill) in an adjacent pair.

Systems allow approximately 6 Mbit/s downstream ajroximately 640 kbit/s upstream data rates
depending on the deployment and noise environment.

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@eroper interfacing and interworking of
ADSL transmission units at the customer end (ATUaR) 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 ADSAnBmission units must deal with a variety of
wire pair characteristics and typical impairmemtg( crosstalk and noise).

An ADSL transmission unit can simultaneously conadlyof the following: downstream simplex
bearers, duplex bearers, a baseband analogue dif#exel, and ADSL line overhead for framing,
error control, operations and maintenance. Systmpport a minimum of 6.144 Mbit/s downstream
and 640 kbit/s upstream.

This Recommendation includes mandatory requiremeatommendations and options; these are

designated by the words "shall”, "should" and "meggpectively. The word "will" is used only to
designate events that take place under some defetetf circumstances.

Two categories of performance are specified. Categ@erformance is required for compliance
with this Recommendation; performance enhancemetibres are not required for category |
equipment. Category Il is a higher level of perfarce (i.e. longer lines and greater impairments).
Category Il performance and characteristics are rmefuired for compliance with this
Recommendation.

This Recommendation defines several optional céipabiand features:

. echo cancellation;

. trellis coded modulation;

. dual latency;

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

. reduced overhead framing modes.

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

Source

ITU-T Recommendation G.992.1 was prepared by IT@tlidy Group 15 (1997-2000) and was
approved under the WTSC Resolution No. 1 procedar22 June 1999.
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ITU (International Telecommunication Union) is thiited Nations Specialized Agency in the field of
telecommunications. The ITU Telecommunication Stadation Sector (ITU-T) is a permanent organ of
the ITU. The ITU-T is responsible for studying teatal, operating and tariff questions and issuing
Recommendations on them with a view to standargitelecommunications on a worldwide basis.

The World Telecommunication Standardization Confeee (WTSC), which meets every four years,
establishes the topics for study by the ITU-T StGagups which, in their turn, produce Recommendatian
these topics.

The approval of Recommendations by the Member&®fiTU-T is covered by the procedure laid down in
WTSC Resolution No. 1.

In some areas of information technology which faithin 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.

INTELLECTUAL PROPERTY RIGHTS

The ITU draws attention to the possibility that gractice or implementation of this Recommendatiway
involve the use of a claimed Intellectual Propd&tght. The ITU takes no position concerning thedewice,
validity or applicability of claimed Intellectualréperty Rights, whether asserted by ITU memberstioers
outside of the Recommendation development process.

As of the date of approval of this Recommendatibe, ITU had received notice of intellectual propert
protected by patents, which may be required toemgint this Recommendation. However, implementas ar
cautioned that this may not represent the latdstrmation and are therefore strongly urged to clirtbe

TSB patent database.

© ITU 2000

All rights reserved. No part of this publication yrlae reproduced or utilized in any form or by angams,
electronic or mechanical, including photocopyingd amcrofilm, without permission in writing from tH&U.
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Recommendation G.992.1

ASYMMETRIC DIGITAL SUBSCRIBER LINE (ADSL) TRANSCEIV ERS
(Geneva, 1999)

1 Scope

For interrelationships of this Recommendation witther G.99x-series Recommendations, see
Recommendation G.995.1.

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

ADSL provides a variety of bearer channels in coojion with other services:

. ADSL service on the same pair with voiceband ises/ (including POTS and voiceband
data services). The ADSL occupies a frequency ladnode the voiceband, and is separated
from it by filtering;

. ADSL on the same pair as ISDN as defined in Renendation G.961 Appendices | and Il.
The ADSL occupies a frequency band above the 1SiDN,is separated from it by filtering;
. ADSL service on the same pair with voiceband ises/ (including POTS and voiceband

data services), and with ISDN as defined in Recontagon G.961 Appendix Il in an
adjacent pair.

In the direction from the network operator to thestomer premises (i.e. downstream), the bearer
channels may consist of full duplex low-speed beatennels and simplex high-speed bearer
channels; in the other direction (i.e. upstream)y tow-speed bearer channels are provided.

The transmission system is designed to operat&vomwire twisted metallic cable pairs with mixed
gauges. This Recommendation is based on the ussbtds without loading coils, but bridged taps
are acceptable in all but a few unusual situations.

Specifically, this Recommendation:

. defines the combined options and ranges of thmplsix and full-duplex bearer channels
provided,;

. defines the line code and the spectral compasdidhe signals transmitted by both ATU-C
and 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 operations channel;

. defines the ATU-R to service module(s) interféngctions;

. defines the Transmission Convergence SublayekTdd transport.

In Annexes A, B and C it also:

. describes the transmission technique used toosufe simultaneous transport on a single
twisted-pair of voiceband services and both simpled duplex bearer channels;

. describes the transmission technique used toosufe simultaneous transport on a single

twisted-pair of ISDN services as defined in Recomdagion G.961 Appendices | and II,
and both simplex and duplex bearer channels;
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. describes the transmission technique used toosufie simultaneous transport on a single
twisted-pair of voiceband services and both sim@led duplex bearer channels when they
are subject to crosstalk from ISDN as defined icdR@mendation G.961 Appendix lll.

1.1 System reference model

The system reference model shown in Figure 1-%tiies the functional blocks required to provide
ADSL service.

\Y ) T S R
Core Access User
Network Network NT1 NT2 TA Terminal
SN XNI XNI
NT T-R T/S SM

Customer
Premises

Broadband ATU-RH=
network
- network

___________ U-R 2 SM
| i
h—p H

|
h-p
[}
\ Narrowban : -p Ji
Lm/ PSTN or ISDN | L !

! Splitter |
|

— Signal lines | - _——_t! b o—— ! T1532320-99
— Interfaces

| i
| | I.L | Telephone set,
U-C I-p i voiceband modem,
I
I

| POTS or ISDN service| or ISDN terminal

NOTE 1 — The U-C and U-R interfaces are fully definn this Recommendation. The V-C and T-R intexéaare defined only

in terms of logical functions, not physical. TheSTihterface is not defined here.

NOTE 2 — The V-C interface may consist of interfa3eo one or more (STM or ATM) switching systems.

NOTE 3 — Implementation of the V-C and T-R intedads optional when interfacing elements are ittsgl into a common
element.

NOTE 4 — One or other of the high-pass filters, ahhare part of the splitters, may be integrated the ATU-x; if so, then the
U-C 2 and U-R 2 interfaces become the same asfieatdd U-R interfaces, respectively.

NOTE 5 — A digital carrier facility (e.g. SONET extsion) may be interposed at the V-C.

NOTE 6 — Due to the asymmetry of the signals onitiee the transmitted signals shall be distinsthecified at the U-R and U-C
reference points.

NOTE 7 — The nature of the customer installatictrdiution and customer premises network (e.g.dsisar, type of media)

is for further study.

NOTE 8 — More than one type of T-R interface maylbéned, and more than one type of T/S interfaeg be provided from

an ADSL NT (e.g. NT1 or NT2 types of functionalg)e

NOTE 9 — A future issue of this Recommendation mhegl with customer installation distribution andre@network requirements.
NOTE 10 - Specifications for the splitters are giwie Annex E.

Figure 1-1/G.992.1 — ADSL system reference model

1.2 Objectives

This Recommendation defines the minimal set of irequents to provide satisfactory simultaneous
transmission between the network and the customterface of a variety of high-speed simplex and
low-speed duplex channels and other services sacRQIS or ISDN. This Recommendation
permits network providers an expanded use of exjstopper facilities. All physical layer aspects
required to ensure compatibility between equipmanthe network and equipment at a remote
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location are specified. Equipment may be implemémtigh additional functions and procedures.

2 References

The following ITU-T Recommendations and other refees contain provisions which, through

reference in this text, constitute provisions a§ tRecommendation. At the time of publication, the
editions indicated were valid. All Recommendatiansl other references are subject to revision; all
users of this Recommendation are therefore encedraminvestigate the possibility of applying the

most recent edition of the Recommendations and o#fierences listed below. A list of the currently

valid ITU-T Recommendations is regularly published.

- ITU-T Recommendation G.961 (1998)igital transmission system on metallic local lines
for ISDN basic rate access

- ITU-T Recommendation G.994.1 (199Bgndshake procedures for Digital Subscriber Line
(DSL) transceivers

- ITU-T Recommendation G.996.1 (199%9gst procedures for Digital Subscriber Line (DSL)
transceivers

- ITU-T Recommendation G.997.1 (199Bhysical layer management for Digital Subscriber
Line (DSL) transceivers

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

- ITU-T Recommendation 1.432.1 (1999B;ISDN user-network interface — Physical layer
specification General characteristics

For Annex B

- ETSI TS 102 080 V1.3.1 (1998)ransmission and Multiplexing (TM); Integrated Sees
Digital Network (ISDN) basic rate access; Digitahmsmission system on metallic local
lines

For Annex E
- ITU-T Recommendation G.117 (199&yansmission aspects of unbalance about earth

- ITU-T Recommendation Q.552 (199@jransmission characteristics at 2-wire analogue
interfaces of digital exchanges

- ETSI ETS 300 001 ed.4 (199Aftachments to the Public Switched Telephone Né&twor
(PSTN); General technical requirements for equiphoemnected to an analogue subscriber
interface in the PSTN

3 Definitions
This Recommendation defines the following terms:
3.1 ADSL Lines See 5.1/G.997.1.

3.2 ADSL system overheadAll overhead needed for system control, includ@g8C, EOC,
AOC synchronization bytes, fixed indicator bits fdAM, and FEC; that is, the difference between
total data rate and net data rate.
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3.3 aggregate data rate Data rate transmitted by an ADSL system in ang direction; it
includes both net data rate and overhead usedebgystem for EOC, AOC, CRC check bytes, fixed
indicator bits for OAM, synchronization control kgt and capacity for bearer channel
synchronization control (i.eKg + K; times 32 kbit/s); it does not include Reed-SolonkdsC
redundancy.

3.4 anomalies An anomaly is a discrepancy between the actudldasired characteristics of an
item. The desired characteristics may be expresstte form of a specification. An anomaly may
or may not affect the ability of an item to perfomrequired function. Performance anomalies are
defined in 9.3.1.1 (see Figure 9-4).

3.5 bearer channel A user data stream of a specified data rate thaamsported transparently
by an ADSL system.

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

3.7 category | Basic category of transceivers with no perforneaaohancing options, which
meet a basic set of performance requirements.

3.8 category I Category of transceivers with performance-enh@naptions which meet an
expanded set of performance requirements.

3.9 channelization Allocation of the net data rate to bearer chasnel

3.10 data frame A grouping of bytes from fast and interleavedhgabver a single symbol time
period after addition of FEC bytes and after irtaving (at reference point C of Figure 7-5).

3.11 data symbol rate The net average rate (after allowing for the bead of the
synchronization symbol) at which symbols carryiisgudata are transmitted 4 kbaud).

3.12 dBrn: Ratio (in decibels) of a power level with resptrt reference power of 1 pico-Watt
(equivalent —90 dBm) (reference: Recommendatiorl ©.Annex A).

3.13 defects A defect is a limited interruption in the abiligf an item to perform a required
function. It may or may not lead to maintenanceoactdepending on the results of additional
analysis. Successive anomalies causing a decredabe iability of an item to perform a required
function are considered as a defect (see Figune 9-4

3.14 DMT symbot A set of complex valuesz{} forming the frequency domain inputs to the
inverse discrete Fourier transform (IDFT) (see 211The DMT symbol is equivalently the set of

real valued time samples{, related to the set of4} via the IDFT.
3.15 downstream The transport of data in the ATU-C to ATU-R ditiea.

3.16 dual latency Simultaneous transport of multiple data bearemndiels in any one direction,
in which user data is allocated to both the fast amerleaved paths; that is, sumgjB> 0 and
sum(B) > 0.

3.17 embedded operations channeA component of ADSL system overhead which proside
communications between management entities in thg-& and ATU-R. It includes both clear
channel and stateful messaging modes.

3.18 far-end Far-end means performance of the downstream daigp-received signal at the
input of the ATU-R, where this performance is répdrto the ATU-C in upstream indicators (see
Figure 9-4), or performance of the upstream loade-seceived signal at the input of the ATU-C,
where this performance is reported to the ATU-RIamvnstream overhead indicators; this case is a
mirror image of the above (see Figure 9-4).
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3.19 FEC output data frame The grouping of bytes from fast or interleavethpaver a single
symbol time period after addition of FEC bytes drefore interleaving (at reference point B,
Figures 7-8, and 7-9).

3.20 indicator bits Bits used for OAM purposes; embedded in the syordhation bytes.

3.21 loading coils Inductors placed in series with the cable at l@gintervals in order to
improve the voiceband response; removed for DSL use

3.22  Mux data frame The grouping of bytes from fast or interleavethpaver a single symbol
time period before addition of FEC bytes and befoterleaving (at reference point A, Figures 7-8
and 7-9).

3.23 near-end Near-end means performance of the loop-side vedesignal at the input of the
ATU (see Figure 9-4).

3.24 net data rate Data rate that is available for user data in amg direction; for the
downstream direction this is the sum of the nepsmand duplex data rates.

3.25 network timing reference An 8 kHz timing marker used to support the disition of a
timing reference over the network.

3.26  primitives. Primitives are basic measures of performanceallyswbtained from digital
signal line codes and frame formats, or as repomedverhead indicators from the far-end.
Performance primitives are categorized as evemismalies and defects. Primitives may also be
basic measures of other quantities (e.g. ac oeryaftower), usually obtained from equipment
indicators (see Figure 9-4).

3.27  subcarrier. A particular complex valued inpu;, to the IDFT (see 7.11.2).

3.28 showtime The state of either ATU-C or ATU-R —reached maftdl initialization and
training is completed — in which user data is traitied.

3.29 single latency Simultaneous transport of one or more bearerra#lann any one direction,
in which all user data is allocated to either tast for the interleaved path; that is, either sumgB0
or sum(B) > 0.

3.30 splitter: Filter that separates the high frequency sig@&BSL) from the voiceband signals;
(frequently called POTS splitter even though thigetoand signals may comprise more than POTS).

3.31 superframe A grouping of 68 data symbols and one synchrdimmasymbol, over a total
time duration of 17 ms (see Figure 7-5).

3.32 symbol rate The rate at which all symbols, including the symmization symbol, are
transmitted [(69/68)*4.6- 4.0588 kbaud]; contrasted with the data symbael. rat

3.33 sync byte An overhead byte present at the beginning of @ack data frame (called "fast"
byte in the fast path and "sync" byte in the irgavied path).

3.34 sync frame A frame with deterministic content sent in thel68ymbol of a superframe
(called "synchronization symbol" in Figure 7-5).

3.35 thresholds See clause 8/G.997.1.

3.36  Threshold Crossing Alert See Recommendation G.997.1.
3.37 total data rate Aggregate data rate plus FEC overhead.

3.38 upstream The transport of data in the ATU-R to ATU-C ditiea.

3.39 voicebandO to 4 kHz; expanded from the traditional 0.3té kHz to deal with voiceband
data services wider than POTS.

3.40 voiceband servicePOTS and all data services that use the voicebasdme part of it.
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4 Abbreviations
This Recommendation uses the following abbreviation

ADC Analogue-to-digital converter

ADSL Asymmetric digital subscriber line

AEX A(S) extension byte: byte inserted in the traiited ADSL frame structure to provide
Synchronization capacity that is shared among A&atdr channels

AFE Analogue Front End

AGC Automatic gain control

AOC ADSL overhead control channel

ASO to AS3 Downstream simplex bearer channel desigs

ASX Any one of the simplex bearer channels ASO &3A

ATM Asynchronous transfer mode

ATU ADSL Transceiver Unit

ATU-C ATU at the central office end (i.e. networgayator)

ATU-R ATU at the remote terminal end (i.e. CP)

ATU-x Any one of ATU-C or ATU-R

BER Bit Error Rate

Br The number of bytes per frame in a data streameatibd to the fast
(i.e. non-interleaved) buffer

B The number of bytes per frame in a data streameatid to the interleaved buffer

B Number of bits allocated to subcarrier index i

BRA Basic rate access

C-B&G Central Office Bits and Gains Information

Cl Customer installation

CLP Cell Loss Priority

CO Central office

CP Customer Premises

CRC Cyclic Redundancy Check

CRC-8f Cyclic redundancy check using CRC-8-fasadat

CRC-8i Cyclic redundancy check using CRC-8-intarézhdata

CSA Carrier serving area

DAC Digital-to-analogue converter

DB Dual Bitmap (Annex C)

DC Direct current

DF Data Frame

DMT Discrete multitone

DSL Digital subscriber line

EC Echo cancelling

EOCC Embedded operations channel (between the AHdCATU-R)

ERL Echo return loss

ES Errored second
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FDM
FEBE

FEBE-F
FEBE-I
FEC
FECC-F
FECC-I
FEXT
FFEC
FHEC
FLCD
FNCD
FOCD
GF
GNTPDN
GSTN
HDSL
HEC
HPF

IB
ib0-23
ID code
IDFT
ISDN

LOF
LOS
LPR
LS0-2
LSB
LSx
LTR
MC
MSB
MTPR
NCD
NEXT

Frequency-division multiplexing

Far-end Block Error

Binary indication of far-end block error cvdast data
Binary indication of far-end block error cdtinterleaved data
Forward error correction

Binary indication of forward error correctioount-fast data
Binary indication of forward error correaticount-interleaved data
Far-end crosstalk

Far-end Forward Error Correction

Far-end Header Error Check

Far-end Loss of Cell Delineation

Far-end No Cell Delineation

Far-end Out of Cell Delineation

Galois Field

Grant Power Down

General switched telephone network

High bit rate digital subscriber line

Header error control

High pass filter

Indicator Bit

Indicator bits

Vendor identification code

Inverse discrete Fourier transform

Integrated Services Digital Network

Number of bytes in a downstream (or upstream)rfast data frame

Number of bytes in a downstream (or upstreamyledged mux data frame

Loss of Cell Delineation

L(S) Extension byte: byte inserted in the trartted ADSL frame structure to provide
synchronization capacity that is shared among L#kASx bearer channels

Loss of frame defect

Loss-of-signal defect

Loss-of-power defect

DUPLEX bearer channel designators
Least significant bit

Any one of the duplex bearer channels LS0-2
Local timing reference

Maximum count indication

Most significant bit

Multitone power ratio

No cell delineation

Near-end crosstalk
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Ng

N

NI
NID
NMS

Npce
NT

NTR
OAM
OoCD
0SS
PHY
PMD/TC
POTS

ppm
PRBS
PRD
PRU
PSD
PSTN
QAM
R-B&G
RDI
REJPDN
REQPDN
rfi

R

R

rms
RRSI
RS

RT

SB
sc0-7
SEF
SM
SNR
SONET
SPF

Number of bytes in a downstream (or upstream) F&@ui-fast data frame
Number of bytes in a downstream (or upstream) BE@ut-interleaved data frame
Network interface

Network interface Device

Network Management System

Power cut-back index (See 10.4.5.1)

Network termination

Network timing reference: 8 kHz reference tafa@msmitted downstream
Operations, administration and maintenance

Out of Cell Delineation

Operations Support System

Physical Layer

Physical Media Dependent

Plain old telephone service; one of the sesvirsing the voiceband; sometimes used
as a descriptor for all voiceband services

Parts per million

Pseudo-random bit sequence
Pseudo-random downstream sequence
Pseudo-random upstream sequence
Power spectral density

Public switched telephone network
Quadrature amplitude modulation
Remote End Bits and Gains Information
Remote Defect Indication

Reject Power Down

Request Power Down
Remote failure indication

Number of downstream (or upstream) FEC redundagtslior fast buffer

Number of downstream (or upstream) FEC redundamtas for interleaved buffer
Root mean square

Configuration parameters for FEC and intelilegyv
Reed-Solomon

Remote terminal

Sync Byte

Synchronization control bit(s)

Severely errored frame

Service module

Signal-to-Noise Ratio

Synchronous optical network

Superframe

8 Recommendation G.992.1 (06/99)



SRL Singing return loss

STM Synchronous transfer mode

SWB Sliding Window Buffer (Annex C)

TC Transmission convergence (sublayer)

TCM Time Compression Multiplex

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

TIS Interface(s) between ADSL network terminatiod €1 or home network

TTR TCM-ISDN Timing Reference (Annex C)

TX Transmitter

U-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 digitetwork 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

5 Reference Models

Figures 5-1 to 5-4 are not requirements or suggestior building a DMT transmitter. Rather, they
are models for facilitating accurate and conciseTD8Wynal waveform descriptions. In the figuigs

is DMT subcarrieri (defined in the frequency domain), arglis the nth IDFT output sample
(defined in the time domain). The DAC and analoguwecessing block of Figures 5-1 to 5-4
construct the continuous transmit voltage wavefawonresponding to the discrete digital input
samples. More precise specifications for this amatoblock arise indirectly from the analogue
transmit signal linearity and power spectral denspecifications of 7.13 and 7.14. The use of the
figures as a transmitter reference model allowsndillization signal waveforms to be described
through the sequence of DMT symbolg;}{ required to produce that signal. Allowable drfaces

in the characteristics of different digital-to-anglie and analogue processing blocks will produce
somewhat different continuous-time voltage wavefifor the same initialization signal. However,
a compliant transmitter will produce initializatiosignals whose underlying DMT subcarrier
sequences match exactly those provided in the Isipsariptions of 10.4 to 10.9.

51 ATU-C transmitter reference models

ATM and STM are application options. ATU-C and ARJmay be configured for either STM bit
sync transport or ATM cell transport. Hybrid configtions (i.e. some applications run over ATM,
some do not, simultaneously) are outside the sobflégs Recommendation.

If the U-C interface is STM bit sync based (i.e. AdM cells on U-C interface), the ATU-C is
configured for STM transport and shall comply t@.5%, 6.1 and 7.1. If the U-C interface is ATM
cell based (i.e. only ATM cells on U-C interfac)e ATU-C is configured for ATM transport and
shall comply to 5.1.2, 6.2 and 7.2.

If the U-R interface is STM bit sync based (i.e. AdM cells on U-R interface), the ATU-R is
configured for STM transport and shall comply t@.5, 6.1 and 8.1. If the U-R interface is ATM
cell based (i.e. only ATM cells on U-R interfac)e ATU-R is configured for ATM transport and
shall comply to 5.2.2, 6.2 and 8.2.
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5.1.1 ATU-C transmitter reference model for STM transport

Figure 5-1 is a block diagram of an ADSL Transceiuait-Central office (ATU-C) transmitter
showing the functional blocks and interfaces that @ferenced in this Recommendation for the
downstream transport of STM data.
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scaling
LS1 » Contro crg scrambler i |, Heavers 1 Buffer
LS2 > & FEC
NTR > =0 L —
“«—>
OAM
V-C ’—V A B c Z. DAC and Analogue
\ Mux FEC Output Constellation i rocessin —
EOC/AOC ib Encoder Input i=1 to 255 P 9
Data Frame Data Frame Data Frame T1532330-09

| Reference Points | | |
f I I |

NOTE - Solid versus dashed lines are used to itelieguired versus optional capabilities respebtivehis figure is not
intended to be complete in this respect, see ctaised 7 for specific details.

Figure 5-1/G.992.1 — ATU-C transmitter reference mdel for STM transport

Support of STM is optional; if it is provided, hoves, the following requirements shall be met:

. The basic STM transport mode is bit serial.

. The framing mode used determines if byte bouedaif present at the V-C interface, shall
be preserved.

. Outside the ASx/LSx serial interfaces data bytes transmitted MSB first. All serial

processing in the ADSL frame (e.g. CRC, scrambletg,) shall, however, be performed
LSB first, with the outside world MSB consideredthg ADSL as LSB. As a result, the first
incoming bit (outside world MSB) shall be the fiibcessed bit inside the ADSL (ADSL

LSB).

. ADSL equipment shall support at least bearer sthEnASO and LSO downstream as defined
in 6.1. Support of other bearer channels is optiona

. Two paths are shown between the Mux/Sync corgnal Tone ordering; the "fast" path

provides low latency; the interleaved path providesy low error rate and greater latency.
The allocation of user data at the V-C interfacehise paths is defined in 7.4. An ADSL
system supporting STM shall be capable of operatm@g dual latency mode for the

downstream direction, in which user data is alledab both paths (i.e. fast and interleaved),
and a single latency mode for both the downstreach upstream directions, in which all

user data is allocated to one path (i.e. fastterleaved). An ADSL system supporting STM

transport may be capable of operating in an optidoal latency mode for the upstream, in
which user data is allocated to both paths (i&. dad interleaved).
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5.1.2 ATU-C transmitter reference model for ATM transport

Figure 5-2 is a block diagram of an ADSL Transceiuait-Central office (ATU-C) transmitter
showing the functional blocks and interfaces that @ferenced in this Recommendation for the
downstream transport of ATM data.
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NOTE - Solid versus dashed lines are used to iteliemuired versus optional capabilities respebtivehis figure is not
intended to be complete in this respect, see ctaised 7 for specific details.

Figure 5-2/G.992.1 — ATU-C transmitter reference mdel for ATM transport

Support of ATM is optional; if it is provided, hower, the following requirements shall be met:
. Byte boundaries at the V-C interface shall bespreed in the ADSL data frame.

. Outside the ASx/LSx serial interfaces data byaes transmitted MSB first. All serial
processing in the ADSL frame (e.g. CRC, scrambletg,) shall, however, be performed
LSB first, with the outside world MSB consideredthg ADSL as LSB. As a result, the first
incoming bit (outside world MSB) will be the firprocessed bit inside the ADSL (ADSL
LSB), and the CLP bit of the ATM cell header wik lzarried in the MSB of the ADSL
frame byte (i.e. processed last).

. ADSL equipment shall support at least bearer tbBASO downstream as defined in 6.2.
Support of other bearer channels is optional.
. Two paths are shown between the Mux/Sync corgnal Tone ordering; the "fast” path

provides low latency; the interleaved path providesy low error rate and greater latency.
The allocation of user data at the V-C interfacehese paths is defined in clause 7. An
ADSL system supporting ATM transport shall be cdpalf operating in a single latency

mode, in which all user data is allocated to onth §ae. fast or interleaved). An ADSL

system supporting ATM transport may be capablepafrating in an optional dual latency
mode, in which user data is allocated to both p@tasfast and interleaved).
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5.2 ATU-R transmitter reference models

5.2.1 ATU-R transmitter reference model for STM transport

Figure 5-3 is a block diagram of an ATU-R transerighowing the functional blocks and interfaces
that are referenced in this Recommendation fougistream transport of STM data.
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NOTE - Solid versus dashed lines are used to iteliemuired versus optional capabilities respebtivehis figure is not
intended to be complete in this respect, see ctaisend 8 for specific details.

Figure 5-3/G.992.1 — ATU-R transmitter reference mdel for STM transport

Support of STM is optional; if it is provided, hove, the following requirements shall be met:

. The basic STM transport mode is bit serial.

. The framing mode used determines if byte bouegaif present at the T-R interface, shall
be preserved.

. Outside the LSx serial interfaces data bytesM®® transmitted first. All serial processing

in the ADSL frame (e.g. CRC, scrambling, etc.) khabwever, be performed LSB first,
with the outside world MSB considered by the ADSLL&B. As a result, the first incoming
bit (outside world MSB) will be the first processkitl inside the ADSL (ADSL LSB).

. ADSL equipment shall support at least bearer ohhib.SO upstream as defined in 6.1.
Support of other bearer channels is optional.
. Two paths are shown between the Mux/Sync corgrmal Tone ordering; the "fast" path

provides low latency; the interleaved path providesy low error rate and greater latency.
The allocation of user data at the T-R interfacé¢hese paths is defined in 8.4. An ADSL
system supporting STM shall be capable of operatim@ dual latency mode for the

downstream direction, in which user data is alleddb both paths (i.e. fast and interleaved),
and a single latency mode for both the downstreath upstream directions, in which all

user data is allocated to one path (i.e. fastterleaved). An ADSL system supporting STM

transport may be capable of operating in an opkidoal latency mode for the upstream, in
which user data is allocated to both paths (i&. dad interleaved).
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5.2.2 ATU-R transmitter reference model for ATM transport

Figure 5-4 is a block diagram of an ATU-R transerighowing the functional blocks and interfaces
that are referenced in this Recommendation fougistream transport of ATM data.
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Figure 5-4/G.992.1 — ATU-R transmitter reference mdel for ATM transport

Support of ATM is optional; if it is provided, hower, the following requirements shall be met:

Byte boundaries at the T-R interface shall bes@need in the ADSL data frame.

Outside the LSx serial interfaces data bytestamesmitted MSB first in accordance with
Recommendations 1.361 and 1.432.1. All serial pssogy in the ADSL frame (e.g. CRC,
scrambling, etc.) shall, however, be performed L8Bt, with the outside world MSB

considered by the ADSL as LSB. As a result, thst fincoming bit (outside world MSB)

will be the first processed bit inside the ADSL (8D LSB), and the CLP bit of the ATM

cell header will be carried in the MSB of the ADBame byte (i.e. processed last).

ADSL equipment shall support at least bearer ohhib.SO upstream as defined in 6.2.
Support of other bearer channels is optional.

Two paths are shown between the Mux/Sync corgnal Tone ordering; the "fast" path
provides low latency; the interleaved path providesy low error rate and greater latency.
The allocation of user data at the T-R interfacéhese paths is defined in 8.4. An ADSL
system supporting ATM transport shall be capableps#rating in a single latency mode, in
which all user data is allocated to one path fiest or interleaved). An ADSL system
supporting ATM transport may be capable of opegatiman optional dual latency mode, in
which user data is allocated to both paths (i&. dad interleaved).

5.3 ATU-C/R transmitter timing model (Annex C only)
For Annex C, see C.3.3.
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6 Transport capacity

An ADSL system may transport up to seven user ddteaams on seven bearer channels
simultaneously:

. up to four independent downstream simplex beafemdirectional from the network
operator (i.e. V-C interface) to the CI (i.e. T+Rearface)];
. up to three duplex bearers (bidirectional betwibemnetwork operator and the CI).

The three duplex bearers may alternatively be ganéid as independent unidirectional simplex
bearers, and the rates of the bearers in the twextitins (network operator toward Cl and vice
versa) do not need to match.

All bearer channel data rates shall be programmatbleny combination of integer multiples of
32 kbit/s. The ADSL data multiplexing format isXible enough to allow other transport data rates,
such as channelizations based on existing 1.544t/$/ibut the support of these data rates
(non-integer multiples of 32 kbit/s) will be limdeby the ADSL system's available capacity for
synchronization (see Notes 1 and 2).

The maximum net data rate transport capacity AARBL system will depend on the characteristics
of the loop on which the system is deployed, andestain configurable options that affect overhead
(see Note 3). The ADSL bearer channel rates shaltdnfigured during the initialization and
training procedure.

The transport capacity of an ADSL system per sdeitned only as that of the bearer channels.
When, however, an ADSL system is installed on a timt also carries POTS or ISDN signals, the
overall capacity is that of POTS or ISDN plus ADSL.

A distinction is made between the transport of syooous (STM) and asynchronous (ATM) data.
An ATU-x shall be configured to support STM transgion or ATM transmission. If STM is
supported, it shall be as defined in 6.1 and eithe(ATU-C) or 8.1 (ATU-R). If ATM is supported,

it shall be as defined in 6.2 and either 7.2 (ATWe€ 8.2 (ATU-R). Bearer channels configured to
transport STM data can also be configured to cailril data. ADSL equipment may be capable of
simultaneously supporting both ATM and STM trangpbut is otherwise outside the scope of this
Recommendation.

If an ATU-x supports a particular bearer channelshall support it through both the fast and
interleaved paths.

In addition, an ADSL system may transport a Netwdning Reference (NTR). The means for
doing this are specified in 7.2.4.

NOTE 1 — Part of the ADSL system overhead is sharadng the bearer channels for synchronization. The
remainder of each channel's data rate that exceeailtiple of 32 kbit/s is transported in this sthr
overhead. Only framing mode O supports non-integdtiples of 32 kbit/s.

NOTE 2 — The rates for all bearer channels arethaseinteger multiples of 32 kbit/s. ADSL deployn&gn
may, however, need to interwork with DS1 (1.544 #4bi data. The ADSL system overhead and data
synchronization (see 6.4.2) provide enough capaoityupport the framed DS1 data streams transgarent
(i.e. the entire DS1 signal is passed through tb&IAtransmission path without interpretation or osal of

the framing bits and other overhead).

NOTE 3 — One part of the ADSL initialization anditiing sequence estimates the loop characteristics
determine whether the number of bytes per DisckéwétiTone (DMT) frame required for the requested
configuration's aggregate data rate can be trateinitcross the given loop. The net data rate is the
aggregate data rate minus ADSL system overheatl.oP#ine ADSL system overhead is dependent on the
configurable options, such as allocation of beat@nnels to interleaving or non-interleaving datdfdys
within the ADSL frame (discussed in 7.4 and 8.4y part of it is fixed.

NOTE 4 —The latency mode of an ADSL system may different for downstream and upstream
transmission.
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6.1 Transport of STM data

ADSL systems transporting STM shall support thepsax bearer channel ASO and the duplex
bearer channel LSO downstream; support of AS1, ASZ3, LS1 and LS2 is optional. Bearer
channels ASO, LSO, and any other bearer channplsosied shall be independently allocable to a
particular latency path as selected by the ATU-Gtatt-up. The system shall support dual-latency
downstream.

ADSL systems transporting STM shall support thelelugearer channel LSO upstream using a
single latency path; support of LS1 and LS2 and @dency is optional.

Bearer channel ASO shall support the transportadh ét all integer multiples of 32 kbit/s from
32 kbit/s to 6.144 Mbit/s. Bearer channel LSO sksalbport 16 kbit/s and all integer multiples of
32 kbit/s from 32 kbit/s to 640 kbit/s.

When AS1, AS2, AS3, LS1 and LS2 are provided, thtegll support the range of integer multiples
of 32 kbit/s shown in Table 6-1. Support for integaultiples beyond those required and indicated
therein is optional. Further, support for datasdiased on non-integer multiples of 32 kbit/s soal
optional.

Table 6-1/G.992.1 — Required 32 kbit/s integer mufiles for transport of STM

Bearer channel Lowest Rquired Largest Rquired nggiﬁzgdgganggtiSt
Integer Multiple Integer Multiple :
(kbit/s)
ASO 1 192 6144
AS1 1 144 4608
AS2 1 96 3072
AS3 1 48 1536
LSO 1 20 640
LS1 1 20 640
LS2 1 20 640

Table 6-2 illustrates the data rate terminology definitions used for STM transport. The reference
points refer to those shown in Figures 5-1 throbgh

Table 6-2/G.992.1 — Data Rate Terminology for STMransport

Equation Reference
Data Rate (Kbit/s) Point
STM data rate = "Net data rate" 3(B) Bp) x 32 ASX + LSx
(Note)
"Net data rate" + Frame overhead = "Aggregate data rate| (K Kp) x 32 A
rate
"Aggregate data + RS Coding = "Total data rate" Z(N; Np) x 32 B
rate" overhead rate
"Total data rate” + Trellis Coding = Line rate Shx4 U
overhead rate
NOTE — Net data rate increase by 16 kbit/s if &li§'s "C"-channel is used.
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6.2 Transport of ATM data

An ADSL system transporting ATM shall support thegée latency mode (Note 1) at all integer
multiples of 32 kbit/s up to 6.144 Mbit/s downstreand up to 640 kbit/s upstream. For single
latency, ATM data shall be mapped to bearer chafA86lin the downstream direction and to bearer
channel LSO in the upstream direction. Single leyan defined as all payload data passing through
a single latency path. It is important to note théh framing modes 0,1 and 2, overhead data exists
in both latency paths even though the payloadasated to a single latency path.

The need for dual latency for ATM services depeoiishe service/application profile and is under
study. One of three different "latency classes" aysed via:

. single latency, not necessarily the same for e#@r@ttion of transmission;
. dual latency downstream, single latency upstream;
. dual latency both upstream and downstream.

ADSL systems transporting ATM shall support beatgannel ASO downstream and bearer channel
LSO upstream, with each of these bearer channgépendently allocable to a particular latency path
as selected by the ATU-C at start-up. Thereforg@pstt of dual latency is optional for both
downstream and upstream.

If downstream ATM data are transmitted through agle latency path (i.e. "fast” only or
“interleaved” only), only bearer channel ASO shad#l used, and it shall be allocated to the
appropriate latency path. If downstream ATM data @mansmitted through both latency paths
(i.e. "fast” and "interleaved"), only bearer chasn&S0 and AS1 shall be used, and they shall be
allocated to different latency paths.

Similarly, if upstream ATM data are transmittedaigh a single latency path (i.e. "fast” only or
"interleaved" only), only bearer channel LSO shallused and it shall be allocated to the appra@priat
latency path. The choice of the fast or interleapath may be made independently of the choice for
the downstream data. If upstream ATM data are tnated through both latency paths (i.e. "fast"
and "interleaved"), only bearer channels LSO and kBall be used and they shall be allocated to
different latency paths.

Bearer channel ASO shall support the transportadh ét all integer multiples of 32 kbit/s from
32 kbit/s to 6.144 Mbit/s. Bearer channel LSO skalbport all integer multiples of 32 kbit/s from
32 kbit/s to 640 kbit/s. Support for data rateseldasn non-integer multiples of 32 kbit/s is also
optional.

When AS1 and LS1 are provided, they shall suppdwetrange of integer multiples of 32 kbit/s
shown in Table 6-1. Support for integer multipleydnd those required and indicated in Table 6-1
is optional. Further, support for data rates basednon-integer multiples of 32 kbit/s is also
optional.

Bearer channels AS2, AS3 and LS2 shall not be geal/for an ATM based ATU-x.

NOTE 1 - For ATM systems, the channelization ofedént payloads is embedded within the ATM data
stream using different Virtual Paths and/or Virt@dannels. Therefore the basic requirements for Aari
for only one ADSL bearer channel downstream angt one ADSL bearer channel upstream.

NOTE 2 — More details of the ATM to Physical layegical interface are given in Appendix .

Table 6-3 illustrates the data rate terminology defihitions used for ATM transport. The reference
points refer to those shown in Figures 5-1 throbigh
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Table 6-3/G.992.1 — Data rate terminology for ATM tansport

. . Reference
Data Rate Equation (kbit/s) Point
53 x 8 x ATM cell rate = "Net data rate" 3(B; Bp) x 32 | ASx+LSx
"Net data rate" + Frame overhead rate = "Aggregate data (K Kp) x 32 A
"Aggregate data + RS Coding overhead = "Total data rate" Z(N; Np) x 32 B
rate" rate
"Total data rate” + Trellis Coding = Linerate Shx4 U
overhead rate

6.3

The total bit rate transmitted by the ADSL systelmew operating in an optional reduced-overhead
framing mode shall include capacity for:

When

ADSL system overheads and total bit rates

the data rate transmitted in the ADSL bearer nohbm

ADSL system overhead, which includes:

operating in the full-overhead mode, the tdialrate shall also include capacity for the

an ADSL embedded operations channel, EOC,;
an ADSL overhead control channel, AOC,;
CRC check bytes;

fixed indicator bits for OAM;

FEC redundancy bytes.

synchronization control bytes and capacity for beahannel synchronization control.

The above data streams shall be organized into Al8hes and superframes as defined in 7.4 and

8.4 for the downstream and upstream data, resgégctiv

The internal overhead channels and their ratestaoen in Table 6-4.
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Table 6-4/G.992.1 — Internal overhead channel funicins and rates

Downstream rate (kbit/s) Upstream rate (kbit/s)
minimum/maximum minimum/maximum
Number of Number of Number of Number of
ASX bearer ASX bearer LSx bearer LSx bearer
channels channels channels channels
>1 =1 >1 =1
Synchronization control, CRC
and AOC; interleaved buffer 32/32 32/32 32/32 32/32
Synchronization control, CRC,
EOC and indicator bits; fast 32/32 32/32 32/32 32/32
buffer
Total for reduced overhead 32/64 32/64 32/64 32/64
framing (Note 2) (Note 2) (Note 2) (Note 2)
Synchronization capacity 64/128 64/96 32/64 32/32
(shared among all bearer (Note 3) (Note 3) (Note 3) (Note 3)
channels)
Total 128/192 128/160 96/128 96/96
(Note 1)

NOTE 1 — The overhead required for FEC is not shmithis table.

NOTE 2 — With the reduced overhead framing mod&2, kbit/s ADSL system overhead is present in
each buffer type. However, when all ASx and LSxallecated to one buffer type, synchronization
control, CRC, EOC, AOC and indicator bits may beied in a single 32 kbit/s ADSL system overhead
present in the buffer type used. With full overh&athing, a 32 kbit/s ADSL system overhead is alsvay
present in each buffer type.

NOTE 3 — The shared synchronization capacity iresu8l kbit/s shared among LSx within the interleave
buffer, 32 kbit/s shared among LSx within the fastfer, 32 kbit/s shared among ASx within the
interleave buffer, and 32 kbit/s shared among A8kinvthe fast buffer. The maximum rate occurs when
at least one ASx is allocated to each type of louffee minimum rate occurs when all ASx and LSx arg
allocated to one buffer type.

7 ATU-C functional characteristics

An ATU-C may support STM transmission or ATM transsion or both. If STM is supported it
shall be as defined in 7.1. If ATM is supportedhtll be as defined in 7.2.

Framing modes that shall be supported depend uATU-C being configured for either STM or
ATM transport, and are defined in 7.1.5 and 7.2gpectively. If framing mode k is supported, then
modes k-1, ..., 0 shall also be supported.

During initialization, the ATU-C and ATU-R shall dicate a framing mode number 0, 1, 2 or 3
which they intend to use. The lowest indicated frgnimode shall be used (see 10.6.4 and 10.7.6).

Using framing mode 0 ensures than an STM based ATwith an external ATM TC will
interoperate with an ATM based ATU-x. Additional des of interoperation are possible depending
upon optional features provided in either ATU-x.

An ATU-C may provide a Network Timing Reference @IT This operation shall be independent of
any clocking that is internal to the ADSL systefpriovided, the NTR shall be inserted in the U-C
framing structure as described in 7.3.2.
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7.1 STM Transmission Protocol Specific functionalies

7.1.1 ATU-C input and output V interfaces for STM transport

The functional data interfaces at the ATU-C for STinsport are shown in Figure 7-1. Input
interfaces for the high-speed downstream simplexdyechannels are designated ASO through AS3;
input/output interfaces for the duplex bearer cledsare designated LSO through LS2. There shall
also be a duplex interface for operations, admutisin, maintenance (OAM) and control of the
ADSL system.

The data rates of the input and output data integat the ATU-C are specified in 6.1. The data rat
at a given interface shall match the rate of thardrechannel configured to that interface.

ASO (1, X 32 kbit/s)

A 4

AS1 (, X 32 Kbit/s)

AS2 (, X 32 Kbit/s)

STM AS3 (n; X 32 kbit/s)
Layer

twisted pair
and LSO ("C"; 16 orm, X 32 kbit/s) P

ATU-C (X X D

interface
to

A
Y

LS1 (m, X 32 khbit/s)
Digital
Network

LS2 (m, X 32 kbit/s)

NTR

Operations, administration,
maintenance and control

A 4

T1532370-99

V-C
NOTE - Optional bearer channels (both duplex ampkix) and features are shown with dotted lines.

Figure 7-1/G.992.1 — ATU-C functional interfaces foSTM transport at the
V-C reference point

7.1.2 Downstream simplex channels — bit rates

Four data input interfaces are defined at the ATUWeC the high-speed downstream simplex
channels: ASO, AS1, AS2 and AS3 (ASx in generabe Tequired data rate configurations are
specified in 6.1.

7.1.3 Downstream/upstream duplex channels — bit ras

Three input and output data interfaces are defatdtie ATU-C for the duplex channels supported
by the ADSL system; LSO, LS1, and LS2 (LSx in gafleiThe required data rate configurations are
specified in 6.1.
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LSO is also known as the "C" or control channekdtries the signalling associated with the ASx
bearer channels and it may also carry some orf @alleosignalling associated with the other duplex
bearer channels.

7.1.4 Payload transfer delay

The one-way transfer delay for payload bits inbathrers (simplex and duplex) from the V reference
point at central office end (V-C) to the T referemmint at remote end (T-R) for channels assigned
to the fast buffer shall be no more than 2 ms, fanachannels assigned to the interleave buffer it
shall be no more than (4 $¢ 1)/4+ SxOO4) ms, whereS and D are defined in 7.6. The same
requirement applies in the opposite direction, frima T-Rreference point to the V-C reference
point.

7.1.5 Framing Structure for STM transport

An ATU-C configured for STM transport shall suppdine full overhead framing structure 0 as
specified in 7.4. The support of full overhead fragnstructure 1 and the reduced overhead framing
structures 2 and 3 is optional.

Preservation of V-C interface byte boundaries (@sent) at the U-C interface may be supported for
any of the U-C interface framing structures.

An ATU-C configured for STM transport may suppansertion of a Network Timing Reference
(NTR). If inserted, the NTR shall be inserted ie th-C framing structure as described in 7.3.2.

7.2 ATM Transport Protocol Specific functionalities

7.2.1 ATU-C input and output V interface for ATM tr ansport

The functional data interfaces at the ATU-C for AEve shown in Figure 7-2. The ATM channel

ATMO shall always be provided, the channel ATMDbpgional and may be provided for support of

dual latency mode. Each channel operates as afaicgeo a physical layer pipe. When operating in
dual latency mode, no fixed allocation between A7V channels 0 and 1, on one hand, and
transport of "fast" and “interleaved” data, on thther hand, is assumed. This relationship is
configured inside the ATU-C.

Flow control functionality shall be available oretN reference point to allow the ATU-C (i.e. the
physical layer) to control the cell flow to andfniche ATM layer. This functionality is represented
by Tx_Cell Handshake and Rx_Cell Handshake. A el be transferred from ATM to PHY
layer only after the ATU-C has activated the TxIGedndshake. Similarly a cell may be
transferred from the PHY layer to the ATM layer prafter the Rx_Cell Handshake. This
functionality is important to avoid cell overflow anderflow in the ATU-C and ATM layers.

There shall also be a duplex interface for opematicadministration, maintenance (OAM) and
control of the ADSL system.
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ATM1

TX_ATM1

Tx_Cell_Handshakel

Rx_ATM1

Rx_Cell_Handshakel

NTR

A4

Operations, administration,
maintenance and control

Digital Network

T1532380-99
V-C

Figure 7-2/G.992.1 — ATU-C functional interfaces tahe ATM layer at the
V-C reference point

7.2.2 Payload transfer delay

The one-way transfer delay (excluding cell spedifinctionalities) for payload bits in all bearers
(simplex and duplex) from the V reference pointettral office end (V-C) to the T reference point
at remote end (T-R) for channels assigned to teeHaffer shall be no more than 2 ms, and for
channels assigned to the interleave buffer it dbatho more than (4 6¢ 1)/4+ SxD4) ms, where
SandD are defined in 7.6. The same requirement apptighe opposite direction, from the T-R
reference point to the V-C reference point.

NOTE - The additional delay introduced by the spkcific functionalities is implementation specific
7.2.3 ATM Cell specific functionalities

7.2.3.1 Idle Cell Insertion

Idle cells shall be inserted in the transmit diactfor cell rate decoupling. Idle cells are idéetd
by the standardized pattern for the cell headegrgim Recommendation 1.432.1.

NOTE - This Recommendation is written on the assiomghat idle cells will be discarded by an ATU-R
receiver.

7.2.3.2 Header Error Control (HEC) Generation

The HEC byte shall be generated in the transmatction as described in Recommendation 1.432.1,
including the recommended modulo 2 addition (XORhe pattern 010101910 the HEC bits.
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The generator polynomial coefficient set used d®dHEC sequence generation procedure shall be
in accordance with Recommendation 1.432.1.

7.2.3.3 Cell payload scrambling

Scrambling of the cell payload field shall be usedhe transmit direction to improve the security
and robustness of the HEC cell delineation mechanis addition, it randomizes the data in the
information field, for possible improvement of ttransmission performance. The self synchronizing
scrambler polynomial %+1 and procedures defined in Recommendation [.43hall be
implemented.

NOTE - This Recommendation is written on the assiomphat the cell payload will be descrambled by a
ATU-R receiver.

7.2.3.4 Bit timing and ordering

When interfacing ATM data bytes to the ASO or A®hter channel, the most significant bit (MSB)
shall be sent first. The ASO or AS1 bearer chada#d rates shall be integer multiples 32 kbit/s$hwi
bit timing synchronous with the ADSL downstream raadtiming base (see 7.4.2.1 and 7.4.2.2).

7.2.3.5 Cell Delineation

The cell delineation function permits the identation of cell boundaries in the payload. It uses th
HEC field in the cell header.

Cell delineation shall be performed using a codang checking the HEC field in the cell header
according to the algorithm described in Recommeaddt432.1. The ATM cell delineation state
machine is shown in Figure 7-3. The details ofstag¢e diagram are described below:

1) In the HUNT state, the delineation process iggomed by checking bit-by-bit for the
correct HEC. Once such an agreement is found, as@imed that one header has been
found, and the method enters the PRESYNC state.nWilyee boundaries are available
within the receiving Physical Layer prior to ce#leheation as with the framing modes 1, 2
and 3 (see 7.4), the cell delineation process regyelnformed byte-by-byte.

2) In the PRESYNC state, the delineation procegeitormed by checking cell-by-cell for the
correct HEC. The process repeats until the corllEC has been confirme®ELTA
(see Note) times consecutively. If an incorrect HEC(ound, the process returns to the
HUNT state.

3) In the SYNC state, the cell delineation will &ssumed to be lost if an incorrect HEC is
obtainedALPHAtimes consecutively.
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Bit-by-bit Cell-by-cell
Correct HEC

v

<
<

Incorrect HEC
ALPHA consecutive DELTA consecutive
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Cell-by-cell

NOTE — With reference to Recommendation 1.432.lresmmmendation is made for the values of ALPHA BiRd TA
as the choice of these values is not consideretféat interoperability. However, it should be ribtaat the use of the
values suggested in Recommendation 1.432 (ALPHABELTA = 6) may be inappropriate due to the parfdc
transmission characteristics of ADSL.

Figure 7-3/G.992.1 — ATM cell delineation state mduine

7.2.3.6  Header Error Control Verification

The HEC covers the entire cell header. The code fmsehis function is capable of either:

. single bit error correction; or

. multiple bit error detection.

Error detection shall be implemented as defineBRemommendation 1.432.1 with the exception that

any HEC error shall be considered as a multipleetsitr, and therefore, HEC error correction shall
not be performed.

7.2.4  Framing Structure for ATM transport

An ATU-C configured for ATM transport shall suppaine full overhead framing structures 0 and 1
as specified in 7.4. The support of reduced ovefifiganing structures 2 and 3 is optional.

The ATU-C transmitter shall preserve V-C interfdge boundaries (explicitly present or implied
by ATM cell boundaries) at the U-C interface, indegent of the U-C interface framing structure.

To ensure framing structure O interoperability bew an ATM ATU-C and an ATM cell TC plus
an STM ATU-R (i.e. ATM over STM), the following shapply:

. an STM ATU-R transporting ATM cells and not pneseg T-R byte boundaries at the U-R
interface shall indicate during initialization thtame structure 0 is the highest frame
structure supported;

. an STM ATU-R transporting ATM cells and preseryim-R byte boundaries at the U-R
interface shall indicate during initialization thiaame structure 0, 1, 2 or 3 is the highest
frame structure supported, as applicable to théementation;

. an ATM ATU-C receiver operating in framing strue 0 cannot assume that the ATU-R
transmitter will preserve T-R interface byte boumelm at the U-R interface and shall
therefore perform the cell delineation bit-by-lsieé 7.2.3.5).

An ATU-C configured for ATM transport may supporisertion of a Network Timing Reference
(NTR). The network operator may choose not to inffee NTR. If inserted, the NTR shall be
inserted in the U-C framing structure as described 3.2.
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7.3 Network timing reference (NTR)

7.3.1 Need for NTR

Some services require that a reference clock biabiain the higher layers of the protocol stack
(i.e. above the physical layer); this is used targatee end-to-end synchronization of transmit and
receive sides. Examples are Voice and Telephonyr @&vEéM (VTOA) and Desktop Video
Conferencing (DVC).

To support the distribution of a timing referenaeiothe network, the ADSL system may transport
an 8 kHz timing marker as NTR. This 8 kHz timingrkex may be used for voice/video playback at
the decoder (D/A converter) in DVC and VTOA appiicas. The 8 kHz timing marker is input to
the ATU-C as part of the interface at the V-C refee point.

7.3.2 Transport of the NTR

The intention of the NTR transport mechanism i$ tha ATU-C should provide timing information
at the U-C reference point to enable the ATU-R &biver to the T-R reference point timing
information that has a timing accuracy correspogdon the accuracy of the clock provided to the
V-C reference point. If provided, the NTR shallibserted in the U-C framing structure as follows:

. The ATU-C may generate an 8 kHz local timing refee (LTR) by dividing its sampling
clock by the appropriate integer (276 if 2.208 Mblzised).
. It shall transmit the change in phase offset betwthe input NTR and LTR (measured in

cycles of the 2.208 MHz clock, that is, units opegximately 452 ns) from the previous
superframe to the present one; this shall be enkcode four bits ntr3-ntrO (with ntr3 the
MSB), representing a signed integer in the —8&aange in 2's-complement notation. The
bits ntr3-ntr0 shall be carried in the indicatasi#3 (ntr3) to 20 (ntr0); see Table 7-2.

. A positive value of the change of phase offéétp shall indicate that the LTR is higher in
frequency than the NTR.
. Alternatively, the ATU-C may choose to lock itswehstream sampling clock (2.208 MHz)

to 276 times the NTR frequency; in that case itIsim:odeAchto zero.

The NTR has a maximum frequency variationt82 ppm. The LTR, as specified in 7.11.1, has a
maximum frequency variation af50 ppm. The maximum mismatch is therefa®? ppm. This
would result in an average change of phase offsgpmroximately+3.5 clock cycles over one 17 ms
superframe, which can be mapped into 4 overhead bit

One method that the ATU-C may use to measure Haage of phase offset is shown in Figure 7-4.

I register I

24

NTR

2.208 MHz

count
mod 276

MC

count
mod 136

MC

register

register

T1532400-99

(MC is maxcount indication before foldover to 0)

Figure 7-4/G.992.1 — Example implementation of thAZ(p measurement
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7.4 Framing

This subclause specifies framing of the downstreagmal (ATU-C transmitter). The upstream
framing (ATU-R transmitter) is specified in 8.4.

Two types of framing are defined: full overhead aaduced overhead. Furthermore, two versions of
full overhead and two versions of reduced overte@ddefined. The four resulting framing modes
are defined in Table 7-1 and shall be referredstbaming modes 0, 1, 2 and 3.

Table 7-1/G.992.1 — Definition of framing modes

Framing Description
structure
0 Full overhead framing with asynchronous bit-to-modening (see 7.4.1)

(i.e. enabled synchronization control mechanism,74.2)

1 Full overhead framing with synchronous bit-to-modiéming (see 7.4.1)
(i.e. disabled synchronization control mechanisee, .4.2)

2 Reduced overhead framing with separate fast andltsyte in fast and interleaved latency
buffer respectively (i.e. 64 kbit/s framing overtipésee 7.4.3.1)

3 Reduced overhead framing with merged fast and Byte; using either the fast or the
interleaved latency buffer (i.e. 32 kbit/s framiogerhead) (see 7.4.3.2)

Requirements for framing modes to be supported rieppon the ATU-C being configured for
either STM or ATM transport, and are defined in.3.4nd 7.2.4 respectively.

The ATU-C shall indicate during initialization theghest framing structure number it supports. If
the ATU-C indicates it supports framing structirét shall also support all framing structutes 1

to 0. If the ATU-R indicates a lower framing struiet number during initialization, the ATU-C shall
fall back to the framing structure number indicabgdhe ATU-R.

As specified in clause 5, outside the ASx/LSx senierfaces data bytes are transmitted MSB first
in accordance with Recommendations G.703, G.7881).and 1.432.1. All serial processing in the
ADSL frame (e.g. CRC, scrambling, etc.) shall, hegre be performed LSB first, with the outside
world MSB considered by the ADSL as LSB. As a reghk first incoming bit (outside world MSB)
will be the first processed bit inside the ADSL (BDLSB).

7.4.1 Data symbols

Figures 5-1 and 5-2 show functional block diagrarhthe ATU-C transmitter with reference points
for data framing. Up to four downstream simplexadettannels and up to three duplex data channels
shall be synchronized to the 4 kHz ADSL DMT frana¢er and multiplexed into two separate data
buffers (fast and interleaved). A cyclic redundamtyeck (CRC), scrambling, and forward error
correction (FEC) coding shall be applied to theteots of each buffer separately, and the data from
the interleaved buffer shall then be passed thrarmgimterleaving function. The two data streams
shall then be tone ordered as defined in 7.7, ambed into a data symbol that is input to the
constellation encoder. After constellation encoditite data shall be modulated to produce an
analogue signal for transmission across the custtoup.

A bit-level framing pattern shall not be insertedioi the data symbols of the frame or superframe
structure. DMT frame (i.e. symbol) boundaries agtingated by the cyclic prefix inserted by the
modulator (see 7.12). Superframe boundaries agrrdeted by the synchronization symbol, which
shall also be inserted by the modulator, and wharhies no user data (see 7.11.3).
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Because of the addition of FEC redundancy bytesdatal interleaving, the data frames (i.e. bit-level
data prior to constellation encoding) have différgtnuctural appearance at the three referencaspoin
through the transmitter. As shown in Figures 5-8 &42, the reference points for which data
framing will be described in the following subclassare:

. A (Mux data frame): the multiplexed, synchronizéata after the CRC has been inserted
(synchronization is described in 7.4.2, CRC is 8petin 7.4.1.5. Mux data frames shall be
generated at a nominal 4 kbaud (i.e. every|250

. B (FEC output data frame): the data frame gerdrat the output of the FEC encoder at the
DMT symbol rate, where an FEC block may span mioae bne DMT symbol period.

. C (constellation encoder input data frame): tléadrame presented to the constellation
coder.

7.4.1.1 Superframe structure

ADSL uses the superframe structure shown in Figube Each superframe is composed of 68 data
frames, numbered from 0 to 67, which are encodédardulated into DMT symbols, followed by a
synchronization symbol, which carries no user oerbead bit-level data and is inserted by the
modulator (see 7.11.3) to establish superframe daiges. From the bit-level and user data
perspective, the DMT symbol rate is 4000 baud ¢ueri 250 us), but in order to allow for the
insertion of the synchronization symbol the trarteediDMT symbol rate is 69/68 x 4000 baud.

Each data frame within the superframe contains flata the fast buffer and the interleaved buffer.
The size of each buffer depends on the assignnfebearer channels made during initialization
(see 7.4.1.2 and 10.6.2).
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Figure 7-5/G.992.1 — ADSL superframe structure — AU-C transmitter

During each ADSL superframe, eight bits shall beereed for the CRC on the fast data buffer
(crcO-crc7), and 24 indicator bits (ib0-ib23) shia## assigned for OAM functions. As shown in
Figure 7-6, the synchronization byte of the fasadmauffer (“fast byte") carries the CRC check bits
frame O and the indicator bits in frames 1, 34 3@8dThe fast byte in other frames is assigned in
even-/odd-frame pairs to either the EOC or to symmlzation control of the bearer channels
assigned to the fast buffer.

Bit O of the fast byte in an even-numbered frantediothan frames 0 and 34) and bit O of the fast
byte of the odd-numbered frame immediately follogvehall be set to "0" to indicate these frames
carry a synchronization control information.

When they are not required for synchronization @nCRC, or indicator bits, the fast bytes of two
successive ADSL frames, beginning with an even-rened frame, may contain indications of "no
synchronization action” (see 7.4.2), or alterndyivihey may be used to transmit one EOC message,
consisting of 13 bits. The indicator bits are definn Table 7-2.

Bit O of the fast byte in an even-numbered frantbgothan frames 0 and 34) and bit O of the fast
byte of the odd-numbered frame immediately follagvshall be set to "1" to indicate these frames
carry a 13-bit EOC message plus one additionatbitsee clause 9). The rl bit is reserved forréutu
use and shall be set to "1".
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Even-numbered frames Odd-numbered frames
(immediately follow even-numbered
frame to the left)
msb Isb msb Isb

Frames 0, 1 ‘crc?‘crcG‘ crci crc4l crcb cr42 cr{:l cﬁco ‘ ib7‘ ib6‘ ibS‘ ib4‘ ib3‘ ib2‘ ibl‘ ibO|
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In all frames bit 7 = MSB and bit 0 = LSB.

Figure 7-6/G.992.1 — Fast synchronization byte ("fst byte") format — ATU-C transmitter

Table 7-2/G.992.1 — Definition of indicator bits, AU-C transmitter
(fast data buffer, downstream direction)

Indicator bit (Note 1) Definition (Note 2)
Ib0-ib7 Reserved for future use
Ib8 FEBE-I
Ib9 FECC-I
Ib10 FEBE-F
Ibl1l FECC-F
Ib12 LOS
Ib13 RDI
Ib14 NCD-I (used for ATM only, shall be set to "fbF STM)
Ib15 NCD-F (used for ATM only, shall be set to fbt STM)
Ib16 HEC-I (used for ATM only, shall be set to 'fot STM)
Ibl7 HEC-F (used for ATM only, shall be set to faf STM)
Ib18-19 Reserved for future use
Ib20-23 NTRO-3 (if NTR is not transported, ib20-23 shalldss to "1" —
they are active low)
NOTE 1 — See 9.3.1 for the definition of the bitsl daheir use.
NOTE 2 — Because all indicator bits are defineddcise low, reserved bits shall be set to "1".

Eight bits per ADSL superframe shall be used fer@RC on the interleaved data buffer (crcO-crc7).
As shown in Figures 7-7 and 7-9, the synchronipabigte of the interleaved data buffer ("sync
byte") carries the CRC check bits for the previeuperframe in frame 0. In all other frames
(1 through 67), the sync byte shall be used forckganization control of the bearer channels
assigned to the interleaved data buffer or us@amy an ADSL overhead control (AOC) channel. In
the full overhead mode (see 7.4.1.2), when anyebedrannel appears in the interleave buffer, then
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the AOC data shall be carried in the LEX byte, #relsync byte shall designate when the LEX byte
contains AOC data and when it contains data bytes fthe bearer channel. When no bearer
channels are allocated to the interleave data b(fe all B(ASx) = B;j(LSx) = 0), then the sync
byte shall carry the AOC data directly (AEX and LB}tes, described in 7.4.1.2, do not exist in the
interleaved buffer in this case). The format of slgac byte is described in 7.4.2.2.

msb
Frame 0 ‘crc?‘ crcG‘ crcS‘ crc4‘ crcS‘ cr021 crcjr crcp
If signals are allocated to Synch [ o7 ‘ 506‘ sc5‘ sc4‘ sc:l( SCF 541 S%O
interleave buffer: Control
Frames 1-67
.If no signals are allocated to aoc ‘ aoc7‘ aoc6‘ aocEiS aoc)ﬁl ao#s aokz a+c1 a)oco
interleave buffer:
T1535390-00

NOTE — The names "fast byte" and "sync byte" ater@liations for, and are used interchangeably with,
"fast synchronization byte" and "interleaved symctization byte", respectively.

Figure 7-7/G.992.1 — Interleaved synchronization g ("sync byte") format —
ATU-C transmitter

7.4.1.2  Frame structure (with full overhead)

Each data frame shall be encoded into a DMT syndsodescribed in 7.7 through 7.9. As is shown
in Figure 7-5, each frame is composed of a fast taffer and an interleaved data buffer, and the
frame structure has a different appearance at efaitte reference points (A, B and C). The bytes of
the fast data buffer shall be clocked into the taltadion encoder first, followed by the bytes bét
interleaved data buffer. Bytes are clocked leagtiBcant bit first.

Each bearer channel shall be assigned to eithdasth@r the interleaved buffer during initializati

(see 10.6.2), and a pair of byteBg,B], transmitted for each bearer channel, whBgeand B,
designate the number of bytes allocated to theafagtinterleaved buffers, respectively.

The sevenBg,B)] pairs to specify the downstream bearer chanrnesrare:

. Br(ASX), B|(ASx) for X=0, 1, 2 and 3, for the downstream simplex channels

. Br(LSX), B|(LSx) for X=0, 1 and 2, for the (downstream transport of thg)lex channels.
The rules for allocation are:

. for any bearer channel, X, except the 16 kbittsh@nnel option, eitheB(X) = the number

of bytes per frame of the fast buffer aB@X) = 0, orBg(X) = 0 andB,(X) = the number of
bytes per frame of the interleaved buffer;

. for the 16 kbit/s C-channel optio®(LS0) = 255 (11111113 and B\(LS0) = 0, or
Br(LS0)= 0 andB,(LS0) = 255.
7.4.1.2.1 Fast data buffer (with full overhead)

The frame structure of the fast data buffer shallas shown in Figure 7-8 for reference points A
and B, which are defined in Figures 5-1 and 5-2.
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Ng bytes

A

FEC output (point B) or constellation encoder infudint C) data frame

Kg bytes
X Mux data frame (point A)
Fast | aso | AsL | As2 | As3 LSO Ls1 Ls2 | AEX| LEX FEC
Byte bytes
1 Be(ASO) BR(AS1) Bg(AS2) BHAS3) CHLS0) BgLS1) BHLS2) Ap Le Re
byte bytes bytes bytes bytes bytes bytes bytes bytes bytes bytes

T1532430-99

Figure 7-8/G.992.1 — Fast data buffer — ATU-C tranmitter

The following shall hold for the parameters showirigure 7-8:

Cr(LSO =0 if Be(LSO = 255(11111114) (7-1)
= Bg(LS0O) otherwise
NE = Kg + Rp (7-2)
where R = number of FEC redundancy bytes, and
Kp =1+ _ZSE)BF (AS)+ Ar +Cr (LS0)+ ilBF (Lsi)+Le (7-3)
i= i=
where:
. 3 )
A =0 if i;)B,: (Asi)=0 (7-4)
=1 otherwise
and:
Lr =0 if B; (ASi)=0fori =0-3 andB; (LSj)=0for j=0-2 7.5

=1 otherwisdincluding Bg (LS0) = 255

At reference point A (Mux data frame) in Figureg and 5-2, the fast buffer shall always contain at
least the fast byte. This is followed By(AS0) bytes of channel ASO, th&(AS1) bytes of channel
AS1, BE(AS2) bytes of channel AS2 agf(AS3) bytes of channel AS3. Next come the bytes for
any duplex (LSx) channels allocated to the fasfdoufif any B:(ASx) is non-zero, then both an

AEX and an LEX byte follow the bytes of the lastd.&annel, and if anBg(LSX) is non-zero, the
LEX byte shall be included.

When Bg(LS0) = 255, no bytes are included for the LSO channeitebd, the 16 kbit/s C-channel
shall be transported in every other LEX byte onrage, using the sync byte to denote when to add
the LEX byte to the LSO bearer channel.

Rr FEC redundancy bytes shall be added to the muxfdatee (reference point A) to produce the
FEC output data frame (reference point B), whegasRyiven in the RATES1 options used during
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initialization.

Because the data from the fast buffer is not ietertd, the constellation encoder input data frame
(reference point C) is identical to the FEC oufpatia frame (reference point B).

7.4.1.2.2 Interleaved data buffer (with full overhad)

The frame structure of the interleaved data bufeshown in Figure 7-9 for reference points A
and B, which are defined in Figures 5-1 and 5-2.

K, bytes
Mux data frame (point A)
gi’/?ec ASO AS1 AS2 AS3 LSO LS1 LS2 AEX LEX
1 B/(ASO)  B(AS1) B(AS2) B,(AS3) C,(LS0) B(LS1) B(LS2) A L,
byte bytes bytes bytes bytes bytes bytes bytes bytes bytes
K, bytes K, bytes K bytes Rbytes
» [ 3 I < o] >
FEC
Mux data frame #0 Mux data frame #1 Mux data framd #S bytes
FEC output data frame #0 FEC output data frame #1 GUEQUt data frame #S-1
N, bytes N bytes N, bytes
>« > [ ) <
T1532440-99

Figure 7-9/G.992.1 — Interleaved data buffer, ATU-Gransmitter

The following shall hold for the parameters showirigure 7-9:

G(LSO =0 if B;(LSO = 255(11111114) (7-6)
=B(LS0) otherwise
N, =(Sx K| +R)/S (7-7)
where R = number of FEC redundancy bytes and iBumber of DMT symbols per FEC codeword.
3 2
Ky =1+ > By (AS)+ A +C; (LS0)+ > By (LSj)+L, (7-8)
i=0 j=1
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where:

A =0 if iBl(ASi)=o

i=0 (7-9)
=1 otherwise
and:
L, =0 if B, (ASi)=0fori =0-3andB, (LSj)=0for j =0-2 (7-10)

=1 otherwis€includingB; (LSO) = 255

At reference point A, the Mux data frame, the ilgaved data buffer shall always contain at least th
sync byte. The rest of the buffer shall be builthe same manner as the fast buffer, substitigjmg
place ofBg. The length of each mux data fram&jdytes, as defined in Figure 7-9.

The FEC coder shall take mux data frames and appeRAFEC redundancy bytes to produce the
FEC codeword of lengtiNeec = S X K| + R bytes. The FEC output data frames shall contain
N; = NredS bytes, whereN, is an integer. Whe8 > 1, then for thes frames in an FEC codeword,
the FEC output Data Frame (reference point B) gtetlially overlap two mux data frames for all
except the last frame, which shall containBh&EC redundancy bytes.

The FEC output data frames are interleaved to eifsgik interleave depth. The interleaving process
(see 7.6.3) delays each byte of a given FEC ouflptea frame a different amount, so that the
constellation encoder input data frames will cantaytes from many different FEC data frames. At
reference point A in the transmitter, mux data feabnof the interleaved data buffer is aligned with
the ADSL superframe and mux data frame O of thé dasa buffer (this is not true at reference
point C). At the receiver, the interleaved dataféauivill be delayed by§ x interleave deptkx 250)

Ms with respect to the fast data buffer, and damé O (containing the CRC bits for the interleaved
data buffer) will appear a fixed number of framésrahe beginning of the receiver superframe.

7.4.1.3 Hyperframe Structure (Annex C only)
For Annex C, see C.4.3.2.

7.4.1.4 Subframe Structure (Annex C only)
For Annex C, see C.4.3.3.

7.4.1.5 Cyclic redundancy check (CRC)

Two cyclic redundancy checks (CRCs) — one for #s flata buffer and one for the interleaved data
buffer — shall be generated for each superframeti@mmitted in the first frame of the following
superframe. Eight bits per buffer type (fast oerlgaved) per superframe are allocated to the CRC
check bits (7.4.1.1). These bits are computed fittark message bits using the equation:

cre(D)= M(D) D® moduloG(D) (7-11)
where:
M(D) = mD* ™ + mD* % + ...+ mD + me; (7-12)
is the message polynomial,
GD)=D®+D*+D*+D%+1 (7-13)
is the generating polynomial,
crc(D)=cg D7+c1D6+ ..tCD+cy (7-14)
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is the check polynomial, and D is the delay operdibat is, CRC is the remainder whei(D) D% is
divided by G(D). The CRC check bits are transported in the lsgotization bytes (fast and
interleaved, 8 bits each) of frame 0 for each taféer.

The bits (i.e. message polynomials) covered byOR€ include:
. fast data buffer:

— frame 0: ASx bytes{(= 0, 1, 2, 3), LSx bytesX(= 0, 1, 2), followed by any AEX and
LEX bytes;

— all other frames: fast byte, followed by ASx &/®& =0, 1, 2, 3), LSx bytesX(= 0, 1,
2), and any AEX and LEX bytes.

. interleaved data buffer:

— frame 0: ASx bytesX{(= 0, 1, 2, 3), LSx bytesX(= 0, 1, 2), followed by any AEX and
LEX bytes;

— all other frames: sync byte, followed by ASx lsy( =0, 1, 2, 3), LSx bytesX(=0, 1,
2), and any AEX and LEX bytes.

Each byte shall be clocked into the CRC least Bagmit bit first.

The number of bits over which the CRC is computades with the allocation of bytes to the fast

and interleaved data buffers (the numbers of biyte&Sx and LSx vary according to th8dB]
pairs; AEX is present in a given buffer only iflabst one ASx is allocated to that buffer; LEX is
present in a given buffer only if at least one Af8xone LSx is allocated to that buffer).

Because of the flexibility in assignment of bearkannels to the fast and interleaved data buffers,
CRC field lengths over an ADSL superframe will vafsom approximately 67 bytes to
approximately 14 875 bytes.

7.4.2  Synchronization

If the bit timing base of the input user data stieas not synchronous with the ADSL modem
timing base, the input data streams shall be spmited to the ADSL timing base using the
synchronization control mechanism (consisting afcsyonization control byte and the AEX and
LEX bytes). Forward-error-correction coding shdWays be applied to the synchronization control

byte(s).
If the bit timing base of the input user data stieds synchronous with the ADSL modem timing

base, then the synchronization control mechanismotsneeded, and the synchronization control
byte shall always indicate "no synchronization@tti(see Tables 7-3 and 7-4).

7.4.2.1 Synchronization for the fast data buffer

Synchronization control for the fast data bufferymacur in frames 2 through 33, and 36 through 67
of an ADSL superframe as described in 7.4.1.1, whitre fast byte may be used as the
synchronization control byte. No synchronizatiotiat shall be taken for those frames for which
the fast byte is used for CRC, fixed indicator bitsEOC.

The format of the fast byte when used as synchabioiz control for the fast data buffer shall be as
given in Table 7-3.
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Table 7-3/G.992.1 — Fast byte format for synchronaion

Bits Designation Codes

sc7, sc6| ASx bearer channel designataroo,": ASO

"01,": AS1
"10," AS2
"11,": AS3

sc5, sc4 Synchronization control for the "00,": no synchronization action
designated ASx bearer chann al"012": add AEX byte to designated ASx bearer channel
"11,": add AEX and LEX bytes to ASx bearer channel

"10,": delete last byte from designated ASx bearer sbn
sc3, sc2 LSx bearer channel designatof "00,": LSO

"01," LS1
"10,". LS2
"11,": no synchronization action
scl Synchronization control for the"1,":  add LEX byte to designated LSx bearer channel
designated LSx bearer channel..oz..: delete last byte from designated LSx bearer oban
sc0 Synchronization/EOC "05":  perform synchronization control as indicated in
designator sc7-scl

"1,":  this byte is part of an EOC frame

ADSL deployments may need to interwork with DSI544. Mbit/s) or DS1C (3.152 Mbit/s) rates.
The synchronization control option that allows addup to two bytes to an ASx bearer channel
provides sufficient overhead capacity to transpoombinations of DS1 or DS1C channels
transparently (without interpreting or strippingdaregenerating the framing embedded within the
DS1 or DS1C). The synchronization control algorithinall, however, guarantee that the fast byte in
some minimum number of frames is available to c&®C frames, so that a minimum EOC rate
(4 kbit/s) may be maintained.

When the data rate of the C-channel is 16 kbits,ltSO bearer channel is transported in the LEX
byte, using the "add LEX byte to designated LSxncle#l’, with LSO as the designated channel,
every other frame on average.

If the bit timing base of the input bearer chanrf@lSx, LSx) is synchronous with the ADSL modem
timing base then ADSL systems need not perform leymszation control by adding or deleting
AEX or LEX bytes to/from the designated ASx and L&annels, and the synchronization control
byte shall indicate "no synchronization action"e(i.sc7-0 coded "XX0011X%0, with X
discretionary).

7.4.2.2  Synchronization for the interleaved data bifier

Synchronization control for the interleaved datéfdrucan occur in frames 1 through 67 of an ADSL

superframe as described in 7.4.1.1, where the Bytecmay be used as the synchronization control
byte. No synchronization action shall be takenmyframe 0, where the sync byte is used for CRC
during frames when the LEX byte carries the AOC.

The format of the sync byte when used as synchatiniz control for the interleaved data buffer
shall be as given in Table 7-4. In the case whereignals are allocated to the interleaved data
buffer, the sync byte shall carry the AOC dataatlye as shown in Figure 7-7 in 7.4.1.1.
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Table 7-4/G.992.1 — Sync byte format for synchronaion

Bits Designation Codes
sc7, sc6 ASx bearer channel designatgr'oo,": ASO

"01L,". AS1

"10," AS2

"11,". AS3

sc5, sc4 Synchronization control for theg "00,": no synchronization action
designated ASx bearer chann 3L'012": add AEX byte to designated ASx bearer channel
"11,": add AEX and LEX bytes to ASx bearer channel

"10,": delete last byte from designated ASx bearer shbn
sc3, sc2 LSx bearer channel designatof "00,": LSO

"01,": LS1
"10," LS2
"11,": no synchronization action
scl Synchronization control for the"1,":  add LEX byte to designated LSx bearer channel
designated LSx bearer channel..oz..: delete last byte from designated LSx bearer ochhn
sc0 Synchronization/AOC "0,":  perform synchronization control as indicated in
designator sc7-scl

"1,":  LEX byte carries ADSL overhead control channel
data; synchronization control is allowed for "add
AEX" or "delete" as indicated in sc7-scl

ADSL deployments may need to interwork with DSI544. Mbit/s) or DS1C (3.152 Mbit/s) rates.
The synchronization control option that allows addup to two bytes to an ASx bearer channel
provides sufficient overhead capacity to transpoombinations of DS1 or DS1C channels
transparently (without interpreting or strippingdaregenerating the framing embedded within the
DS1 or DS1C).

When the data rate of the C-channel is 16 kbits,ltSO bearer channel is transported in the LEX
byte, using the "add LEX byte to designated LSxncle#l’, with LSO as the designated channel,
every other frame on average.

If the bit timing base of the input bearer chanrf@lSx, LSx) is synchronous with the ADSL modem
timing base then ADSL systems need not perform leymgzation control by adding or deleting
AEX or LEX bytes to/from the designated ASx and L&annels, and the synchronization control
byte shall indicate "no synchronization action".thms case, and when framing mode 1 is used, the
sc7-0 shall always be coded "XX0011XXwith X discretionary. When scO is set to 1, tHex

byte shall carry AOC. When sc0 is set to 0, the LikXe shall be coded §§ The scO may be set to
0 only in between transmissions of 5 concatenatelddentical AOC messages.

7.4.3 Reduced overhead framing

The format described in 7.4.1.2 for full overheadnfing includes overhead to allow for the
synchronization of seven ASx and LSx bearer chann@lhen the synchronization function
described in 7.4.2 is not required, the ADSL equeptrmay operate in a reduced overhead mode.
This mode retains all the full overhead mode fuordiexcept synchronization control. When using
the reduced overhead framing, the framing structbedl be as defined in 7.4.3.1 or 7.4.3.2.
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7.4.3.1 Reduced overhead framing with separate faahd sync bytes

The AEX and LEX bytes shall be eliminated from #iBSL frame format, and both the fast and
sync bytes shall carry overhead information as riles¢t in 7.4.1.2. The fast byte carries the fast
buffer CRC, indicator bits, and EOC messages, hadsync byte carries the interleave buffer CRC
and AOC messages. The assignment of overheaddusdb fast and sync bytes when using the full
overhead framing and when using the reduced ovérframing with separate fast and sync bytes
shall be as shown in Table 7-5.

In the reduced overhead framing with separate dast sync bytes, the structure of the fast data
buffer shall be as shown in 7.4.1.2.1 with &nd L set to "0". The structure of the interleaved data
buffer shall be as shown in 7.4.1.2.2 withakd L, set to "0".

Table 7-5/G.992.1 — Overhead functions for framingnodes

Full Overhead Mode Reduced Overhead Mode
Frame Number
Fast Sync Interleave Syndg Fast Sync Interleave Syrjc
0 fast CRC interleaved CRC  fast CRC interleaved CRC
1 IBO-7 sync or AOC IBO-7 AOC
34 IB8-15 sync or AOC IB8-15 AOC
35 IB16-23 sync or AOC IB16-23 AOC
all other frames sync or EOC sync or AOC sync oCEQ AOC
(Note)
NOTE - In the reduced overhead mode, only "no symshation action” code shall be used.

7.4.3.2 Reduced overhead framing with merged fashd sync bytes

In the single latency mode, data is assigned ty oné data buffer (fast or interleaved). If data is

assigned to only the fast buffer, then only the Egge shall be used to carry overhead information.
If data is assigned to only the interleave buffeen only the sync byte shall be used to carry
overhead information. Reduced overhead framing mignged fast and sync bytes shall not be used
when operating in dual latency mode.

For ADSL systems transporting data using a singla duffer (fast or interleaved), the CRC,
indicator, EOC and AOC function shall be carriecisingle overhead byte assigned to separate data
frames within the superframe structure. The CRCaramin frame 0 and the indicator bits in frames
1, 34 and 35. The AOC and EOC bhytes are assignealtéonate pairs of frames. For ADSL
equipment operating in single latency mode usirggréduced overhead framing with merged fast
and sync bytes, the assignment of overhead furectball be as shown in Table 7-6.

In the single latency mode using the reduced owettfeaming with merged fast and sync bytes,
only one data buffer shall be used. If the fasadnatffer is used, the structure of the fast datéebu
shall be as shown in 7.4.1.2.1 (withx And Ls set to "0") and the interleaved data buffer shall
empty (no sync byte and,;k= 0). If the interleaved data buffer is used, theuicttire of the
interleaved data buffer shall be as shown in 2&1(with A and L set to "0") and the fast data
buffer shall be empty (no fast byte and &0).
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Table 7-6/G.992.1 — Overhead functions for reducenalverhead mode —
with merged fast and sync bytes

Frame Number (Fast Buffer Only) (Interleaved Buffer Only)
Fast Byte format Sync Byte format
Fast CRC Interleaved CRC
1 IBO-7 IBO-7
34 IB8-15 IB8-15
35 IB16-23 IB16-23
42, 4t 3 EOC or sync (Note) EOC or sync (Note)
withn=0...16, r¥ 8
4n, 4+l AOC AOC
with n=0...16, iz 0

NOTE - In the reduced overhead mode, only the ymalwronization action" code shall be used.

7.5 Scramblers

The binary data streams output (LSB of each byst)ffrom the fast and interleaved data buffers
shall be scrambled separately using the followiggrahm for both:

dn =dp Odp1g0dp-23

wheredn is then-th output from the fast or interleaved buffer.(irgut to the scrambler), amth is
then-th output from the corresponding scrambler. Thidluistrated in Figure 7-10.

(7-15)

l Byte Input (from CRC block)

Parallel to serial

LSB first
) i
d, —b‘ QI_/‘
F——— ssssss —p i’ ...... B e
d'n—l d n-2 dIn-18 d n-23

Serial to Paralle
LSB first

T1532450-99

l Byte Output (to RS coder block)

Figure 7-10/G.992.1 — Scrambler

These scramblers are applied to the serial dagaras without reference to any framing or symbol
synchronization. Descrambling in receivers canwike be performed independent of symbol
synchronization.
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7.6 Forward error correction

The ATU-C shall support downstream transmissiom &itleast any combination of the FEC coding
capabilities shown in Table 7-7.

Table 7-7/G.992.1 — Minimum FEC coding capabilitiefor ATU-C

Parameter Fast buffer Interleaved buffer
Parity bytes per R-S codeword | R=0, 2, 4, 6, 8, 10, 12, 14, 16 R, =0, 2, 4, 6, 8, 10, 12, 14, 16
(Note 1) (Notes 1 and 2)
DMT symbols per R-S codeword | S=1 S=1,2,4,8,16
Interleave depth Not applicable D=1,2,4,8,16,32, 64
NOTE 1 — R can be> 0 only if Ke > 0, and Rcan be> 0 only if K, > 0.
NOTE 2 — R shall be an integer multiple of S.

The ATU-C shall also support upstream transmissitth at least any combination of the FEC
coding capabilities shown in Table 8-3.

7.6.1 Reed-Solomon coding

R (i.e.Rr or R) redundant check bytes, ¢4, ...,Cr.2, Cr-1 Shall be appended t (i.e. Kr or Sx K))

message bytesy, m, ..., Mk, Mk.1 to form a Reed-Solomon codeword of side= K + R bytes.
The check bytes are computed from the messageaubytg the equation:

C(D) = M(D) D~ moduloG(D) (7-16)
where:
_ K-1 K-2
M(D) =mg D +m D + ... +MoD+mg_q (7-17)
is the message polynomial,
C(D) =c¢g DR 1+ C1 DR2+ .+ Cr2D +cCr_1 (7-18)
is the check polynomial, and
R-1 i
G(D) = |_| (D +0 ) (7-19)
=0

is the generator polynomial of the Reed-Solomorecadhere the index of the product runs from
i=0 to R-1l. That is,C(D) is the remainder obtained from dividirg(D) DR by G(D). The

arithmetic is performed in the Galois Field GF(258herea is a primitive element that satisfies the

primitive binary polynomiak® + x* + x> + X + 1. A data byte @, dg, ...,ds, do) is identified with the

Galois Field elemer|170(7 + d<,_-,0(6 ...+dia + dg

The number of check byt&s and the codeword si2¢vary, as explained in 7.4.

7.6.2 Reed-Solomon Forward Error Correction Superfame Synchronization

When entering the SHOWTIME state after completionnatialization and Fast Retrain, the ATU
shall align the first byte of the first Reed-Solammmdeword with the first data byte of DF 0.

7.6.3 Interleaving

The Reed-Solomon codewords in the interleave budfedl be convolutionally interleaved. The
interleaving depth varies, as explained in 7.4, &hll always be a power of 2. Convolutional
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interleaving is defined by the rule:

Each of theN bytesBg, By, ..., By.1 in @ Reed-Solomon codeword is delayed by an amthatt

varies linearly with the byte index. More precisdbyte D (with index i) is delayed by (D-13 i
bytes, where D is the interleave depth.

An example forN = 5, D = 2 is shown in Table 7-8, wheB}; denotes the-th byte of thej-th
codeword.

Table 7-8/G.992.1 — Convolutional interleaving exapie for N =5,D =2

Interleaver input Bio Bj1 Bj> Bj3 Bjs | Bj+1lg | Bj+1; | Bj+1, | Bj+1l3 | Bj+1l,
Interleaver output | Bj, | Bj-13 | Bj; | Bj-14 | Bj2 | Bj+lo Bjs | Bj+1l1 Bjs | Bj+1l,

With the above-defined rule, and the chosen irdgitey depths (powers of 2), the output bytes from
the interleaver always occupy distinct time slotenN is odd. WhemN is even, a dummy byte shall
be added at the beginning of the codeword at tpetito the interleaver. The resultant odd-length
codeword is then convolutionally interleaved, ahe dummy byte shall then be removed from the
output of the interleaver.

7.6.4  Support of higher downstream bit rates withs = 1/2 (optional)

With a rate of 4000 data frames per second andxaman of 255 bytes (maximum RS codeword
size) per data frame, the ADSL downstream line isalieited to approximately 8 Mbit/s per latency
path. The line rate limit can be increased to aliéutbit/s for the interleaved path by mapping two
RS codewords into one FEC data frame (i.e. by uSiadl/2 in the interleaved path}.= 1/2 shall
be used in the downstream direction only over redrannel ASO. Support &= 1/2 is optional.

When the K data bytes per interleaved mux data frame canegidetked into one RS codeword,
i.e. K is such that K+ R > 255, the K data bytes shall be split into two consecutived@@ewords.

When K is even, the first and second codeword have theedangth NL = N;2 = (K,/2 + R),
otherwise the first codeword is one byte longernththe second, i.e. first codeword has

Ni1= (K, +1)/2+ R, bytes, the second codeword hag ¥ (K, - 1)/2+ R, bytes. For the FEC
output data frame, Ne Nj1 + N2, with Ny <511 bytes.

The convolutional interleaver requires all codewam$ave the same odd length. To achieve the
odd codeword length, insertion of a dummy (notdnaitted) byte may be required. F®r 1/2, the

dummy byte addition to the first and/or second eaatd at the input of the interleaver shall be as in
Table 7-9.

Table 7-9/G.992.1 —Dummy byte insertion at interlezer input for S=1/2

N,d1 N,d2 Dummy Byte Insertion Action

Odd Odd No action
Even Even Add one dummy byte at the beginning ¢ bodewords
Odd Even Add one dummy byte at the beginning ostwond codeword

Even Odd | Add one dummy byte at the beginning of the firdasord and two dummy bytes at
the beginning of the second codeword [the de-ieéeer shall insert one dummy byte
into the de-interleaver matrix on the first byteldhe (D+ 1)th byte of the
corresponding codeword to make the addressing panerly]

172
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7.7 Tone ordering

A DMT time-domain signal has a high peak-to-averegge (its amplitude distribution is almost
Gaussian), and large values may be clipped by idiealdto-analogue converter. The error signal
caused by clipping can be considered as an addiggative impulse for the time sample that was
clipped. The clipping error power is almost equallgtributed across all tones in the symbol in
which clipping occurs. Clipping is therefore mostely to cause errors on those tones that, in
anticipation of a higher received SNR, have beeamasd the largest number of bits (and therefore
have the densest constellations). These occasionas €an be reliably corrected by the FEC coding
if the tones with the largest number of bits hagerbassigned to the interleave buffer.

The numbers of bits and the relative gains to bd tmeevery tone shall be calculated in the ATU-R
receiver, and sent back to the ATU-C according ttefined protocol (see 10.9.14). The pairs of
numbers are typically stored, in ascending ordefreffuency or tone numbey in a bit and gain
table.

The "tone-ordered" encoding shall first assign the N bits from the fast data buffer (see 7.4) to
the tones with the smallest number of bits assigiwethem, and then the 8 N, bits from the
interleave data buffer to the remaining tones.

All tones shall be encoded with the number of bgsigned to them; one tone may therefore have a
mixture of bits from the fast and interleaved brgfe

The ordered bit table'; shall be based on the original bit tabjes follows:
Fork=0to 15
From the bit table, find the set of alivith the number of bits per tote =k
Assignb; to the ordered bit allocation table in ascendirago ofi

}

A complementary de-ordering procedure should bdopeed in the ATU-R receiver. It is not
necessary, however, to send the results of theingdprocess to the receiver because the bit table
was originally generated in the ATU-R, and therefiha table has all the information necessary to
perform the de-ordering.

Figures 7-11 and 7-12 show an example of tone rgl@nd bit extraction (without and with trellis
coding respectively) for a 6-tone DMT case, with=N1 and N = 1 for simplicity.
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4 SNR 6 bit Tone ordered
by =hb=0
3 bit b=k =2
3 bit \ ! %
- b, =b,=2
by=b =3
b, =by=3
2 bit by'=b,=6
2 bit
_ tone
0 bit index
0 1 2 3 4 5 "
Data frame buffer
Fast data buffer Interleaved data buffer
Isb msh Isb msb
do d, d, dg d, ds dg d, dy d; d, d; d, ds ds d,
by by’ b, by by by
l l l l T1532460-99
tone 5 tone 0 tone 4 tone 1 tone 3 tone 2
0 bit 2 bit 2 bit 3 bit 3 bit 6 bit

Figure 7-11/G.992.1 — Tone ordering and bit extracdn example (without trellis coding)
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Tone ordered

4 SNR 7 bit by = b= 0
] by’ =h,=3
b, =h,=3
5 bit 5 bit 24
" by=b =5
b, =b;=5
by =b,=7
3 it 3 bit
tone
0 bit index
0 1 2 3 4 5

Data frame buffer

1sb Fast data buffer msb| 1sb Interleaved data buffer msb

do | dy | dy | dg | dy |ds | dg | o | dyg | Wy | dy | dy| d | ds | dg |

‘ bOI + bll - 1 l%v + t%' - 3 b4l + bsv - 3
l l l l l i T1532470-99
tone 5 tone 0 tone 4 tone 1 tone 3 tone 2
0 bit 3 bit 3 bit 5 bit 5 bit 7 bit

Figure 7-12/G.992.1 — Tone ordering and bit extragdin example (with trellis coding)

7.8 Constellation encoder (trellis code version)

Block processing of Wei's 16-state 4-dimensionallisr code is optional to improve system
performance. An algorithmic constellation encodaallsbe used to construct constellations with a
maximum number of bits equal Mownmax Where & Ngownmax< 15.

7.8.1 Bit extraction

Data bytes from the data frame buffer shall beaetéd according to a reordered bit allocation table
b'j, least significant bit first. Because of the 4-dimsional nature of the code, the extraction isdase
on pairs of consecutivd®’, rather than on individual ones, as in the nohlidreoded case.
Furthermore, due to the constellation expansioncated with coding, the bit allocation tabls,
specifies the number of coded bits per tone, wieh be any integer from 2 to 15. Given a pair
(x, y) of consecutivéd, x +y —1 bits (reflecting a constellation expansion ofitiper 4 dimensions,

or one half bit per tone) are extracted from theéadmame buffer. These = x+y -1 bits

(tz tza, ...,t1) are used to form the binary word as shown in Table 7-10. The tone ordering

procedure ensures<y. Single-bit constellations are not allowed becath®y can be replaced by
2-bit constellations with the same average eneRgfer to 7.8.2 for the reason behind the special
form of the wordu for the casex=0,y > 1.
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Table 7-10/G.992.1 — Forming the binary wordi

Condition Binary word/comment
x>1y>1 _
y u_(tZ) tZ-l) |t1)
x=1y=1 Condition not allowed
X=0'y>l uz(tZl tZ'll --')t2) 01t1| o)
x=0,y=0 Bit extraction not necessary, no message bits kxEng
x=0,y=1 Condition not allowed

NOTE —t; is the first bit extracted from the data framefeuf

The last two 4-dimensional symbols in the DMT sym&ladll be chosen to force the convolutional
encoder state to the zero state. For each of #asbols, the 2 LSBs ai are predetermined, and

only (x + y — 3) bits shall be extracted from the data framiféeo and shall be allocated t§) ty, ..., 1.

7.8.2 Bit conversion

The binary wordu = (U, Uy, ..., Uy) determines two binary wordg = (V;.y, ..., Vo) and
w = (Wy.1, ...,Wp), Which are used to look up two constellation p®im the encoder constellation
table. For the usual case w1 andy>1,z' =z =x+y-1, andv andw containx andy bits
respectively. For the special casexf 0 andy > 1,z = z+2 =y+1,v=(vq, Vo) = 0 and
W= (Wy.1, ...,Wp). The bits (3, Up, U;) determine\, Vo) and (v1, W) according to Figure 7-13.

The convolutional encoder shown in Figure 7-13 s&y/stematic encoder (i.e; andu, are passed
through unchanged) as shown in Figure 7-14. Thealahonal encoder stat&f, S, S, §) is used
to label the states of the trellis shown in Figiwg6. At the beginning of a DMT symbol period, the
convolutional encoder state is initialized to (D000).

The remaining bits o andw are obtained from the less significant and mogaicant parts of
(Uz, Uz.q, ..., Ug), respectively. Wherx>1 andy>1, v = (Up.y+2, Uz, ..., Us, Vi, Vo) and

W = (Ug, Uz-1, -.., Uz.y+3, W1, Wo). Whenx = 0, the bit extraction and conversion algorithmgenaeen

judiciously designed so that = v = 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{@&e0, O, 0), the 2 LSBg; andu, of the final two
4-dimensional symbols in the DMT symbol are consgditou; = S; [1 S, andup = S,.

7.8.3 Coset partition and trellis diagram

In a trellis code modulation system, the expandedsiellation is labelled and partitioned into
subsets ("cosets") using a technique called mappynget-partitioning. The 4-dimensional cosets in
Wei's code can each be written as the union of@adesian products of two 2-dimensional cosets.

For exampIeC40 = (C2o X Czl) ] (022 x 023). The four constituent 2-dimensional cosets, daehote
by Czo, Czl, C22, C23, are shown in Figure 7-15.

The encoding algorithm ensures that the two legsiifstant bits of a constellation point comprise
the indexi of the 2-dimensional cos€' in which the constellation point lies. The bits, (g) and
(w1, Wp) are in fact the binary representations of thaein

The three bitsup, Uy, Ug) are used to select one of the eight possiblenkdsional cosets. The eight
cosets are labelled, wherei is the integer with binary representation, {1, Uo). The additional bit
us (see Figure 7-13) determines which one of the @adesian products of 2-dimensional cosets in

Recommendation G.992.1 (06/99) 43



the 4-dimensional coset is chosen. The relationgshghown in Table 7-11. The bits;{ vp) and
(wq, W) are computed fromug, Uy, Uy, Ug) using the linear equations given in Figure 7-13.

Uz > Vy1
Uz1 > Wy
uz'—y+3 . W2
uz'—y+2 > Vz'—y
Uziys1 > Vo1
Uy V)
Uy v,
u, vi=u L
Uy Vo = Uy — Vo
Convolutional Y w =y w,
Uy Encoder 0 u, 0 U >
—> Uy W
- I
wo=u, U uy
T1532480-99
Figure 7-13/G.992.1 — Conversion af tovandw
Uy u,
uy uy
S, Sy S
u
D D D 0

T1532490-99

Figure 7-14/G.992.1 — Finite state machine for Wai'encoder

44 Recommendation G.992.1 (06/99)



Table 7-11/G.992.1 — Relation between 4-dimensiorahd 2-dimensional cosets

Figure 7-15/G.992.1 — Convolutional encoder

»
»
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N W N WIN W N W

O b O P|O +»r O Bk

N W N WIN W N W

O b O FP|O B O Bk

N W N WIN W N W

r O RP|lO P O P

0

v

W N WIN W N W

2

T1532500-99

4-Dcoset | u3 wu, u; ug | v1 Vo Wy Wo 2-D cosets
c o o 0 O0| 0O 0| O 0 L x G
1 0 0 0| 1 1 1 1 Clx Gl
ct o 1 0 0| 0 © 1 1 Ll x GO
1 1 0 0| 1 1| o 0 2 x CY
C4? o o 1 o] 1 0| 1 0 C2 x C)°
1 0 1 0| 0 1] O 1 clx ot
(o o 1 1 o] 1 0| O 1 Co? x Cpt
1 1 1 o0 0 1| 1 0 Col x G,
Cqt o o o0 1| 0 0| 1 0 Ll x G2
1 0 0 1| 1 1| o 1 Co> x Gyt
Cs o 1 o0 1| 0 0| O 1 C x Gt
1 1 0 1| 1 1| o0 1 Co> x G,
Cs o o 1 1| 1 0| O 0 C2 x CY
1 0 1 1| 0 1 1 1 Colx GO
o o 1 1 1| 1 o 1 1 Crx e
1 1 1 1| 0 1| O 0 Colx G

Recommendation G.992.1 (06/99)

45



(331 SZ! Sl! %) (T3’ T2’ Tl’ TO)

| !

0246 0 0 0426

2064 2 ’ llﬂ’ 4062
3175 3 “‘4'4/ 6240
NS

NS AT

\\\\ AVaVS 7

7531 7 ”‘\VV 4{“,(‘ 7 7351

2064 8 /‘\\‘:‘/4’,;‘:(‘?{\‘??‘(’& 8 2604
PN A e

3175 9. N ‘A‘;“V&‘A& 9

0246 A /”iA" . 6240

7531 /‘\‘}‘\ 1537

T1532510-99

S

&)

(]

0426

Figure 7-16/G.992.1 — Trellis diagram

Figure 7-16 shows the trellis diagram based onfithiee state machine in Figure 7-14, and the
one-to-one correspondence between, (1;, Ug) and the 4-dimensional cosets. In the figures,
S=(S, S, S, §) represents the current state, while (T3, Ty, Ty, Tg) represents the next state in
the finite state machin&is connected td in the constellation diagram by a branch deterohioge
the values ofi, andu;. The branch is labelled with the 4-dimensional tepecified by the values

of up, U (andup = &, see Figure 7-15). To make the constellation dragnaore readable, the
indices of the 4-dimensional coset labels are distext to the starting and end points of the
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branches, rather than on the branches themselveslefimost label corresponds to the uppermost
branch for each state. The constellation diagramsesl when decoding the trellis code by the Viterbi
algorithm.

7.8.4 Constellation encoder

For a given subcarrier, the encoder shall selecvdditinteger pointX, Y) from the square-grid

constellation based on thebits of either {1, Vb2, ..., V1, Vo} Of {Wp.1, Wp-2, ..., Wy, Wo}. For
convenience of description, thede bits are identified with an integer label whosendny
representation isv§.1, V-2, ..., V1, Vo), but the same encoding rules apply also tovthesctor. For
example, for b=2, the four constellation points are labelled (®,13 corresponding to
(v, Vo) = (0, 0), (0, 1), (1, 0), (1, 1), respectively.

NOTE —vyis the first bit extracted from the buffer.

7.8.4.1 Even values db

For even values dj, the integer valueX andY of the constellation poin(, Y) shall be determined
from theb bits {Vp.1, Vb-2, ..., V1, Vo} as follows. X andY are the odd integers with two-complement
binary representationsy(1, Vp.3, -..,V1, 1) and {y-2, Vp-4, ..., Vo, 1), respectively. The most significant
bits (MSBs),vy,.1 andwy.o, are the sign bits fok andY, respectively.

Figure 7-17 shows example constellationsfer2 andb = 4.

A 9 11 lus 1 3

2 L4 0 8 10 1+ O 2
- T T el 1 Nl
< T T > Rl T T >

3 i 1 13 15_1” 5 7

12 14 4 6

v ey

v T1532520-99

NOTE - The values <X andY shown represent the output of the constellatiaroder. These values require
appropriate scaling such that:

1) all constellations regardless of size repnethe same RMS energy; and

2) by the fine gain scaling (7.10) before matiohn by the IDFT (7.11.2).

Figure 7-17/G.992.1 — Constellation labels fdr=2 andb=4

The 4-bit constellation can be obtained from thatZbnstellation by replacing each labeby a
2 x 2 block of labels as shown in Figure 7-18.

4n+1 ‘4n+3

4n ‘4n+2

Figure 7-18/G.992.1 — Expansion of poimt into the next larger square constellation
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The same procedure can be used to construct thex kawgn-bit constellations recursively.

The constellations obtained for even valuesbadire square in shape. The least significant bits

{v1, vo} represent the coset labelling of the constituéntimensional cosets used in the
4-dimensional Wei trellis code.

7.8.4.2 Oddvalues ob, b=3

Figure 7-19 shows the constellation for the dases.

A
—+4+3 5
4 2 1, 0
-3 -1 +1 +3
« —
3 1 7
1
6 3l
v T1532530-99

NOTE - The values <X andY shown represent the output of the constellatiamoder. These values require
appropriate scaling such that:

1) all constellations regardless of size regmethe same RMS energy; and

2) by the fine gain scaling (7.10) before madtioh by the IDFT (7.11.2).

Figure 7-19/G.992.1 — Constellation labels fdr= 3

7.8.4.3 Odd values ob, b>3

If b is odd and greater than 3, the 2 MSBX@nd the 2 MSBs of are determined by the 5 MSBs
of the b bits. Letc=(b+ 1)/2, thenX and Y have the two-complement binary representations
(Xe» Xe-1y Vo-as Vo6 -, V3, V1, 1) and Y, Ye1, Vo5, Vb7, Vbeg, ---, V2, Vo, 1), WhereX; andY, are the sign
bits of X andY respectively. The relationship betweX¥gn X.1, Y, Yo1 andvp.1, Vb2, ..., Vb5 IS
shown in Table 7-12.
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Table 7-12/G.992.1 — Determining the top 2 bits of and Y

Vb-1, Vb-2, -+ Vb5 Xer Xe-1 Yo Yeu
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 7-20 shows the constellation for the daseb.

24 26|20 22
19 09 11|01 03 17
18 08 10|00 02 16
31 13 15|05 07 29
30 12 14|04 06 28
25 27|21 23

NOTE 1 — As with Figure 7-19, th¢andY values are on &1, £3, ... grid.

NOTE 2 — The values of andY shown represent the output of the constellatiazoéar.
These values require appropriate scaling such that:

1) all constellations regardless of size repreg@same RMS energy; and
2) by the fine gain scaling (7.10) before modulatdy the IDFT (7.11.2).

Figure 7-20/G.992.1 — Constellation labels fdr =5

The 7-bit constellation shall be obtained from tHaitconstellation by replacing each lalgby the
2 x 2 block of labels as shown in Figure 7-18.
Again, the same procedure shall be used to consgtraclarger odd-bit constellations recursively.

Note also that the least significant bite;,{Vp} represent the coset labelling of the constituent
2-dimensional cosets used in the 4-dimensionaltvé#is code.

7.9 Constellation encoder — No trellis coding

An algorithmic constellation encoder shall be usedconstruct constellations with a maximum

number of bits equal thlgownmax Where 8< Ngownmax< 15. The constellation encoder shall not use
trellis coding with this option.

7.9.1 Bit extraction

Data bits from the frame data buffer shall be et&@d according to a reordered bit allocation table
b, least significant bit first. The number of bitsrgene, b, can take any non-negative integer
values not exceedimdqownmax and greater than 1. For a given torel bits are extracted from the
data frame buffer, and these bits form a binarydmMok, 1, Vb2, ..., V1, Vo}. The first bit extracted
shall bevy, the LSB.

7.9.2 Constellation encoder
The constellation encoder requirements are as sgpeaif 7.8.4.

7.10  Gain scaling

For the transmission of data symbols gain scaljngshall be applied as requested by the ATU-R
(see 10.9.14 and A.1.2.1 or B.1.3.1) and possilgglated during Showtime via the bit swap
procedure. Only values dfj equal to zero or within a range of approximatel{90to 1.33
(i.,e. —=14.5 dB to+2.5 dB) may be used. For the transmission of symshation symbols, no gain
scaling shall be applied as defined in Annexes AnB C.
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Each constellation pointX{, Y;), i.e. complex numbeX; + jY;, output from the encoder is multiplied
by gi:
Z =g (X +]Yi) (7-20)

NOTE — Theg; define a scaling of the root mean square (rmsyauier levels relative to those used in
C-MEDLEY (see 10.6.6). They are independent of amthods that manufacturers may use to simplify
implementation (e.g. constellation nesting).

7.11 Modulation

7.11.1 Subcarriers
The frequency spacingf, between subcarriers is 4.3125 kHz, with a tolegasf£50 ppm.

7.11.1.1 Data subcarriers

The channel analysis signal defined in 10.6.6 allawsa maximum of 255 carriers (at frequencies
naf , n = 1 to 255) to be used. The lower limit nfdepends on both the duplexing and service
options selected. For example, for ADSL above PO@iSic option as defined in Annex A, if
overlapped spectrum is used to separate downstedmpstream signals, then the lower limitron
is determined by the POTS splitting filters; if fremcy-division multiplexing (FDM) is used the
lower limit is set by the downstream-upstream safpan filters.

In all cases the cut-off frequencies of these rBltare completely at the discretion of the
manufacturer, and the range of usabig determined during the channel estimation.

7.11.1.2 Pilot
Carrier #Npijot (fpilot = 4.3125x Nyjjor kHz) shall be reserved for a pilot; thatti@Nior) = 0 and
9(Npilot) = Gsyne

Npilot and gsync are defined in Annexes A, B and C. The valig, represents the gain scaling
applied to the sync symbol.(See 10.4.2.)

The data modulated onto the pilot subcarrier shallabconstant {0,0}. Use of this pilot allows
resolution of sample timing in a receiver moduleadnples. Therefore a gross timing error that is an
integer multiple of eight samples could still pstsifter a micro-interruption (e.g. a temporaryrsho
circuit, open circuit or severe line hit); correctiof such timing errors is made possible by treafs
the synchronization symbol defined in 7.11.3.

7.11.1.3 Nyquist frequency

The carrier at the Nyquist frequency (#256) shatlb®used for user data and shall be real valued,
other possible uses are for further study.

7.11.1.4 DC
The carrier at DC (#0) shall not be used, and sloaitain no energy.

7.11.2 Modulation by the inverse discrete Fourierransform (IDFT)

The modulating transform defines the relationshipveen the 512 real valugs and thez;:

A (i
X = Zex;{—jzi for n=0to 511 (7-21)
=~ 256
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The constellation encoder and gain scaling genemale 255 complex values ;. In order to

generate real values gf, the input values (255 complex values plus zed@tand one real value
for Nyquist if used) shall be augmented so thatvetorZ has Hermitian symmetry. That is,

Zi=conj 's12.) fori=257to 511 (7-22)
7.11.3 Synchronization symbol

The synchronization symbol permits recovery of tternie boundary after micro-interruptions that
might otherwise force retraining.

The data symbol ratdsymp= 4 kHz, the carrier separatioAf = 4.3125 kHz, and the IDFT size,
N =512, are such that a cyclic prefix of 40 samptada be used. That is,

(512+ 40) x 4.0= 512 x 4.3125 2208 (7-23)

The cyclic prefix shall, however, be shortened tes8thples, and a synchronization symbol (with a
nominal length of 544 samples) is inserted afterg®8 data symbols. That is,

(512+ 32) x 69= (512+ 40) x 68 (7-24)

The data pattern used in the synchronization symsball be the pseudo-random sequence PRD,
(dn, forn==1 to 512) defined by:

d,=1 fan=1t0 9 (7-25)
dh =dnsg O dno forn=10to 512 (7-26)

The first pair of bits d; and dy) shall be used for the DC and Nyquist subcarr{éne power
assigned to them is zero, so the bits are effdgtigaored); the first and second bits of subsetjuen

pairs are then used to define KeandY; fori = 1 to 255 as shown in Table 7-13.

Table 7-13/G.992.1 — Mapping of two data bits inta 4-QAM constellation

ois1, Ooisn Decimal label (Note) X, Y,
0O O 0 + 4+
0 1 1 + -
1 0 2 - 4+
1 1 3 - -
NOTE — This labelling is different from the mappimgFigure 7-17 whereb;;1 would be considered the
first and least significant bit.

The period of the PRD is only 511 bits, sp«khall be equal to,d

The d-dg shall be re-initialized for each synchronizatigmbol, so each symbol uses the same data.

Bits 129 and 130, which modulate the pilot carrevall be overwritten by {0,0}: generating the
{+,+} constellation.

The minimum set of subcarriers to be used is theised for data transmission (i.e. those for which

b; > 0); subcarriers for whicly, = 0 may be used at a reduced PSD as defined inntra®SD
paragraphs of Annexes A, B and C. The data modulat¢o each subcarrier shall be as defined
above; it shall not depend on which subcarriersuaesl.

7.11.4 Inverse synchronization symbol (Annex C on)y
For Annex C, see C.4.7.1.
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7.12  Cyclic prefix

The last 32 samples of the output of the IDKT for n = 480 to 511) shall be prepended to the block
of 512 samples and read out to the digital-to-anatoconverter (DAC) in sequence. That is, the
subscriptsn, of the DAC samples in sequence are 480 ... 511501.

The cyclic prefix shall be used for all symbols begng with the C-RATES1 segment of the
initialization sequence, as defined in 10.6.2.

7.13  Transmitter dynamic range

The transmitter includes all analogue transmittacfions: the D/A converter, the anti-aliasing fijte
the hybrid circuitry, and the high-pass part of #@TS or ISDN splitter. The transmitted signal
shall conform to the frequency requirements asrdestin 7.11.1 for frequency spacing.

7.13.1 Maximum clipping rate

The maximum output signal of the transmitter shalkhch that the signal shall be clipped no more
than 0.00001% of the time.

7.13.2 Noise/distortion floor

The signal-to-noise plus distortion ratio of thensmitted signal in a given subcarrier is specifisd
the ratio of the rms value of the tone in that suber to the rms sum of all the non-tone signals i
the 4.3125 kHz frequency band centered on the subc&equency. This ratio is measured for each
subcarrier used for transmission using a MultiTorevé Ratio (MTPR) test as shown in
Figure 7-21.

dBm per subcarrier Non-linear distortion component

x—_// Frequency

A comb ofAf-spaced tones T1532540-99
with one tone suppressed

Figure 7-21/G.992.1 — MTPR test

Over the transmission frequency band, the MTPR etriiinsmitter in any subcarrier shall be no less
than (Ngowni+ 20) dB, wherdNgowni Is defined as the size of the constellation (is)lio be used on

subcarrieti . The minimum transmitter MTPR shall be at leastiB§corresponding to aNgowni of
6) for any subcarrier.

NOTE - Signals transmitted during normal initiatiea and data transmission cannot be used fortéss
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 gatét-fased analyser could be used, but this wouldsurea
both the non-linear distortion and the linear disto introduced by the transmit filter. Therefahes test will
require that the transmitter be programmed witlcighesoftware, probably to be used during develapme
only. The subject of an MTPR test that can be agdgd a production modem is for further study.
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7.14  ATU-C Downstream Transmitter spectral masks

Spectral masks for the three service options dieatkin Annexes A, B and C.
For Annex A, see A.1.2 and A.1.3.

For Annex B, see B.1.3.

For Annex C, see C.4.8.

7.15 Dual Bitmapping and Rate Conversion (Annex Cray)
For Annex C, see C.4.4.

7.16  FEXT Bitmapping (Annex C only)
For Annex C, see C.4.5.

8 ATU-R Functional Characteristics

An ATU-R may support STM transmission or ATM transnossor both. If STM is supported, it
shall be as defined in 8.1. If ATM is supportedghall be as defined in 8.2.

Framing modes that shall be supported depend umATU-R being configured for either STM or
ATM transport, and are defined in 8.1.4 and 8.2speetively. If framing mod& is supported, then
modesk— 1, ..., 0 shall also be supported.

During initialization, the ATU-C and ATU-R shall inghite a framing mode number 0, 1, 2 or 3
which they intend to use. The lowest indicated fragnnode shall be used (see 10.6.4 and 10.7.6).

An ATU-R may support reconstruction of a Network TngniReference (NTR) from the downstream
indicator bits.

8.1 STM Transmission Protocol Specific functionalies

8.1.1 ATU-R input and output T interfaces for STM transport

The functional data interfaces at the ATU-R are shamvirigure 8-1. Output interfaces for the

high-speed downstream simplex bearer channels esgrehted ASO through AS3; input-output

interfaces for the duplex bearer channels are datd LSO through LS2. There may also be a
functional interface to transport operations, adstiation and maintenance (OAM) indicators from

the CI to the ATU-R,; this interface may physicdily combined with the LSO interface.

The data rates of the input and output data intesfat the ATU-R for the default configurations are
specified in 6.1.
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ASO (1, X 32 kbit/s)

AS1 (o, X 32 kbit/s)

AS2 (o, X 32 kbit/s)

AS3 (15 X 32 kbit/s)

> STM layer
twisted pair and
ATU-R N . interface
C > > LSO ("C"; 16 ormy X 32 kbit/s) to
Service
LS1 (m, X 32 kbit/s) Modules

LS2 (m, X 32 kbit/s)

NTR

Operations, administration,
maintenance and control

T1532550-99

T-R

NOTE — Optional bearer channels (both duplex anmgbkix) and features are shown with dotted lines.

Figure 8-1/G.992.1 — ATU-R functional interfaces f'oSTM transport
at the T-R reference point

8.1.2 Downstream simplex channels — Transceiver liates

The simplex channels are transported in the dowamstreirection only; therefore their data
interfaces at the ATU-R operate only as outputs. fHtes are the same as those for the ATU-C
transmitter, as specified in 6.1.

8.1.3 Duplex channels — Transceiver bit rates

The duplex channels are transported in both dinestiso the ATU-R shall provide both input and
output data interfaces. The rates are the same #sefdTU-C, as specified in 6.1.

8.1.4 Framing Structure for STM transport

An ATU-R configured for STM transport shall suppdnetfull overhead framing structure 0 as
specified in 8.4. The support of full overhead fraghstructure 1 and reduced overhead framing
structures 2 and 3 is optional.

Preservation of T-R interface byte boundaries f@spnt) at the U-R interface may be supported for
any of the U-R interface framing structures.

An ATU-R configured for STM transport may support aestruction of a Network Timing
Reference (NTR).
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8.2 ATM Transport Protocol Specific functionalities

8.2.1 ATU-R input and output T interfaces for ATM transport

The ATU-R input and output T interfaces are identtoathe ATU-C input and output interfaces, as
described in 7.2 and as shown in Figure 8-2.

ATM layer
ATMO
Tx_ATMO .
o >
o L Tx_Cell_Handshake0O
R
Tl Rx_ATMO
0 Rx_Cell_HandshakeO . ATUR
x ATM1

Tx_ATM1

A 4

Tx_Cell_Handshakel

A

Rx_ATM1

A

Rx_Cell_Handshakel

NTR

Customer
Installation

T1532560-99
T-R

Figure 8-2/G.992.1 — ATU-R functional interfaces tahe ATM layer at the T-R reference point

8.2.2 ATM Cell specific functionalities

The ATM cell specific functionalities performed aetATU-R shall be identical to the ATM cell
specific functionalities performed at the ATU-C,described in 7.2.3.

8.2.3 Framing Structure for ATM transport

An ATU-R configured for ATM transport shall suppanetfull overhead framing structures 0 and 1
as specified in 8.4. The support of reduced overfr@acing structures 2 and 3 is optional.

The ATU-R transmitter shall preserve T-R interfacéebyoundaries (explicitly present or implied
by ATM cell boundaries) at the U-R interface, indeghent of the U-R interface framing structure.

An ATU-R configured for ATM transport may support oestruction of a Network Timing
Reference (NTR).

To ensure framing structure O interoperability betwan ATM ATU-R and an ATM cell TC plus
an STM ATU-C (i.e. ATM over STM), the following shapply:

. an STM ATU-C transporting ATM cells and not presegvV-C byte boundaries at the U-C
interface shall indicate during initialization thétme structure 0 is the highest frame
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structure supported;

. an STM ATU-C transporting ATM cells and preservingCVbyte boundaries at the U-C
interface shall indicate during initialization thiaame structure 0, 1, 2 or 3 is the highest
frame structure supported, as applicable to théementation;

. an ATM ATU-R receiver operating in framing strua@ud cannot assume that the ATU-C
transmitter will preserve V-C interface byte boumels at the U-C interface and shall
therefore perform the cell delineation bit-by-lsie€ 7.2.3.5).

8.3 Network timing reference

If the ATU-C has indicated that it will use indicataits 20 to 23 (see 10.6.4) to transmit the change
of phase offset, the ATU-R may deliver the 8 kHxsigo the T-R interface.

8.4 Framing

Framing of the upstream signal (ATU-R transmittelgsely follows the downstream framing
(ATU-C transmitter), which is specified in 7.4, bwith the following exceptions:

. there are no ASx channels and no AEX byte;

. a maximum of three channels exist, so that dmgeBg, B, pairs are specified;

. the minimum RS FEC coding parameters and integlel@pth differ (see Table 8-3);

. four bits of the fast and sync bytes are unusedé¢sponding to the bit positions used by the
ATU-C transmitter to specify synchronization contimi the ASx channels) (see Tables 8-1
and 8-2);

. the four indicator bits for NTR transport are need in upstream direction.

Two types of framing are defined: full overhead aeduced overhead. Furthermore, two versions of
full overhead and two versions of reduced overhaesl defined. The four resulting framing
structures are defined as for the ATU-C in 7.4 aedreferred to as framing structures 0, 1, 2 and 3.

Requirements for framing structures to be suppaodigaend upon the ATU-R being configured for
either STM or ATM transport, and are defined in 8dnd 8.2.3, respectively.

As specified in clause 5, outside the ASx/LSx s$eneerfaces data bytes are transmitted MSB first
in accordance with Recommendations G.703, G.78811and 1.432.1. All serial processing in the
ADSL frame (e.g. CRC, scrambling, etc.) shall, hegre be performed LSB first, with the outside
world MSB considered by the ADSL as LSB. As a reghk first incoming bit (outside world MSB)
will be the first processed bit inside the ADSL (BDLSB).

8.4.1 Data symbols

The ATU-R transmitter is functionally similar to tAd U-C transmitter, as specified in 7.4.1, except
that up to three duplex data channels are synctednio the 4 kHz ADSL DMT symbol rate

(instead of up to four simplex and three duplexncieds as is the case for the ATU-C) and
multiplexed into the two separate buffers (fast amerleaved). The ATU-R transmitter and its
associated reference points for data framing avevshn Figures 5-3 and 5-4.

8.4.1.1 Superframe structure

The superframe structure of the ATU-R transmittedéntical to that of the ATU-C transmitter, as
specified in 7.4.1.1 and shown in Figure 7-5.

The ATU-R shall support the indicator bits definedTable 7-2. The indicator bits, ib20-23, shall
not transport NTR in the upstream direction andldieabet to "1".
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8.4.1.2 Frame structure (with full overhead)

Each data frame shall be encoded into a DMT symimldescribed in 8.8 through 8.11.4. As
specified for the ATU-C and shown in Figure 7-5,kelame is composed of a fast data buffer and
an interleaved data buffer, and the frame strudtasea different appearance at each of the referenc
points (A, B and C). The bytes of the fast datadaushall be clocked into the constellation encoder
first, followed by the bytes of the interleavedalauffer. Bytes are clocked least significant igtf

The assignment of bearer channels to the fast aedeaved buffers shall be configured during
initialization (see 10.7.4) with the exchange ofBg, B)) pair for each data stream, wheBg

designates the number of bytes of a given datarstte allocate to the fast buffer, aBddesignates
the number of bytes allocated to the interleaved Haffer.

The three possibleBE, B)) pairs areBe(LSx), B|(LSx) for X =0, 1 and 2, for the duplex channels;
they are specified as for the ATU-C in 10.7.4.

8.4.1.2.1 Fast data buffer

The frame structure of the fast data buffer is shawhRigure 8-3 for the three reference points that
are defined in Figures 5-3 and 5-4. This structarthé same as that specified for the ATU-C with
the following exceptions:

. ASXx bytes do not appear;
. the AEX byte does not appear.

Ng bytes

A
h 4

FEC output (point B) or constellation encoder infadint C) data frame

Kg bytes

Mux data frame (point A)

Fast FEC
byte LSO LS1 LS2 LEX bytes
~ 1lbyte  G(LSO)  Bf(LS1) Bg(LS2) = Lgbytes R bytes
bytes bytes bytes

T1532570-99

Figure 8-3/G.992.1 — Fast data buffer — ATU-R tranmitter
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The following shall hold for the parameters showifrigure 8-3:

CHLS0) =0 if Be(LS0)= 255 (11111113) (8-1)
= BE(LSO0) otherwise
Lr =0 if BE(LS0) = BR(LS1)= BK(LS2)=0 (8-2)
=1 otherwise
Kg =1+ C(LSO) + BE(LS1) + BE(LS2) + Lg (8-3)
NE =Keg+Re (8-4)
where:

Rr= number of upstream FEC redundancy bytes in fabt pat

At reference point A (the mux data frame) in Figute3 and 5-4, the fast buffer always contains at
least the fast byte. This is followed By(LS0) bytes of channel LSO, th&g(LS1) bytes of channel
LS1, andBr(LS2) bytes of channel LS2, and if aBy(LSx) is non-zero, a LEX byte.

WhenBg(LS0) = 255 (11111113, no separate bytes are included for the LSO atlatmstead, the
16 kbit/s C-channel shall be transported in evetlelo LEX byte on average, using the
synchronization byte to denote when to add the LEX hythe LSO bearer channel.

Rr FEC redundancy bytes shall be added to the muxfdatee (reference point A) to produce the

FEC output data frame (reference point B), whigtels given in the C-RATES1 signal options
received from the ATU-C during initialization (se@.6.2). Because the data from the fast data
buffer is not interleaved, the constellation encadput data frame (reference point C) is identtcal
the FEC output data frame (reference point B).

8.4.1.2.2 Interleaved data buffer

The frame structure of the interleaved data buffeshown in Figure 8-4 for the three reference
points that are defined in Figures 5-3 and 5-4. Biigcture is the same as that specified for the
ATU-C, with the following exceptions:

. ASXx bytes do not appear;
. the AEX byte does not appear.
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FEC
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FEC output data frame #C
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v

L]
A

N, bytes

T1532580-99

Figure 8-4/G.992.1 — Interleaved data buffer — ATWR transmitter

The following shall hold for the parameters showifrigure 8-4:

C(LS0) =0 if B,(LS0)= 255 (11111113
= B(LSO) otherwise

L, =0 if B;(LS0)=B,(LS1)=B(LS2)=0
=1 otherwise

K| =1+ C(LS0)+ B|(LS1)+ B|(LS2) + L,

N, = (Sx K, +R)/S

where:

R, = number of upstream FEC redundancy bytes in intezpath; and
S= number of mux data frames per FEC codeword (sge 8.6

8.4.1.3 Hyperframe structure (Annex C only)

For Annex C, see C.5.1.2.

8.4.1.4 Subframe structure (Annex C only)

For Annex C, see C.5.1.3.
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8.4.1.5 Cyclic redundancy check (CRC)

Two cyclic redundancy checks (CRCs) — one for tisé data buffer and one for the interleaved data
buffer — are generated for each superframe andrtrigied in the first frame of the following
superframe. Eight bits per buffer type (fast orriet@ved) per superframe are allocated to the CRC
check bits. These bits are computed fromkth@ssage bits using the equation:

The CRC bits are transported in the fast byte (8 ot frame 0 in the fast data buffer, and the sync
byte (8 bits) of frame 0 in the interleaved datédyu

The bits covered by the CRC include:
. for the fast data buffer:

— frame0: LSx bytesX=0, 1, 2), followed by the LEX byte;

— all other framesfast byte, followed by LSx byteXE 0, 1, 2), and LEX byte.
. for the interleaved data buffer:

— frame0: LSx bytesX=0, 1, 2), followed by the LEX byte;

— all other framessync byte, followed by LSx byteXE 0, 1, 2), and LEX byte.
Each byte shall be clocked into the CRC least smamt bit first.
The CRC-generating polynomial, and the method oégting the CRC byte are the same as for the
downstream data; these are specified in 7.4.1.3.
8.4.2  Synchronization

If the bit timing base of the input user data stieas not synchronous with the ADSL modem
timing base, the input data streams shall be spmited to the ADSL timing base using the
synchronization control mechanism (consisting afcéyonization control byte and the LEX byte).
Forward-error-correction coding shall always bel@ojpto the synchronization control byte(s).

If the bit timing base of the input user data stieds synchronous with the ADSL modem timing
base, then the synchronization control mechanisnmoisneeded. The synchronization control byte
shall always indicate "no synchronization actiosgg Table 8-1).

8.4.2.1  Synchronization for the fast data buffer

Synchronization control for the fast data buffen cgcur in frames 2 through 33 and 36 through 67
of an ADSL superframe as described in 7.4.1.1, whitre fast byte may be used as the
synchronization control byte. No synchronizatiotiatis to be taken for those frames in which the
fast byte is used for CRC, fixed indicator bits @ C.

The format of the fast byte when used as synchrbarzaontrol for the fast data buffer shall be as
given in Table 8-1.

In the case where no signals are allocated torttezleaved data buffer, the sync byte carries the
AOC data directly as shown in Figure 7-7.
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Table 8-1/G.992.1 — Fast byte format for synchronaion

Bit Application Specific usage
sc7-sc4| Not used Set to "@" until specified otherwise
sc3, sc2 LSx channel designator "00,": channel LSO

"01y" channel LS1
"105": channel LS2
"115": no synchronization action

scl | Synchronization control for | »1," add LEX byte to designated LSx channel
the designated LSx channel "02": delete last byte from designated LSx channel

sc0 | Synchronization/EOC "0,": perform synchronization control as indicateda7-sc1
designator "1,": this byte is part of an EOC frame

If the bit timing base of the input bearer chann@lSx) is synchronous with the ADSL modem
timing base, then ADSL systems need not perfornctagmization control by adding or deleting
LEX bytes to/from the designated LSx channels, &edsynchronization control byte shall indicate

"no synchronization action"” (i.e. sc7-0 coded "0DIKO,", with X discretionary).

When the data rate of the C-channel is 16 kbits,USO bearer channel shall be transported in the
LEX byte, using the "add LEX byte to designated L8armel", with LSO as the designated channel,
every other frame on average.

8.4.2.2  Synchronization for the interleaved data bifier

Synchronization control for the interleaved datéfdrucan occur in frames 1 through 67 of an ADSL
superframe as described in 7.4.1.1, where the Bytecmay be used as the synchronization control
byte. No synchronization action shall be takenmuframe 0, where the sync byte is used for CRC,
and frames when the LEX byte carries the AOC.

The format of the sync byte when used as synchrbaizaontrol for the interleaved data buffer
shall be as given in Table 8-2. In the case wheraigoals are allocated to the interleaved data
buffer, the sync byte shall carry the AOC dataatlye as shown in Figure 7-7 in 7.4.1.1.

Table 8-2/G.992.1 — Sync byte format for synchronaion

Bit Application Specific usage
sc7-sc4| Not used Set to "Q" until specified otherwise
sc3, sc2 LSx channel designator | "0g,": channel LSO

"01,": channel LS1
"10,": channel LS2
"115":no synchronization action

scl | Synchronization control for »1,": add LEX byte to designated LSx channel
the designated LSx channel..oz..: delete last byte from designated LSx channel

scO | Synchronization/AOC "0,": perform synchronization control as indicateda3-scl

designator _

"1,": LEX byte carries ADSL overhead control channatfag a
delete synchronization control may be allowed dgcated
in sc3-scl
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When the data rate of the C-channel is 16 kbits,USO bearer channel shall be transported in the
LEX byte, using the "add LEX byte to designated L8armel", with LSO as the designated channel,
every other frame on average.

If the bit timing base of the input bearer chann@!Sx) is synchronous with the ADSL modem

timing base, then ADSL systems need not perfornctagmization control by adding or deleting

LEX bytes to/from the designated LSx channels, &edsynchronization control byte shall indicate
"no synchronization action”. In this case, and wifieming structure 1 is used, the sc7-0 shall
always be coded "000011%X with X discretionary. When scO is set to "1"ethEX byte shall

carry AOC. When scO0 is set to "0", the LEX bytelsha coded 0g;. The scO may be set to "0" only
in between transmissions of 5 concatenated andicdéAOC messages.

8.4.3 Reduced overhead framing

The format described in 8.4.1.2 for full overheadnfmg includes overhead to allow for the
synchronization of three LSx bearer channels. Wthersynchronization function described in 8.4.2
is not required, the ADSL equipment may operata raduced overhead mode. This mode retains all
the full overhead mode functions except synchrdiumacontrol. When using the reduced overhead
framing, the framing structure shall be as defimed’.4.3.1 (when using separate fast and sync
bytes) or 7.4.3.2 (when using merged fast and bytes).

8.5 Scramblers

The data streams output from the fast and intertbbuéfers shall be scrambled separately using the
same algorithm as for the downstream signal, Sigelaifi 7.5.

8.6 Forward error correction

The upstream data shall be Reed-Solomon coded tartbaved using the same algorithm as for the
downstream data, specified in 7.6.

The FEC coding overhead, the number of symbols per ¢&eleword, and the interleave depth are
given in the C-RATESL options received from the ATUWH@ing initialization (see 10.6.2).

The ATU-R shall support upstream transmission witkeast any combination of the FEC coding
capabilities shown in Table 8-3.

Table 8-3/G.992.1 — Minimum FEC coding capabilitie$or ATU-R

Parameter Fast buffer Interleaved buffer
Parity bytes per RS codeword Re=0,2,4,6,8,10,12,14,1§ R =0, 2, 4, 6, 8, 10, 12, 14, 16
(Note 1) (Notes 1 and 2)
DMT symbols per RS codeword | S=1 S=1,2,4,8,16
Interleave depth not applicable D=1,2,4,8
NOTE 1 —Rr can be> 0 only if Kg > 0 andR, can be> 0 only ifK; > 0.
NOTE 2 —R, shall be an integer multiple of S.

The ATU-R shall also support downstream transmisaih at least any combination of the FEC
coding capabilities shown in Table 7-7.

8.7 Tone ordering
The tone-ordering algorithm shall be the same athtvdownstream data, specified in 7.7.
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8.8 Constellation encoder — Trellis version

Block processing of Wei's 16-state 4-dimensionalligr code to improve system performance is
optional. An algorithmic constellation encoder $Ha¢ used to construct constellations with a

maximum number of bits equal Mypmax Where & Nypmax< 15.

The encoding algorithm shall be the same as that issedlownstream data (with the substitution of
the constellation limit oNypmaxfor Ngownmay, Specified in 7.8.

8.9 Constellation encoder — Uncoded version

An algorithmic constellation encoder shall be usedconstruct constellations with a maximum
number of bits equal thlypmax, Where 8 Nypmax< 15. The encoding algorithm is the same as that

used for downstream data (with the substitutiotthef constellation limit 0fNypmax for Naownmax,
which is specified in 7.9. The constellation encalall not use trellis coding with this option.

8.10 Gain scaling

For the transmission of data symbols gain scaljngshall be applied as requested by the ATU-C
(see 10.8.13 and A.2.4.1 or B.2.2.1) and possilgglated during Showtime via the bit swap
procedure. Only values gf equal to O or within a range of approximately ®d9.33 (i.e. —-14.5 dB
to +2.5 dB) may be used. For the transmission of symghation symbols, gain scaling shall be
applied as defined in Annexes A, B and C.

Each constellation pointX{, Y;), i.e. complex numbei; + jY;, output from the encoder is multiplied
by gi:
Z =g (X +]Yi) (8-9)

NOTE — Theg; define a scaling of the root mean square (rmsyauier levels relative to those used in
R-MEDLEY (see 10.7.8). They are independent of amthods that manufacturers may use to simplify
implementation (e.g. constellation nesting).

8.11  Modulation
The frequency spacingf, between subcarriers shall be 4.3125 kHz witHexdaace oft50 ppm.

8.11.1 Subcarriers

8.11.1.1 Data subcarriers

The channel analysis signal, defined in 10.7, allofes a maximum of 31 carriers
(at frequenciesdf) to be used. The range wflepends on the service option selected. For example
for ADSL above POTS (see Annex A) the lower limiset by the POTS/ADSL splitting filters; the
upper limit is set by the transmit and receive blmiting filters, and shall be no greater than 31;
the cut-off frequencies of these filters are atdiseretion of the manufacturer because the ramfge o
usablen is determined during the channel estimation.

The data subcarriers for Annex B are defined in3.2.

8.11.1.2 Nyquist frequency

The subcarrier at the Nyquist frequency shall noade for user data and shall be real valued; other
possible uses are for further study.

The Nyquist frequency for Annexes A and C is spediin A.2.5.
The Nyquist frequency for Annex B is specified ir2 B.
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8.11.1.3 DC
The subcarrier at DC (#0) shall not be used, antll abatain no energy.

8.11.2 Modulation by the inverse discrete Fourierransform
For Annexes A and C, see A.2.1.
For Annex B, see B.2.6.

8.11.3 Synchronization symbol

The synchronization symbol permits recovery of tternie boundary after micro-interruptions that
might otherwise force retraining.

The data symbol ratésymp= 4 kHz, the subcarrier separatidf,= 4.3125 kHz, and the IDFT size,
N = 64, are such that a cyclic prefix of 5 sampleddbe used. That is,

(64+ 5) x 4.0= 64 x 4.3125= 276 (8-10)

The cyclic prefix shall, however, be shortened teatples, and a synchronization symbol (with a
nominal length of 68 samples) inserted after eé&yata symbols. That is,

(64+4)x 69=(64+5) x 68 (8-11)
The data pattern used in the synchronization sysial be as defined in the appropriate annexes.
For Annexes A and C, see A.2.2.
For Annex B, see B.2.7.

The minimum set of subcarriers to be used is theised for data transmission (i.e. those for which
b, > 0); subcarriers for whicly, = 0 may be used at a reduced PSD as defined inntra®SD

paragraphs of Annexes A, B and C. The data modulat¢o each subcarrier shall be as defined
above; it shall not depend on which subcarriersuaesl.
8.11.4 Inverse synchronization symbol (Annex C on)y

For Annex C, see C.5.5.1.

8.12  Cyclic prefix
For Annexes A and C, see A.2.3.
For Annex B, see B.2.8.

8.13  Transmitter dynamic range

The transmitter includes all analogue transmittacfiwns: the D/A converter, the anti-aliasing filte
the hybrid circuitry, and the POTS splitter. The smitted signal shall conform to the frequency
requirements described in 8.11.1 for frequencyisgac

8.13.1 Maximum clipping rate

The maximum output signal of the transmitter shalksbch that the signal shall be clipped no more
than 0.00001% of the time.

8.13.2 Noise/distortion floor

The signal-to-noise plus distortion ratio of thensmitted signal in a given subcatrrier is specifisd

the ratio of the rms value of the full-amplitudenéoin that subcarrier to the rms sum of all the
non-tone signals in the 4.3125 kHz frequency badred on the subcarrier frequency. This ratio is
measured for each subcarrier used for transmisgory a MultiTone Power Ratio (MTPR) test as
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shown in Figure 7-21.

Over the transmission frequency band, the MTPR etri@insmitter in any subcarrier shall be no less
than (N + 20) dB, whereNy; is defined as the size of the constellation (iis)bio be used on

subcarrieri. The transmitter MTPR shall be38 dB (corresponding to aNp, of 6) for any
subcarrier.

NOTE — Signals transmitted during normal initiatiea and data transmission cannot be used fortéss
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 gatét-fased analyser could be used, but this wouldsurea
both the non-linear distortion and the linear disto introduced by the transmit filter. Therefahes test will
require that the transmitter be programmed witlcighesoftware, probably to be used during develapme
only. The subject of an MTPR test that can be agdgd a production modem is for further study.

8.14 ATU-R Upstream Transmitter spectral response

Spectral masks for the three service options dieetkin Annexes A, B, and C:
For Annex A, see A.2.4.

For Annex B, see B.2.2.

For Annex C, see C.5.6.

NOTE — The band from 25 to 276 kHz that is referieds the union of the bands used for ADSL above
POTS and ADSL above ISDN. Limits defined withinstiiand apply also to any narrower bands used.

8.15 Dual Bitmapping and Rate Conversion (Annex Cray)
For Annex C, see C.5.2.

8.16  FEXT Bitmapping (Annex C only)
For Annex C, see C.5.3.

9 EOC Operations and Maintenance

9.1 Clear EOC

Support of autonomous data messages is mandatpnpvides the physical layer channel defined in
6.1/G.997.1. The channel is provided in both thetrepsmn and the downstream direction by
transmission of autonomous messages with EOC fettthgs as shown in 9.2.3.4.

These autonomous data messages may be transmiectither the ATU-C or the ATU-R and are
transparent to the current state of the EOC statehima That is, these autonomous messages
transporting clear channel data can be insertedrdézss of the current state of the EOC state
machine. There is no requirement that these autonemmessages be inserted contiguously. That is
other EOC messages may be inserted between anyuiwoomous messages. There is also no
requirement for any specific rate of insertion ofanomous messages into the EOC.

When an autonomous data message is received, teepbyload is placed in a buffer on the
receiving ATU. Assembly into PDUs is defined in Beonendation G.997.1.

The clear EOC does not support flow control. It isuased that a higher level protocol implemented
over this data path will support a flow control rhanism if required. Additionally, any system
implementing a stack and application using the rcl&DC (such as that defined in
Recommendation G.997.1) should disable, at theehitdyers, the further sending of autonomous
data frames should a significant number of thegkdrilayer messages be left without response from
the receiver.
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9.2 Embedded operations channel (EOC) requirements

An embedded operations channel for communicatidwdsn the ATU-C and ATU-R shalle used
for in-service and out-of-service maintenance andHe retrieval of ATU-R status information and
ADSL performance monitoring parameters.

9.2.1 EOC organization and protocol

The ADSL EOC allows the ATU-C (acting as master @ timk) to invoke commands and the

ATU-R (acting as slave) to respond to the commaifitie. ATU-C determines the EOC rate of the
ADSL link; therefore only one EOC message shall iseited in the upstream direction (by the
ATU-R) for each received EOC message. One exceptidhis is for the "dying gasp” message,

which is the only autonomous message currentlywvaitbfrom the ATU-R and is inserted as soon as
appropriate bytes are available.

This subclause defines only the content and meanfitige EOC messages; their insertion into the
data frames is defined in 7.4.1 and 8.4.1.
9.2.2 EOC message structure

The 13 bits of an EOC message are partitioned amiwegfields, which are summarized in
Table 9-1 and defined in the following subclause® ERC protocol states are defined in 9.2.5.

Table 9-1/G.992.1 — EOC message fields

Field # | Bit(s) Description Notes
1 1,2 | Address field Can address 4 locations
2 3 Data (0) or opcode (1) field Data used for read/write or when
an autonomous data message |s
sent
3 4 Byte parity field Byte order indication for multi-
Odd (1) or even (0) byte transmission
4 5 Autonomous message field: Set to "0" by ATU-R to send
ATU-C dying gasp message or

« setto"1" for ATU-C commands sent to ATU-RUtonomous data transfers
» setto "0" for autonomous transfers

ATU-R

» setto"1" for response to ATU-C command
» setto "0" for autonomous transfers

5 6-13 | Information field One out of 58 opcodes or 8 bitg
of data

9.2.2.1 Address field (# 1)

The two bits of the address field can address uUpuplocations. Only two locations are presently
defined:

. 11,: ATU-C address;
. 00,: ATU-R address.
10, and 0% are reserved for future use, and are presentbfithv

The ATU-C shall address messages to the ATU-R byngethe ADDRESS field equal to the
ATU-R address. When responding to a message fromAifig-C, the ATU-R shall keep the
ADDRESS field equal to its own ATU-R address. Onlgen sending an autonomous message to
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the ATU-C shall the ATU-R set the ADDRESS field equeethe ATU-C address.

9.2.2.2 Data or opcode field (# 2)

A 0 (zero) in this field indicates that the infortima field of the current EOC message contains a
data byte; a 1 that it contains an operation codari ADSL EOC message.

9.2.2.3 Byte parity field (# 3)

For the first byte of data that is to be eitherdrea written, this bit shall be set to "1" to indie
"odd" byte. For the next byte, it shall be set@btb indicate "even" byte and so on, alternat&hjis

bit helps to speed up multi-byte reads and writedaba by eliminating the need for intermediate
opcodes to indicate to the far-end that the pre/lpde was successfully received.

The byte parity field shall always be set to "1thé EOC message is an autonomous message or if
the information field carries an opcode differerdnfi the Next Byte opcode. The byte parity field
may be set to "0" otherwise.

9.2.2.4 Autonomous message field (# 4)

At the ATU-C a 1 in this field designates that tharent EOC message is an EOC protocol
command (master) message; a 0 designates thas @asautonomous transfer that does not disrupt
the current EOC protocol state at either the ATU-CA®KJ-R. At the ATU-R a 1 in this field
designates that the current EOC message is an EO@Gcpraesponse (slave) message; a 0
designates that it is an autonomous transfer thas ot disturb the current EOC protocol state at
either the ATU-C or the ATU-R. The only autonomoussfar currently defined for the ATU-C is
the autonomous data transfer defined in 9.2.3.4. AhU-R supports the "dying gasp” (see 9.2.5.4)
message and upstream autonomous data transfarse(taf 9.2.3.4).

9.2.2.5 Information field (# 5)

Up to 58 different opcodes or 8 bits of (binaryA8CIl) data may be encoded in the information
field.

The opcode set is restricted to codes that providenamum Hamming distance of 2 between all
opcodes, and a minimum distance of 3 between oestdical codes and all other codes.

9.2.3 EOC message sets

The ATU-C sends EOC (command) messages to the ATUgerform certain functions. Some of
these functions require the ATU-R to activate changehe circuitry (e.g. to send CRC bits that are
corrupted). Other functions that can be invokedtanead from and write into data registers located
at the ATU-R. The data registers are used for reasliaugis- or performance-monitoring parameters
from the ATU-R, or for limited maintenance extemscto the CI wiring distribution network or
service modules.

Some of these commands are "latching”, meaningahatbsequent command shall be required to
release the ATU-R from that state. Thus, multiple ADBOC-initiated actions can be in effect
simultaneously. A separate command, "Return To NBrnsaused to unlatch all latched states. This
command is also used to bring the ADSL systemKkoaavn state, the idle state, when no commands
are active in the ATU-R location. To maintain thelhetd state, the command "Hold State" shall be
sent to bring the ADSL system to a known statedleeState.

The ATU-C always issues the EOC messages, and the A@itkRowledges that it has received a
message correctly by echoing it, or by sendingsporese message.

There are four types of EOC messages:

. bidirectional EOC messages: these are sent b&ThkeC, must be echoed by the ATU-R as
an indication of correct reception and require pooale;
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. ATU-C to ATU-R (downstream) messages: these arelsethe ATU-C, are not echoed by
the ATU-R and require an opcode;

. ATU-R to ATU-C (upstream) messages: these arelsetite ATU-R, are not echoed by the
ATU-C and require an opcode; these are EOC protesplanses to downstream commands
or an autonomous message such as "dying gaspitiselicited);

. Autonomous Data Transfers: these are autonomdasti@dasfers sent by either the ATU-C
or ATU-R, they are unsolicited, are not echoed &mawledged at the EOC layer, do not
use an opcode and do not affect the EOC protoc. sta

All the EOC messages and their opcodes are sumrdaniZeable 9-2.

Table 9-2/G.992.1 — EOC message opcodes

HEX Obcode meanin Direction Abbreviation
(Note 1) P 9 (Note 2) and notes
0136 Hold state d/u HOLD
FOi6 Return all active conditions to d/u RTN
normal
0216 Perform "self test" d/u SLFTST
0446 Unable to comply (UTC) u uTC
0716 Request corrupt CRC d/u REQCOR (latching)
0816 Request end of corrupt CRC d/u REQEND
0Bis Notify corrupt CRC d/u NOTCOR (latching)
0Dyg Notify end of corrupt CRC d/u NOTEND
OE; End of data d/u EOD
1046 Next byte d NEXT
1346 Request update of test d/u REQTPU
parameters
2016 2316 2516 2616 | Write data register numbers 0-F d/u WRITE
296 2A16 2G6 2F16,
3L16 3216, 346 3716
3816, 3B16, 3D16, 316
406 4316 4516 46,5 | Read data register numbers 0-F d/u READ
4916 4A16 4G 4F16,
Slie 5216 546 576
5816, 5B16, 5D16, SE16
196 1A16 1C6 1F | VEndor proprietary protocols d/u
E7:6 Dying gasp u DGASP
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Table 9-2/G.992.1 — EOC message opcodesncluded)

HEX . Direction Abbreviation
Opcode meanin
(Note 1) P 9 (Note 2) and notes
156, 1616 8016 831 | Undefined codes These codes are reserved for
85,6, 8616 896 8Als future use and shall not be
e ’ used for any purpose
8C16 8F6

NOTE 1 — The opcode values are given in HEX (MSB LeSB right) with the MSB mapping to bit
eocl3 and the LSB to bit eoc6 (see Table 9-1).vEhees guarantee a minimum Hamming distance of

« 2 between all opcodes (by requiring odd paritydib but two critical codes);
* 3 between the "Return to Normal" (or "idle") caaled all other codes; and
* 3 between the "Dying Gasp" code and all otheesod

NOTE 2 — The three types of messages are identified

* d/u (downstream/upstream) bidirectional mess§&s3.1);

e d (downstream): ATU-C to ATU-R messages (9.2;3.2)

e U (upstream): ATU-R to ATU-C messages (9.2.3.3).

9.2.3.1 Bidirectional EOC messages

Messages that maye sent by the ATU-C, and echoed by the ATU-R as arcatidn of correct
reception are as follows (with their abbreviatethea and hex opcodes in parentheses):

Hold State (HOLD, 0l;6) This message tells the ATU-R to maintain the ATU-RCEO
processor and any active ADSL EOC-controlled openat{such as latching commands) in

their present state.

Return to Normal (Idle Code)(RTN, FQOg) This message releases all outstanding
EOC-controlled operations (latched conditions) & ATU-R and returns the ADSL EOC

processor to its initial state. This code is alsorttessage sent during idle states.

Request Corrupt CREGREQCOR , 07g) This message requests the ATU-R to send corrupt
CRCs to the ATU-C until cancelled by the "Request BhdCorrupt CRC" or "Return to
Normal" message. In order to allow multiple ADSL E@iiated actions to be in effect

simultaneously, the "Request corrupt CRC" commduradl e latching.

Request End of Corrupt CRGREQEND, 08g) This message requests the ATU-R to stop

sending corrupt CRCs toward the ATU-C.

Notify Corrupted CRC (NOTCOR, 0Bg) This message notifies the ATU-R that
intentionally corrupted CRCs will be sent from #th€U-C until cancellation is indicated by

"Notify End of Corrupted CRC" or "Return to Normal".

Notify End of Corrupted CRGNOTEND, 0D ) This message notifies the ATU-R that the

ATU-C has stopped sending corrupted CRCs.

Perform Self Tes{SLFTST, 02¢) This message requests the ATU-R to perform a esff t
The result of the self test shall be stored in astegat the ATU-R. After the ATU-R self

test, the ATU-C reads the test results from the AR tegister.

Receive/Write Data (Register: £)/WRITE, see Table 9-2) This message directs the ATU-R
to enter the Data Write Protocol state, receiva,dand write it in the register specified by

the Opcode.
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. Read/Send Data (Register. #READ, see Table 9-2) This message directs the ATI9-R
enter the Data Read Protocol state, read datathhemegister specified by the Opcode, and
transmit it to the ATU-C.

. End of Data (EOD, 0Fg) This message is sent by the ATU-C after it has akriytes of
data to the ATU-R (see Note).
. Request Test Parameter Upda(REQTPU, 13g): This message requests the ATU-R to

update the test parameter set as defined in 9.8:11d49.3.4.1. Test parameters shall be
supported by the ATU-R and shall be updated within seconds after the request is
received. Updated test parameters may be readebdThl-C thereafter.

. Vendor Proprietary OpcodegVPC, 194 1A16 1Ce 1R Four opcodes have been
reserved for vendor proprietary use. The ATU-C stedd the Vendor ID (identification)
code register of the ATU-R to ensure compatibiligpvbeen ATUs before using proprietary
opcodes.

. Undefined Command Codeall command codes not defined are reserved ftur&iuse,
and shall not be used for any purpose.

NOTE — This message has a slightly different megamihen sent by the ATU-R, as defined in 9.2.5.3.2.

9.2.3.2 ATU-C to ATU-R messages
One message that may be sent only by the ATU-C is:

. Next Byte (NEXT, 10,6) This message is sent repeatedly by the ATU-C (bogddit four
for multi-byte data until all data has been senhjilevit is in Data Read Protocol state
(i.e. after the ATU-R has acknowledged the previpashtReceivBNrite Datacommand).

9.2.3.3 ATU-R to ATU-C messages
Additional messages that may be sent only by the A&Téare:

. Unable to Comply Acknowledgeme@TC, 04¢) The ATU-R shall send this message
when it receives an ADSL EOC message that it capadbrm, either because it does not
recognize or implement the command or because dhemand is unexpected, given the
current state of the ADSL EOC interface. An exangfl@n unexpected command is one
that indicates that the information field contadtaga, but that was not preceded by a "Write
Data" command.

. End of Data (EOD, 0Fg) This message is sent by the ATU-R:

— in response to a "Next Byte" message from the ATthat is received after all bytes
have been read from the currently addressed ATUgRter; or

— in response to a message from the ATU-C that centadata byte after all bytes have
been written to the currently addressed ATU-R regist

. Dying gasp (DGASP, E%g) This is the only autonomous (i.e. unsolicited) sagg that the
ATU-R may send; see 9.2.5.4.
. Vendor Proprietary OpcodegVPC, 195 1A15 1Ge 1Fe) Four opcodes have been

reserved for vendor proprietary use.

9.2.3.4 Autonomous Data Transfers

Autonomous Data Transfers are unsolicited data feesmshat can be initiated by either the ATU-C
or ATU-R. Unlike normal EOC protocol messages, automas data transfers require no echoing
(acknowledgements) at the EOC layer nor repetitidns light weight approach to data transfers
enables high speed, unsolicited management exchdB3gex 8 x 4/68= 15 kbit/s) between the
ATU-C and ATU-R without impacting the current EOC il states.
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Autonomous Data Transfers can be inserted regardie®e state of the EOC state machine. An
Autonomous Data Transfer will not change the EOCsags/echo-response protocol state nor can it
count as a response to any ATU-C protocol messageéludonomous Data Transfer allows for the
transport of a single byte of data and does natiireghe repetitive EOC message/echo-response
protocol. Consecutive Autonomous Data Transfers lwanssued as soon as "fast" byte pairs are
available for EOC messages. The flow of Autonomouts Daansfers can be interrupted at any time
for bidirectional, ATU-C to ATU-R or ATU-R to ATU-C EO@essages. The ATU-C shall format
all Autonomous Data Transfers (to the ATU-R) withe ttAddress field (#1) set to 80
(ATU-R's address); the Data field (#2) set to O gjlathe Byte parity field (#3) set to 1; the
Autonomous message field (#4) shall be set to {ewmous); and the information field (#5) will be
used for 8 bits of data. The ATU-R shall formatAlitonomous Data Transfers (to the ATU-C) with
the Address field (#1) set to 1{ATU-C's address); the Data field (#2) set to Otgjlathe Byte
parity field (#3) set to 1; the Autonomous messiagd (#4) shall be set to 0 (autonomous); and the
information field (#5) will be used for 8 bits oath.

9.2.4 Data registers in the ATU-R
The ATU-R registers shall be defined as:

. ATU-R Vendor ID: 8 bytes (see 9.3.3/G.994.1);

. ATU-R Revision Number: vendor discretionary;

. ATU-R Serial number (32 bytes): The format of th& AR Serial Number is vendor
discretionary;

. Self Test Results: The most significant byte of 8&df Test Results shall be @0f the self

test passed, and {lif it failed (the meaning of "failure" is vendoiisdretionary); other
values are reserved for future use. The length gnths of the remainder are vendor
discretionary;

. Line attenuation (1 byte): The line attenuatiode$ined in 9.5.1,
. SNR Margin (1 byte): The SNR margin is define®ib.1;
. ATU-R configuration (30 bytes): The ATU-R configumat data, as defined in 8.4 and

Table 10-9, shall be read (one byte for each vag)ahlthe following order:
— downstream Br(ASO0), B|(ASO), BE(AS1), B(AS1), B(AS2), B|(AS2), BE(AS3),

Bi(AS3);
— downstream  Bg(LSO0),B(LS0),Br(LS1),B,(LS1),Be(LS2),B|(LS2), reserved;
— upstream Br(LS0), B|(LS0),Bg(LS1),B(LS1),Be(LS2),B,(LS2), reserved;
— downstream RSRS, S, D (R$=Rr, R§S=R/S);
— upstream RSRS, S, D (R$=Rg RS=R/S).

Both reserved bytes shall be set ta00

Table 9-3 summarizes the ATU-R data registers anddpelications.
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Table 9-3/G.992.1 — ATU-R data registers

Reg. # Use Length Description
016 Read (R) | 8 bytes ATU-R vendor ID
(see 9.3.3/G.994.1)
116 R Vendor discretionary] ATU-R version number miong
216 R 32 bytes ATU-R serial #
316 R Vendor discretionary| Self test results
416 Read/Write| Vendor discretionary| Vendor discretionary
(R/W)
516 R/W Vendor discretionary| Vendor discretionary
616 R 1 byte Line attenuation
716 R 1 byte SNR margin
816 R 30 bytes ATU-R Configuration (see 8.4 and Nqte 1
9:6F16 Reserved Reserved (Note 2)
NOTE 1 — Registers shall be read most significgte brst.
NOTE 2 — Registers 9 through F are reserved faréutise; ATU-R shall respond UTC (unable to comply)
if requested to read from or write to one of thesgsters.

9.25

EOC protocol states

The ADSL EOC protocol operates in a repetitive comunamd response mode. The ATU-C acts as
the master and issues command messages; the ATtsRsaslave and responds to the messages
issued by the ATU-C. Three identical properly-adsegelsconsecutive (i.e. no other EOC messages
are received in between) messages shall be reckefede an action is initiated (both at ATU-C and
ATU-R). Only one command and only three or fewer sages, under the control of the ATU-C,
shall be outstanding (i.e. unacknowledged) at argytone.

NOTE — This restriction on the number of messagewantees that an ATU-R with fewer opportunities to
insert EOC frames into the upstream path will e &backnowledge all EOC messages from the ATU-C.

The procedure for dealing with outstanding messagigbe ATU-C is shown in Figure 9-1. Only
when it has no outstanding messages may the ATUa@ aemessage different from the previous
message sent; this will then result in one outstandnessage. When one or two messages are
outstanding, the ATU-C may only repeat the previousssage sent; thereby ensuring that all
outstanding messages will be identical.
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)

3 outstanding messages

R E

2 outstanding messages

R E

1 outstanding message

S R E

0 outstanding messages (see Note)

T1532590-99

S = Send new message

R = Repeat last message

E = EOC message received
DC = Dummy code

NOTE - Immediately after initialization, the ATU<ball have no outstanding messa

Figure 9-1/G.992.1 — ATU-C state diagram for outstading EOC messages

For E, R and S all the EOC messages with bit 5os&t"tshall be considered. Other EOC messages
shall not cause a change of state in the EOC stathine.

Whenever there are three outstanding message# TitHeC shall stop sending messages and stuff
the available EOC bandwidth with dummy synchron@atcontrol bytes (see 7.4.1.1). Sending

messages may be resumed after receiving one orankn®wledgements (echoes) from the ATU-R.

Only one command shall be outstanding at any tifterefore, all outstanding messages shall be
identical. To deal with messages that are not echgetie ATU-R (e.g. those that are erased from
the line due to impulse noise and will thereformaen outstanding), the ATU-C shall implement an

adequate error recovery mechanism. This mechanigs mat affect interoperability and is therefore

outside the scope of this Recommendation.

The EOC protocol state diagrams of the ATU-R and ATWHall be as shown in Figures 9-2
and 9-3, respectively.
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Data Read State (odd)

~

if (#'NEXT odd" =3)

{ if i SLENGTH)
return("DATA odd",d[i])
else return("EOD");

} else echo(message);

#'NEXT even"==

e

#'NEXT odd"==3

o

#'NEXT odd"==
Pre-read state
i=1;
echo(message);
#'READ"==

#"any message=1 (
re

#'RTN"=
" HOLD"=

Data Read State (even) \

if (#'NEXT even'=23)

{ if iSLENGTH)
return("DATA even",d[i])
else return("EOD");

} else echo(message);

/

echo(message);

Idle state
if (#'any message=3)
execute(message);

#"WRITE"==

i=1;
echo(message);

#'DATA odd"==

\

if (#'DATA odd"=3)
{ if (SLENGTH)
{ read("DATA odd".d[i]);
echo(message);
} else return("EOD");
} else echo(message);

/

Data Write State (odd)

\ /

Pre-write state\

.

UTC state

turn("UTC");

#"EOD"==

#'DATA even"==

//—\b

i++;

1\—//

#'DATA odd"==3

#'not supported message"==

from any state

/

o

\

if (#'DATA odd"=3)
{ if i SLENGTH)
{ read("DATA even",d[i]);
echo(message);
} else return("EOD");
} else echo(message);

Data Write State (even) /

T1532600-99

Figure 9-2/G.992.1 — EOC receiver state machine AfTU-R
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Data Read State (odd)

if (#'DATA odd"=3)
{ if i SLENGTH)
return("DATA odd",d[i])

~

~

#'DATA even"==

T
i++;
1\—/_’_’/

#'DATA odd"==

/

Idle state
#"any message=1

(#'RTN"==

3)
/\ ll(#"HOLD"==3)

Data Read State (even) \

if (#'DATA even'z3)

{ if (SLENGTH)
return("DATA even",d[i])

}

/

}
#"'DATA odd"==
Pre-read state
i=1;
#'READ"==
#"WRITE"==3

Pre-write state

#'DATA odd"==

\

/

o

Data Write State (odd)

\

/
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(
.

UTC state

p#"EOD":=

#'DATA even"==

//—\b

i++;

1\—//

#'DATA odd"==

#"UTC"==

from any state

o

Data Write State (even) /

T1532610-99

Figure 9-3/G.992.1 — EOC receiver state machine afTU-C
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The following shall govern state changes as showiigares 9-2 and 9-3:

1) The protocol state changes are performed baseeceived messages. At ATU-C, received
messages are responses from the ATU-R to messagesase the ATU-C. Depending on
the ATU-C receiver protocol state, the ATU-C transenimessage set may be restricted. It
is left up to the ATU-C transmitter to organize aswhd a sequence of messages such that
the right response from the ATU-R is achieved basadthe receiver protocol state
machines.

2) (#"'message®=N) is true if and only if the previously received Nessages are identical
(i.e. all 13 bits equal) and properly addressed fiaving ATU-R addresg¢"message==1)
means the most recently received message is diff@reat least 1 out of 13 bits) from the
immediately preceding message and is properly addce

3) Moving to another state (based on the messagpivesl) shall be considered first, then the
(same or new) state shall be executed. At the ATekBcution of commands in the Idle
state shall be as described in 9.2.5.3 (invokitghiag, unlatching or self test).

4) All the EOC messages with bit 5 set to "1" slwalconsidered as received messages and
cause an EOC response message at the ATU-R. Othernig3€ages shall not cause a
change of state in the EOC state machine and sbaltause an EOC response message at

the ATU-R.
The responses allowed from the ATU-R fall into theagegories:
. message/echo-response protocol states: Idle &tdtEXE State;
. message/unable-to-Comply-response protocol Siat€: State;
. message/data-response protocol states: Data &ateb and Data Write States (Data Read

States includes Pre-Read, Data Read odd and Dad &een states) (Data Write State
includes Pre-Write, Data Write odd and Data Writerestates).

In addition to these states, one autonomous mess$adjeoe allowed from the ATU-R to the ATU-C
to indicate "dying gasp”. This message does notgddhne protocol state, nor does it count as a
response to any ATU-C message; however, other @c{emny. an automatic reset at the ATU-C)
taken as a result of receiving this message malttea change of state (e.g. back to Idle State).

The EOC protocol shall enter the Message/Echo-respgmosecol state (Idle state) when the ATUs
transition from the initialization and training sexpce to steady state transmission. In order teecau
the desired action in the ATU-R, the ATU-C shall rgphe message (without exceeding the limit of
outstanding messages) until it receives three iclntonsecutive EOC message echoes from the
ATU-R. This completes the command and response whtbat the ATU-C may continue to send
the same message thereafter. The command and respomi®col for that message must be
completed before a new message (containing a nemmemd), which may induce a different
protocol state in the ATU-R, may be issued.

At the ATU-R, depending on the state it is in, vasaestricted sets of EOC messages shall be
acceptable. These sets shall be as shown in Tabl&k@eeption of other, inapplicable, messages
shall result in an Unable-to-Comply (UTC) resporesthe ATU-C.
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Table 9-4/G.992.1 — EOC messages acceptable at &dJ-R

ATU-R state EOC messages acceptable at the ATU-R
Idle all messages acceptable
UTC all messages acceptable
Data pre-read Read NEXT odd RTN HOLD
Data read odd, even NEXT odd NEXT even RTN HOLD
Data pre-write WRITE DATA odd EOD
Data write odd, even DATA odd DATA even EOD

9.2.5.1 Message/echo-response protocol state
This state is identical to the Idle state shownigufes 9-2 and 9-3.

To initiate an action at the ATU-R, the ATU-C shallghe sending EOC messages with the
Data/opcode set to "Hhd with the appropriate message opcode in thenmaon field.

The ATU-R shall initiate action when, and only whéimee identical, consecutive, and properly
addressed EOC frames that contain a message reeddmyzthe ATU-R have been received. The
ATU-R shall respond to all received messages. Thgorese shall be an echo of the received ADSL
EOC message. The combination of the ATU-C sending BSIAEOC frame and the ATU-R
echoing the frame back comprises the message/espoiise protocol state.

For the ATU-C to confirm correct reception of the ss&#ge by the ATU-R, the
message/echo-response ADSL EOC protocol state &atexgb until the master node receives three
identical and consecutive echoes. This serves asg@itit acknowledgement to the ATU-C that the
ATU-R has correctly received the transmitted message is acting on it. This completes the
message/echo-response protocol mode.

Because EOC frames are inserted into ADSL frameswheén the appropriate byte is available, the
amount of time it takes to complete a message usder-free conditions will depend on the
vendor's synchronization control algorithm, on tisenber of signals allocated to the fast buffer, and
on the rates of those signals.

The ATU-C continuously sends the activating messége the receipt of the three valid echoes, or
alternatively, it may switch to sending the "Holtht®" message. If the message was one of the
latching commands, then the ATU-R shall maintain ¢benmanded condition until the ATU-C
issues the appropriate command that ends the gpkxtidhed condition or until the ATU-C issues
the "Return to Normal® command (at which time atched conditions in the ATU-R must be
terminated).

9.2.5.2 Message/unable-to-comply response protostéte

When the ATU-R does not support a message thatstrbeeived three times identically and
consecutively, it shall respond with the Unable-Tarr®ly (UTC) ADSL EOC response message
with its own address in lieu of a third identicabdaconsecutive echo. In this manner, the ATU-R will
switch to the message/UTC-response protocol state.

The transmission by the ATU-R and reception by theUAT of three identical, consecutive,
properly-addressed Unable-To-Comply messages aatestitnotification to the ATU-C that the
ATU-R does not support the requested function, atlvtime the ATU-C may abandon its attempt.

9.2.5.3 Message/data-response protocol state
The ATU-C may either write data into, or read daterfithe ATU-R memory.
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9.2.5.3.1 Data read protocol

To read data from the ATU-R, the ATU-C shall send pprapriate read opcode message to the
ATU-R that specifies the register to be read. Afezeiving at least three identical and conseeutiv
acknowledgements, the ATU-C shall request the Eygé to be sent from the ATU-R by sending
"Next Byte" messages with bit four set to "1", icaling a request for an "odd" byte. The ATU-R
shall respond to these "Next Byte" messages byieghihem until it has received three such
messages consecutively, identically and propertiressed. Beginning with the third such reception,
the ATU-R shall respond by sending the first byt¢hefregister in the information field of an ADSL
EOC frame with bit four set to "1" to indicate "olgte" and with bit 3 set to "0" to indicate thagéth
EOC frame is a data frame (as opposed to a framedndains an opcode in the information field).
The ATU-C continues to send the "Next Byte" messagh bit four set to "odd byte", and the
ATU-R continues to respond with a data frame cointgithe first byte of data and bit four equal to
"odd byte", until the ATU-C has received at ledste consecutive, identical and properly addressed
data frames with bit four set to "odd byte".

If there are more data to be read, the ATU-C slegjlest the second byte of data by sending "Next
Byte" messages with bit four set to "0" ("even Byt&he ATU-R echoes all messages received until
three such "Next Byte" messages have been recearetipn the third consecutive, identical and

properly addressed "Next Byte" message, the ATUd&tsstsending data frames containing the

second byte of the register with bit four set teele byte". The ATU-C continues to send the "Next

Byte" message with bit four set to "even byte", dne ATU-R continues to respond with a data

frame containing the second byte of data and it $et to "even byte".

The process continues for the third and all subseduges with the value of bit four toggling from
"odd byte" to "even byte" or vice versa, on eactceading byte. Each time bit four is toggled, the
ATU-R echoes for two correct frames, and starts isgnithe data frame on the third reception. The
process ends only when all data in the registebkas read.

To continue reading data, once the ATU-R is in theaDRead odd or even State, the only message
that the ATU-C is allowed to send is the "Next Bytegssage with bit four toggling. To end the data
read mode abnormally, the ATU-C sends either "HdkteS or "Return to Normal”, depending on
whether any latched states are to be retainetielfAlTU-R receives any other message three times
consecutively, identically and properly addressédenit is in Data Read odd or even State, it shall
go into the UTC State.

If, after all bytes have been read from the ATU€eRister, the ATU-C continues to send the "Next
Byte" message with bit four toggled, then the ATl send an "End of Data” message (with bit
three set to "1" indicating opcode) beginning with third such reception.

For the ATU-C, the data read mode ends either wthe®TU-C has received the last requested data
byte three times consecutively, identically andperty addressed, or when the ATU-C has received
three consecutive, identical and properly addre88ad of Data" messages with bit three set to "1".
The ATU-C shall then switch itself and the ATU-R overthe Idle State with the "Hold State" or
"Return to Normal" message, and the ATU-R shallasdethe register and leaves the Data Read
State after receiving three identical, consecusind properly addressed "Hold State" or "Return to
Normal" messages.

9.2.5.3.2 Data write protocol

To write data to the ATU-R's memory, the ATU-C slsghd a "Write Data" opcode message to the
ATU-R that specifies the register to be written. Whine ATU-R acknowledges with three
consecutive, identical and properly addressed ewdssages, the ATU-C sends the first byte of data.
The ATU-R shall acknowledge the receipt of the byithan echo of the message. After the ATU-C
is satisfied with three identical, consecutive gmdperly addressed echo responses, it shall start
sending the next byte of data. Each time the ATU€gixes at least three identical and consecutive
correct data echo responses, it shall switch tdisgrthe next byte of data. It shall also toggle th
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"odd/even" bit accordingly. ("Next Byte" messagee aot used in the Data Write mode.) The
ATU-C shall end the write mode with the "End of Dataéssage indicating to the ATU-R to release
the register and return to the Idle State.

To continue writing data, once the ATU-R is in thetd%/rite odd or even state, the only message
that the ATU-C is allowed to send is the "DATA Byt@éessage with bit 3 set to "0" and with bit
four toggling or, to end the Data Write state abmalty, the ATU-C may switch to the "EOD"
message. If the ATU-R receives any other messagee thmes consecutively, identically and
properly addressed while it is in Data Write stétshall go into the UTC state.

If, after all bytes have been written to the ATU)ister, the ATU-C continues to send a next byte
of data, then the ATU-R shall send an "End of Datassage (with bit three set to "1" indicating
opcode), beginning with the third such reception.

9.2.5.4 "Dying gasp"

The ATU-R shall have the ability to detect when thecteical power has been shut off. After such
detection of a near-end Loss-of-Power (LPR) condlifseee 9.3.4.1), the ATU-R shall insert priority
EOC messages into the ADSL upstream data to implea&ying gasp” as an LPR indicator. The
"dying gasp" EOC message shall have bit 5 set tad@hdicate autonomous message, bit 3 set to
"1" to indicate opcode, and shall contain the "dygrasp” opcode (see Table 9-2) in the information
field.

At least six contiguous dying gasp EOC messaged bhainserted in the next (at least twelve)
available ADSL upstream bytes available for EOCGz(8e4.1) beginning with an even-numbered
frame, regardless of the number of EOC frames redeivthe downstream channel.

The ATU-C shall not send a response to a "dying gaspsSsage back to the ATU-R. An LPR
indicator is present at the ATU-C if at least 4 tdyigasp” messages are received within the last
twelve contiguous upstream bytes available for E@€ginning with the an even-numbered frame
(see Loss-of-Power primitive definition in 9.3.4ending the "dying gasp” shall not cause the
ATU-R to change the EOC protocol state, nor shaleireng it cause the ATU-C to immediately
change state.

9.3 In-service performance monitoring and surveillace

ADSL systems have been designed to deliver packdtdased payloads. However, when ADSL

systems operate in the STM mode non-cell basedpddbes may be transported. The performance
monitoring capabilities required to maintain thata paths are embedded within the packet/cell
systems. The ADSL system shall support the data ipathitoring requirements as required by the

specific payload technology (Figure 9-4).
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9.3.1 ADSL line related primitives

9.3.1.1 ADSL line related near-end anomalies

Four near-end anomalies are defined:

. Forward error correction interleaved (FEC-1) anomaly: An FEC-I anomaly occurs when
a received FEC code for the interleaved data streafitates that errors have been
corrected.

. Forward error correction fast (FEC-F) anomaly: An FEC-F anomaly occurs when a
received FEC code for the fast data stream indi¢htgserrors have been corrected.

. Cyclic redundancy check interleaved (CRC-I) anomalyA CRC-I anomaly occurs when

a received CRC-8 code for the interleaved datastns not identical to the corresponding
locally generated code.

. Cyclic redundancy check fast (CRC-F) anomaly A CRC-F anomaly occurs when a
received CRC-8 code for the fast data stream isdesttical to the corresponding locally
generated code.

9.3.1.2 ADSL line related far-end anomalies

Similarly, four far-end anomalies are defined:

. Far-end forward error correction interleaved (FFEC-I) anomaly: An FFEC-I anomaly is
an FEC-l1 anomaly detected at the far-end that i®rteg once per superframe by the
FECC-I indicator. The FECC-I indicator shall be coddd to indicate that no FEC-I
anomaly is present in the previous superframe aatl be coded to "0" to indicate that at
least one FEC-I anomaly is present in the previopedrame. An FFEC-1 anomaly occurs
when a received FECC-I indicator is set to "0". AREE-1 anomaly terminates when a
received FECC-I indicator is set to "1".
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9.3.1.3

Far-end forward error correction fast (FFEC-F) anomaly: An FFEC-F anomaly is an
FEC-F anomaly detected at the far-end and is reppamee per superframe by the FECC-F
indicator. The FECC-F indicator shall be coded apodmed in the same way as the FECC-I
indicator. The FFEC-F anomaly shall occur and terteima the same way as the FEBE-I
anomaly.

Far-end Block Error interleaved (FEBE-I) anomaly: An FEBE-I anomaly is a CRC-I
anomaly detected at the far-end and is reported pacsuperframe by the FEBE-I indicator
(see 7.4.1.1). The FEBE-I indicator shall be codeddlndicate that no CRC-I anomaly is
present in the previous superframe and shall bedct@i'to indicate that a CRC-I anomaly is
present in the previous superframe. An FEBE-I angroacurs when a received FEBE-I
indicator is set to "0". An FEBE-I anomaly termiratghen a received FEBE-I indicator is
setto"1".

Far-end Block Error fast (FEBE-F) anomaly. An FEBE-F anomaly is a CRC-F anomaly
detected at the far-end and is reported once peersame by the FEBE-F indicator

(see 7.4.1.1). The FEBE-F indicator shall be codedl reported in the same way as the
FEBE-I indicator. The FEBE-F anomaly shall occur agmininate in the same way as the
FEBE-I anomaly.

ADSL line related near-end defects

Two near-end defects are defined:

Loss-of-signal (LOS) defectA pilot tone reference power is established by agieg the
ADSL pilot tone power for 0.1 s after the startstéady state data transmission (i.e. after
initialization), and a threshold shall be set atBsbelow this. A LOS defect then occurs
when the level of the received ADSL pilot tone powaveraged over a 0.1 s. period, is
lower than the threshold, and terminates when nmedso the same way it is at or above the
threshold.

Severely errored frame (SEF) defectAn SEF defect occurs when the content of two
consecutively received ADSL synchronization symluslies not correlate with the expected
content over a subset of the tones. An SEF defeatinates when the content of two
consecutively received ADSL synchronization symlmmgelate with the expected contents
over the same subset. The correlation method, theted subset of tones, and the threshold
for declaring these defect conditions are impleraigon discretionary.

For Annex C, see C.6.1.

9.3.14

ADSL line related far-end defects

Similarly, two far-end defects are defined:
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Loss-of-signal (LOS) defect A reference power is established by averaging ABDSL
power over a 0.1 s period and over a subset ofstafier the start of steady state data
transmission (i.e. after initialization), and aetsinold shall be set at 6 dB below this. A LOS
defect occurs when the level of the received ADSWer, averaged over a 0.1 s period and
over the same subset of tones, is lower than tteshbld, and terminates when measured in
the same way it is at or above the threshold. Theset of tones, over which the ADSL
power is averaged, is implementation discretioraarg may be restricted at the ATU-R to
only the downstream pilot tone.

Far-end Remote defect indication (RDI) An RDI defect is an SEF defect detected at the
far-end and is reported once per superframe byRD¢ indicator. The RDI indicator
(see 7.4.1.1) shall be coded "1" to indicate tr@atSEF defect is present in the previous
superframe and shall be coded "0" to indicate #maSEF defect is present in the previous
superframe. An RDI defect occurs when a received RBicator is set to "0". An RDI
defect terminates when a received RDI indicat@eisto "1".

Recommendation G.992.1 (06/99)



For Annex C, see C.6.1.2.

9.3.2 STM data path related primitives

In case STM data are transported on the U-interfagaapus ADSL payload types can be used.
These payload types are not specified in this Recemadiation and are for further study. The ADSL
payload related primitives for STM transport arecsipe to a particular payload type and are for
further study.

9.3.3 ATM data path related primitives

9.3.3.1 ATM data path related near-end anomalies

Six near-end anomalies are defined:

. No Cell Delineation interleaved (NCD-I) anomaly An NCD-I anomaly occurs
immediately after ATM Cell TC start-up when ATM datee allocated to the interleaved
buffer and as long as the cell delineation prooggsating on these data is in the HUNT or
PRESYNC state (see Figure 7-3). Once cell delineasi@acquired, subsequent losses of cell
delineation shall be considered OCD-I anomalies.

. No Cell Delineation fast (NCD-F) anomaly An NCD-F anomaly occurs immediately after
ATM Cell TC start-up when ATM data are allocated te thast buffer and as long as the cell
delineation process operating on these data isham HUNT or PRESYNC state
(see Figure 7-3). Once cell delineation is acqyisetbsequent losses of cell delineation shall
be considered OCD-F anomalies.

. Out of Cell Delineation interleaved (OCD-1) anomaly An OCD-I anomaly occurs when
ATM data are allocated to the interleaved buffer drelcell delineation process operating
on these data transitions from SYNC to HUNT staé&e (Bigure 7-3). An OCD-I anomaly
terminates when the cell delineation process ttiansi from PRESYNC to SYNC state or
when the LCD-I defect maintenance state is entered.

. Out of Cell Delineation fast (OCD-F) anomaly An OCD-F anomaly occurs when ATM
data are allocated to the fast buffer and thedmslheation process operating on these data
transitions from SYNC to HUNT state (see Figure 78 OCD-F anomaly terminates
when the cell delineation process transitions flBRESYNC to SYNC state or when the
LCD-F defect maintenance state is entered.

. Header Error Control interleaved (HEC-1) anomaly: An HEC-I anomaly occurs when an
ATM cell header error check fails on the interleadeth (see 7.2.3.6).
. Header Error Control fast (HEC-F) anomaly: An HEC-F anomaly occurs when an ATM

cell header error check fails on the fast data {s26.6).

9.3.3.2 ATM data path related far-end anomalies

Similarly, six far-end anomalies are defined:

. Far-end No Cell Delineation interleaved (FNCD-I) ammaly: An FNCD-I anomaly is an
NCD-I anomaly detected at the far-end and is regodnce per superframe by the NCD-I
indicator (see 7.4.1.1). The NCD-I indicator shadl boded "1" to indicate no NCD-I
anomaly or OCD-I anomaly or LCD-I defect is presinthe previous superframe and shall
be coded "0" to indicate that at least one NCD-draaly or OCD-I anomaly or LCD-I
defect is present in the previous superframe. ACBN anomaly occurs immediately after
ATU start-up and terminates if a received NCD-I aador is coded "1".

. Far-end No Cell Delineation fast (FNCD-F) anomalyAn FNCD-F anomaly is an NCD-F
anomaly detected at the far-end and is reported pac superframe by the NCD-F indicator
(see 7.4.1.1). The NCD-F indicator shall be coded maported in the same way as the
NCD-I indicator. The FNCD-F anomaly shall occur @edminate in the same way as the
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FNCD-I anomaly.

Far-end Out of Cell Delineation interleaved (FOCD-) anomaly. An FOCD-I anomaly is
an OCD-1 anomaly detected at the far-end and isrteg once per superframe by the NCD-I
indicator (see 7.4.1.1). An FOCD-I anomaly occtinso FNCD-I anomaly is present and a
received NCD-I indicator is coded "0". An FOCD-Ilcemaly terminates if a received NCD-I
indicator is coded "1".

Far-end Out of Cell Delineation fast (FOCD-F) anomby: An FOCD-F anomaly is an
OCD-F anomaly detected at the far-end and is regavhce per superframe by the NCD-F
indicator (see 7.4.1.1). The FOCD-F anomaly sheduo and terminate in the same way as
the FOCD-I anomaly.

Far-end Header Error Control interleaved (FHEC-I) anomaly: An FHEC-I anomaly is
an HEC-1 anomaly detected at the far-end and isrtep@nce per superframe by the HEC-I
indicator (see 7.4.1.1). The HEC-I indicator shalldogled "1" to indicate that no HEC-I
anomaly is present in the previous superframe hatl Be coded "0" to indicate that at least
one HEC-I anomaly is present in the previous sugerd. An FHEC-I anomaly occurs when
a received HEC-I indicator is set to "0". An FHECHoaaly terminates when a received
HEC-I indicator is set to "1".

Far-end Header Error Control fast (FHEC-F) anomaly.: An FHEC-F anomaly is an
HEC-F anomaly detected at the far-end and is reppantee per superframe by the HEC-F
indicator (see 7.4.1.1). The HEC-F indicator shelkcbded and reported in the same way as
the HEC-I indicator. The FHEC-F anomaly shall occut terminate in the same way as the
FHEC-1 anomaly.

NOTE — The HEC-I and HEC-F anomalies are reportege@er superframe. This results in a low granylari
of hec anomaly reporting since hundreds of ATM<alhy be received over a one superframe time period

9.3.3.3 ATM data path related near-end defects
Two near-end defects are defined:

9.3.34

Loss of Cell Delineation interleaved (LCD-I) defect An LCD-I defect occurs when at
least one OCD-I anomaly is present in each of 4eoutive superframes and no SEF defect
is present. An LCD-I defect terminates when no OlGIDomaly is present in 4 consecutive
superframes.

Loss of Cell Delineation fast (LCD-F) defectAn LCD-F defect occurs when at least one
OCD-F anomaly is present in each of 4 consecutiygedrames and no SEF defect is
present. An LCD-F defect terminates when no OCdnaaly is present in 4 consecutive
superframes.

ATM data path related far-end defects

Similarly, two far-end defects are defined:
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Far-end Loss of Cell Delineation interleaved (FLCD) defect An FLCD-I defect is an
LCD-I defect detected at the far-end and is repbogethe NCD-I indicator (see 7.4.1.1). An
FLCD-I defect occurs when an FOCD-I anomaly is en¢sand 4 consecutively received
NCD-I indicators are coded 0 and no RDI defectresspnt. An FLCD-I defect terminates if
four consecutively received NCD-I indicators arele "1".

Far-end Loss of Cell Delineation fast (FLCD-F) defet: An FLCD-F defect is an LCD-F
defect detected at the far-end and is reportedhbyNCD-F indicator (see 7.4.1.1). An
FLCD-F defect occurs and terminates in the sameasaiie FLCD-I defect.
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9.3.4 Other ADSL indicators, parameters and signals

9.3.4.1 Other near-end primitives

One other near-end primitive is defined:

. Loss-of-power (LPR} An LPR primitive occurs when the ATU electrical slypfmains)
power drops to a level equal to or below the martufar-determined minimum power level
required to ensure proper operation of the ATU. AR primitive terminates when the
power level exceeds the manufacturer determinedmwam power level.

9.3.4.2 Other far-end primitives
Similarly, one other far-end primitive is defined:

. Far-end Loss-of-power (LPR) A far-end LPR primitive is an LPR primitive deted at
the far-end and is reported by the LPR indicatore TRR indicator shall be coded with
emergency priority in the next six available outgpEOC messages (see the EOC protocol
for "dying gasp" in 9.2.5.4). A far-end LPR priméi occurs when an LPR indicator is
present. A far-end LPR primitive terminates if ®rperiod of 0.5 s no LPR indicator is
present and no near-end LOS defect is present. dditon for an LPR indicator being
present is defined in the EOC protocol for "dying@a(9.2.5.4).

9.4 Failures and Performance Parameters

Failures, performance parameters and storage auodtireg thereof shall be implemented as defined
in Recommendation G.997.1.

9.5 Test Parameters

The attenuation (ATN) and signal-to-noise ratio (SMiJrgin test parameters apply to on-demand
test requests; e.g. to check for adequate physiedia performance margin at acceptance and after
repair verification, or at any other time followinipe execution of initialization and training
sequence of the ADSL system. ATN and SNR, as meddyréhe receivers at both the ATU-C and
the ATU-R shall be externally accessible from the ATUbut they are not required to be
continuously monitored. They are made available ema&hd as defined in 9.2.3.

9.5.1 Near-end test parameters

The following near-end test parameters shall beigeavat the ATU-C and the ATU-R:

. Attenuation (ATN): The attenuation is the difference in dB betweenpbwer received at
the near-end and that transmitted from the far-Bedeived signal power in dBm is the sum
of all data-carrying (i.eb; >0) DMT subcarrier powers averaged over a 1 secamibg
Transmitted signal power is —3.65 —2110 log @giz) dBm, summed over the data-carrying
subcarriers. The attenuation ranges from 0 to 68.with 0.5 dB steps.

. Signal-to-Noise Ratio (SNR) margin The signal-to-noise ratio margin represents the
amount of increased received noise (in dB) relatovéhe noise power that the system is

designed to tolerate and still meet the target BER1057, accounting for all coding
(e.g. trellis coding, RS FEC) gains included in tesign. The SNR margin ranges from
—64.0 dB tot+63.5 dB with 0.5 dB steps.

For Annex C, see C.6.2.1.
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9.5.2 Far-end test parameters

The following far-end test parameters shall be ptediat the ATU-C:

. Far-end Attenuation (ATN): The far-end attenuation is the attenuation measatetie
far-end. It can be read from the EOC ATN registengishe EOC command set (see 9.2.4).
The EOC ATN register shall be coded as an unsignemhent ranging from 0 to 127,
corresponding to a 0 to 63.5 dB attenuation (0.5tps).

. Far-end Signal-to-Noise Ratio (SNR) marginThe far-end signal-to-noise ratio margin is
the signal-to-noise ratio margin measured at theria. It can be read from the EOC SNR
register using the EOC command set (see 9.2.4). Tl &R register shall be coded as a
2's complement signed integer, ranging from -128 +i®7, corresponding to a
—64 t0o+63.5 dB signal-to-noise ratio margin (0.5 dB steps)

For Annex C, see C.6.2.2.

10 Initialization

10.1 Overview

10.1.1 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
Recommendation G.994.1. This clause specifies tlmsdeiver initialization and training

procedures.

In order to maximize the throughput and reliabilifiythis link, ADSL transceivers shall determine
certain relevant attributes of the connecting clebrand establish transmission and processing
characteristics suitable to that channel. The time ¢f Figure 10-1 provides an overview of this
process. In Figure 10-1, each receiver can deterthia relevant attributes of the channel through
the transceiver training and channel analysis phaass. Certain processing and transmission
characteristics can also be established at eadkivezcduring this time. During the exchange
process, each receiver shares with its correspgridirend transmitter certain transmission settings
that it expects to see. Specifically, each recetaenmunicates 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 Procedurgs Transceiver training Channel analysis Exchange
(10.2 and G.994.1) (10.4) (10.6) (10.8)
ATU-R
Handshake Procedures Transceiver training Channel analysis Exchange
(10.3 and G.994.1) (10.5) (10.7) (10.9)
Time -

Figure 10-1/G.992.1 — Overview of initialization

Determination of channel attribute values and distaiment of transmission characteristics requires
that each transceiver produce, and appropriatsiyored to, a specific set of precisely-timed signals
This clause describes these initialization signaleng with the rules that determine the proper
starting and ending time for each signal. This dpB8on is made through the definition of
initialization signalling states in which each tsaaiver will reside, and the definition of
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initialization signals that each transceiver wiingrate. A state and the signal generated whtlgain
state have the same name, which may sometimedafity, 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 of Figuresl 10-10-4; details of the timing of the states are
shown in Figures 10-5 and 10-6. The dashed arroglisate that the change of state in the ATU-x at
the head of the arrow is caused by a successfaptien of the last signal shown in the box at the
base of the arrow. For example, in Figure 10-3, AfidJ-R stays in state R-REVERB3 until it
finishes receiving C-CRC2, at which point it mowas to R-SEGUE?2 after an appropriate delay
(see 10.7.2).

NOTE — The figures show the sequence of eventsuceessful initialization.

An overall state diagram is specified in Annex xliding the handling of failures to detect signals
timeouts, etc.

The description of a signal will consist of threetpa

. The first part is a description of the voltage efrm that the transmitter shall produce at its
output when in the corresponding state. The outpoitage waveform of a given
initialization signal is described using the DMT nsanitter reference models shown in
Figures 5-1 to 5-4.

. The second is a statement of the required duratixpressed in DMT symbol periods, of the
signal. This signal duration may be a constant oy depend upon the detected signalling
state of the far-end transceiver. The duration eingle DMT symbol period depends on
whether the cyclic prefix is being used; some atization signals contain a cyclic prefix,
and some do not. ATU-C signals up to and includir§EGUEL are transmitted without a
cyclic prefix; those from C-RATES1 on are transmitteith a prefix. Similarly, ATU-R
signals up to and including R-SEGUEL1 do not use fxptbose from R-REVERB3 onward
do. The duration of any signal in seconds is theeetbe defined number of DMT symbol
periods times the duration of the DMT symbol beisgdu

. The third part of a signal's description is aestant of the rule specifying the next state.

10.1.2 Transparency to methods of separating upstaen and downstream signals

Manufacturers may choose to implement this Recondiat&on using either frequency-division-
multiplexing (FDM) or echo cancelling (overlappgeestrum) to separate upstream and downstream
signals. The initialization procedure described hemeures compatibility between these different
implementations by specifying all upstream and dgivaam control signals to be in the appropriate,
but narrower, frequency bands that would be usedrb¥DD transceiver, and by defining a time
period during which an overlapped spectrum tranecaian train its echo canceller.

10.1.3 Implementation of service options for ADSL

The initialization procedure described here useglsitones to identify specific options. The
frequencies of these tones vary depending uponheh¢lte ADSL service is offered with POTS or
ISDN service as defined in Recommendation G.96efgix I, Il, or IlI.

These frequencies are therefore identified here aslyariables, which are defined in Annexes A, B,
and C of this Recommendation.

10.1.4 Resetting during initialization and data traasmission

Resetting may occur if errors or malfunctions agtedted or timeout limits are exceeded at various
points in the initialization sequence and SHOWTIM. ATU executes a reset by transitioning to
G.994.1 procedures. An ATU-R detecting an error @mrd shall transition to R-SILENTO
(see Recommendation G.994.1). An ATU-C detecting earor condition shall transition to
C-SILENT1 (see Recommendation G.994.1).
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Annex D specifies the state transitions that shadlur if errors or malfunctions are detected or
timeout limits are exceeded at various points m itfitialization sequence. Annex D also specifies
conditions for which retraining may be required idgrdata transmission (i.e. after a successful
initialization).

10.1.5 Initialization with Hyperframe (Annex C only)
For Annex C, see C.7.1.

10.2 Handshake — ATU-C

The detailed procedures for handshake at the ATWeQafined in Recommendation G.994.1. An
ATU-C, after power-up or on conditions shown in FguD.1l, shall enter the initial
Recommendation G.994.1 state C-SILENT1. The ATU-C mrapsition to C-TONES under
instruction of the network. From either state, @pien shall proceed according to the procedures
defined in Recommendation G.994.1.

If G.994.1 procedures select this Recommendatiothasmode of operation, the ATU-C shall
transition to state C-QUIET2 at the conclusion 0f33.9 operation. All subsequent signals shall be
transmitted using PSD levels as defined in the nedea of this subclause.

10.2.1 CL messages

An ATU-C wishing to indicate G.992.1 capabilitiesans.994.1 CL message shall do so by setting
to ONE at least one of the Standard Information d=gbPar(1)} G.992.1 bits as defined in
Table 23/G.994.1. For each G.992.1 {SPar(1)} bittegDNE, a corresponding {NPar(2)} field shall
also be present (see 9.4/G.994.1). The G.994.1 Cisage:{NPar(2)} fields corresponding to the
{SPar(1)} bits are defined in Table 10-1.

Table 10-1/G.992.1 — ATU-C CL message NPar(2) bieéinitions

NPar(2) bit Definition
R-ACK1 Shall always be set to ONE. Signifies that the AT\ capable of sending
C-PILOT1A, C-QUIET3A, C-PILOT2 and C-QUIETS5 duritigansceiver training.
R-ACK2 Shall always be set to ONE in a CL message. Segithat the ATU-C is capable of

sending C-PILOT1, C-PILOT2 and C-PILOTS3 during seaiver training.
Tones 1to 32| See B.3.1.1.

STM If set to ONE, signifies that the ATU-C candmnfigured for STM bit sync transport.

ATM If set to ONE, signifies that the ATU-C can benfigured for ATM cell transport.

EOC-Clear If set to ONE, signifies that the ATU-C supporesmission and reception of G.997.1
OAM frames.

DBM See C.7.2.1.

At least one of the STM and ATM bits shall be seDE in a CL message.

10.2.2 MS messages

An ATU-C selecting a G.992.1 mode of operation {8.894.1 MS message shall do so by setting to
ONE the appropriate Standard Information Field {$P&r G.992.1 bits as defined in
Table 23/G.994.1. For the G.992.1 {SPar(1)} bitteeONE, a corresponding {NPar(2)} field shall
also be present (see 9.4/G.994.1). The G.994.1 Ms3age {NPar(2)} fields corresponding to the
{SPar(1)} bit are defined in Table 10-2.
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Table 10-2/G.992.1 — ATU-C MS message NPar(2) biefinitions

NPar(2) bit Definition
R-ACK1 Signifies that the ATU-C shall send C-PILOT1A, C-{BEJ3A, C-PILOT2 and
C-QUIETS during transceiver training.
R-ACK2 Signifies that the ATU-C shall send C-PILOT1, C-BIL2 and C-PILOT3 during

transceiver training.

Tones 1to 32| See B.3.1.2.

ST™M Signifies that the ATU-C is configured for STt sync transport.
ATM Signifies that the ATU-C is configured for ATkEll transport.

EOC-Clear | Setto ONE, if and only this bit was set to ONBbath last previous CL message and
last previous CLR message. Signifies that both AT8@nrd ATU-R may transmit and
receive G.997.1 OAM frames.

DBM See C.7.2.2.

One and only one of the R-ACK1 and R-ACK2 bits Ehalset to ONE in an MS message sent from
the ATU-C. If both bits are enabled in the CL andROhessage, the R-ACK1 or R-ACK2 selection
is at the ATU-C's discretion.

One and only one of the STM and ATM bits shall betsdDNE in an MS message sent from the
ATU-C. If both bits are enabled in the CL and CLRssege, the STM or ATM selection is at the
ATU-C's discretion.

10.3 Handshake — ATU-R

The detailed procedures for handshake at the ATUWeRlafined in Recommendation G.994.1. An
ATU-R, after power-up or on conditions shown in FguD.2, shall enter the initial G.994.1 state
R-SILENTO. Upon command from the host controller, &iEU-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 Rewendation G.994.1.

If G.994.1 procedures select this Recommendatiothasmode of operation, the ATU-R shall
transition to state R-QUIET2 at the conclusion 0f93.9 operation. All subsequent signals shall be
transmitted using PSD levels as defined in the nedea of this subclause.

10.3.1 CLR messages

An ATU-R wishing to indicate G.992.1 capabilitiesarG.994.1 CLR message shall do so by setting
to ONE at least one of the Standard Information d=gbPar(1)} G.992.1 bits as defined in
Table 23/G.994.1. For each G.992.1 {SPar(1)} bittegDNE, a corresponding {NPar(2)} field shall
also be present (see 9.4/G.994.1). The G.994.1 Ceéssage {NPar(2)} fields corresponding to the
{SPar(1)} bits are defined in Table 10-3.
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Table 10-3/G.992.1 — ATU-R CLR message NPar(2) Wiefinitions

NPar(2) bit Definition
R-ACK1 If set to ONE, signifies that the ATU-R is capabfaeceiving C-PILOT1A,
C-QUIET3A, C-PILOT2 and C-QUIETS during transceiveining.
R-ACK2 If set to ONE, signifies that the ATU-R is capabfaeceiving C-PILOT1, C-PILOT2

and C-PILOT3 during transceiver training.
Tones 1to 32| SeeB.3.2.1.

STM If set to ONE, signifies that the ATU-R candmnfigured for STM bit sync transport.

ATM If set to ONE, signifies that the ATU-R can benfigured for ATM cell transport.

EOC-Clear If set to ONE, signifies that the ATU-R suppor@smission and reception of G.997.1
OAM frames.

DBM See C.7.3.1.

At least one of the R-ACK1 and R-ACK2 bits shallda to ONE in a CLR message.
At least one of the STM and ATM bits shall be seDME in a CLR message.

10.3.2 MS messages

An ATU-R selecting a G.992.1 mode of operation {8.894.1 MS message shall do so by setting to
ONE the appropriate Standard Information Field {$P&r G.992.1 bits as defined in
Table 23/G.994.1. For the G.992.1 {SPar(1)} bitteeONE, a corresponding {NPar(2)} field shall
also be present (see 9.4/G.994.1). The G.994.1 Ms3age {NPar(2)} fields corresponding to the
{SPar(1)} bit are defined in Table 10-4.

Table 10-4/G.992.1 — ATU-R MS message NPar(2) biefinitions

NPar(2) bit Definition
R-ACK1 Signifies that the ATU-C shall send C-PILOT1A, C-{BJ3A, C-PILOT2 and
C-QUIETS during transceiver training.
R-ACK2 Signifies that the ATU-C shall send C-PILOT1, C-BIL2 and C-PILOT3 during

transceiver training.
Tones 1 to 32 See B.3.2.2.

STM Set to ONE if and only if this bit was set to ONEioth the last previous CL message
and the last previous CLR message. Signifies teATU-C and ATU-R shall be
configured for STM bit sync transport.

ATM Set to ONE if and only if this bit was set to ONEioth the last previous CL message
and the last previous CLR message. Signifies teATTU-C and ATU-R shall be
configured for ATM cell transport.

EOC-Clear Set to ONE, if and only this bit was set to ONBba@th last previous CL message and
last previous CLR message. Signifies that both AT&@nd ATU-R may transmit and
receive G.997.1 OAM frames.

DBM See C.7.3.2.

One and only one of the R-ACK1 and R-ACK2 bits khalset to ONE in an MS message sent from
the ATU-R. If both bits are enabled in the CL andROlessage, the R-ACK1 or R-ACK2 selection
is at the ATU-R's discretion.

One and only one of the STM and ATM bits shall betsgDNE in an MS message sent from the
ATU-R. If both bits are enabled in the CL and CLRss&ge, the STM or ATM selection is at the
ATU-R's discretion.

90 Recommendation G.992.1 (06/99)



10.4  Transceiver training — ATU-C

This subclause and 10.5 describe the signals trétesivduring transceiver training by the ATU-C
and ATU-R, respectively. Synchronization of the nalittraining begins with the transmission of
R-REVERBLI1 (see 10.5.2), and is maintained througkmaining by both transceivers counting the
number of symbols from that point on.

QUIET signals are defined as zero output voltage fiteerDAC of Figures 5-1 through 5-4.

ATU-C
C-FLAG2 C-PILOT1 C-QUIET5
(G.994.1) (10.4.2) (10.4.9)
C-QUIET2 C-REVERB1| C-PILOT2 C-ECT |C-REVERBZ2 C-REVERB3
(104.1) [copiLoT1a| (10.4.5) (10.4.6) (10.4.7) (10.4.8) (10.4.11)
C-GALF2 and C-PILOT3
(G.994.1) C-QUIET3A (10.4.10)
(10.4.3 & 4)
4
(Note)
ATU-R
R-FLAG2
(G.994.1)
R-QUIET2 R-REVERB1 R-QUIET3 R-ECT |R-REVERB2
(10.5.1) (10.5.2) (10.5.3) (10.5.4) (10.5.5)
R-GALF2
(G.994.1)
T1532630-99
Time -

NOTE - Because the ATU-C and ATU-R states are symiked from this point on, no more "cause-andatffarrows are shown.

Figure 10-2/G.992.1 — Timing diagram of transceivetraining (10.4-10.5)

10.4.1 C-QUIET2

C-QUIET2 begins at the termination of either C-FLAG2r C-GALF2 (see
Recommendation G.994.1).

The minimum duration of C-QUIET2 is 128 symbols. Theximaim duration of C-QUIET?2 is
2048 symbols.

The state that the ATU-C enters following C-QUIET2 dejseupon parameters negotiated in the
(G.994.1 procedure.

10.4.2 C-PILOT1

During C-PILOT1, the ATU-C shall measure the aggregateived upstream power on a subset of
the subcarriers transmitted during R-REVERB1, andrethe calculate a downstream PSD
(see 10.4.5).

Within 16 symbols after detection of the first sywhbf R-REVERB1 the ATU-C shall start a timer:
this establishes synchronization of the subsequansitions between states at ATU-C and ATU-R.
After 512 symbols the ATU-C shall go to C-REVERBL. Thina minimum duration of C-PILOT is
512 symbols, but it will exceed this by the roung-propagation and signal-processing time plus
the amount of time required by ATU-R to detect CBTLl and respond by transmitting
R-REVERBL (see 10.5.2).
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C-PILOTL1 is a single frequency sinusoid@bp, o11 defined as:

X _{ 0, kinc_p“_o-rl,OSkSZSG
k= _
Ac-piLoT1y K=Nc-piLoT1

with k = nc_p) o1 defined in Annexes A, B and @¢.pj oT1 Shall be such that the transmit power
level is —3.65 dBm. The duration of C-PILOT1 can pda4436 symbols.

C-REVERBL1 follows C-PILOT1.
For Annex A, see A.1.1.

For Annex B, see B.3.6.

For Annex C, see C.7.4.1.

10.4.3 C-PILOT1A

C-PILOT1A is the same transmitted signal as C-PIL@I4.2). The duration of C-PILOT1A can
be up to 4000 symbols. The exact duration of C-AIL® depends upon the duration of R-QUIET2.

Within 16 symbols after detection of the first syohbf R-REVERB1 the ATU-C shall start a timer
(this establishes synchronization of the subseqtramsitions between states at the ATU-C and
ATU-R) and shall proceed to C-QUIET3A.

An ATU-C implementation which would like to know thaen ATU-R will acquire pilot lock prior to
the start of R-REVERBL1 can detect the length of R

C-QUIETS3A follows C-PILOT1A.

10.4.4 C-QUIET3A

Within 512 to 516 symbols after detection of thistfisymbol of R-REVERBL1, the ATU-C shall go
to C-REVERB1. Thus the minimum duration of C-QUIET3A 542-16 (496) symbols, the
maximum is 516 symbols. The total duration of C-QUBE and C-PILOT1A is a minimum of
512 symbols, but it will exceed this (up to a maximduration of 4436 symbols) by the round-trip
propagation and signal-processing time plus theuamtof time required by ATU-R to detect
C-PILOT1A and respond by transmitting R-REVERB1.

C-REVERBLI1 follows C-QUIET3A.

10.4.5 C-REVERB1

C-REVERBLI1 is a signal that allows the ATU-C and ATU<Reiver to adjust its automatic gain
control (AGC) to an appropriate level. The data grattused in C-REVERB1 shall be the
pseudo-random downstream sequence (PERYor n = 1 to 512, defined in 7.11.3 and repeated
here for convenience:

dh=1 forn=1t09 (10-1)
=dnsO0dpg forn=10to 512

The bits shall be used as follows: the first paib$ d; andd,) is used for the DC and Nyquist
subcarriers (the power assigned to them is, ofssgurero, so the bits are effectively ignored)nthe
the first and second bits of subsequent pairs seel to define the; andY; fori = 1 to 255 as
defined in Table 7-13.

The period of PRD is only 511 bits, $3;» shall be equal tal;. The bitsd; to dg shall be
re-initialized for each symbol, so each symbol éeREVERBL is identical.

Bits 129 and 130, which modulate the pilot carrevall be overwritten by {0,0}: generating the
{+,+} constellation.

92 Recommendation G.992.1 (06/99)



The duration of C-REVERBL1 is 512 (repeating) symbatbout cyclic prefix.

10.4.5.1 Power Cut-back

The nominal transmit PSD for C-REVERBL1 is —40 dBm/He. 3.65 dBm total transmit power in
any 4.3125 kHz wide sliding window over the usedgtand). If, however, the total upstream power
measured during R-REVERBL1 exceeds the levels defin#te appropriate Annex (A, B or C), the

transmit PSD shall be reduced to a level of —4@pcg dBm/Hz as defined in that annex with
Npcg =0 to 6.

For Annexes A and C, see A.3.1.
For Annex B, see B.3.3.

10.4.6 C-PILOT2

The C-PILOT2 signal is the same as C-PILOTL1; the ttrais 3072 symbols. C-ECT follows
C-PILOT2.

10.4.7 C-ECT

C-ECT is a vendor-defined signal that is used totthe echo canceller at ATU-C for overlapped
spectrum implementations. Vendors of FDM versioamgehcomplete freedom to define their C-ECT
signal. The duration of C-ECT, however, is fixed aR Symbols. The receiver at ATU-R should
ignore this signal. C-REVERB2 follows C-ECT.

NOTE — The level of the ADSL signal in the frequeriand from O to about 10 kHz that leaks through th
POTS low-pass filter is tightly limited (see AnngEx Therefore it is recommended that subcarrietsnbt be
used for C-ECT, or, at least, that they be trartechiait a much lower level.

Annex B supplemental information appears in B.3.11.

10.4.8 C-REVERB2

C-REVERB?2 is a signal that allows the ATU-R receiv@perform synchronization and to train any
receiver equalizer. C-REVERB2 is the same as C-REVER&E 10.4.5). The duration of
C-REVERB?2 is 1536 (repeating) symbols without cygrefix. The state following C-REVERB2
depends upon negotiated parameters in Recommenda@94.1.

10.4.9 C-QUIETS
The duration of C-QUIETS is 512 symbols. C-REVERB3dwai$ C-QUIETS.

10.4.10 C-PILOT3
C-PILOTS3 signal is the same as C-PILOT1 (10.4.2). dimation of C-PILOT3 is 512 symbols.
C-REVERB3 follows C-PILOTS3.

10.4.11 C-REVERB3

C-REVERBS3 is a second training signal, which allotws ATU-R receiver to perform or maintain
synchronization and to further train any receiveuadizer. C-REVERB3 is the same as
C-REVERB2 (see 10.4.8). The duration of C-REVERB3 &41(epeating) symbols without cyclic
prefix. This is the last segment of transceivemniraj. C-SEGUEL follows immediately.

10.5 Transceiver training — ATU-R

10.5.1 R-QUIET2

R-QUIET2 begins at the termination of either R-FLAG2r R-GALF2 (see
Recommendation G.994.1).
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The minimum duration of R-QUIET2 is 128 DMT symbolteathe detection of C-PILOT1/1A. The
ATU-R shall progress to R-REVERBL1 only after it hasedted any part of C-PILOT1/1A that is
needed for reliable detection. The maximum duradioR-QUIET2 of 8000 symbols.

Loop timing is defined as the combination of thavelg of an ADC clock to the received signal
(i.e. to the other transceiver's DAC clock), anieigythe local DAC and ADC clocks together. Loop
timing shall always be performed at the ATU-R. Lomping shall be acquired during the period that
begins with the start of R-QUIET2 and ends before [#% 512 symbols of R-REVERB1. An
ATU-C may train its equalizer during the last 51thbpls of R-REVERB1. Such equalizer training,
at the ATU-C, requires sufficient sampling cloclalstity at the ATU-R transmitter. After loop
timing is acquired at ATU-R, the ATU-R shall reacguioop timing after a period with free running
timing (i.e. no C-PILOT over maximum 512 symbols)tn 512 symbols after the C-PILOT
reappearing. This applies to C-QUIET5 and may alstydppC-QUIET3A and C-ECT.

NOTE — The delay in the ATU-R in going from R-QUIETo R-REVERBL. is to allow the possibility that the
ATU-R may fully synchronize its time base beforendiag R-REVERB1 and the possibility that the
implementation of G.994.1 and G.992.1 may be iras#p entities.

10.5.2 R-REVERB1
R-REVERBL is used to allow the ATU-C to:

. measure the upstream wideband power in ordatjtstathe ATU-C transmit power level,
. adjust its receiver gain control;
. synchronize its receiver and train its equalizer.

The bits shall be used as defined in Annexes A,dB@&n
For Annex A, see A.3.5.

For Annex B, see B.3.7.

For Annex C, see C.7.5.2.

The period of PRD is only 63 bits, dgy shall be equal td;.

The d; to dg shall be re-initialized for each symbol, so eagimizol of R-REVERB1 uses the same
data.

The nominal transmit PSD for R-REVERB1 and all subsagupstream signals is —38 dBm/Hz
(i.,e. —1.65 dBm total transmit power in any 4.3123z wide sliding window over the used
passband).

R-REVERBL1 is a periodic signal, without cyclic prefithat is transmitted consecutively for
4096 symbols. The first 512 symbols coincide witlQOIET3 or C-PILOT1 signal in time, the
second 512 symbols coincide with C-REVERB1, and tagt 3072 symbols coincide with
C-PILOT2. R-QUIET3 immediately follows R-REVERBL1.

10.5.3 R-QUIET3

The duration of R-QUIET3 is 2048 symbols, of which flist 512 symbols coincide with C-ECT in
time, and the next 1536 symbols coincide with C-REBERThe final symbol of R-QUIET3 may

be shortened by any number of samples to accommddatsmitter-to-receiver frame alignment.
R-ECT immediately follows R-QUIETS3.

10.5.4 R-ECT

R-ECT, similar to C-ECT, is a vendor-defined signal thhay be used to train an echo canceller at
ATU-R. Vendors of FDM versions have absolute freedondefine R-ECT signal. The duration of
R-ECT, however, is fixed at 512 DMT symbols. The reeeiat ATU-C ignores this signal.
R-REVERB?2 follows R-ECT.
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NOTE - The level of the ADSL signal in the frequgtiand from 0 to about 10 kHz that leaks through th
POTS low-pass filter is tightly limited (see AnnEx Therefore it is recommended that subcarrietsndt be
used for R-ECT, or, at least, that they be trartechiat a much lower level.

Annex B supplemental information appears in B.3.11.

10.5.5 R-REVERB2

The signal R-REVERB?2 is the same as R-REVERB1 (see2)0i6.can be used by ATU-C to

perform timing recovery and receiver equalizernireg. The duration of R-REVERB2 shall be
between 1024 and 1056 symbols. This signal is $teskegment of transceiver training. ATU-R then
begins channel analysis and starts transmittingeERAIE 1.

10.6  Channel analysis (ATU-C)

ATU-C
C-RATES1,
C-SEGUE1 C-CRC1, C-MEDLEY C-REVERB4
(10.6.1) C-MSG1, and (10.6.6) (10.8.1)
C-CRC2
(10.6.2-10.6.5)
ATU-R l
R-RATESI,
R-SEGUE1 R-REVERB3 R-SEGUE2 R-CRC1, R-MEDLEY R-REVERB4
(10.7.1) (10.7.2) (10.7.3) R-MSG1, and (10.7.8) (10.7.9)
R-CRC2
(10.7.4-10.7.7)

Time -

Figure 10-3/G.992.1 — Timing diagram of channel argsis (10.6-10.7)

During channel analysis the synchronization betwd&t-C and ATU-R may be broken during

R-REVERB3, which has an indefinite duration; this gmtial timeout is described in 10.7.2.

Furthermore, if during channel analysis any CRCckrmum indicates an error in any of the control
data, this shall trigger a reset to C-SILENT1 (seedtnmendation G.994.1).

10.6.1 C-SEGUE1l

Except for the pilot tone, C-SEGUE1 shall be generditeoh a tone-by-tone 180 degree phase
reversal of C-REVERBL1 (i.e+ maps to —, and — maps tg for each of the 4-QAM signal
constellation). The duration of C-SEGUEL is 10 (rejpgatsymbol periods. Following C-SEGUE1,
ATU-C enters state C-RATESL1.

10.6.2 C-RATES1

C-RATESL is the first ATU-C signal for which a cycpieefix (defined in 7.12) is used. The purpose

of C-RATESL is to transmit four options for data satnd formats to the ATU-R. Each option

consists of three fields:

. Br lists the number of bytes in the fast buffer facke of ASO, AS1, AS2, AS3, LSO, LS1,
LS2, LSO (upstream), LS1 (upstream), LS2 (upstregmhnels, in that ordeBg has a total
of 80 & 10 x 8) bits. The first 8 bits oBr specify the number of bytes in ASO, the second
8 bits specify the number of bytes in AS1, and soEach byte oBg is transmitted with
least significant bit first.

. B, similarly lists the number of bytes in the internled buffer. In order to support data rates
greater than 8 Mbit/s, th® field is eight bits.
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. {RS, RS, S I, FSLS2)} is a ten-byte quantity comprising (one bgteh):
— theR% field, containingRS, the number of parity bytes per symbol in the dewneam
fast buffer, with & RS < 63 andRS equal toRr (Rr is defined in 7.4.1.2.1);

— theRS field, containing the value d®S, the number of parity bytes per symbol in the

downstream interleave buffer, with=ORS < 63 andRS§ equal toR/S (R, andS are
defined in 7.4.1.2.2);

— the S field, containing the value of§5 the number of symbols per codeword
(downstream), with & S< 63;

— thel field, containing the eight least significant ditgo | of the downstream interleave
depth in codewords, with91 < 128;

— the FS(LS2) field is a field of eight zeros;

— the same five quantitieRf, RS, S |, FSLS2)} in the upstream direction (one-byte
each, in that order).

The four options are transmitted in order of deagreppreference. C-RATESL is preceded by a
4-byte prefix of {01010101 01010101 01010101 01@1QY Table 10-5 summarizes C-RATESI.

Table 10-5/G.992.1 — C-RATES1

Prefi Option 1 Option 2 Option 3 Option 4
refix

Be | B | RRSI| Be | Bl | RRSI| Be | B | RRSI|Bg| B, | RRSI
Number of bytes 4 10 10 10 210 10 1p {10 (10 10 | 1D 10

Only one bit of information is transmitted in eayimbol of C-RATESL1: a zero bit is encoded to one
symbol of C-REVERB1 and a one bit is encoded to gmebsl of C-SEGUEL. Since there are a
total of 992 bits of C-RATESL1 information, the duoatiof C-RATESL1 is 992 symbols. The 992 bits
are to be transmitted in the order shown in Tabl®,1®ith the least significant bit first. That itet

least significant bit of option Bg, is to be transmitted during the 33rd symbol dRETES1, after
the prefix. Following C-RATES]1, the ATU-C shall enstate C-CRC1.

10.6.3 C-CRC1

C-CRC1 is a cyclic redundancy check for detectibereors in the reception of C-RATES1 at the
ATU-R. The CRC bits are computed from the C-RATES1 Usiag the equation:

oD) = a(D) D*°® modulo g(D), (10-2)
where:
a(D) = ag D%+ ay D% ... + agsg (10-3)

is the message polynomial formed from the 960 dit€-RATES1, with g the least significant bit
of the first byte of C-RATESL (i.e. optionBE);

g(D)=D*®+ D%+ D’ +1 (10-4)
is the CRC generator polynomial, and
c(D)= D™ +ciD™ | +cuD +cis (10-5)

is the CRC check polynomial.

The 16 bitscg-c15 are transmittedcf first and ¢;5 last) in 16-symbol periods using the method
described in 10.6.2. Following C-CRC1, the ATU-Clkbater state C-MSG1.
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10.6.4 C-MSG1

C-MSG1 transmits a 48-bit message signal to the ARTUThis message includes vendor
identification, ATU-C transmit power level used,lli;ecode option, echo canceller option, etc. The

messagenm, is defined by:

m ={myz, My, ..., My, Mo}

(10-6)

with mp being transmitted first. The message componentslefieed in the following subclauses,
and their assigned positions within the composissagem, are defined in Table 10-6.

A total of 48 symbol periods are used to commueidie 48-bit message, using the encoding
method described in 10.6.2. Following C-MSG1, thHdJAC shall enter signalling state C-CRC2.

Table 10-6/G.992.1 — Assignment of 48 bits of C-MSG

Suffix(ces) ofm; (Note 1) Parameter (Note 3)
47-44 Minimum required downstream SNR margin at initiatian
(Note 2)
43-18 Reserved for future use
17 Trellis coding option
16 Overlapped spectrum option (Note 4)
15 Unused (shall be set to "1")
14-12 Reserved for future use
11 NTR
10-9 Framing mode
8-6 Transmit PSD during initialization
54 Reserved
3,2,1,0 Maximum numbers of bits per subcarnigmperted
NOTE 1 — Within the separate fields the least $iggunt bits have the lowest subscripts.
NOTE 2 — A positive number of dB; binary coded OdE&
NOTE 3 — All reserved bits shall be set to "0".
NOTE 4 — The initialization sequence allows foemtorking of overlapped and non-overlapped spectfum
implementations. Therefore, this indication isifdormation only.

10.6.4.1 Minimum required SNR margin — Bits 47-44
Binary coded O to 15 dB.

10.6.4.2 Trellis coding option — Bit 17

my7 = 0 indicates no trellis coding capabilityy 7 = 1 indicates trellis coding capability.

10.6.4.3 Overlapped Spectrum option — Bit 16

myg = 0 indicates no echo cancellatiomg = 1 indicates echo cancellation.

10.6.4.4 Unused - Bit 15

my 5 shall be set to "1".
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10.6.45 NTR-Bit11

M1 = 1 indicates that the ATU-C will use indicator bib3 to ib20 as defined in 7.3.2 for the
transport of the NTR.

10.6.4.6 Framing mode — Bits 10, 9

Mo andmg are used by the ATU-C to indicate which of the fénaming structures is to be used
(see 7.4). The lowest framing structure indicatedhieyATU-C or ATU-R shall be used.

10.6.4.7 Transmit PSD during initialization — Bits8, 7, 6

The ATU-C shall report the level of C-REVERB1 choseraassult of the calculation described in
10.4.5. The encoding rules fog, m, m; are shown in Table 10-7.

Table 10-7/G.992.1 — C-MSGL1 encoding rules for traamit PSD during C-REVERB1

Mg my Mg PSD dBm/Hz

1 1 1 -40

1 1 0 —42

1 0 1 —44

1 0 0 —-46

0 1 1 —48

0 1 0 -50

0 0 1 -52
NOTE — The rules for selecting a reduced PSD ldepknd on the service option, and are defined in
Annexes A, B and C; the levels themselves are imdggnt of the service option, and are defined here)

10.6.4.8 Maximum numbers of bits per subcarrier suported — Bits 3-0

The Ngownmax (transmit) capability shall be binary encoded oftg, ..., my} (e.g. 1103 = 13). The
maximum number of bits for the upstream d&dgmax that the ATU-C receiver can support need
not be signalled to the ATU-R; it will be implicitiithe bits and gains message, C-B&G, which is
transmitted after channel analysis.

10.6.5 C-CRC2

C-CRC2 is a cyclic redundancy check for detectibreroors in the reception of C-MSG1 at the
ATU-R. The CRC generator polynomial is as defined@6.3. The CRC message polynomial is as
constructed in 10.6.3, withny corresponding togaandmy; corresponding to4sa The CRC check
polynomial is generated in the same way as definel0.6.3. These 16 bits are transmitted in
16-symbol periods using the method described i6.20Following C-CRC2, the ATU-C shall enter
signalling state C-MEDLEY.

10.6.6 C-MEDLEY

C-MEDLEY is a wideband pseudo-random signal used dstimation at the ATU-R of the
downstream SNR. The data to be transmitted are etefrom the pseudo-random sequence, PRD,
and modulated as defined in 10.4.5. In contra€s-REVERB1, however, the cyclic prefix is used
and the data sequence continues from one symhtbktoext (i.ed; to dg are not re-initialized for
each symbol); since PRD is of length 511, and 512 dre used for each symbol, the subcarrier
vector for C-MEDLEY therefore changes from one syhgmriod to the next. The pilot subcarrier is
overwritten by the«,+) signal constellation. C-MEDLEY is transmitted fo§ 384 symbol periods.
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Following C-MEDLEY the ATU-C shall enter the state ENNERB4.

10.7  Channel analysis (ATU-R)

During channel analysis there are two situationerelthe ATU-R will reset itself to R-SILENTO
(see Recommendation G.994.1): a timeout and a tddtemrror in the received control data. A
timeout occurs if the time in R-REVERB3 exceeds thetlof 4000 symbols. Also, if any C-CRC
checksum indicates there is an error in the redesantrol data, then it shall trigger a reset to
R-SILENTO (see Recommendation G.994.1).

10.7.1 R-SEGUE1l

R-SEGUEL1 is generated from a tone-by-tone 180 dqmrase reversal of R-REVERBL1 (i-emaps
to —, and — maps te+, for each of the 4-QAM signal constellation). Theation of R-SEGUEL1 is
10-symbol periods. Following R-SEGUE1 the ATU-R slealfer state R-REVERBS3.

10.7.2 R-REVERB3

R-REVERBS3 is similar to R-REVERB1 (see 10.5.2); theyatifference is that R-REVERB3 is the
first ATU-R signal with the addition of a cyclic gbe to every symbol (defined in 8.11.4). The
duration of R-REVERB3 is not fixed but has a maximam4000 symbols. If C-CRC2 is not
detected within 4000 symbols, the ATU-R shall timeoand reset to R-SILENTO
(see Recommendation G.994.1). After detection ®@AT-ES1 through C-CRC2, the ATU-R shall
continue to send R-REVERB3 for 20 additional symib&fore entering R-SEGUEZ2.

10.7.3 R-SEGUE2

The signal R-SEGUE?2 is similar to R-SEGUEL (see 10.Th&);only difference is the addition of
the cyclic prefix. Following R-SEGUE2 the ATU-R shaltiter state R-RATESL1.

10.7.4 R-RATES1
See Table 10-8.

Table 10-8/G.992.1 — R-RATES1

Option 1 Option 2 Option 3 Option 4
Be| B | RRSI| B | B, | RRSI| B: | B, | RRSI| B | B, | RRSI
Number of bytes 4 3 3 5 K 3 5 3 B 5 3 |3 B

Prefix

The purpose of R-RATESL for the upstream channehesstime as that of C-RATESL1 for the
downstream channel (see 10.6.2). Each option cerwHishree fields:

. Br lists the number of bytes in the fast buffer facke of LSO, LS1, LS2, in that ordéBi
has a total of 2453 x 8) bits. The first 8 bits &g specify the number of bytes in LSO, the

second 8 bits specify the number of bytes in L3, 0 on. Each byte & is transmitted
with least significant bit first;

. B, similarly lists the number of bytes in the intented buffer;
. {RS, RS, S I, FSLS2)} is a five-byte quantity comprising:
— RE, the number of parity bytes per symbol in the bagter (upstream);

— RS, the number of parity bytes per symbol in therieve buffer (upstream);
— S the number of symbols per codeword (upstream);
— 1, the interleave depth (upstream) in codewords$hferinterleave buffer;

Recommendation G.992.1 (06/99) 99



— FS(LS2) is afield of eight zeros.

The four options are transmitted in order of dedgreppreference. For the present system, ATU-C
has control over all the data rates, so R-RATES1opgied from the appropriate fields of
C-RATESL.

Only one bit of information is transmitted duringcd symbol period of R-RATESL1: a zero bit is
encoded to one symbol of R-REVERB1 and a one binaed to one symbol of R-SEGUEL1
(with addition of cyclic prefix). Since there aréadal of 384 bits of RATES1 information, the lehgt
of R-RATESL is 384 symbols. The 384 bits are to bestratted in the order shown in Table 10-8,
with the least significant bit first. That is, theakt significant bit of option B (see Table 10-8), is
to be transmitted during the 33rd symbol of R-RATE&Ter the prefix. Following R-RATES1, the
ATU-R shall enter state R-CRC1.

10.7.5 R-CRC1

R-CRC1 is a cyclic redundancy check intended fotec®n of an error in the reception of
R-RATESL1 at the ATU-C. The CRC polynomial ¢(D) and geter polynomial g(D) are the same
as for C-CRC1 (see 10.6.3). The 16 bigsacgs are transmitted (cfirst and gs last) in 16-symbol
periods using the same method as R-RATES1 (see LOFbHowing R-CRC1, the ATU-R shall
enter state R-MSG1.

10.7.6 R-MSG1

R-MSG1 transmits a 48-bit message signal to the ATUThis message includes vendor
identification, trellis code option, echo canceldgtion, etc. The messagm, is defined by:

m ={my7, My, ..., My, Mo} (10-7)

with my, the least significant bit, being transmittedtfilthe message components are defined in the
following subclauses, and their assigned positwitkin the composite message, are defined in
Table 10-9.

A total of 48-symbol periods are used to commueiddie 48-bit message, using the encoding
method described in 10.7.4. Following R-MSG1, thdJAR shall enter signalling state R-CRC2.

Table 10-9/G.992.1 — Assignment of 48 bits of R-MSG

Suffix(ces) ofm; (Note 1) Parameter (Note 2)
47-18 Reserved for future use
17 Trellis coding option
16 Overlapped spectrum option (Note 3)
15 Unused (shall be set to "1")
14 Support of higher bit rates (51/2) (see 7.6.3)
13 Support of dual latency downstream
12 Support of dual latency upstream
11 Network Timing Reference
10,9 Framing mode
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Table 10-9/G.992.1 — Assignment of 48 bits of R-M3Gconcluded)

Suffix(ces) ofm; (Note 1) Parameter (Note 2)
8-4 Reserved for future use
3-0 Maximum numbers of bits per subcarrier suppbrte

NOTE 1 — Within the separate fields the least figgut bits have the lowest subscripts.
NOTE 2 — All reserved bits shall be set to "0".

NOTE 3 — The initialization sequence allows foemtorking of overlapped and non-overlapped spectfum
implementations. Therefore, this indication isifdormation only.

10.7.6.1 Trellis coding option — Bit 17

my7 = 0 indicates no trellis coding capabilityy7 = 1 indicates trellis coding capability.

10.7.6.2 Echo cancellation option — Bit 16

M6 = 0 indicates no echo cancellationjg = 1 indicates echo cancellation.

10.7.6.3 Unused - Bit 15

my 5 shall be set to "1".

10.7.6.4 Framing Mode — Bits 10, 9

Mo andmg are used by the ATU-R to indicate which of the fénaming structures is to be used
(see 8.4). The lowest framing structure indicatedhieyATU-C or ATU-R shall be used.

10.7.6.5 Network timing reference — Bit 4

my = 1 indicates the ATU-R supports reconstruction of tletwork timing reference from the
downstream indicator bits 23-20.

10.7.6.6 Maximum numbers of bits per subcarrier suported — Bits 3-0

The Nypmax (transmit) capability is encoded ontand .. mp} with a conventional binary
representation (e.g. 119% 13).

NOTE — The maximum number of bits for the downstredata, Ngownmax that the ATU-R receiver can
support need not be signalled to the ATU-C; it Wil implicit in the bits and gains message, R-B&@ich
is transmitted after channel analysis.

10.7.7 R-CRC2

R-CRC2 is a cyclic redundancy check for detectibreroors in the reception of R-MSG1 at the
ATU-C. The CRC generator polynomial is as defined0n/.5. The CRC message polynomial is as
constructed in 10.7.5, witing corresponding togaand my; corresponding tosa. The CRC check
polynomial is generated in exactly the same wagessribed in 10.7.5. These 16 bits are transmitted
in 16-symbol periods using the method describedr7.5. Following R-CRC2, the ATU-R shall
enter state R-MEDLEY.

10.7.8 R-MEDLEY

R-MEDLEY is a wideband pseudo-random signal usede&timation of the upstream SNR at the
ATU-C. The data to be transmitted are derived fromgbeudo-random sequence PRU defined in
10.5.2. In contrast to R-REVERBL1, however, the cygrefix is used and the data sequence
continues from one symbol to the next (deto dg are not re-initialized for each symbol). Because
the sequence is of length 63, and 64 bits are @lecach symbol, the subcarrier vector for
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R-MEDLEY changes from one symbol period to the neRtMEDLEY is transmitted for
16 384 symbol periods. Following R-MEDLEY the ATU-Rters signalling state R-REVERBA4.

For Annex B, see B.3.8.
For Annex C, see C.7.8.3.

10.7.9 R-REVERB4

R-REVERB4 is the same as R-REVERB3 (see 10.7.2). Thatidor of R-REVERB4 is
128 symbols. This signal marks the end of channalyars, and R-SEGUE3 immediately follows
R-REVERBA4.
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10.8

Exchange — ATU-C

The timing diagram of exchange is shown in Figurel10

I | |
I | I
| : ! R-SEGUE3
| ! ! (10.9.1)
| C-REVERB4 | !
! (10.8.1) !
| I R-MSG-RA,
| | R-CRC-RAL,
' ! R-RATES-RA and
C-SEGUE2 | Tl R-CRC-RA2
(1082 | e (10.9.2-10.9.5)
C-RATES-RA,
C-CRC-RAL, ) ]
C-MSG-RA and R R(El\(’)%Rg) RA
C-CRC-RA2 -
(10.8.3-10.8.6)
R-SEGUE-RA
(10.9.7)
C-REVERB-RA R-MSG2,
R-RATES2 and
R-CRC4
(10.9.8-10.9.11)
C-SEGUE-RA
(10.8.8)
C-MSG2,
C-CRC3, R-REVERB5
C-RATES?2, (10.9.12)
C-CRC4,
C-B&G and
C-CRC5
(10.8.9-10.8.14)
R-SEGUE4
(10.9.13)
C-REVERB5
(10.8.15) R-B&G and
R-CRC5
(10.9.14-10.9.15)
C-SEGUES3 R-REVERB6
(10.8.16) (10.9.16)
R-SEGUE5
(10.9.17)

T1532640-99

Figure 10-4/G.992.1 — Timing diagram of exchange
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During exchange there are two events that shalbecdahe ATU-C to reset to C-SILENT1 (see
Recommendation G.994.1): timeouts and error detechy a CRC checksum. The exchange
procedure is partly synchronized between ATU-C afdJAR, and partly interactive. During the
interactive part (C-REVERB4, C-REVERB5, C-REVERB-RA) mdbut shall occur when the time
in the C-REVERB4 state exceeds 6000 symbols or winen time in C-REVERB-RA or
C-REVERBS state exceeds 4000 symbols.

10.8.1 C-REVERB4

C-REVERB4 is similar to C-REVERB2 (see 10.4.8), theyadifference being the addition of a
cyclic prefix on every symbol, and a maximum dumatdf 6000 symbols. C-REVERB4 continues
into the exchange procedure, and its duration idired. The timeout features of C-REVERB4 are
defined in 10.8.4.

If the ATU-C does not detect R-CRC-RA2 within 600@mbols, it shall timeout and reset to
C-SILENT1 (see Recommendation G.994.1). After detactif R-SEGUES3 through R-CRC-RAZ2,

the ATU-C shall continue to transmit C-REVERB4 for tnrey 80 symbols before progressing to
state C-SEGUEZ2.

10.8.2 C-SEGUE2

The signal C-SEGUE?2 is the same as C-SEGUEL1 (see 1at&I)nly difference is the addition of
the cyclic prefix. The duration of C-SEGUE2 is 10 swinperiods. Following C-SEGUE?2 the
ATU-C shall enter state C-RATES-RA to begin a secotwhange of rates.

10.8.3 C-RATES-RA

C-RATES-RA is used to send four new options for tpamnts configuration for both upstream and
downstream. C-RATES-RA content is not constrainegieyious messages (e.g. C-RATES1 and
R-MSG-RA).

These options will, in general, be closer to theinopin bit rate for the channel than those in
C-RATES], and should be based on the channel infmmedceived in R-MSG-RA.

The format of C-RATES-RA is the same as that of C-RATE&cept that the 4-byte prefix

(55 55 55 55%) is not transmitted, and the signal is transmittight bits per symbol, as defined for
C-MSG2 (see 10.8.9). The duration of C-RATES-RA is §gdbols.

The {RS, RS, S |, FSLS2)} shall have an extended syntax (compared 4@ATESL). It is a
ten-byte quantity comprising (one byte each):

. theR& field, containingRS:, the number of parity bytes per symbol in the dstngam fast
buffer in bits 5 (MSB) to 0 (LSB) witRRS equal toRr (Rr is defined in 7.4.1.2.1);

. theRS field, containing:

— the value oRS, the number of parity bytes per symbol in the detneam interleave
buffer, in bits 5 (MSB) to 0 (LSB), witliR§ equal toR/S (R, and S are defined in
7.4.1.2.2); and;

— the most significant biBg of B, (AS0), the number of payload bytes in the ASO &ear
channel in the downstream interleave buffer, in/bit
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. theSfield, containing:
— the value of the number of downstream symbols per codewordiidtream) in bits 5
(MSB) to 0 (LSB). The necessity to use=3/2 would be indicated by Kk R, > 255

(see 7.4.1.2.2 and 7.6.4). Nevertheless Sfeld bits 5-0 shall be coded {00000
indicate S= 1/2;

— the two most significant bitslg and Ig, of the downstream interleave depth in
codewords], in bits 7 and 6;

. thel field, containing the eight least significant bitsto I of the downstream interleave
depth in codewords;

. theFS(LS2)ield, containing eight zero bits;

. the same five quantitieRRg, RS, S, |, FYLS2)} in the upstream direction (one-byte each,

in that order).

The four options are transmitted in order of dedrepgpreference. Table 10-10 summarizes
C-RATES-RA and Table 10-11 summarizes the RRSI fields.

Table 10-10/G.992.1 — C-RATES-RA

Option 1 Option 2 Option 3 Option 4
Be| B | RRSI| Bz | B, | RRSI| B: | B, | RRSI| Bz | B, | RRSI
Number of byteg 1Q 10 10 10 10 10 10 [10 10 10 |10 10

Table 10-11/G.992.1 — RRSI fields of C-RATES-RA

~00000 bitsDOODO -
fields 7 6 5 4 3 2 1 0
RS 0 0 value of R&
MSB LSB
RS Bs 0 value of R$
(ASO) MSB LSB
S lg g value of S
MSB LSB
I I7 le I lq I3 I Iy lo
FS(LS2) value of FS(LS2¥et to{0000000G}

10.8.4 C-CRC-RAl

C-CRC-RALl is a cyclic redundancy check for detectid errors in the reception of C-RATES-RA
at the ATU-R. Its relation to C-RATES-RAL is the saa® that of C-CRC3 to C-MSG2 (see
10.8.10). Its 16 bits shall be transmitted in 2 bygia (see 10.8.9). Following C-CRC-RA1, the
ATU-C shall enter state C-MSG-RA.
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10.8.5 C-MSG-RA
C-MSG-RA is the same in format &MSG1,; the bit assignment is as shown in Table20-1

Table 10-12/G.992.1 —Assignment of 48 bits of C-MSBA

Suffix(ces) ofm; Parameter (Note 2)
(Note 1)

47-44 New minimum required downstream ATU-R noisagin at initialization

43-38 Minimum required downstream ATU-R noise margintigesly state
(=32 to+31 dB)

37-32 Maximum allowed downstream ATU-R noise margin &iatization and
in steady state (—32 %81 dB)

31-0 Reserved for future use

NOTE 1 — Within the separate fields the least figgut bits have the lowest subscripts.
NOTE 2 — All reserved bits shall be set to "0".
NOTE 3 — Minimum and maximum values are defineRatommendation G.997.1.

NOTE 4 — Only the minimum and maximum downstreanJAR noise margins are communicated to the
ATU-R. This information is needed for the downsineB&G table calculation at the ATU-R. The
minimum and maximum upstream ATU-C noise margiesused locally at the ATU-C for the upstream
B&G table calculation.

The 48 bits are transmitted in 6 symbols (see 10.Bdlowing C-MSG-RA the ATU-C shall enter
state C-CRC-RAZ2.

10.8.6 C-CRC-RA2

C-CRC-RA2 is a cyclic redundancy check for detectd errors in the reception of C-MSG-RA at
the ATU-R. Its relation to C-MSG-RA is the same laat tof C-CRC3 to C-MSG2 (see 10.8.10). Its
16 bits shall be transmitted in 2 symbols (see .Bp.&ollowing C-CRC-RA2, the ATU-C shall
enter state C-REVERB-RA.

10.8.7 C-REVERB-RA

C-REVERB-RA is the same as C-REVERBA4. If, however, #&U-C does not detect
R-SEGUE-RA within 4000 symbols it shall timeout aneset to C-SILENT1 (see
Recommendation G.994.1). After detection of R-CR@®% ATU-C shall continue to transmit
C-REVERB-RA for at least another 80 symbols befor@imgpto state C-SEGUE-RA.

10.8.8 C-SEGUE-RA

C-SEGUE-RA is the same as C-SEGUE2. Following C-SEGUEHR ATU-C shall enter state
C-MSG2.

10.8.9 C-MSG2

C-MSG2 transmits a 32-bit message signal to the &RTThis message includes the total number of
bits per symbol supported, the estimated upstremop httenuation, and the performance margin
with the selected rate option. The messages defined by:

m :{rn311 Mo, ...,My, rrb} (10-8)

with mp being transmitted first. The message componentslefieed in the following subclauses,
and their assigned positions within the composissagem, are defined in Table 10-13.
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Table 10-13/G.992.1 — Assignment of 32 bits of C-NE2

Suffix(ces) ofm; (Note 1) Parameter (Note 2)
31-26 Estimated average loop attenuation
25-21 Reserved for future use
20-16 Performance margin with selected rate option
15-9 Reserved for future use
8-0 Total number of bits supported
NOTE 1 — Within the separate fields the least $iggunt bits have the lowest subscripts.
NOTE 2 — All reserved bits shall be set to "0".

A total of 4-symbol periods are used to communith&e32-bit message, with 8 bits transmitted on
each symbol. Two bits are encoded onto each of tibeasriers numberea;c.usg2 through

(n1c-msa2 + 3) using the 4-QAM constellation labelling givem 7.11.3 (for the synchronization
symbol) and 10.4.5 (for C-REVERBL1). The same two &itsalso encoded in the same way onto a

set of backup carriers, namely, subcarrigis.msc2 through foc.msge2+ 3). The least significant
byte of the message is transmitted in the firstisyinof C-MSG2, with the two least significant bits
of each byte encoded onto carrievgc.msc2 and noc.msgz In addition, the pilot, subcarrier

Nc.piLoT1, Shall be modulated with-{+). Following C-MSGZ2, the ATU-C shall enter signadjistate
C-CRC3.

Nic-msa2andnoc.vsaeshall be used as defined in Annexes A, B and C.
For Annex A, see A.3.8.

For Annex B, see B.3.9.

For Annex C, see C.7.9.1.

10.8.9.1 Estimated average upstream loop attenuatio

During channel analysis the ATU-C receiver estim#tesupstream channel gain of each subcarrier
in preparation for computing the SNR for each toieshall also calculate the average loop
attenuation. This attenuation is defined as theedifice between the total maximum transmit power
(as defined in A.2.4.3.3 for Annexes A and C, amdi2.2.3.2 for Annex B) and the total received
power, rounded to the nearest 0.5 dB.

For Annexes A and C, see A.3.2.

For Annex B, see B.3.4.

The attenuation is encoded into bits 31-26 of C-M3&2he integer binary representation of twice
the attenuation (e.qg. if the average attenuati@1iS dB then fngy, ...,mpgt = 101013).

10.8.9.2 Performance margin with selected rate o

The ATU-C receiver shall select one of the ratesomgstisent from the ATU-C during C-RATES-RA
with a satisfactory upstream performance margins Halected option is encoded in C-RATES2.
This margin (rounded to the nearest dB) is encodedhits 20-16 of C-MSG2 using a conventional

binary representation (e.qg. if the margin is 9 bé&nt{my, ...,M g} = 01001).
10.8.9.3 Total number of bits per symbol supported

The ATU-C receiver shall also calculate the maximwmber of bits per symbol that the upstream

channel can support with the performance margimddfin C-MSG-RA at an error rate of 10
This number is encoded into bits 8-0 using a coneeal binary representation [e.g. if the
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maximum number of bits that can be supported is 1@ata rate =

{mg, ...,mo} =001111113].
10.8.10 C-CRC3

C-CRC3 is a cyclic redundancy check for detectibrermors in the reception of C-MSG2 at the
ATU-R. The CRC polynomial c¢(D) and generator polynaingi(D) are the same as for C-CRC1, as
defined in 10.6.3. These 16 bits shall be transthitie2-symbol periods using the method described

in 10.8.9. Following C-CRC3, the ATU-C shall enta&ate C-RATESZ2.

10.8.11 C-RATES2

C-RATES?2 is the reply to R-RATES-RA. It combines théesied downstream option with the
selected upstream option. It thus transmits thal fiecision on the rates that will be used in both

directions.

The ATU-C shall not change the downstream option ftioat selected in R-RATES2.

The length of C-RATES2 is 8 bits, and the bit patferrC-RATES2 is shown in Table 10-14. Other
bit patterns that are not specified in the tabke @served for future use. If none of the options
requested during C-RATES1 or C-RATES-RA can be impléetenATU-C then returns to
C-SILENT1 (see Recommendation G.994.1) for retrainfdDge symbol period is used to transmit
these 8 bits using the method described in 10Bo8owing C-RATES2, the ATU-C shall enter

signalling state C-CRCA4.

Table 10-14/G.992.1 — Bit pattern for C-RATES2

(Downstream, upstream)

Bit pattern for C-RATES2 (MSB first) (Note)

(option 1, option 1) 0001000%
(option 1, option 2) 00010019
(option 1, option 3) 00010109
(option 1, option 4) 00011009
(option 2, option 1) 0010000%
(option 2, option 2) 00100010
(option 2, option 3) 00100109
(option 2, option 4) 00101009
(option 3, option 1) 0100000%
(option 3, option 2) 01000019
(option 3, option 3) 01000108
(option 3, option 4) 01001008
(option 4, option 1) 1000000%
(option 4, option 2) 10000019
(option 4, option 3) 10000109
(option 4, option 4) 10001009
All options fail 00000009

NOTE — All other bit patterns that are not showa r@served for future use.
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10.8.12 C-CRC4

C-CRC4 is a cyclic redundancy check for detectibrereors in the reception of C-RATES2 at the
ATU-R. lIts relation to C-RATES2 is the same as thaCaLRC3 to C-MSG2. Its 16 bits shall be
transmitted in 2 symbols (see 10.8.11). Followin@RC4, the ATU-C shall enter state C-B&G.

10.8.13 C-B&G
For Annex B, see B.3.12.
For Annex C, see C.7.9.2.

C-B&G shall be used to transmit to the ATU-R theslaind gains informationp{, g1, by, o, ..., ba1,
031}, that are to be used on the upstream carrlgnisdicates the number of bits to be coded by the

ATU-R transmitter onto thegh upstream carrieg; indicates the scale factor, relative to the gaat th
was used for that carrier during the transmissibiR-dMEDLEY, that shall be applied to théh
upstream carrier. Because no bits or energy wiliremesmitted at DC or one-half the sampling rate,

bo, go, b32, andgs, are all presumed to be zero and shall not bertriiesl.

Eachb; shall be represented as an unsigned 4-bit integtr,valid b;s lying in the range of zero to

Nupmax the maximum number of bits that the ATU-R is predae modulate onto any subcarrier,
which is communicated in R-MSG1.

Each g; shall be represented as an unsigned 12-bit fix@dtpjuantity, with the binary point
assumed just to the right of the third most sigamit bit. For example, & with binary
representation (most significant bit listed fir81.010000009would instruct the ATU-R to scale

the constellation for carridr by a gain factor of 1.25, so that the power iat tbarrier shall be
1.94 dB higher than it was during R-MEDLEY.

For subcarriers on which no data are to be tramsdhiand the receiver will never allocate bits (e.g
out-of-band subcarriers) bothandg; shall be set to zero (009@nd 00000000 00@0respectively).
For subcarriers on which no data are to be cugérdhsmitted, but the receiver may allocate bits
later (e.g. as a result of an SNR improvement) ptlahall be set to zero and theto a value in the
0.19 to 1.33 range (000.0011009®6 001.0101010%L).

The C-B&G information shall be mapped in a 496-62 pyte) messaga defined by:

m = {Mygs5, Mygy, ..., My, Mo} = {Ja1, b31, ..., 01, b1}, (10-9)

with the MSB ofb; andg; in the highem index andmy being transmitted first. The messagehall
be transmitted in 62 symbols, using the transmissiethod as described in 10.8.9.

Following C-B&G, the ATU-C shall enter the state ®C5.

10.8.14 C-CRC5

C-CRCS5 is a cyclic redundancy check for detectibremors in the reception of C-B&G at the
ATU-R. lIts relation to C-B&G is the same as that@CRC3 to C-MSG2. Its 16 bits shall be
transmitted in 2 symbols (see 10.8.9). FollowingCREC5, the ATU-C shall enter state
C-REVERBS.

10.8.15 C-REVERBS5

C-REVERBS is the same as C-REVERB4 (see 10.8.1). Thedififkrence is the maximum duration
of 4000 symbols. The duration of C-REVERB5 dependsnuihe state of the ATU-R and the
internal processing of the ATU-C. The ATU-C shall samt C-REVERBS until it has received,
checked the reliability of, and established in A¥J-C transmitter, the downstream bits and gains
information contained in R-B&G. If bits and gainsfarmation is not received, checked and
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established within 4000 symbols, the ATU-C shalmdaout and reset to C-SILENT1
(see Recommendation G.994.1). The ATU-C shall etdte €-SEGUE3 as soon as it is prepared to
transmit according to the conditions specified iB&G.

10.8.16 C-SEGUES3

C-SEGUERS is used to notify the ATU-R that the ATU-Glmut to enter the steady-state signalling
state C-SHOWTIME. The signal C-SEGUES is the same-8&&GUE2 (see 10.8.2). The duration
of C-SEGUE3 is 10 symbol periods. Following C-SEGUES ATU-C has completed initialization
and shall enter state C-SHOWTIME.

10.9 Exchange — ATU-R

During exchange there are two cases when the ABU&R reset itself: timeouts and error detection
by a CRC checksum. Both shall trigger a reset ®IIEENTO (see Recommendation G.994.1). The
exchange procedure is partly synchronized betwe€l-8 and ATU-R, and partly interactive.
During the interactive parts (R-REVERB-RA, R-REVERB% &REVERBG6) a timeout shall occur
when the time in either state exceeds 4000 symbols.

10.9.1 R-SEGUE3

The signal R-SEGUE3 is the same as R-SEGUE2 (see 10Th8)duration of R-SEGUES is
10 symbol periods. Following R-SEGUE3 the ATU-R shatter state R-MSG-RA to begin a
second exchange of rates.

10.9.2 R-MSG-RA

R-MSG-RA is similar to R-MSG2, but expanded by 8&.bThe bit assignments are as shown in
Table 10-15.

Table 10-15/G.992.1 — Assignment of 80 bits of R-MESRA

Suffix(ces) ofm; (Note 1) Parameter (Note 2)
79-56 Reserved for future use
55-49 Number of RS overhead bytes, (R)
48-40 Number of RS payload bytes, (K)
39-32 Number of tones carrying data (ncloaded)
31-25 Estimated average loop attenuation
24-21 Coding gain
20-16 Performance margin with selected rate option
15-14 Reserved for future use
13-12 Maximum Interleave Depth
11-0 Total number of bits per DMT symbol ;Bx
NOTE 1 — Within the separate fields the least $iggunt bits have the lowest subscripts.
NOTE 2 — All reserved bits shall be set to "0".

For Annex C, see C.7.10.1.

10.9.2.1 Number or RS overhead bytes (R)
This is the R (Ror R, as defined in 7.4.1.2) parameter used to cakeBat.

This parameter shall be calculated assuming siatgaty operation with $ 1.
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10.9.2.2 Number of RS payload bytes (K)
This is the K (K or Kg, as defined in 7.4.1.2) parameter used to caleBat,.

This parameter shall be calculated assuming siatgaty operation with $ 1.

10.9.2.3 Number or tones carrying data (ncloaded)

This is the number of subcarriers wii> 0 used to calculate B
10.9.2.4 Estimated average loop attenuation

This parameter shall be defined as in R-MSG2, se28.0

10.9.2.5 Coding gain

The coding gain of RS FEC and trellis coding as usexlculate B,ax
The coding gain is expressed in steps of 0.5 dBerOtto 7.5 dB range.

10.9.2.6 Performance margin with selected rate o

This parameter shall be defined as in R-MSG2, se2.8.0lf R-RATES-RA indicates "no option
selected”, then this parameter shall be set to dO'reflect the performance margin in dB

corresponding to Rax (which may be 0 to 3 dB above the minimum requeSfdR margin).

10.9.2.7 Maximum Interleaving Depth

This parameter shall reflect the maximum interleguitepth supported by the ATU-R receiver as
defined in Table 10-16.

Table 10-16/G.992.1 — Bit settings for Maximum Intdeaving Depth

Bit 13 Bit 12 Dnax
0 0 64 (mandatory)
0 1 128 (optional)
1 0 256 (optional)
1 1 512 (optional)

10.9.2.8 Total number of bits supported (Bax)

This parameter shall be defined as in R-MSG2, se28.0f both ATU-C and ATU-R support trellis
coding, then trellis coding shall be assumed whaoutating Bnax.

The following relationship exists betweep & ncloaded, K and R:
With trellis coding ax=8x (K + R/S) + roundupfcloaded?) + 4=3 by
Without trellis coding Biax=8x (K + RIS =Z b

For Annex C, see C.7.10.1.1.

10.9.3 R-CRC-RA1l

R-CRC-RAL is a cyclic redundancy check for detettd errors in the reception of R-MSG-RA. Its
relation to R-MSG-RA is the same as that of R-CRER-MSG2. Following R-CRC-RAL, the
ATU-R shall enter state R-RATES-RA.
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10.9.4 R-RATES-RA

R-RATES-RA is the reply to C-RATES1 based on the resnfitthe downstream channel analysis

and is similar to R-RATES2. Instead of listing #g B, as in C-RATES1, the ATU-R does one of
the following:

. sends back only the option number of the highesa rate that can be supported based on
the measured SNR of the downstream channel (nabgaikito account impulse noise
resilience);

. indicates that no option selection was made iat time, but will be made later based on
C-RATES-RA information;

. indicates none of the options requested durifg XJEES1 can be implemented.

As in R-RATES2, 4 bits are used for the option numBeiotal of 8 bits are used for R-RATES-RA,
and the bit patterns are shown in Table 10-17. Qihgratterns that are not specified in the talée a
reserved for future use. One symbol period is usedransmit these 8 bits using the method
described in 10.9.8. Following R-RATES-RA, the ATURal enter state R-CRC-RAZ2.

The format of R-RATES-RA is the same as R-RATES2, exiepthe additional bit pattern used to
indicate "no option selected".

Table 10-17/G.992.1 — Bit pattern for R-RATES-RA

Downstream Bit pattern for R-RATES-RA (MSB first)
Option 1 00010003
Option 2 00100019
Option 3 01000109
Option 4 10001009
No option selected 0000000%
All options fail 00000009
NOTE — All other bit patterns that are not showa r@served for future use.

10.9.5 R-CRC-RA2

R-CRC-RAZ2 is a cyclic redundancy check for detecttd errors in the reception of R-RATES-RA.
Its relation to R-RATES-RA is the same as that of RI3 to R-MSG2. Following R-CRC-RA2,
the ATU-R shall enter state R-REVERB-RA.

10.9.6 R-REVERB-RA

R-REVERB-RA is the same as R-REVERB3 (see 10.7.2). Tinatidn of R-REVERB-RA depends

upon the signalling state of the ATU-C and the m&krprocessing of the ATU-R, but has a
maximum of 4000 symbols. The ATU-R shall transmit RMERB-RA until it has received and

checked the reliability of the upstream bits anchg@anformation contained in C-RATES-RA. After

the ATU-R has received C-CRC-RAZ2, it shall contirtoetransmit R-REVERB-RA for another

64 symbols. It shall then enter R-SEGUE-RA.

If it has not successfully detected all the consigihals within 4000 symbols, it shall timeout and
reset to R-SILENTO (see Recommendation G.994.1).

10.9.7 R-SEGUE-RA

R-SEGUE-RA is the same as R-SEGUEA4. Following R-SEGUE1Re ATU-R shall enter state
R-MSG2.
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10.9.8 R-MSG2

R-MSG2 transmits a 32-bit message signal to the A£TThis message includes the total number of
bits per symbol supported, the estimated downstieam attenuation, and the performance margin
with the selected rate option. The messages defined by:

m :{rn311 Mz, ..., My, rrb} (10-10)

with mp being transmitted first. The message componentslefieed in the following subclauses,
and their assigned positions within the composissagem, are defined in Table 10-18.

Table 10-18/G.992.1 — Assignment of 32 bits of R-NE2

Suffix(ces) ofm; (Note 1) Parameter (Note 2)
31-25 Estimated average loop attenuation
24-21 Reserved for future use
20-16 Performance margin with selected rate option
15-12 Reserved for future use
11-0 Total number of bits supported
NOTE 1 — Within the separate fields the least $iggunt bits have the lowest subscripts.
NOTE 2 — All reserved bits shall be set to "0".

A total of 4 symbol periods are used to communitiage32-bit message, with 8 bits transmitted on
each symbol. Two bits are encoded onto each of theasriers numberetr.vsc2 through

(n1r-msa2t 3) using the 4-QAM constellation labelling givem 8.11.3 (for the synchronization
symbol) and 10.4.5 (for C-REVERB1). The same two &itsalso encoded in the same way onto a

set of backup carriers, namely, subcarrieig.vysc2 through (or.msgot 3). The least significant
byte of the message is transmitted in the firstisynof R-MSG2, with the two least significant bits

of each byte encoded onto carri@ig-msc2 and nor.mvscz Following R-MSG2, the ATU-R shall
enter state R-CRC3.

Ni1r-msa2andnor.vsaeshall be used as defined in Annexes A, B and C.
For Annex A, see A.3.9.

For Annex B, see B.3.10.

For Annex C, see C.7.10.2.

10.9.8.1 Estimated average downstream loop attenua

During channel analysis the ATU-R receiver estimates downstream channel gain of each
subcarrier in preparation for computing the SNR dach tone; it shall also calculate the average
loop attenuation. This attenuation is defined as dfiterence between ATU-C maximum total
transmit power (as defined in A.1.2.3.3 for AnneReand C, and B.1.3.2.2 for Annex B, taking into
account power cut-back) and the total received pormended to the nearest 0.5 dB.

For Annexes A and C, see A.3.3.
For Annex B, see B.3.5.

The attenuation is encoded into bits 31-25 of R-M%&2he integer binary representation of twice
the attenuation [e.g. if the average attenuati@1iS dB then fngy, ...,mpst =010101%].
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10.9.8.2 Performance margin with selected rate omn

The ATU-R receiver shall select one of the ratesomgtisent from the ATU-C during C-RATESL1 or
C-RATES-RA with a satisfactory downstream margin. Tlislected option is encoded in
R-RATES2. This margin (rounded to the nearest dBheoéed into bits 20-16 of R-MSG2 using a

conventional binary representation [e.g. if the gimars 9 dB then fy, ...,m g} = 01003].

10.9.8.3 Total number of bits per symbol supported

The ATU-R receiver shall also calculate the maximuomber of bits per symbol that the
downstream channel can support with the performamargin defined in C-MSG1 or C-MSG-RA at
an error rate of 10. This number is encoded into bits 11-0 using a eahenal binary
representation [e.g. if the maximum number of bitat can be supported is 1724 (data rate
6896 kbit/s), fnq, ...,mg} =11010111104.

For Annex C, see C.7.10.2.1.

10.9.9 R-CRC3

R-CRC3 is a cyclic redundancy check for detectibreroors in the reception of R-MSG2 at the
ATU-C. The CRC polynomial ¢(D) and generator polynaingi(D) are as described in 10.6.3. These
bits are transmitted in 2 symbol periods usingrttethod described in 10.9.8. Following R-CRC3,
the ATU-R shall enter state R-RATES2.

10.9.10 R-RATES2

R-RATES?2 is the reply to C-RATES-RA based on the resnfitthe downstream channel analysis.

Instead of listing th@&g, B) as in C-RATES], the ATU-R sends back only the optiomber of the
selected data rate that can be supported basdtw ondasured SNR of the downstream channel (not
taking into account impulse noise resilience). AsG-RATES2, 4 bits are used for the option
number. A total of 8 bits are used for R-RATES2, #mal bit patterns are shown in Table 10-19.
Other bit patterns that are not specified in theetare reserved for future use. If none of theooyst
requested during C-RATES1 can be implemented, ATU-&n theturns to R-SILENTO (see
Recommendation G.994.1) for retraining. One syngaslod is used to transmit these 8 bits using
the method described in 10.9.8. Following R-RATE&2,ATU-R shall enter state R-CRCA4.

Table 10-19/G.992.1 — Bit pattern for R-RATES2

Downstream Bit pattern for R-RATES2 (MSB first)
Option 1 0001000%
Option 2 00100019
Option 3 01000109
Option 4 10001009
All options fall 00000009
NOTE — All other bit patterns that are not showa @served for future use.

If it is determined that none of the four optioms de implemented with the connection, the ATU-R
shall return to R-SILENTO (see Recommendation GBH%ér retraining.

10.9.11 R-CRC4

R-CRC4 is a cyclic redundancy check for detectiberoors in the reception of R-RATES2 at the
ATU-C. lIts relation to R-RATES2 is the same as thaR6ZRC3 to R-MSG2. Following R-CRC4,
the ATU-R shall enter state R-REVERBS.
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10.9.12 R-REVERBS5

R-REVERBS is the same as R-REVERBS3 (see 10.7.2). Tratidarof R-REVERB5 depends upon

the signalling state of the ATU-C and the intern@agessing of the ATU-R, but has a maximum of
4000 symbols. The ATU-R shall transmit R-REVERB5 uittihas received and checked the
reliability of the upstream bits and gains informatcontained in C-B&G. After the ATU-R has

received C-CRCS5, it shall continue to transmit R-FHRB5 for another 64 symbols. It shall then
enter R-SEGUEA. If it has not successfully detectktha control signals within 4000 symbols, it

shall timeout and reset to R-SILENTO (see Recommentd&.994.1).

10.9.13 R-SEGUE4

The purpose of R-SEGUE4 is to notify the ATU-C that thEU-R is about to enter R-B&G.
R-SEGUEA4 is the same as R-SEGUE3 (see 10.9.1). Theiotuat R-SEGUE4 is 10 symbol
periods. Following R-SEGUE4, the ATU-R shall entetesi-B&G.

10.9.14 R-B&G

The purpose of R-B&G is to transmit to the ATU-C this and gains informationbq{, g, b, o, ...,
bsss, Goss}, t0 be used on the downstream subcarrigrindicates the number of bits to be coded by

the ATU-C transmitter onto thiéh downstream subcarrieg; indicates the scale factor that shall be
applied to thath downstream subcarrier, relative to the gain vt used for that carrier during the
transmission of C-MEDLEY. Because no bits or energjy ve transmitted at DC or one-half the

sampling ratebg, 0o, bpse andgose are all presumed to be zero, and are not traresmiBecause
subcarriemMyjot is reserved as the pilot tort®(Nyiot), shall be set to 0 amg(N,or) shall be set to

Osyne Npilot @andgsyncare defined in Annexes A, B and C. The vaiug represents the gain scaling
applied to the sync symbol.

Eachb; is represented as an unsigned 4-bit integer, watid b; lying in the range of zero to

Ndownmax the maximum number of bits that the ATU-C is predaemodulate onto any subcarrier,
which is communicated in C-MSGL1.

Eachg; is represented as an unsigned 12-bit fixed-pamangty, with the binary point assumed just
to the right of the third most significant bit. Fexample, ag; with binary representation (most

significant bit listed first) 001.01000009@ould instruct the ATU-C to scale the constellatfon
carrieri by a gain factor of 1.25, so that the power in ttaatier shall be 1.94 dB higher than it was
during C-MEDLEY.

For subcarriers on which no data are to be tramsthiind the receiver will never allocate bits (e.g

out-of-band subcarriers) bobihandg; shall be set to zero (009&nd 00000000 00@Prespectively).
For subcarriers on which no data are to be cuygérdhsmitted, but the receiver may allocate bits

later (e.g. as a result of an SNR improvement) btlshall be set to zero and theto a value in the
0.19 to 1.33 range (000.0011009®6 001.0101010%L).

The R-B&G information shall be mapped in a 4080610 byte) message defined by:
m={Myo79 Myo7s .., M, Mo} = {0255 D255, ..., g1, b1}, (10-11)

with the MSB ofb; andg; in the highem index andr being transmitted first. The messagehall
be transmitted in 510 symbols, using the transmissiethod as described in 10.9.8.

Following R-B&G, the ATU-C shall enter the state RCS5.
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10.9.15 R-CRC5

R-CRCS5 is a cyclic redundancy check for detectibremors in the reception of R-B&G at the
ATU-C. lts relation to R-B&G is the same as thaReCRC3 to R-MSG2. Following R-CRC5, the
ATU-R shall enter state R-REVERBS.

10.9.16 R-REVERBG6

R-REVERBS is the same as R-REVERB3 (see 10.7.2). Tradidnrof R-REVERBG6 depends upon

the signalling state of the ATU-C and the intern@gessing of the ATU-R, but has a maximum of
4000 symbols. The ATU-R shall transmit R-REVERB6 uritihas detected all ten symbols of
C-SEGUES; it shall then enter R-SEGUES. If it has natcessfully detected C-SEGUE3 within

4000 symbols, it shall timeout and reset to R-SILENS&® Recommendation G.994.1).

10.9.17 R-SEGUES5

The purpose of R-SEGUES is to notify the ATU-C that Ai@J-R is about to enter the steady-state
signalling state R-SHOWTIME. R-SEGUES is identicaR«SEGUE3 (see 10.9.1). The duration of
R-SEGUES is 10 symbol periods. Following R-SEGUED5, AfiéJ-R has completed initialization
and shall enter state R-SHOWTIME.

10.9.18 Details of Initialization timing

The requirements for the initialization sequence deBned in 10.1 through 10.9) are shown in
Figures 10-5 and 10-6. Figure 10-5 shows the fiatt of the initialization sequence, up to
C-MEDLEY and R-MEDLEY. Figure 10-6 shows the restlué initialization sequence.
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C-GALF2 C-FLAG? R-GALF2 | R-FLAG2
(G.994.1) (G.994.1) (G.994.1) | (G.994.1)
>128
<2048 C-QUIET2
R-QUIET2
< 8000
If R-ACK2 | If R-ACK1 4
>128
C-PILOT1A
A 4
e 16 ' >512
<516
> 496
C-PILOTL | c.quIET3A c1o
A A4
. 4096
512 C-REVERB1 R-REVERB1
3072 C-PILOT2
512 C-ECT
> 2047
R-QUIET3 < 2048
Last symbol
1536 C-REVERB2 may be
shortened by—»
R-ACK2 then C-PILOT3 n samples R.ECT
512 R-ACK1 then C-QUIETS - 512
>1024
1024 C-REVERB3 R-REVERB2 < 1056
Introduction of
10 C-SEGUE1 Cyc”c prefix R-SEGUE1 10
C-RATES1/C-CRC1
1072 C-MSG1/C-CRC2 R-REVERB3 >1092
< 4000
>20 ¢
< 2928
R-SEGUE2 10
R-RATES1/R-CRC1 464
R-MSG1/R-CRC2
16 384 C-MEDLEY
R-MEDLEY 16 384
T1532650-99

Figure 10-5/G.992.1 — Timing diagram of the initiakation sequence — Part 1
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R-MEDLEY

C-REVERB4
S 797 R-REVERB4 128
< 6000 R-SEGUE3 10
R-MSG-RA/R-CRC-RA1 15
R-RATES-RA/R-CRC-RAZ
>80
<2413
10 C-SEGUE2 R-REVERB-RA <24208080
130 C-RATES-RA/C-CRC-RA]
C-MSG-RA/C-CRC-RA2
>64
< 1447
>163
R-MSG2/R-CRC-3 9
R-RATES2/R-CRC4
>80
< 2534
10 C-SEGUE-RA R.REVERBS 2 297
9 C-MSG2/C-CRC3 < 4000
C-RATES2/C-CRC4
64 C-B&G/C-CRC5
> 64
<1383
R-SEGUE4 10
> 586 C-REVERB5
< 4000
R-B&G/R-CRC5 512
<2095
R-REVERB6 < 4000
10 C-SEGUE3 -
<1895
R-SEGUE5 10
SHOWTIME
Maximum
initialization time SHOWTIME

11.3 seconds

T1532660-99

Figure 10-6/G.992.1 — Timing diagram of the initiakation sequence — Part 2
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11 AOC on-line adaptation and reconfiguration

11.1 The ADSL overhead control (AOC) channel

The AOC data are carried as overhead bytes in thBLAitaming structure. The actual multiplexing
of these overhead bytes into the ADSL framing $tm& depends on the framing structure used
(i.e. full overhead or reduced overhead) and onalleeation of any bearer channel to the fast or
interleaved data buffer (see 7.4).

11.1.1 AOC message header

The type and length of an AOC message (except iathknowledge messages) are identified by a

byte-length header. In particular, the AOC charsexids the all binary zeros "00000g0AOC
stuffing pattern in the Idle State, and a valid A@@ssage always begins with a non-zero byte.
Table 11-1 summarizes the current valid AOC messagelers. For example, in the case of a bit
swap, the AOC header "111112%1Will be detected, and the next byte of AOC ddtallsdetermine

whether the message is a bit swap request orsavhjp acknowledge (see 11.2.5). In the case when a
function is requested but cannot be performed byeeithe ATU-C or the ATU-R for any reason

(e.g. because the requestgdialue exceeds the maximum number of bits per supported), an
unable to comply message ("11110900s issued. Future AOC headers can be added wben

AOC messages/functions are identified. Also, a lblot AOC header values ("1100xxXX is set
aside for vendor specific AOC messages.

Table 11-1/G.992.1 — AOC message headers

Header Message length (bytes) Interpretation
0000111% Undefined Reconfiguration message
1100xxx% Undefined Vendor specific message
11110009 1 Unable to comply message (Note)
11111109 13 Extended bit swap request message
11111113 9 Bit swap request message
11111113 3 Bit swap acknowledge message

NOTE — The "unable to comply" message shall comdiatsingle byte: the header byte.

The header bytes values are given in binary forf&HE left, LSB right) and represent aoc7-aoc0
bits (MSB in bit 7, LSB in bit 0) as carried in tbgerhead (see 7.4.1.2 and 8.4.1.2). All otherdyte
in the AOC message shall be mapped according teaime convention.

11.1.2 AOC protocol

All AOC messages shall be transmitted 5 consecuiives (i.e. 5 concatenated and identical
messages without AOC stuffing patterns in betwden)kextra security. At least 20 AOC stuffing
patterns shall be inserted between two consecwgreeips of five concatenated and identical
messages.

An ATU-x receiving an AOC message shall act on th@C message only if it has received three
identical messages in a time period spanning Hatf particular message. When an ATU-x receives
an unrecognizable command, it shall take no action.
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11.2  On-line adaptation — Bit swapping

Bit swapping enables an ADSL system to change thmeber of bits assigned to a subcarrier, or
change the transmit energy of a subcarrier withaetrupting data flow.

Either ATU-x may initiate a bit swap; the swappinggedures in the upstream and downstream
channels are independent, and may take place sinealtisly.

For the bit swap protocol, the "receiver” is the AXUWhat is receiving the data; it transmits a bit
swap (extended or simple) request message andrescttie bit swap acknowledge message. The
"transmitter” is the ATU-x that is transmitting tdata; it receives a bit swap request (extended or
simple) message and shall transmit the bit swapaeledge message.

There shall be a maximum of one downstream bit swgpest outstanding at any time. There shall
be a maximum of one upstream bit swap requestaoutstg at any time.

11.2.1 Bit swap channel

The bit swap process uses the AOC channel, descibéd.l1. All bit swap messages shall be
repeated five consecutive times over this channel.

11.2.2 Superframe counting

The transceivers coordinate the bit swaps as follows

. The ATU-C and ATU-R transmitters shall start th@ucters immediately after transmitting
C-SEGUE3 and R-SEGUES5 (see 10.8.16 and 10.9.17), tesggc this marks the
transition between initialization and steady stgieration.

. Superframe counting starts with the first sugemie at beginning of Showtime being
superframe 0.

. Each transmitter shall increment its counter afsending each ADSL superframe
(see 7.4.1.1).

. Correspondingly, each receiver shall start itsunter immediately after receiving
C-SEGUE3 or R-SEGUES, respectively, and then incremerdfter receiving each
superframe.

. Superframe counting is performed MOD 256.

Synchronization of the corresponding transmitted aeceiver superframe counters is maintained
using the synchronization symbol in the ADSL fragteicture. Any form of restart that requires a
transition from initialization to steady state dlaket the superframe counter.

11.2.3 Bit swap request

The receiver shall initiate a bit swap by sendingtaswap request to the transmitter via the AOC
channel. This request tells the transmitter whidbcatriers are to be modified.

The format of the request is shown in Table 11-2.

Table 11-2/G.992.1 — Format of the bit swap requestessage

Message header Message fields 1-4
{1111111%} Command Subchannel index
(8 bits) (8 bits) (8 bits)
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The request shall comprise nine bytes as follows:
. an AOC message header consisting of 8 binary;ones

. message fields 1-4, each of which consists ogight-bit command followed by a related
eight-bit subchannel index. Valid eight-bit commsuidr the bit swap message shall be as
shown in Table 11-3. The eight-bit subchannel indexcounted from low to high
frequencies with the lowest frequency subcarrieirigathe number zero. Subcarrier 0 shall
not be used.

Table 11-3/G.992.1 — Bit swap request commands

Value Interpretation

00000009 | Do nothing
0000000% | Increase the number of allocated bits by one

00000019 | Decrease the number of allocated bits by one

0000001% | Increase the transmitted power by 1 dB

00000109 | Increase the transmitted power by 2 dB

0000010% | Increase the transmitted power by 3 dB

00000119 | Reduce the transmitted power by 1 dB

00000113 | Reduce the transmitted power by 2 dB

00001xxx | Reserved for vendor discretionary commands

The bit swap request message (i.e. header and neelislalg) shall be transmitted five consecutive
times.

To avoidg; divergence between ATU-C and ATU-R after severabwiaips, for &; update ofA dB
the newg; value should be given by:

g' = (1/512)x round(512x g; x 10 expf/20)) (11-1)

11.2.4 Extended bit swap request

Any on-line adaptation may be encoded in an exteiteswap request. However, because a single-
bit subcarrier is not allowed, an extended bit sweguest containing 6 fields shall be used when
decreasing the number of bits on a subcarrier am0, or when increasing the number of bits on a
subcarrier from O to 2. The format of this extenegdswap request is similar to that of the bit swap
request (11.2.3), but the number of message fisldsreased to 6, and a different message header
is usedThe format of the request is shown in Table 11-4.

Table 11-4/G.992.1 — Format of the extended bit swaequest message

Message header Message fields 1-6
{111111006} Command Subchannel index
(8 bits) (8 bits) (8 bits)
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The receiver shall initiate an extended bit swapdryding an extended bit swap request message to
the transmitter. This request tells the transmiitieich subcarriers are to be modified. The extended
bit swap request message shall comprise 13 bytiedl@ass:

. An eight-bit extended bit swap request messagddreof {11111104}.
. Message fields 1 to 6, each of which is definethal1.2.3.
The receiver shall use two identical message fieldequest a 0 to 2 increase or a 2 to 0 decrdase o

the number of bits on a subcarrier, according ® alowable bit swap commands defined in
Table 11-2.

The extended bit swap request is transmitted fiveseoutive times.

11.2.5 Bit swap acknowledge
NOTE — "Bit swap" will be used hereafter to referither a regular or an extended bit swap.

Within 400 ms after receiving the bit swap requestssage, the transmitter shall send a bit swap
acknowledge message, which shall contain the fatigw

. a bit-swap acknowledge message header coded 11111,

. one message field, which consists of an eighbibiswap acknowledge command followed
by an eight-bit superframe counter number. The aslestlge command shall be coded
"1111111%"; the counter number indicates when the bit sveajo itake place. This number
shall be at least 47 greater than the counter numhen the request was received (this
corresponds to a minimum wait time of 800 ms). Téw bit and/or transmit power table(s)
shall then take effedttarting from the first frame (frame 0) of an ADSuperframe, after
the specified superframe counter number has beached. That is, if the bit swap
superframe counter number contained in the bit ssekmowledge messagensthen the
new table(s) shall take effect starting from fradnaf the (+1)th ADSL superframe.

See Table 11-5.

Table 11-5/G.992.1 — Format of the bit swap acknoetige

Acknowledge Bit swap superframe
Message header command counter number
11111113 11111113 (8 bits)
(8 bits) (8 bits)

The bit swap acknowledge is transmitted five conseetimes.

11.2.6 Bit swap — Receiver

The receiver shall start a timeout of 5620 ms from the moment it sends a bit swap request
message. When no acknowledgement has been detedi@d timeout interval, the receiver shall
resend a bit swap request message (which shall theveame parameters) and restart the timeout.
Only when an acknowledgement has been detectednwiite timeout interval shall the receiver
prepare for a bit swap at the time specified inatlenowledge message.

Upon timeout, the bit swap message shall be tratesmiHowever, after a finite (implementation
dependent) number of unsuccessful retries, thevesceghall take recovery actions to accomplish bit
swap; those recovery actions are also vendor disoegy.

122 Recommendation G.992.1 (06/99)



The receiver shall then wait until the superframenter equals the value specified in the bit swap
acknowledge message. Then, beginning with frame thefnext ADSL superframe the receiver
shall:

. Change the bit assignment of the appropriateaulecs and perform tone reordering based
on the new subcarrier bit assignment.
. Update applicable receiver parameters of the@pjate subcarriers to account for a change

in their transmitted energy.

NOTE — A new bit swap request shall only be séer ahe previous bit swap has taken place or
when the 50& 20 ms timeout has occurred while waiting for asiatap acknowledge.

11.2.7 Bit swap — Transmitter

After transmitting the bit swap acknowledge, thengmitter shall wait until the superframe counter
equals the value specified in the bit swap ackndgde Then, beginning with frame 0 of the next
ADSL superframe, the transmitter shall:

. change the bit assignment of the appropriateasulecs, and perform tone reordering based
on the new subcarrier bit assignment;
. change the transmit energy in the appropriateauiers by the desired factor.

If the transmitter receives a new bit swap requesssage while waiting, it shall immediately stop
waiting and update the superframe counter forvegpsaccording to the new message. It shall restart
the process for the newly arrived bit swap requesssage assuming that the new message equals
the previous.

ANNEX A

Specific requirements for an ADSL system operatingn
the frequency band above POTS

This annex defines those parameters of the ADSlesys¢hat have been left undefined in the body
of this Recommendation because they are uniquen t&@SL service that is frequency-division
duplexed with POTS.

Al ATU-C Functional Characteristics (pertains to dause 7)

A.1.1 Pilot Frequency (supplements 7.11.1.2)
The downstream pilot frequency shall be 276 kHz; hac_pj ot = 64.

A.1.2 ATU-C downstream transmit spectral mask (rephces 7.14)

The band from 25 to 1104 kHz that is referred tthes widest possible band (used for ADSL over
POTS implemented with overlapped spectrum). Limag&ngd within this band apply also to any
narrower bands used.

Figure A.1 shows a representative spectral maskther transmit signal. The low-frequency
stop-band is defined as the POTS band, the hightery stop-band is defined as frequencies
greater than 1104 kHz.

Recommendation G.992.1 (06/99) 123



PSDin
dBm/Hz
A —36.5 peak

—36 dB/octave

21 dB/octave

—90 dBm/Hz

—50 dBm power in any
1 MHz sliding window

—97.5 peak/ —92.5 peak 3 above 4545 kHz
+15 dBrn s /
0-4 kHz A
4 25.875 1104 4‘545 Frequency
. 11040
0 3093 in kHz

T1532670-99

Frequency bandf (kHz) Equ(ztiiBOr:/EZr)line
0<f<4 —97.5, with max power in the in 0-4 kHz band-©5 dBrn

4<f<25.875 —92.5+ 21 x logy (/4)
25.875<f< 1104 -36.5

1104< f < 3093 —36.5 — 36x logy (f/1104)

3093<f< 4545 —90 peak, with max power in thgf[+ 1 MHz] window of

(-36.5 — 36x logp (f/1104)+ 60) dBm

4545<f< 11040 —90 peak, with max power in thgf - 1 MHZz] window of —50 dBm

NOTE 1 — All PSD measurements are in IB&he POTS band total power measurement is in(00

NOTE 2 — The breakpoint frequencies and PSD vadueexact; the indicated slopes are approximate.

NOTE 3 — Above 25.875 kHz, the peak PSD shall basmeed with a 10 kHz resolution bandwidth.

NOTE 4 — The power in a 1 MHz sliding window is meeed in a 1 MHz bandwidth, starting at the measerd frequency.

NOTE 5 — The step in the PSD mask at 4 kHz is tdgat V.90 performance. Originally, the PSD masktouied 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 beenad the U-C interface (see Figure 1-1); the dggdealivered to the
PSTN are specified in Annex E.

Figure A.1/G.992.1 — ATU-C transmitter PSD mask

A.1.2.1 Passband PSD and response

The average PSD within the used passband shall lgeeater than —40 dBm/Hz reduced by power

cut-back (see 10.4.5.1); the lower end of this Ipasd depends on which service and duplexing

option is used, and is manufacturer discretiondng;upper end depends on whether the signal is for
initialization (see A.1.2.3.1) or steady state (8ek2.3.3).

The passband ripple shall be no greater thai3.5 dB; the maximum PSD of
(<40 — 2pcp + 3.5) dBm/Hz applies across the whole band frorki25to 1104 kHz.

The group delay variation over the passband shakxwoeed 50 ps.
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A.1.2.2 Stop-band PSDs

A.1.2.2.1 Low frequency stop-band rejection

The total power in the voiceband (0 to 4 kHz) shalbt exceed +15 dBrn (see
Recommendation G.996.1 for the method of measurgmen

In the transition band from 4 kHz to 25.875 kHz thaximum PSD is given by a straight line on a
log scale from —92.5 dBm/Hz, at just above 4 kHz,—86.5 dBm/Hz, at 25.875 kHz; that is
(-92.5+ 21 x log(f/4)/log(2)) dBm/Hz .

A.1.2.2.2 High frequency stop-band rejection

The PSD shall decrease at a rate greater than oral eq@m 36 dB/octave from

(-40+ 3.5 — 2pcp) dBm/Hz at the band edge (1.104 MHz) to —90 dBmé&t8.093 MHz. Above
3.093 MHz the PSD shall not exceed —90 dBm/Hz. Aaldklly, there shall be less than —50 dBm of
power measured in any 1 MHz sliding window abos18.MHz.

A.1.2.3 Transmit power spectral density and aggreda power level

There are three different PSD masks for the ATU-@simat signal, depending on the type of signal
sent. In all cases the power in the voiceband nmmedsat the U-C interface and that is delivered to
the Public Switched Telephone Network (PSTN) intexfatall conform to the specification in
A.1.2.2.1.

The power emitted by the ATU-C is limited by the regments in this subclause. Notwithstanding
these requirements, it is assumed that the ADSLoeihply with applicable national requirements
on emission of electromagnetic energy.

A.1.2.3.1 Allinitialization signals (except C-ECT)starting with C-REVERB1

The nominal PSD in the band from 25.875 to 1104 &hlll be set at —40 dBm/Hz for an aggregate
transmit power not greater than 20.4 dBm. If mearm@nt of the upstream power indicates that

power cut-back is necessary, then the nominal Rfal) Ise set to a level of —40 A dBm/Hz (as
described in 10.4.5.1).

During the C-REVERB and C-SEGUE signals, all subcarigom indexi to 255 shall be
transmitted, withi vendor discretionary (see A.1.2.1). However, &t ¥lndor's discretion, one or
more of these subcarriers may not be transmittedgithe C-MEDLEY signal.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dB/@tibe nominal PSD level. The maximum

transmit PSD shall therefore be no higher than—28cg dBm/Hz.

A.1.23.2 C-ECT

Because C-ECT is a vendor defined signal (see 10#h&)PSD specification shall be interpreted

only as a maximum. This maximum level is —3Mpck dBm/Hz for the band from 25.875 to
1104 kHz. Subcarriers 1 to 5 may be used, but tveep in the voiceband that is delivered to the
PSTN interface shall conform to the specificatioregiin A.1.2.2.1.
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A.1.2.3.3 Steady-state data signal

The nominal PSD in the band from 25.875 to 1104 khall be set at —40 dBm/Hz. The nominal
aggregate power shall be set at —3#63.0logfhcdowrn) dBm, wherencdownis the number of
subcarriers used (i.e. withh > 0) (20.4 dBm if all subcarriers are used). The gnaih PSD and

aggregate power may, however, be changed from togninal values in either of the following
circumstances:

. A power cut-back may have been applied, reducthg nominal PSD level to
—40 — 2pcg dBm/Hz (see 10.4.5.1).
. The bits and gains table (received from the ATU-Rind) initialization and possibly

updated through bit swaps, see R-B&G in 10.9.14 EHh&) may not allocate bits to some
subcarriers and may finely adjust (i.e. within taage —14.5 ta-2.5 dB) the transmit PSD
level of others in order to equalize expected eraites on each of those subcarriers.

. Vendor discretionary transmit PSD levels for wdisubcarriers (i.e. withy = 0). The
maximum transmit PSD for these subcatrriers is fipeldn b) and c) below.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dBsalibe finely adjusted nominal PSD level.

The maximum transmit PSD shall therefore be no higren —36.5 — 1@ cg dBm/Hz.
The transmit PSD of each subcarrier is defined baae:

a) For the subcarriers with; (> 0), the ATU-C transmitter shall transmit at PSDelevequal to
that specified by the; (e.g.gi = 1, then transmit at C-MEDLEY transmit PSD level). The
aggregate transmit power in these subcarriers stwllexceed —3.65 10logfhcdown)

— 2npcgdBm by more than 0.7 dB, wheredown is the number of these subcarriers
(i.e. withb; > 0).

b) For the subcarriers withbj(=0 andg; >0), the ATU-C transmitter should and is

recommended to transmit at PSD levels equal togpetified by they; (e.g.gi = 1, then

transmit at C-MEDLEY level), with a 4-QAM constellati point (which may change from
symbol to symbol). The ATU-R receiver cannot assumeparticular PSD levels on those
subcarriers. The transmit PSD levels of those sulecarshall be no higher than the

C-REVERB1 transmit PSD level 10Iog(qi2) dB. The aggregate transmit power in these
subcarriers shall not exceed —3.68.0loghcdown) — 2npcg dBm, wherencdown is the
number of these subcatrriers (i.e. wit= 0 andg; > 0).

C) For the subcarriers withbj(= 0 and g, = 0), the ATU-C transmitter should and is
recommended to transmit no power on those subcarriehe ATU-R receiver cannot
assume any particular PSD levels on those subrariiée transmit PSD levels of those

subcarriers witly; = 0 shall be at least 10 dB below the sync symidereace transmit PSD
level if the subcarrier is below the lowest useldcsurier (lowest with b; > 0) and shall be
below the sync symbol reference transmit PSD Idviie subcarrier is above the lowest
used subcarrier.
The aggregate transmit power over the 25.875 to 14824 band shall be no higher than
20.4 — 2pcg dBm, which is equivalent to an average transm&@DPof no higher than
—40 — Dpcp dBm/Hz.

It is recommended that thg values for subcarriers witty > 0 are constraint withie2.5 dB with

respect to gne during initialization and subsequent bit swapsavoid cyclostationary interference
from the synchronization symbol.
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A.1.2.3.4 Synchronization symbol

At initialization time, the sync symbol referenaartsmit PSD level shall be set at —40npgh

+10Iog(g;ym2) dBm/Hz, with gynC2 defined as the averagga2 value over the used (i.&; > 0)
subcarriers. The sync symbol reference transmit 81&ll not be updated with used subcarrier gain
changes during SHOWTIME.

The transmit PSD level for those subcarriers wjth O shall be the sync symbol reference transmit
PSD level. The transmit PSD levels of those subsarvithg; = 0 shall be at least 10 dB below the
sync symbol reference transmit PSD level if thecauntier is below the lowest used subcarrier

(lowesti with b; > 0) and shall be below the sync symbol referenaastnit PSD level if the
subcarrier is above the lowest used subcarrier.

Since theg; are applied only to the data symbols, the tran$#8D of a synchronization symbol
differs from the transmit PSD of a data symbol. EBhgs are calculated for the multipoint

constellations in order to equalize the expectadrerate on all subcarriers, and are therefore
irrelevant for most of the 4-QAM modulated subasiof the synchronization symbol.

A.1.3 ATU-C transmitter PSD mask for reduced NEXT

Figure A.2 defines a spectral mask for the ATU-@nsmitted 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 performahdbe other ADSL systems in the same or
adjacent binder group, with the improvement dependpon the other interferers. This mask differs
from the mask in A.1.2 only in the band from 4 kigz138 kHz.
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PSD (dB)

A —36.5 peak
—36 dB/octave
36 dB/octave
—90 peak
4.63 dB/octave —44.2 peak
—50 dBm max power in any
1 MHz sliding window
-97.5 peak — above 4545 kHz
+15dBrn —72.5 peak
0-4 kHz
— e
-92.5 pea Frequency
(kHz)
‘ =
0 4 80 138 1104 3093 4545 11 040
T1532680-99
Equation for line
Frequency bandf (kHz) (dBm/H2)
0<f<4 —97.5, with max power in the in 0-4 kHz band-©5 dBrn
4<f<80 —92.5+ 4.63x logp (f/4)
80<f<138 —72.5+ 36 % log, (f/80)
138<f< 1104 -36.5
1104<f< 3093 —36.5 — 36¢ logy(f/1104)
3093<f< 4545 —90 peak, with max power in thef[+ 1 MHz] window of
(—36.5 — 36x logy(f/1104)+ 60) dBm
4545<f< 11040 —90 peak, with max power in thgf - 1 MHZz] window of —50 dBm

NOTE 1 — All PSD measurements are in ID&the POTS band total power measurement is inB00

NOTE 2 — The breakpoint frequencies and PSD vape®xact; the indicated slopes are approximate.

NOTE 3 — Above 25.875 kHz, the peak PSD shall basuesd 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 measerg frequency.

NOTE 5 — The step in the PSD mask at 4 kHz is tgot V.90 performance. Originally, the PSD mashkttwed the
21 dB/octave slope below 4 kHz hitting a floor 87-56 dBm/Hz at 3400 Hz. It was recognized that thight impact V.90
performance, and so the floor was extended to 4 kHz

NOTE 6 — All PSD and power measurements shall beenad the U-C interface (see Figure 1-1); the dggdalivered to the
PSTN are specified in Annex E.

Figure A.2/G.992.1 — ATU-C transmitter PSD mask foreduced NEXT

A.2 ATU-R (see clause 8)

A.2.1 Modulation by the inverse discrete Fourier tansform (see 8.11.2)

The modulating transform defines the relationshipveen the 64 real valueg and theZ,

i
Xn = ZGX J3—2 Z| (A‘l)
20
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The encoder and scaler generate only 31 complexvaliy; (plus zero at DC and one real value if

the Nyquist frequency is used). In order to gemenaal values ofk, these values shall be
augmented so that the vecibhas Hermitian symmetry. That is,

Z; =conjZgy-i] for i =33to0 63 (A-2)

A.2.2 Synchronization symbol (supplements 8.11.3)
The data pattern used in the synchronization syrshall be the pseudo-random sequence PRU
(dn, forn=1 to 64), defined by:
d,=1 fon=1t0 6 (A-3)
dn =dns 0 dng forn=7 to 64 (A-4)

The bits are used as follows: the first pair of dg and d,) is used for the DC and Nyquist
subcarriers (the power assigned to them is, ofssgurero, so the bits are effectively ignored)nthe

the first and second bits of subsequent pairs $lealised to define thg andY;j fori = 1 to 31 as
shown in Table 7-13.

The period of PRU is only 63 bits, dgy = d.

Thed;-dgg are re-initialized for each symbol, so each syndid?-REVERB1 uses the same data.

A.2.3 Cyclic prefix (replaces 8.12)

The cyclic prefix shall be used for all symbols megng with segment C-REVERBS3 of the
initialization sequence, as defined in 10.7.2.

The last 4 samples of the output of the IDBITér k = 60 to 63) shall be prepended to the block of
64 samples and read out to the DAC in sequence.i$htite subscriptgk, of the DAC samples in
sequence are 60...63, 0...63.

A.2.4 ATU-R transmitter spectral mask (replaces 8.4)

Figure A.3 shows a PSD mask for the transmittedadigrhe passband is defined as frequency range
over which the modem transmits, which may be nagrothhan the 25.875 to 138 kHz shown. The
low-frequency stop-band is defined as the voiceband
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PSD in
dBm/Hz

—34.5 peak

—48 dB/octave

21.5 dB/octave
\ —90 dBm/Hz peak
—50 dBm power in any
1 MHz sliding window
above 1630 kHz
-97.5 —-92.5 peak

15 dBrn {
0-4 kHz ]
0 4 25.875 138 307 122!‘ 11 040 ilzrequuZency
1630 T1532690-99
Frequency bandf Equation for line
(kHz) (dBm/Hz)
0<f<4 —97.5, with max power in the in 0-4 kHz band-d% dBrn
4<f<25.875 —92.5+ 21.5x logy(f/4)
25.875<f< 138 -34.5
138<f<307 —34.5 — 48« logy(f/138)
307<f<1221 -90
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 thef fr 1 MHZz] window of =50 dBm

NOTE 1 — All PSD measurements are in IDhe POTS band total power measurement is intB00

NOTE 2 — The breakpoint frequencies and PSD vapegxact; the indicated slopes are approximate.

NOTE 3 — Above 25.875 kHz, the peak PSD shall basueed 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 measerg
frequency.

NOTE 5 — The step in the PSD mask at 4 kHz is togot V.90 performance. Originally, the PSD mashkttwed the
21.5 dB/octave slope below 4 kHz hitting a floo6f7.5 dBm/Hz at 3400 Hz. It was recognized thest tight impact
V.90 performance, and so the floor was extendetikdz.

NOTE 6 — All PSD and power measurements shall beenaathe U-C interface (see Figure 1-1); the dggdelivered to
the PSTN are specified in Annex E.

Figure A.3/G.992.1 — ATU-R transmitter PSD mask

A.2.4.1 Passband PSD and response

The average PSD within the used passband shall lggeater than —38 dBm/Hz; the upper end of
this passband depends on whether the signal imif@lization (see A.2.4.3.1) or steady state (see
A.2.4.3.3).

The passband ripple shall be no greater tharb dB; the maximum PSD of —34.5 dBm/Hz applies
across the whole band from 25 kHz to 138 kHz.

The group delay variation over the passband shakxwmeed 50 us.
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A.2.4.2 Stop-band PSDs

A.2.4.2.1 Low frequency stop-band rejection

The total power in the voiceband (0 Hz to 4 kHz) lishaot exceed +15 dBrn (see
Recommendation G.996.1 for the method of measurgmen

In the transition band from 4 kHz to 25.875 kHz thaximum PSD is given by a straight line on a
log scale from —92.5 dBm/Hz, at just above 4 kHz,—84.5 dBm/Hz at 25.875 kHz; that is
(-92.5+ 21.5x% log(f/4)/log(2)) dBm/Hz.

A.2.4.2.2 High frequency stop-band rejection

The PSD shall decrease at 48 dB/octave from (—-38/HBrm 3.5 dB) at the band-edge (138 kHz) to
—90 dBm/Hz at 307 kHz. In addition, the power iry dhnMHz sliding window from 1630 kHz to
11.04 MHz shall not exceed —50 dBm.

A.2.4.3 Transmit power spectral density and aggreda power level

There are three different PSD masks for the ATU-@stmat signal, depending on the type of signal
sent. In all cases the power in the voiceband nredsat the U-R interface and that is delivered to
the POTS interface shall conform to the specificaiinA.2.4.2.1.

A.2.4.3.1 Allinitialization signals (except R-ECT)starting with R-REVERB1

The nominal PSD in the band from 25 to 138 kHz shall-38 dBm/Hz for an aggregate power of
not greater than 12.5 dBm.

During the R-REVERB and R-SEGUE signals, all subcarigom indexi to 31 shall be
transmitted, withi vendor discretionary (see A.2.4.1). However, &t ¥lndor's discretion, one or
more of these subcarriers may not be transmittedgithe R-MEDLEY signal.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dB/atibe nominal PSD level. The maximum
transmit PSD shall therefore be no higher thandBm/Hz.

A243.2 R-ECT

Since R-ECT is a vendor-defined signal (see 10.5t#),PSD specification should be interpreted
only as a maximum. This maximum level is —37 dBmfilz the band from 25.875 to 138 kHz.
Subcarriers 1-5 may be used, but the power in theetband that is delivered to the POTS interface
shall conform to the specification given in A.2.4.2

A.2.4.3.3 Steady-state data signal

The nominal PSD in the band from 25.875 to 138 kKalldhe set at —38 dBm/Hz. The nominal
aggregate power shall be set at —1+6H0loghcup dBm, wherencupis the number of subcarriers
used (i.e. withy; > 0) (12.5 dBm if all subcarriers are used). Thednaih PSD and aggregate power
may, however, be changed from their nominal valnesther of the following circumstances:

. The bits and gains table (received from the ATU-@ird) initialization and possibly
updated through bit swaps, see C-B&G in 10.8.13 Hh&) may not allocate bits to some
subcarriers and may finely adjust (i.e. within thage —14.5 te-2.5 dBm) the transmit PSD
level of others in order to equalize expected eraites on each of those subcarriers.

. Vendor discretionary transmit PSD levels for wedisubcarriers (i.dy = 0). The maximum
transmit PSD for these subcarriers is specifida) iand c) below.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dBralibe finely adjusted nominal PSD level.
The maximum transmit PSD shall therefore be no higten —34.5 dBm/Hz.
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The transmit PSD of each subcarrier is defined beas:

a) For the subcarriers with;(> 0), the ATU-R transmitter shall transmit at PSDelswequal to
that specified by the; (e.g.gi = 1, then transmit at R-MEDLEY transmit PSD level). The
aggregate transmit power in these subcarriers shaktxceed —1.6%5 10logfhcup) dBm by
more than 0.7 dB, wherecup, is the number of these subcarriers (i.e. Wjth 0).

b) For the subcarriers withbj(= 0 andg; > 0), the ATU-R transmitter should and is

recommended to transmit at PSD levels equal togpecified by they; (e.g.g; = 1, then

transmit at R-MEDLEY level), with a 4-QAM constellati point (which may change from
symbol to symbol). The ATU-C receiver cannot assumeparticular PSD levels on those
subcarriers. The transmit PSD levels of those sulecarshall be no higher than the

R-REVERBL1 transmit PSD level 10Iog(gi2) dB. The aggregate transmit power in these
subcarriers shall not exceed —16%0logfhcup) dBm, wherencup is the number of these
subcarriers (i.e. with; = 0 andg; > 0).

C) For the subcarriers withbj(= 0 and g, = 0), the ATU-R transmitter should and is

recommended to transmit no power on those subcarriehe ATU-C receiver cannot
assume any particular PSD levels on those subzariiée transmit PSD levels of those

subcarriers witly; = 0 shall be at least 10 dB below the sync symidereace transmit PSD

level if the subcarrier is below the lowest uselcsurier (lowest with b; > 0) and shall be
below the sync symbol reference transmit PSD Idviie subcarrier is above the lowest
used subcarrier.

The aggregate transmit power over the 25.875 tokt&8band shall be no higher than 12.5 dBm,
which is equivalent to an average transmit PSDodfigher than —38 dBm/Hz.

It is recommended that thgg values for subcarriers witly > 0 are constraint withig2.5 dB with

respect to gne during initialization and subsequent bit swapsavoid cyclostationary interference
from the synchronization symbol.

A.2.4.3.4 Synchronization symbol

At initialization time, the sync symbol referenceartsmit PSD level shall be set at

-38+ 10Iog(g;yn02) dBm/Hz , with gynC2 defined as the avera(g;e2 value over the used (i.b; > 0)
subcarriers. The sync symbol reference transmit 81&ill not be updated with used subcarrier gain
changes during SHOWTIME.

The transmit PSD level for those subcarriers wjth O shall be the sync symbol reference transmit

PSD level. The transmit PSD levels of those subsarvithg; = 0 shall be at least 10 dB below the
sync symbol reference transmit PSD level if thecauntier is below the lowest used subcarrier

(lowesti with b; > 0) and shall be below the sync symbol referenaastnit PSD level if the
subcarrier is above the lowest used subcarrier.

Since the gare applied only to the data symbols, the tran$#8D of a synchronization symbol

differs from the transmit PSD of a data symbol. Ehgs are calculated for the multipoint
constellations in order to equalize the expectedrerate on all subcarriers, and are therefore
irrelevant for most of the 4-QAM modulated subaamsiof the synchronization symbol.

A.2.5 Nyquist frequency (supplements 8.11.1.2)
The upstream Nyquist frequency shall be at subcat82 = 138 kHz).
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A.3 Initialization (see clause 10)

A.3.1 Power cut-back (supplements 10.4.5.1)

If the total upstream power measured on subcariiei8 during R-REVERBL1 is greater than
3 dBm, then the PSD for C-REVERBL1 and all subseqdeninstream signals shall be as shown in
Table A.1.

Table A.1/G.992.1 — Power cut-back: downstream PS&s a function
of upstream received power

Upstream received power (dBm) 3 4 5 6 7 8 9
Max downstream PSD (dBm/Hz) -40 42 44 -46 448 5652

This chosen level shall become the reference lewvellf subsequent gain calculations.

A.3.2 Estimated average upstream loop attenuatiors¢e 10.8.9.1)

With the allowable transmit PSDs —38 dBm/Hz ovexr #%5.875 to 138 kHz band, the total transmit
power, as used for this calculation, shall be HRBB.

A.3.3 Estimated average downstream loop attenuatiofsupplements 10.9.8.1)

With the allowable transmit PSDs as defined in Tdlfe7 (—40 dBm/Hz to —52 dBm/Hz) and a
maximum bandwidth of approximately 1074 kHz if usioverlapped spectrum, the total transmit
power, as used for this calculation, may range feomaximum of 20.3 dBm in steps of -2 dB to a
minimum of 8.3 dBm.

A.3.4 C-PILOT1 (supplements 10.4.2)
fC-PILOT1: 276 kHz that is, N.piLoT1= 64.

A.3.5 R-REVERBLI (see 10.5.2)

The data pattern used in R-REVERBL is the pseudo-nangastream sequence PRU defined in
A.2.2 and repeated here for convenience:

=1 forn=11t06 (A-5)
th=dh5 0 dne forn=7 to 64 (A-6)

The bits defined in 10.5.2 shall be used as follals:first pair of bitsd; andd,) is used for the DC
and Nyquist subcarriers (the power assigned to tiseraf course, zero, so the bits are effectively
ignored); then the first and second bits of subsatipairs are used to define teandY; fori =1

to 31 as defined for C-REVERB1 in Table 7-13. Althbudata bits are defined for all the
subcarriers, the subcarriers actually transmittading R-REVERB1 start from a vendor
discretionary subcarrier index (see A.2.4.3.1).gdm scaling shall be applied to any subcarrier.

A.3.6 C-ECT (see 10.4.7)

The level of the ADSL signal in the frequency barmhf O to about 10 kHz that leaks through the
POTS low-pass filter is tightly limited (see 7.1Fherefore it is recommended that subcarriers 1-4
not be used for C-ECT, or, at least, that they bestratted at a much lower level.

A.3.7 R-ECT (see 10.5.4)

The level of the ADSL signal in the frequency barehf O to about 10 kHz that leaks through the
POTS low-pass filter is tightly limited (see Annex Eherefore it is recommended that subcarriers
1-4 not be used for R-ECT, or, at least, that thetydoesmitted at a much lower level.
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A.3.8 C-MSG2 (supplements 10.8.9)
Mc-msc2= 43
N2c-msc2= 91
A.3.9 R-MSG2 (supplements 10.9.8)
Nir-msc2= 10

Nor-msc2= 20

A4 Electrical characteristics (new)

This subclause specifies the combination of ATU-d &igh-pass filter, as shown in Figure 1-1;
further information about the low-pass filter issgied in Annex E.

A.4.1 DC characteristics

All requirements of this Recommendation shall bé methe presence of all POTS loop currents
from O mA to 100 mA, and differential loop voltages follows:

. DC voltages of 0 V to minus 60 V.

. Ringing signals no larger than 103 V rms at amgdiency from 20 to 30 Hz with a DC
component in the range from 0 V to minus 60 V.

. The input DC resistance of the ATU-x at the U-»erfdace shall be greater than or equal to
5 MQ.

NOTE — The most common implementation of the sglifitters is with the low-pass and high-pass caiter
in parallel at the U-x port. In this arrangemen ktiigh-pass filter will typically block DC with capitors.

A.4.2 Voiceband characteristics

A.4.2.1 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.@X(approximately equivalent to a 20-34 nF capacitor)the 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 AUOUesigned to be used with an external
splitter. In both cases, the imaginary part of ttmpedance shall increase monotonically below
4 kHz.

Refer to Annex E for additional information.

A.4.2.2 ADSL noise interference into the POTS cirati

This is the specification for the voiceband PSD led ATU-C and ATU-R (see 7.14 and 8.14,
respectively).
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A.4.3 ADSL band characteristics

A.4.3.1 Longitudinal balance

Longitudinal balance at the U-C and U-R interfasbsll be>40 dB over the frequency range

30 kHz to 1104 kHz. If only the HPF part of the PO$flitter is integrated in the ATU, the

measurement of the longitudinal balance in the AD&Ind shall be performed as shown in
Figure A.4. If both the LPF and the HPF parts of B@TS splitter are integrated in the ATU, the
measurement of the longitudinal balance in the A8hd shall be performed with the PSTN and
POTS interfaces terminated with ZTC and ZTR, respelgtivas shown in Figure A.5. Longitudinal

balance is given by the equation:

LBal = 20Iogi‘ dB (A-7)
€m
where:
g = the applied longitudinal voltage (referenced te thuilding or green wire
ground of the ATU);
em = the resultant metallic voltage appearing acrassrainating resistor.
U-C/U-R
I
I
i 500
i ! +0.03% Longitudinal
HPE ne | signal generator
ATU — ' €
| &)
! 50Q
! +0.03%
I
I
I
|
| T
Measuring set (well balanced) T1533110-99
Figure A.4/G.992.1 — Longitudinal balance above 3kHz measurement
method (only HPF integrated)
U-C/U-R
I
I
| 500
line i +0.03% Longitudinal
signal generator
POTS/ ATU _ HPF : e, N g
PSTN |
! 50Q
! +0.03% e
LPF !
|
ZTC=900Q i T
ZTR=600Q Measuring set (well balanced)

T1532700-99

Figure A.5/G.992.1 — Longitudinal balance above 3kHz measurement
method (HPF and LPF integrated)
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ANNEX B

Specific requirements for an ADSL system operatingn the frequency band above ISDN
as defined in ITU-T Recommendation G.961 Appendicdsand Il

This annex defines those parameters of the ADSlesys$hat have been left undefined in the body
of this Recommendation because they are uniquen t&@SL service that is frequency-division
duplexed with ISDN-BA on the same subscriber lim@SA. The scope is to establish viable ways
enabling the simultaneous deployment of asymmeeiwices and 160 kbit/s (2B) Basic Rate
Access with the constraint to use existing transiois technologies as those specified in
Recommendation G.961 Appendices | and II.

B.1 ATU Functional Characteristics (see clause 7)

The ADSL signals described herein shall be allocatsale the operating band of ISDN-BA signals
based on 2B1Q/4B3T line signals as those defindRecommendation G.961 Appendices | and Il.
In order to allow sufficient upstream bandwidth aeipy, the ATU-R shall have a transmission
bandwidth making use of tones 33 to 63. The usa @#ended range making use of tones between
1 and 63 is optional.

The IDFT implementation at the ATU-R side shall be lengented as follows. Tones 33 to 63 will
contain complex values generated by the encodesealdr. The values in tones 1 to 31 will be:

a) mirrored complex-conjugate of tones 33-63 if KiBU-R transmitter uses only 32 tones
(tone #32=0);

b) zero if the ATU-R transmitter uses 64 tones ane ATU-C receiver uses 32 tones
(tone #32=0);

C) complex data generated by the encoder and stalath the ATU-R transmitter and ATU-C
receiver use 64 tones (tone 32 also equals valergied by encoder and scaler).

The information whether the upstream transmitter@niéceiver uses 32 or 64 tones is negotiated
via G.994.1 using the bits defined in 10.2 and 10.3

B.1.1 Data Subcarriers (see 7.11.1.1)

The channel analysis signal defined in 10.6.6 allawsa maximum of 255 carriers (at frequencies
nAf, n =1 to 255) to be used, but for this service thegolimit of n is 33. The use of tones below 33
is optional. Frequency Division Duplexing (FDD) mée used to separate the upstream and
downstream signals, and the lower limitrors determined by the up/down splitting filters. Tae-

off frequencies of these filters are at the disorebf the manufacturer, and the range of usabte
determined during the channel estimation.

B.1.2 Pilot Frequency (see 7.11.1.2)
The downstream pilot frequency shall be 414 kHz; idyaNp; o1 = 96.

B.1.3 Downstream transmit spectral mask (replaces.¥4)

Figure B.1 shows the spectral mask for the transingmal. The low-frequency stop-band is the
upstream band, the high-frequency stop-band iseefas frequencies greater than 1104 kHz.
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PSD in Measurements are into 100 ohms resistive terminatio
dBm/Hz

—36.5 peak

—36 dB/octave

12 dB/octave J —90 dBm/Hz peak

\ —50 dBm power in any
1 MHz sliding window
—90 dBm/Hz pes / above 4545 kHz

0 50(70) 138 1104 4545 11040 ;fequuzenCy
80(90) 3093 T1532710-99
Frequency bandf Equation for line
(kHz) (dBm/Hz)
0<f<50(70) -90
>f,=50(70)< f < 80(90) —90+ 12 x logy(f/f1)
80(90)< f < 138 Note 2
138<f< 1104 -36.5
1104<f< 3093 —36.5 — 36x logy(f/1104)
3093<f< 4545 —90 peak, with max power in thef[+ 1 MHz] window of
(-36.5 — 36 x log(f/1104)+ 60) dBm
4545<f< 11040 —90 peak, with max power in thgf f- 1 MHZz] window of —50 dBm

NOTE 1 - 50 and 80 kHz are frequency limits refegrio ADSL over ISDN lines operating with 2B1Q cd@961 Appendix II).
70 and 90 kHz are frequency limits referring to AD&ser ISDN lines operating with 4B3T code (G.96pp&ndix I).

NOTE 2 — The value of PSD in this region dependsheriow-pass and high-pass filter designs. Ther§laffect the ISDN-BA
performance when combined with ADSL in two ways:

1) the residual ADSL power, filtered by the higtspand received by the ISDN-BA receiver as noise;
2) the amplitude and phase distortion introducetblypass filters.

It is expected that the degradation impact on 8i2N-BA line system performance be not more thardB%nd 4 dB, for 2B1Q
and 4B3T line codes respectively, at the inserias reference frequency.

Figure B.1/G.992.1 — ATU-C transmitter PSD mask

The maximum level of the PSD of the ADSL signal nueed at the ISDN port of the splitter shall
not exceed the limits defined in the first two rosighe table in Figure B.1.

All PSD measurements made at the Line port of 88N splitter shall use a 10Q resistive
reference impedance.

All PSD measurements made at the ISDN port of 812N splitter shall use the design impedance of
ISDN-BA for 2B1Q and 4B3T respectively as definedEiRSI TS 102 080 (V1.3.1).

B.1.3.1 Passband PSD and response

The average PSD within the used passband shall lgeeater than —40 dBm/Hz reduced by power
cut-back in multiples of 2 dB; the lower end ofsthpassband depends on which service and
duplexing option is used, and is manufacturer dismnary; the upper end depends on whether the
signal is for initialization (see B.2.2.3.1) oratky state (see B.2.2.3.2).
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The passband ripple shall be no greater tha3.5 dB; the maximum PSD of
(=40 — 2ipcg + 3.5) dBm/Hz applies across the whole band fromKi38to 1104 kHz.

The group delay variation over the passband shakxwoeed 50 us.

B.1.3.2 Transmit power spectral density and Nominahggregate power level

There are two different PSD masks for the ATU-C tnaihsignal, depending on the type of signal
sent.

The power emitted by the ATU-C is limited by the regments in this subclause. Notwithstanding
these requirements, it is assumed that the ADSLoeihply with applicable national requirements
on emission of electromagnetic energy.

B.1.3.2.1 Allinitialization signals starting withC-REVERB1

The nominal PSD in the band from 138 to 1104 kH4l ke set at —40 dBm/Hz for an aggregate
transmit power not greater than 19.9 dBm. If meama@nt of the upstream power indicates that

power cut-back is necessary, then the nominal Rl Ise set to a level of —40 A-g dBmM/Hz as
described in 10.4.5.1.

During the C-REVERB and C-SEGUE signals, all subcearigom indexi to 255 shall be
transmitted, withi vendor discretionary (see B.1.3.1). However, at\bndor's discretion, one or
more of these subcarriers may not be transmittedgithe C-MEDLEY signal.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dB/@libe nominal PSD level. The maximum

transmit PSD shall therefore be no higher than—38cg dBm/Hz.

B.1.3.2.2 Steady-state data signal

The nominal PSD in the band from 138 to 1104 kHZl db&a set at —40 dBm/Hz. The nominal
aggregate power shall be set at —3#630logfhcdown dBm, wherencdownis the number of
subcarriers used (i.e. with > 0) (19.9 dBm if all subcarriers are used). The gnaih PSD and

aggregate power may, however, be changed from tiwgirinal values in either of the following
circumstances:

. A power cut-back may have been applied, reducthg nominal PSD level to
—40 — 2pcg dBm/Hz (see 10.4.5.1).
. The bits and gains table (received from the ATU-Rimd initialization and possibly

updated through bit swaps, see R-B&G in 10.9.14 Hh&@) may not allocate bits to some
subcarriers and may finely adjust (i.e. within taege —14.5 ta-2.5 dB) the transmit PSD
level of others in order to equalize expected emaites on each of those subcarriers.

. Vendor discretionary transmit PSD levels for wdisubcarriers (i.e. withy = 0). The
maximum transmit PSD for these subcarriers is §pddn b) and c) below.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dBralibe finely adjusted nominal PSD level.
The maximum transmit PSD shall therefore be no mighen —36.5 —1@cg dBm/Hz.

The transmit PSD of each subcarrier is defined boves:

a) For the subcarriers with;(> 0), the ATU-C transmitter shall transmit at PSDelswequal to
those specified by thg (e.g.g; = 1, then transmit at C-MEDLEY transmit PSD level)eTh
aggregate transmit power in these subcarriers simllexceed —3.65 10loghcdown)

— 2npcg dBm by more than 0.7 dB, whereedown is the number of these subcarriers
(i.e. withb; > 0).
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b) For the subcarriers withbj(= 0 andg; > 0), the ATU-C transmitter should and is

recommended to transmit at PSD levels equal toetlpecified by the; (e.g.gi = 1, then

transmit at C-MEDLEY level), with a 4-QAM constellati point (which may change from
symbol to symbol). The ATU-R receiver cannot assumeparticular PSD levels on those
subcarriers. The transmit PSD levels of those sulecarshall be no higher than the

C-REVERB1 transmit PSD level 10Iog(gi2) dB. The aggregate transmit power in these
subcarriers shall not exceed —3:63.0loghcdown) — 2npcg dBm, wherencdown is the
number of these subcarriers (i.e. with= 0 andg; > 0).

C) For the subcarriers withbj(= 0 and g = 0), the ATU-C transmitter should and is
recommended to transmit no power on those subcarriehe ATU-R receiver cannot
assume any particular PSD levels on those subz@riiée transmit PSD levels of those

subcarriers witly; = 0 shall be at least 10 dB below the sync symidereace transmit PSD

level if the subcarrier is below the lowest uselcsurier (lowest with b; > 0) and shall be
below the sync symbol reference transmit PSD |dvide subcarrier is above the lowest
used subcarrier.

The aggregate transmit power over the 138 to 1104 kidnd shall be no higher than
19.9 — 2pcgdBm, which is equivalent to an average transmitDP8f no higher than
—40 — 2ipcg dBm/Hz.

It is recommended that thgg values for subcarriers witty > 0 are constraint withie2.5 dB with

respect to gne during initialization and subsequent bit swapsavoid cyclostationary interference
from the synchronization symbol.

B.1.3.2.3  Synchronization symbol

At initialization time, the sync symbol referenaartsmit PSD level shall be set at —40 rpch

+ 10Iog(gym2) dBm/Hz, with gynC2 defined as the averagga2 value over the used (i.&; > 0)
subcarriers. The sync symbol reference transmit 81&ill not be updated with used subcarrier gain
changes during SHOWTIME.

The transmit PSD level for those subcarriers wjth O shall be the sync symbol reference transmit

PSD level. The transmit PSD levels of those subsarvithg; = 0 shall be at least 10 dB below the
sync symbol reference transmit PSD level if thecauntier is below the lowest used subcarrier

(lowesti with b; > 0) and shall be below the sync symbol referenaastnit PSD level if the
subcarrier is above the lowest used subcarrier.

Since theg; are applied only to the data symbols, the tran$#8D of a synchronization symbol

differs from the transmit PSD of a data symbol. Ehgs are calculated for the multipoint
constellations in order to equalize the expectedrerate on all subcarriers, and are therefore
irrelevant for most of the 4-QAM modulated subaamsiof the synchronization symbol.
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B.2 ATU-R functional characteristics (see clause 8)

B.2.1 ATU-R transmit reference models

The ATU-R reference model for STM transport is giverrigure B.2. The ATU-R reference model
for ATM transport is given in Figure B.3.

"Bits" "Bits" and
"Gains"
LSO
i i 127
scrambler
—»{ cr > >
G & FEC Constel 126
LSO lation [
> Mux/ Tone BE
120
LS1 » Sync ordering en;:r?éje IDFT Output
LS2 »| control ] Parallel/
g sggllir;g — Serial
—» CIG ~sg?:rgtéler—>lnterleaver—> 1 Buffer
n=0 —
C
T-R A B i i DAC and
Constellation . !
Mux FEC Output Encoder Inout i=1to 63 analogue processipd
EOC/ . Data Frame Data Frame P
| AOC Reference points | Data IFrame T1532720-99
| T T |
Figure B.2/G.992.1 — ATU-R transmitter reference mde for STM transport
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Figure B.3/G.992.1 — ATU-R transmitter reference mdel for ATM transport
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B.2.2 ATU-R Upstream transmit spectral mask (replaes 8.14)

Figure B.4 shows the spectral mask for the transigital. The low-frequency stop-band is defined
as the ISDN band, the high-frequency stop-baneéfimed as frequencies greater than 276 kHz.

PSD in Measurements are into 100 ohms resistive terminatio
dBm/Hz

A
—34.5 peak

—48 dB/octave

12 dB/octave / —90 dBm/Hz peak

—50 dBm power in any
1 MHz sliding window

—90 dBm/Hz pee / above 1630 kHz
\
\
j Frequenc
0 50(70) 138 276 122 11040 ety
80(90) 614 1630
T1532740-99
Frequency bandf Equation for line
(kHz) (dBm/Hz)
0<f<50(70) -90
>f1=50(70)< f < 80(90) —90+ 12 x log(f/f1)
80(90)<f< 138 Note 2
138<f<276 -345
276<f<614 —34.5 — 48 x log(f/276)
614<f<1221 -90
1221<f< 1630 —90 peak, with max power in thgf[+ 1 MHz] window of
(90 — 48 x log(f/1221)+ 60) dBm
1630<f< 11 040 —90 peak, with max power in thef f- 1 MHZz] window of —50 dBm
NOTE 1 — 50 and 80 kHz are frequency limits refegrio ADSL over ISDN lines operating with 2B1Q cq@961 Appendix II).
70 and 90 kHz are frequency limits referring to AD&ser ISDN lines operating with 4B3T code (G.96pp&ndix I).
NOTE 2 — The value of PSD in this region dependsheriow-pass and high-pass filter designs. Ther§laffect the ISDN-BA
performance when combined with ADSL in two ways:
1) the residual ADSL power, filtered by the higtspa@nd received by the ISDN-BA receiver as noise;
2) the amplitude and phase distortion introducetblypass filters.
It is expected that the degradation impact on 8i2N-BA line system performance be not more thardB%nd 4 dB, for 2B1Q
and 4B3T line codes respectively, at the inserias reference frequency.

Figure B.4/G.992.1 — ATU-R transmitter PSD mask

The maximum level of the PSD of the ADSL signal nueed at the ISDN port of the splitter shall
not exceed the limits defined in the first two rosighe table in Figure B.4.

All PSD measurements made at the Line port of BN splitter shall use a 10Q resistive
reference impedance.

All PSD measurements made at the ISDN port of 812N splitter shall use the design impedance of
ISDN-BA for 2B1Q and 4B3T respectively as definedEiRSI TS 102 080 (V1.3.1).
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B.2.2.1 Passband PSD and response

The average PSD within the used passband shall lgeeaber than —38 dBm/Hz; the upper end of
this passband depends on whether the signal isnfibalization (see B.2.2.3.1) or steady state
(see B.2.2.3.2).

The passband ripple shall be no greater tharb dB; the maximum PSD of —34.5 dBm/Hz applies
across the whole band from 138 kHz to 276 kHz.

The group delay variation over the passband shakxwmeed 50 us.

B.2.2.2 Stop-band PSDs
See Figure B.4.

B.2.2.3 Transmit power spectral density and Nominahggregate power level

There are two different PSD masks for the ATU-R tnaihsignal, depending on the type of signal
sent. In all cases the power in the voiceband nredsat the U-R interface and that is delivered to
the ISDN interface shall conform to the specifioatin Figure B.4.

B.2.2.3.1 Allinitialization signals starting withR-REVERB1

The nominal PSD in the band from 138 to 276 kHzIdb&@al38 dBm/Hz for an aggregate power of
not greater than 13.3 dBm.

The nominal aggregate power level shall be 13.26.dBm

During the R-REVERB and R-SEGUE signals, all subcarigom indexi to 63 shall be
transmitted, withi vendor discretionary. However, at the vendor'sréison, one or more of these
subcarriers may not be transmitted during the R-MEBlIsignal.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dB/@libe nominal PSD level. The maximum
transmit PSD shall therefore be no higher thandBm/Hz.

B.2.2.3.2 Steady-state data signal

The nominal PSD in the band from 138 to 276 kHzIsbalset at —38 dBm/Hz. The nominal
aggregate power shall be set at —1+6H0loghcup dBm, wherencupis the number of subcarriers
used (i.e. withy; > 0) (13.3 dBm if all subcarriers are used). Thednaih PSD and aggregate power
may, however, be changed from their nominal valnesther of the following circumstances:

. The bits and gains table (received from the ATU-@ird) initialization and possibly
updated through bit swaps, see C-B&G in 10.8.13 Hh&) may not allocate bits to some
subcarriers and may finely adjust (i.e. within thage —14.5 te-2.5 dBm) the transmit PSD
level of others in order to equalize expected emaites on each of those subcarriers.

. Vendor discretionary transmit PSD levels for weudisubcarriers (i.dy = 0). The maximum
transmit PSD for these subcarriers is specifida) iand c) below.

To allow for non-ideal transmit filter effects (eqgassband ripple and transition band rolloff), the
maximum transmit PSD shall be no more than 1 dBralibe finely adjusted nominal PSD level.
The maximum transmit PSD shall therefore be no higten —34.5 dBm/Hz.

The transmit PSD of each subcarrier is defined beves:

a) For the subcarriers with;(> 0), the ATU-R transmitter shall transmit at PSDelswequal to
those specified by thg (e.g.g; = 1, then transmit at R-MEDLEY transmit PSD level)eTh
aggregate transmit power in these subcarriers shakxceed —1.6%5 10logfhcup) dBm by
more than 0.7 dB, whereup, is the number of these subcarriers (i.e. Wjth 0).

142 Recommendation G.992.1 (06/99)



b) For the subcarriers withbj(= 0 andg; > 0), the ATU-R transmitter should and is

recommended to transmit at PSD levels equal toetlpecified by the; (e.g.gi = 1, then
transmit at R-MEDLEY level), with a 4-QAM constellati point (which may change from
symbol to symbol). The ATU-C receiver cannot assumeparticular PSD levels on those
subcarriers. The transmit PSD levels of those sulecarshall be no higher than the
R-REVERBL1 transmit PSD level 10Iog(gi2) dB. The aggregate transmit power in these
subcarriers shall not exceed —16%0logfhcup) dBm, wherencup is the number of these

subcarriers (i.e. with; = 0 andg; > 0).

C) For the subcarriers withbj(= 0 and g = 0), the ATU-R transmitter should and is
recommended to transmit no power on those subcarriehe ATU-C receiver cannot
assume any particular PSD levels on those subz@riiée transmit PSD levels of those
subcarriers witly; = 0 shall be at least 10 dB below the sync symidereace transmit PSD
level if the subcarrier is below the lowest uselcsurier (lowest with b; > 0) and shall be
below the sync symbol reference transmit PSD |dvide subcarrier is above the lowest
used subcarrier.

The aggregate transmit power over the 138 to 276 Ikt shall be no higher than 13.3 dBm,
which is equivalent to an average transmit PSDodfigher than —38 dBm/Hz.

It is recommended that thgg values for subcarriers witty > 0 are constraint withie2.5 dB with

respect to gne during initialization and subsequent bit swapsavoid cyclostationary interference
from the synchronization symbol.

B.2.2.3.3  Synchronization symbol

At initialization time, the sync symbol referenceartsmit PSD level shall be set at

-38+ 10Iog(g;yn02) dBm/Hz, with gyncz defined as the averat_q;e2 value over the used (i.b; > 0)
subcarriers. The sync symbol reference transmit 81&ill not be updated with used subcarrier gain
changes during SHOWTIME.

The transmit PSD level for those subcarriers wjth O shall be the sync symbol reference transmit
PSD level. The transmit PSD levels of those subsarvithg; = 0 shall be at least 10 dB below the
sync symbol reference transmit PSD level if thecautier is below the lowest used subcarrier
(lowesti with b; > 0) and shall be below the sync symbol referenaastnit PSD level if the
subcarrier is above the lowest used subcarrier.

Since theg; are applied only to the data symbols, the tran$#8D of a synchronization symbol
differs from the transmit PSD of a data symbol. Ehgs are calculated for the multipoint
constellations in order to equalize the expectedrerate on all subcarriers, and are therefore
irrelevant for most of the 4-QAM modulated subaamsiof the synchronization symbol.

B.2.3 Data subcarriers (replaces 8.11.1.1)

The channel analysis signal (R-REVERB1) defined in"Balows for a maximum of 63 carriers,
however the use of carriers betweers 1 to 32 is optional and their use is negotiatedubh
G.994.1 (see B.3.1 and B.3.2). This lower limit ons partly determined by the ISDN/ADSL
splitting filters. If FDM is used to separate thgstream and downstream ADSL signals, the upper
limit is set by down-up splitting filters. The cutfdrequencies of these filters are completelyhet t
discretion of the manufacturer, and the range aiblesn is determined during the channel
estimation.
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B.2.4 Pilot frequency

There is no upstream pilot, the ATU-R shall perfolave loop timing based on the downstream
pilot.

B.2.5 Nyquist frequency (supplements 8.11.1.2)
The upstream Nyquist frequency shall be at subcatié = 276 kHz).

B.2.6 Modulation by the Inverse Discrete Fourier Tansform (replaces 8.11.2)

The modulating transform defines the relationshiggvben the 128 real valuggand thez;:
127 e
X = Zexp{J(s—TTjZi fork=0to 127

The encoder and scaler generate complex valu&s adrresponding to tones 1 to 63 (plus zero at
DC and one real value if the Nyquist frequencyded). In order to generate real valuesthese
values shall be augmented so that the vefitbas Hermitian symmetry. That is,

Z; = conj[Z128] fori=65t0 128
If the carriers N= 1 to 32 are not used, then:

Zi=0 fori=1to 32
NOTE — For the mirrored complex conjugate transmitt

Z; = conj[Zs4-i] fori=1to 31

Z3;=0

B.2.7 Synchronization symbol (supplements 8.11.3)

The data pattern used in the synchronization symsiall be the pseudo-random sequence RiRU (
forn=1to 128), defined by:

d,=1 forn=1to 6
th=dn5 0 dns forn=7to 128

The bits are used as follows: the first pair of {dg and dy) is used for the DC and Nyquist
subcarriers (the power assigned to them is zerthesbits are effectively ignored); then the faisd

second bits of subsequent pairs shall be usedfimedieX; andY; fori = 1 to 63 in accordance to
Table 7-13.
B.2.8 Cyclic prefix (replaces 8.12)

The cyclic prefix shall be used for all symbols Imegng with segment C-REVERB3 of the
initialization sequence, as defined in 10.7.2.

The last 8 samples of the output of the IDEJfor k = 120 to 127) shall be prepended to the block
of 64 samples and read out to the DAC in sequélitat is, the subscripk, of the DAC samples in
sequence are 120...127, 0...127.
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B.3 Initialization (see clause 10)

B.3.1 Handshake — ATU-C (supplements 10.2)

B.3.1.1 CL messages (supplements 10.2.1)

See Table B.1.

Table B.1/G.992.1 — ATU-C CL message NPar(2) bit @iritions for Annex B

NPar(2) bit

Definition

Tones 1to 32

If set to ONE, signifies that the ATU-C is capabfaeceiving upstream tones 1 to 32
during transceiver training (only applicable fo9@2.1 Annex B).

B.3.1.2 MS messages (supplements 10.2.2)

See Table B.2.

Table B.2/G.992.1 — ATU-C MS message NPar(2) bit ii@tions for Annex B

NPar(2) bit

Definition

Tones 1 to 32

Signifies that the ATU-R is allowed to transmit trpam tones 1 to 32 during
transceiver training (only applicable for G.992.4n&x B).

B.3.2 Handshake — ATU-R (supplements 10.3)

B.3.2.1 CLR messages (supplements 10.3.1)

See Table B.3.

Table B.3/G.992.1 — ATU-R CLR message NPar(2) biedinitions for Annex B

NPar(2) bit

Definition

Tones 1 to 32

If set to ONE, signifies that the ATU-R is capabfdransmitting upstream tones 1 tg
32 during transceiver training (only applicable &©92.1 Annex B).

B.3.2.2 MS messages (supplements 10.3.2)

See Table B.4.

Table B.4/G.992.1 — ATU-R MS message NPar(2) bit fi@tions for Annex B

NPar(2) bit

Definition

Tones 1 to 32

Set to ONE if and only if this bit was set to ONBdoth the last previous CL message
and the last previous CLR message. Signifies H@aATU-R is allowed to transmit
upstream tones 1 to 32 (or a subset thereof) diramgceiver training (only applicabl
for G.992.1 Annex B).

[97]
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B.3.3 Power Cut-back (supplements 10.4.5.1)

If the total upstream power measured on 12 consecstbcarriers in the range 36 to 51 during
R-REVERBLI1 is greater than 3 dBm, then the PSD forBE4BRB1 and all subsequent downstream
signals shall be as shown in Table B.5.

The ATU-C shall choose 12 consecutive subcarrietheénrange 36 to 51 actually transmitted at
nominal power by the ATU-R. In the case where the ATdannot find 12 such subcarriers, the
ATU-C is allowed to use less subcarriers in the nglash power measurement, but shall compensate
the measurement accordingly.

Table B.5/G.992.1 — Power cut-back: downstream PS#&s a function
of upstream received power

Upstream received power (dBm) 0 15 3 4.5 6 7.5 9
Max downstream PSD (dBm/Hz) -40 42 44 -46 448 5652

This chosen level shall become the reference levellf subsequent gain calculations.

B.3.4 Estimated average upstream loop attenuatiorsée 10.8.9.1)

With the allowable transmit PSDs —38 dBm/Hz ovex 188 to 276 kHz band, the total transmit
power, as used for this calculation, shall be HB&.

B.3.5 Estimated average downstream loop attenuatiof10.9.8.1)

With the allowable transmit PSDs as defined in Tdhle (—40 dBm/Hz to —-52 dBm/Hz) over the
138 to 1104 kHz band, the total transmit powerusad for this calculation, may range from a
maximum of 19.9 dBm in steps of —2 dB to a minimein?.9 dBm.

B.3.6 C-PILOTZ1 (for 10.4.3)
fc.piLoT1= 414 kHz that is, &pjLoT1 = 96.

B.3.7 R-REVERBI1 (supplements 10.5.2)

The data pattern used in R-REVERBL1 shall be the pseudtom sequence PRU,(, forn =1 to
128), defined by:

d,=1 forn=1to 6
th=dn5 0 dns forn=7to 128

The bits are used as follows: the first pair of {dg and dy) is used for the DC and Nyquist
subcarriers (the power assigned to them is, ofssgurero, so the bits are effectively ignored)nthe

the first and second bits of subsequent pairs $lealised to define thg andY; fori =1 to 63 as
defined for C-REVERBL1 (see 10.4.5).

NOTE — The dto d; are re-initialized for each symbol, so each syndbd-REVERB1 uses the same data.
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B.3.8 R-MEDLEY (replaces 10.7.8)

R-MEDLEY is a wideband pseudo-random signal usede&timation of the upstream SNR at the
ATU-C. The data to be transmitted are derived frommgeeudo-random sequence PRU defined in
10.5.2 (R-REVERBL1). In contrast to R-REVERB1, howeviee, cyclic prefix is used and the data
sequence continue from one symbol to the next. lBerthe sequence is of length 63, and 128 bits
are used for each symbol, the subcarrier vectoRMEDLEY changes from one symbol to the
next. R-MEDLEY is transmitted for 16 384 symbol peso Following R-MEDLEY, the ATU-R
enters signalling state R-REVERB4.

B.3.9 C-MSG2 (supplements 10.8.9)
Nc-msG1= 79
Nc-mscz2= 91
B.3.10 R-MSG2 (supplements 10.9.8)
Nr-msc1= 44
Nr-msc2= 49

B.3.11 C-ECT and R-ECT (supplements 10.4.7 and 104

Because C-ECT and R-ECT are vendor defined signadsl(d.7 and 10.5.4) the PSD specification
shall be interpreted only as a maximum. This maximawel is -39 — 2gcg (for C-ECT) and
—37 (for R-ECT) dBm/Hz (with n indicating the poweut-back, n= 0 to 6) for the band from
138 kHz to 1104 kHz (for C-ECT) and to 276 (for R-EC3)bcarriers 1 to 31 may be used, but the
power in the ISDN band shall conform to the speatfon given in B.1.3 and B.2.2.

B.3.12 C-B&G (replaces 10.8.13)

C-B&G shall be wused to transmit to the ATU-R the sbhiand gains information,
{i.e. by, g1, by, 92, ..., bg3, gs3,}that are to be used on the upstream carrigrsdicates the number
of bits to be coded by the ATU-R transmitter onte ith upstream carrierg; indicates the scale

factor, relative to the gain that was used for ttaatier during the transmission of R-MEDLEY, that
shall be applied to thiéh upstream carrier. Because no bits or energy skalidnsmitted at DC or

one-half the sampling rateg, go, bss, andges shall all be presumed to be zero and shall not be
transmitted.

Eachb; shall be represented as an unsigned 4-bit integtr,valid bjs lying in the range of zero to

Nupmax the maximum number of bits that the ATU-R is predai® modulate onto any subcarrier,
which is communicated in R-MSG1.

Each g; shall be represented as an unsigned 12-bit fix@atpquantity, with the binary point
assumed just to the right of the third most sigaffit bit. For example, & with binary

representation (most significant bit listed fir8)1.010000009would instruct the ATU-R to scale
the constellation for carridr by a gain factor of 1.25, so that the power iat tbarrier shall be
1.94 dB higher than it was during R-MEDLEY.

For subcarriers on which no data are to be tratsthiind the receiver will never allocate bits (e.g

out-of-band subcarriers) both andg; shall be set to zero (0000 and 00000000 0000¢ctsply).
For subcarriers on which no data are to be cugrdrdhsmitted, but the receiver may allocate bits

later (e.g. as a result of an SNR improvement)btkball be set to zero and thea value in the 0.19
to 1.33 range (000.001100G0@ 001.0101010%).
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The C-B&G information shall be mapped in a 1008(b26 byte) messaga defined by:
m = {Myoo7 Moo6 ---» M1, Mo} = {Js3, be3, ..., g1, b1}

with the MSB ofb; andg; in the highem index andrmy being transmitted first. The messagehall
be transmitted in 126 symbols, using the transmissiethod as described 10.8.9.

Following C-B&G, the ATU-C shall enter the state ®C5. The new timing diagram of the
initialization sequence (part 2) (modified from tieagram given in 10.9.18) is shown in Figure B.5.
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R-MEDLEY
=727 C-REVERB4
< 6000 i
R-REVERB4 128
R-SEGUE3 10
R-MSG-RA/R-CRC-RAL | 15
R-RATES-RA/R-CRC-RAZ
> 80
<2413
R-REVERB-RA >
10 C-SEGUE2 Z 420%%
C-RATES-RA/C-CRC-RA]
130 C-MSG-RA/C-CRC-RA2
> 64
<1447
> 163
< 4000 C-REVERB-RA R-SEGUE-RA 10
R-MSG2/R-CRC-3 :
R-RATES2/R-CRC4
> 80
<2534
10 C-SEGUE-RA R-REVERBS > 291
< 4000
9 C-MSG2/C-CRC3
C-RATES2/C-CRC4
128 C-B&G/C-CRC5
> 64
<1319
> 586 C-REVERB5 R-SEGUE4 10
< 4000
R-B&G/R-CRC5 512
<2095
R-REVERB6
< 4000
10 C-SEGUE3
<1895
R-SEGUES5 10
SHOWTIME Maximum
initialization time
11.3 seconds SHOWTIME
T1532750-99

Figure B.5/G.992.1 — Timing diagram of the initialzation sequence — Part 2

Recommendation G.992.1 (06/99)

149



ANNEX C

Specific requirements for an ADSL system operatingn the same cable as ISDN
as defined in ITU-T Recommendation G.961 Appendixil

C.1 Scope

This annex describes those specifications that ricpie to an ADSL system coexisting in the same
binder as TCM-ISDN as defined Recommendation G.9g{eAdix Ill. The subclauses in this annex
provide supplementary and replacement materidhe¢octauses in the main body. The nature of the
material is parenthetically indicated in the subsk heading. The modifications described in this
annex allow a performance improvement from the ADSistem specified in Annex A in an
environment coexisting with TCM-ISDN in the same leabThis annex also defines those
parameters of this ADSL system that have been uefdlefined in the main body of this
Recommendation. It is recommended that ADSL systaplementing Annex C also implements
Annex A.

C.2 Definitions

Bitmap-k ATU-R transmitter bitmap under TCM-ISDN FEXT nogpgenerated at ATU-C

Bitmap-F ATU-C transmitter bitmap under TCM-ISDN FEXT nopenerated at ATU-R

Bitmap-Nc ATU-R transmitter bitmap under TCM-ISDN NEXT noigenerated at ATU-C

Bitmap-Ng ATU-C transmitter bitmap under TCM-ISDN NEXT noigenerated at ATU-R

Dual Bitmap The Dual Bitmap method has dual bitgatader the FEXT and NEXT noise
from TCM-ISDN

FEXT Bitmap Similar to the Dual Bitmap method howewamsmission only occurs during

FEXT noise from TCM-ISDN
FEXTc duration  TCM-ISDN FEXT duration at ATU-C estimatedthg ATU-R
FEXTc symbol DMT symbol transmitted by ATU-R during TCMBS FEXT
FEXTr duration = TCM-ISDN FEXT duration at ATU-R estimatedthg ATU-C

FEXTr symbol DMT symbol transmitted by ATU-C during TCMBS FEXT
Hyperframe 5 Superframes structure which synchezhiZTR

NEXTc duration  TCM-ISDN NEXT duration at ATU-C estimatedthg ATU-R
NEXTc symbol DMT symbol transmitted by ATU-R during TCMBS NEXT
NEXTg duration  TCM-ISDN NEXT duration at ATU-R estimatedthbg ATU-C
NEXTgr symbol DMT symbol transmitted by ATU-C during TCMBS NEXT

Nswr Sliding Window frame counter

Subframe .10. consecutive DMT symbols (except for sgymbols) according to TTR
timing

TTR TCM-ISDN Timing Reference

TTRc Timing reference used in ATU-C
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TTRRr

Ul

C3

Timing reference used in ATU-R

Unit Interval

Reference Models

C.3.1 ATU-C transmitter reference model (replacesifures in 5.1)
See Figures C.1 and C.2.

I "Bits" &
Bits "Gains"
l l 511
ASO >
> scram
AS1 N PO » Rate Constel{ : | 510
AS? FEC converter lation —
Tone d 480 Output
AS3 Mux/ Ordering__ en;r?d € IDET Para_IIeI
LSO > S Serial
> Sync gain Buffer
LS1 Control scran ||| ier. R scaling 1
LS2 o CIG L] & L eavel atet N
NTR FEC converter n=0 L
T
OAM
S |
EOC/ |_|DAC and Analogug: |
AOC i processing
TTR !
Z;
A B c C lati i=1 to 255 U-C
: onstellation -
v-C Mux FEC Output Encoder Input
Data Frame Data Frame Data Frame

Reference Points

|

1

NOTE - The TTR may be generated in ATU-C withouhgerovided from the TCM-ISDN clock.

T1532760-99

Figure C.1/G.992.1 — ATU-C transmitter reference mdel for STM transport
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"Bits" &

"Gains"
ASO L L 511
AT —ofCeiTel-»
Cell TC scrany Rate
Ly Crcf > & Constel o 510
AS1 EEC converter lation —
ATML il cell TCl» Y Tone | { | gncode 480 Output
Mux/ ordering and |i|IDFT Parallel
Sync gain |4 Serial
NTR Contro| scram scaling 1 Buffer
o crg [l & b Inter- Rate N
leavern ~[converter -
FEC n=0 —
<__>
OAM . ‘ B
EOC/ L_|DAC and Analogug
AOC j processing
TTR b
Z;
A B C  i=1to255 U-
V-C Mux FEC Output Constellation
Data Frame Data Frame Encoder Input
Reference Points | | Data IFrame

T1532770-99

NOTE — The TTR may be generated in ATU-C withouhgeprovided from the TCM-ISDN clock.
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Figure C.2/G.992.1 — ATU-C transmitter reference mdel for ATM transport
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C.3.2 ATU-R transmitter reference model (replacesifures in 5.2)
See Figures C.3 and C.4.

LSO
LS1
LS2

LSO

EOC/
AOC

—

Reference Points

scram
bler
cr

> CIG Py
FEC
scram
cr bler
> G
FEC

A

Mux

Data Frame

"Bits" &
"Gains"
l 63
Constel- 62
lation [
| encoder] 59 Output
and IDFT Parallel
gain [ Serial
scaling 1 Buffer
n=0 ]
A
T
|_|DAC and Analogu e
processing
Z;
i=1to 31
Constellation U-R
Encoder Input
Data Frame

T1532780-99

NOTE - The TTR shall be generated in ATU-R from the received FERynal, and it is locked to 690 periods of upstream
sampling clock (276 kHz).

Figure C.3/G.992.1 — ATU-R transmitter reference mdel for STM transport
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L_|DAC and Analogug:,,
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AOC
TTRy & i
A B . i=1to 31 U-R
_ Constellation
T-R Mux FEC Output Encoder Input
Data Frame Data Frame Data Frame
Reference Points | | |
I I I

T1532790-99

NOTE — The TTR shall be generated in ATU-R from the received ETRynal, and it is locked to 690 periods of upstrea

sampling clock (276 kHz).

Figure C.4/G.992.1 — ATU-R transmitter reference mdel for ATM transport
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C.3.3 ATU-C/R transmitter timing model (replacementfor 5.3)

C.3.3.1 TCM-ISDN crosstalk timing model (new)
Figure C.5 shows the timing chart of the crosstakn TCM-ISDN.

TTR
— 377 Ul -
coO transmit ISDN receive ISDN
) 6-7.5 Ul 377 Ul
_» ‘e 0= propagation delag 16 Ul -
RT |: receive ISDN transmit ISDN
L SCF
TTR¢ ’—
FEXTg NEXTg
ATU-C TX Framg Framp  ————---
g F 0< propagation delag 18.5 Ul

Received J ’—

TTRc i Sy
TTRy ’—
NEXT, FEXT,
ATU-R TX Framg Framp  ———----
T1532800-99
1UI=3.125us

FEXT R andNEXT  are estimated by ATU-C
FEXT - andNEXT . are estimated by ATU-R

TTR TCM-ISDN timing reference

TTR: Timing reference used in ATU-C

Received TTR Received TTR at ATU-R

TTRy Timing reference used in ATU-R

Sc 55 x 0.9058 ps: Offset from TTR to TER

Sy —42 x 0.9058 us: Offset from received TIR TTRy

Figure C.5/G.992.1 — Timing chart of the TCM-ISDN cosstalk

The data stream of TCM-ISDN is transmitted in TTR pkriGO transmits the stream in the first
half of the TTR period and RT transmits in the sechatl of the TTR period. ATU-C receives
NEXT noise from the ISDN in the first half of the TTRrppd and FEXT noise from the ISDN in the
second half of the TCM-ISDN period. On the otherdiaATU-R receives FEXT noise from the
ISDN in the first half of the TTR period and NEXT neifom the ISDN in the second half of the
TTR period.
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As defined in C.7.6.2 and C.7.8.3, the ATU-C shatineate the FEX% and NEXTr duration at

ATU-R, and the ATU-R shall estimate FEXTnd NEXT: duration at ATU-C taking propagation
delay on the subscribe line into consideration.

The ATU-C shall transmit any symbols by synchroniawith the TTR.. The ATU-R shall transmit
any symbols synchronizing with the TgRenerated from received TER

C.3.3.2 Sliding window (new)
Figure C.6 shows the timing chart of the transmis$or the Annex C downstream at ATU-C.

Hyperframe = 345 symbols

i
L
i

!

>

|

TTR: | |
| |
Crosstalk i FEXTg FEXTR FEXTg FEXT, i
perod 4 NEXT, NEXT, “— — |
| |

ATU-C i i
T Frame | | |
e [TTITTTTITT I I B

/ T1532810-99
D FEXTg symbol

Sliding Window
D NEXTg symbol

Figure C.6/G.992.1 — Sliding window for downstreansymbols

The Sliding Window defines the transmission symbotgler the crosstalk noise environment
synchronized to the period of TTR. The FEd symbol represents the symbol completely inside
the FEXTcr duration. The NEXERr symbol represents any symbol containing the NEXT
duration. Thus, there are more NEXg symbols than FEXd;r symbols.

The ATU-C decides which transmission symbol is FRXdr NEXTg symbol according to the
sliding window and transmits it with the correspimgpbit table. Similarly, the ATU-R decides the

transmission symbol is a FEXTor NEXTc and transmits it with the corresponding bit table.

Although the phase of the sliding window is asyodmus with TTR/R, the pattern is fixed to the
345 frames of the hyperframe.

C.3.3.3 ATU-C Symbol Synchronization to TTR (new)

345 symbols are 34 cycles with cyclic prefix of T3 ®r 32 cycles of TTR without cyclic prefix).
This implies a PLL lock at the ATU-R.

C.3.3.4 Dual Bitmap switching (new)

The ATU-C transmits FEXd symbols using Bitmapd(in FEXTgr duration), and transmits NEXT
symbols using Bitmap-pl(in NEXTg duration) according to the result of initializatiotThe ATU-R
transmits FEXE symbols using Bitmapd-(in FEXT¢ duration), and transmits NEXTsymbols
using Bitmap-N (in NEXTc duration) in the same manner.

The ATU-C shall have the capability to disable BitaNypand Bitmap-& (see C.4.5 and C.5.3).

156 Recommendation G.992.1 (06/99)



C.3.3.5 Loop timing at ATU-R (new)

The phase relation between received symbol andnhittiesl symbol of ATU-R at the reference
point U-R shall meet the phase tolerances as showigure C.7.

(point U-R)

ATU-R receive
DMT symbol

ATU-R transmit
DMT symbol

T1532820-99

—> ¢ H5us+ §

Figure C.7/G.992.1 — Loop timing for ATU-R
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C4a ATU-C functional characteristics (pertains to ¢tause 7)

C.4.1 STM transmission protocols specific functionldy (pertains to 7.1)

C.4.1.1 ATU-C input and output V interface for STM transport (replaces figure in 7.1.1)

See Figure C.8.

ASO (1, X 32 Kbit/s)

AS1 (o, X 32 kbit/s)

AS2 (n, X 32 Kbit/s)

AS3 (1, X 32 Kbit/s)

Digital

LSO ("C"; 16 orm, X 32 kbit/s)

Network

LS1 (m, X 32 Kbit/s)

LS2 (m, X 32 Kbit/s)

NTR

TTR

Operations, maintenance and control

NOTE 1 — Optional bearer channels (both duplexsmgplex) and features are shown with dotted lines.

V-C

A 4

twisted pair

ATU-C [ > > >

T1532830-99

NOTE 2 — TTR may be generated in the ATU-C withoeing provided from the V-C reference point.

Figure C.8/G.992.1 — ATU-C functional interfaces foSTM transport at
the V-C reference point

C.4.1.2 Payload transfer delay (supplements 7.1.4)

Since Annex C uses a rate converter, the maximwtoga transfer delay is longer than specified
values in 7.1.4. The additional one-way transfeaylelue to the rate converters shall be less than
1.7 ms for fast data and 13 ms for interleaved.data
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C.4.2 ATM transmission protocols specific functionbties (pertains to 7.2)

C.4.2.1 ATU-C Input and Output V interface for ATM transport (replaces figure in 7.2.1)
See Figure C.9.

ATM layer ATMO
Tx_ATMO
P Tx_Cell_HandshakeO
0]
$ Rx_ATMO
0 Rx_Cell_HandshakeO
_X_ ATM1

Tx_ATM1 Twisted pair
» ATU-C (> >

Tx_Cell_Handshakel

Rx_ATM1

Rx_Cell_Handshakel

A\

NTR

A 4

and interface to TR

Digital network

Operations, administration,
maintenance and control

V-C T1532840-99
NOTE — TTR can be generated in the ATU-C withouhferovided from the V-C reference point.

Figure C.9/G.992.1 — ATU-C functional interfaces tdhe ATM layer at the V-C reference point

C.4.2.2 Payload transfer delay (supplements 7.2.2)

Since Annex C uses a rate converter, the maximwloaa transfer delay is longer than specified
values in 7.2.2. The additional one-way transfeaylelue to the rate converters shall be less than
1.7 ms for fast data and 13 ms for interleaved.data

C.4.3 Framing (pertains to 7.4)

C.4.3.1 Superframe structure (supplements 7.4.1.1)

Since the rate converter reorders the user dataenthead bit-level data to create hyperframes, the
input data frames to the constellation encodeddferent than those defined in 7.4.1.1.

C.4.3.2 Hyperframe structure (replaces 7.4.1.3)

Annex C uses the hyperframe structure shown in rEigd.10. Figure C.10 shows the phase

relationship between the THRand the hyperframe at the point U-C. Each hyperrésrcomposed
of 5 superframes, which are numbered from 0 tordorder to indicate the boundary of the
hyperframe, the inverse synch symbol is used fer4iin superframe (SPF#3), which is generated
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from a tone-by-tone 180-degree phase reversaleotyinchronization symbol (see C.4.7.1) except
for the pilot tone.

The bit-level data stream from the rate-convert@xisacted according to the size of Bitmapdhd
Bitmap-Ng using the Sliding Window (see C.3.3.2).

In order to make the bit rate to be a multiple 2fkbit/s, the dummy bits are inserted at the end of
hyperframe by the rate converter (see C.4.4.2).hyperframe is composed of 345 DMT symbols,

numbered from 0 to 344. Each symbol is assignedE26Tk or NEXTr symbol in a FEXE or
NEXTg duration (see C.2), and the following numericatnfala gives the information which
duration Njmrth DMT symbol belongs to at ATU-C transmitter (segufe C.11).

For Ngme=0, 1, ..., 344
S=272% Ngm¢ mod 2760
if{(S +271l<a)or(S>a+b)} then FEXTk symbol
else then NEXd symbol
where a= 1243, b= 1461

Thus, 128 DMT symbols are allocated in the FirXlration, and 217 DMT symbols are allocated
in the NEXTR duration. The symbols are composed of:

FEXTr symbol:
Number of symbol using BitmapgF =126
Number of synch symbol =1
Number of inverse synch symbol =1
NEXTgr symbol:
Number of symbol using Bitmap\ =214
Number of synch symbol =3

During FEXT Bitmap mode, the ATU-C shall transmit otig pilot tone in NEXk symbols.
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(point B) 5 Superframe (= 340 frames)
1 Superframe = 68 frames (17 ms)
HEEEEEEEE N [ |
4> 47
l 1 frame = 25Qus
‘ Rate-Converter |
(point U-C, including synch symbol) l
TTR Clock(TC)#0 = 2.5 ms TC#27 TC#33
m ] _ —
ATUR ——— i L]
Crosstalk FEXT NEXT FEXT NEXT
Hyperframe = 345 symbols (85 ms)
- Superframe (SPF#0) = 69 symbols (17 ms) SPF#1 SPF#2 SPF#3 SPF#4
ATU-C transmit,
DMT symbol F|__F|F|F|N|N|N|N|N|NIIF| F| S S |S N F| ' F|F N
: < ] F:EXTR duraﬁ)n T1532850-99
Sliding window

«—»
1 symbol = 264us (544 samples)

Inverse synch symbol
NEXTg Synch symbol
Symbol using Bitmap-k (FEXTg duration bitmap)
Symbol using Bitmap-N (NEXTg duration bitmap)
FEXTg Synch symbol

Figure C.10/G.992.1 — Hyperframe structure for dowstream
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TTR:

0
1fa0 ]| 22 | 22 | 18 | 14; [ 15 | 16 | 17 | 18 [ 19 [
2|20 21 | 22 | 28 | 24 ] 25 [ 26 | 27 | 28 | 29 |
3|30f 81 | 82 | 83 | 34 | 35 [ 36 | 37 | 38 [ 39 [4b
4| [ 41 | a2 | 48 | 44 Jias | 46 | 47 | 48 | 49 |50
50| 51 | 52 | 58 | 54 | 55 | 56 [ 57 | 58 | 59 [ 60:
6 61 | 62 | 63 | 64 | 65 | 66 | 67 | ss [ 69 | 70:
7 7a | 72 | 738 | 74 | 75 | 76 | 77 | 78 | 79 [ 80 }
s|81 | 82 | 83 | 84 [ 85:| 86 | 87 | 88 | 89 | 90 |
9f91] 92 | 93 | 94 | 95 i 96 | 97 | 98 | 99 [ 100 [161

10 [101] 102 | 108 | 104 | 105 [ 106 | 107 | 108 [ 109 | 110 |111

11| | 142 [ 128 | 114 | 145 [i116 | 117 | 118 [ 119 [ 120 | 124

12 | [ 122 | 123 | 124 | 125 | i26 [ 127 | 128 | 129 | 130 [ 13%

13 |[ 482 | 183 [ 184 | 1385 | 136 [ ss | 138 | 139 | 140 | 141i]

14 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150 | 151

15| 152 | 158 | 154 | 155 | 156: [ 157 | 158 | 159 | 160 | 161 |

16 [162]| 163 | 164 [ 165 | 166 i 167 | 168 | 169 | 170 | 171 [17]

17| [ 278 | 174 | 175 | 176 |: 177 | 178 | 179 | 180 | 181 [182

18| | 183 | 184 | 185 | 186 | 187 [ 188 | 189 | 190 | 191 | 192

19 [ | 193 | 194 | 195 | 196 | £97 [ 198 | 199 | 200 [ 201 | 20%

20 [[ 208 | 204 | 205 | ss | 2d7 [ 208 | 209 | 210 | 211 | 212]

21 (2183 | 214 [ 215 | 216 | 217 [ 218 | 219 | 220 | 221 | 222

22 (223 | 224 | 225 | 226 | 227i| 228 | 229 | 230 | 231 | 232 [i

23 [233] 284 | 235 | 236 | 237 { 238 | 239 | 240 [ 241 | 242 [243

24 | | 244 | 245 | 246 | 247 |: 248 | 249 | 250 | 251 [ 252 [253

25| | 254 | 255 | 256 | 257 | 258 | 259 [ 260 | 260 | 262 | 263
26 || 264 | 265 | 266 | 267 | Z68 | 269 | 270 [ 271 | 272 | 273

27 | 274 | 1sS | 276 | 277 | 278 | 279 | 280 | 281 [ 282 | 283 |
28 | 284 | 285 | 286 | 287 | 289 | 289 | 290 | 291 [ 292 | 293

29 [294 | 295 | 296 | 297 | 298:| 299 | 300 [ 301 [ 302 | 303 |[!

30 (304] 305 | 306 | 307 | 308 | 309 | 310 [ 311 | 312 | 313 [3%4
31| [ 815 | 816 [ 317 | 318 [i319 | 320 [ 321 [ 322 | 323 | 321
32| | 825 | 826 | 327 | 328 | 329 | 330 | 331 | 332 | 333 | 334
33 | 385 [ 336 | 837 | 338 | 339 | 340 | 341 [ 342 | 343 | ssi

o [ t ] 2 J 3 ] 4

| 5 [ s [ 7 |8 ] o9 §

Inverse synch symbol FEXTg Synch symbol NEXT, synch symbol

T1535330-00
[] FEXT datasymbol [ NEXT, data symbol

Figure C.11/G.992.1 — Symbol pattern in a hyperfram with cyclic prefix — Downstream
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C.4.3.3 Subframe Structure (replaces 7.4.1.4)

A subframe is 10 consecutive DMT symbols (excepsforch symbols) as shown in Table C.1. The
34 subframes form a hyperframe.

Table C.1/G.992.1 — Subframe (downstream)

Subframe No. DMT symbol No. Note
0 0-9
1 10-19
2 20-29
3 30-39
4 40-49
5 50-59
6 60-70 #68 is Synch Symbol
7 71-80
8 81-90
9 91-100
10 101-110
11 111-120
12 121-130
13 131-141 #137 is Synch Symbol
14 142-151
15 152-161
16 162-171
17 172-181
18 182-191
19 192-201
20 202-212 #206 is Synch Symbol
21 213-222
22 223-232
23 233-242
24 243-252
25 253-262
26 263-272
27 273-283 #275 is Inverse Synch Symbol
28 284-293
29 294-303
30 304-313
31 314-323
32 324-333
33 334-344 #344 is Synch Symbol
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C.4.4 Dual Bitmapping and Rate Conversion (replaces.15)

The functions of the rate converter (see C.4.4dt)e tordering (see C.4.6), constellation encoding,
and gain scaling shall use one of two bitmaps dtanethe ATU. This method is called the dual
bitmap.

C.4.4.1 Dual Bitmap (new)

The Dual Bitmap method has individual bit rates urtie FEXT and NEXT noise, and this needs

an additional bit and gain tableb;{ gi}, and ordered bit tabldy’j, for the tone ordering. The dual
bitmaps are switched synchronized with the slidngdow pattern of NEXT/FEXT symbols. The
number of bits and the relative gains to be usedefery tone are calculated in the bit loading
algorithm during the initialization sequence, arahsmitted in R-B&G.

C.4.4.2 Rate Converter (new)

The rate converter buffering changes the data framendaries between the reference points B

and C according to BitmapgF Bitmap-N; and the Sliding Window. Two independent rate
converters are prepared for fast data and inteztbaata. The amount of fast and interleaved data in

Bitmap-Fr and Bitmap-N shall be calculated with the following formulaedailustrated in
Figure C.12:

If trf< NrRmax
NRi =tRs
NRj = NR ~ NRf
fre =tRs
fri = fr~ TR
If trf > NRmax:
NRf = NRmax
nR; =0
[trs X10—nNR¢ X6 ]
4

_tRf x10- NRf X 7_
3

frig =

friz =

. :{me = fr=fria
friz = fr~ fre3
Where:
trs IS the number of allocated bits in one frame &=mt bytes at the reference point B.
tri Is the number of allocated bits for interleavetklyat the reference point B.
frrand ks are the numbers of fast bits in Bitmagp-#nhd Bitmap-M, respectively.

friz is the number of fast bits in BitmagHf the subframe (see C.4.3.3) contains
3 Bitmap-k except for synch symbols.
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fria is the number of fast bits in Bitmap:FRf the subframe contains 4 BitmapF
except for synch symbols.

fri and i are the numbers of interleaved bits in BitmagpaRd Bitmap-M, respectively.
nr Is the number of total bits in BitmapgNwhich is specified in the B&G tables.

During FEXT Bitmap mode,g and rk; are zero.

To convert the bit rate to be a multiple of 32 Idyithe dummy bits for fast data are inserted to the
tail of each subframe, and the dummy bits for ietered data are inserted to the end of the
Hyperframe. The number of the dummy bits shall bfobows:

If trRf< NRmax:

dummys =0
dummy; = (fRr; X126+ ng; x 214) - tg{ X340

If trf > NRmax
dummyQM = (fRf x4+ NRf XG)—tRf x10
dummygsz = (fRf X3+ NRs x?)_tRf x10
dummys; = (frig X96+ fri3*30)—tg; X340

If the fast data buffer uses single latency orttg, dummy bits are inserted at the tail of each FEXT
symbol in the 4 Bitmapconstructed subframe. The number of dummy bitd bleahs follows:

dummyrs = friz = frea

The receiver shall determine Bitmap-Bnd Bitmap-M so thatdummy; is less than 126 in the
initialization sequence. At the receiver, the itsgédummy bits shall be removed.
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HO #1 #2 #3 #4#5 #6 #7 #8 #UOHLLHI2#13#14 #15HI6H17 #18 HIOHXPIMIBHIA H25HI6H2T #2829 HIBHIBHIIT HEBHED
4 [T T 1]

tRi Interleaved Data

11
tRj Fast Dat3

v

NOTE - Bit Ordering:
The earlier bit is located at the bottom
T each symbol in this figure.

1
Rate Converter

N

Order

Whentz; < Ngoax

#0 #1 #2 #3 HI0#11 #12#13 #2L#22 #23 dummy;
fri=
fR - fRf #4 #5 #6 #7 #8 #9 414 #15#16 #17 #18 #1191 H2AH#25 1#26 #27 #28 #29 #3OHAOHAL
fr [ ] Ngi
¥ A A
Ng
frf — L
“——— Pt Pt — Pt PP > “«——» 4
FEXT NEXT FEXT NEXT FEXT NEXT NEXT
Symbols Symbols Symbols  Symbols = Symbols Symbols Symbols
L e T o B —
Subframe Subframe Subframe Subframe

WhentRf > anax

#0 #1 #2 #3 #10#11 #12#13 #1422 #23 HBHIBHITH3B
f fria - dummy
Ri4
dumm
fr Yo dummyg, dummyg; dummygg,
Y
fri
me HAHE HE H#T #8 14415 #16 #17#18 o0 B #26 #27 #28 ffé9 HIROHAHA
L[ LI ] Mgi=n
<« P4 P4 P4 P4 _PdL > «——>
FEXT NEXT FEXT NEXT FEXT NEXT NEXT
Symbols Symbols  Symbols Symbols .= Symbols Symbols Symbols
T T T T T e T T Ty
Subframe Subframe Subframe Subframe

T1532860-99

Figure C.12/G.992.1 — Bit distribution for Rate Cowerter under Dual
latency and Dual Bitmap mode

C.4.5 FEXT Bitmapping (replaces 7.16)

The FEXT Bitmapping mode uses the Dual Bitmapping riggle (C.4.4) to transmit data only
during FEXT. The ATU-C shall transmit only the piloneduring the NEXg symbol. The ATU-R
disables Bitmap-Q and shall not transmit any signal during the NEX§ymbol (see Figures C.10
and C.13).

The Dual versus FEXT bitmapping mode is selected du@m®94.1 using bit "DBM" (see 10.2
and 10.3).
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C.4.6 Tone Ordering (replacement for 7.7)

A DMT time-domain signal has a high peak-to-averegge (its amplitude distribution is almost
Gaussian), and large values may be clipped by idiealdto-analogue converter. The error signal
caused by clipping can be considered as an addiggative impulse for the time sample that was
clipped. The clipping error power is almost equallgtributed across all tones in the symbol in
which clipping occurs. Clipping is therefore moitely to cause errors on those tones that, in
anticipation of a higher received SNR, have beeamasd the largest number of bits (and therefore
have the densest constellations). These occasionas €an be reliably corrected by the FEC coding
if the tones with the largest number of bits hagerbassigned to the interleave buffer.

The numbers of bits and the relative gains in twmaps to be used for every tone are calculated in
ATU-R receiver, and sent back to ATU-C according tteined protocol (see 10.9.14). The pairs of
numbers are typically stored, in ascending ordefrefuency or tone numbersin bit and gain

tables for Bitmap-k and Bitmap-M.

For Bitmap-kg, the "tone-ordered" encoding shall first assigp bits from the rate converter
(see C.4.4.2) to the tones with the smallest nurobéits assigned to them, and the remainigg f
bits to the remaining tones. For Bitmap;Nt shall first assign g bits from the rate converter to the

tones with the smallest number of bits assignetiém, and the remainingybits to the remaining
tones.

All tones shall be encoded with the number of b#signed to them; one tone in each bitmap may
therefore have a mixture of bits from the fast amdrleaved buffers.

The ordered bit tabldsi andb’jy shall be based on the original bit tabdbgsandbjy as follows:
Fork=0to 15 {

From the bit table, find the set of aliith the number of bits per tofe= k

Assignb; to the ordered bit allocation table in ascendirago ofi

}

Two ordered bit tables for BitmapzFand Bitmap-N& shall be prepared. A complementary
de-ordering procedure should be performed in ATteéeiver. It is not necessary, however, to send

the results of the ordering process to the recdieeause the bit tableg Rnd Ny were originally
generated in ATU-R, and therefore those tables ladlvine information necessary to perform the
de-ordering.

C.4.7 Modulation (pertains to 7.11)

C.4.7.1 Inverse Synchronization Symbol (replaces11.4)

Except for the pilot tone, Inverse Synchronizatigmiol shall be generated from a tone-by-tone
180 degree phase reversal of Synchronization synkeok maps to —, and — maps to +, for each of
the 4-QAM signal constellation).

C.4.8 ATU-C Downstream transmit spectral mask (refces 7.14)

The downstream spectral mask of Annex C shall ussdime masks as Annex A. When C-MSGL1 bit
16 is 0, the PSD mask specified in A.1.3 shall bedu When C-MSG1 bit 16 is 1, the PSD mask
specified in A.1.2 shall be used.
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C.5 ATU-R Functional Characteristics (pertains to tause 8)
C.5.1 Framing (pertains to 8.4)

C.5.1.1 Superframe structure (replaces 8.4.1.1)

The superframe structure of ATU-R transmitter is tobh to that of ATU-C transmitter, as
specified in C.4.3.1.

C.5.1.2 Hyperframe structure (replaces 8.4.1.3)

The hyperframe structure of ATU-R transmitter is fimaally similar to that of ATU-C transmitter,
except that the inverse synch symbol is used inlttesuperframe (SPF#0) (see Figure C.13). The
hyperframe is composed of 345 DMT symbols, numbérech O to 344. Each symbol is under

FEXTc or NEXT¢ duration (see C.5.3), and the following numerfoamula gives the information
which duration Nmnrth DMT symbol belongs to at ATU-R transmitter (seguire C.14).

For Ngm¢=0, 1, ..., 344
S = 272%x Ngm¢ mod 2760
if{(S>a)and (S+271<a+hb)} then FEX$ymbol
else then NEXJ symbol
where a = 1315, b = 1293

128 DMT symbols are allocated in the FExXduration, and 217 DMT symbols are allocated in the
NEXT¢ duration. The symbols are composed of:

FEXTc symbol:
Number of symbol using BitmapcF =126
Number of synch symbol =1
Number of inverse synch symbol =1
NEXTc symbol:
Number of symbol using Bitmapd\ =214
Number of synch symbol =3

During FEXT Bitmapping mode, the ATU-R shall not tramisany signal.
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(point B)

5 Superframe (= 340 frames)

1 Superframe = 68 frames (17 ms)

»
>

(point U-R, including synch symbol)

!
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1 frame = 25Qus

TC#33!

TTR Clock(TC)#0 = 2.5 ms TC#6
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rossta Hyperframe = 345 symbols (85 ms)
Superframe (SPF#0) = 69 symbols (17 ms) SPF#1 SPF#2 ! SPF#3 | SPF#4
ATU-C transmit
DMT symbol [NIN[NIN INJF]F]F[F[NININ] N[F[F 1 [F[N S s s

1 symbol = 264us (68 samples)

[o] ] [@][«][=]

Inverse synch symbol

NEXT Synch symbol

Sliding window

Symbol using Bitmap-E (FEXT duration bitmap)

Symbol using Bitmap-N (NEXT. duration bitmap)
FEXT. Synch symbol

FEXT duration

Figure C.13/G.992.1 — Hyperframe structure for upsteam

T1532870-99
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TR, _| _

ol o] 1] 2 ]3] 4] 8586 |7 |8 | o]l
1f20] 10 | 12|13 ] 14115 |16 |17 | 18 | 19|
22o|21|22|23|24|25|26|27|28|29§|

330|31|32|33|34|35|36|37|38|39|40
4|41|42|43|44|fl5|46|47|48|49|_50
5|51|52|53|54|5§|56|57|58|59|§0
6|61|62|63|64|65;|66|67||ss|69|7p

771|72|73|74|75;|76|77|78|79|80§|
881|82|83|84|85|86|87|88|89|90;|
9for | 92 [ 93 [ 94 | o5 [ioe | o7 | @8 | 99 [ 100 {01
10 po1| 102 | 103 | 104 | 105 | pos | 207 | 1208 | 209 | 110 [a11
11| [ 112 | 113 [ 114 [ 115 | 136 [ 117 | 118 | 119 | 120 | 121
12 122 | 123 | 124 | 125 | 125 | 127 | 128 | 120 | 130 | 131
13 || 132 | 133 [ 134 | 135 | 136} | SS | 138 | 139 [ 140 | 141

14 | 142 | 143 | 144 | 145 | 146 ;| 147 | 148 [ 149 | 150 | 15%

15 152| 153 | 154 | 155 | 156 E157 | 158 | 159 | 160 | 161§|
16 162| 163 | 164 | 165 | 166 |;167 | 168 | 169 | 170 | 171 1172
17 173 | 174 | 175 | 176 | 177 | 178 | 179 | 180 | 181 |;182
18 183 | 184 | 185 | 186 | 187 | 188 | 189 | 190 | 191 |;92
19 193 | 194 | 195 | 196 | 197 | 198 | 199 | 200 | 201 |zpz
20 | 203 |204 | 205 | SS |2o7;| 208 | 209 | 210 | 211 | 212

21 (213 | 214 | 215 | 216 | 217 i| 218 | 219 | 220 | 221 | 227 |
22 (223 | 224 [ 225 | 226 | 227 | 228 [ 229 | 230 | 281 | 232i]
23 [233] 234 | 235 [ 236 | 237 [i238 | 239 | 240 | 241 [ 242 o3
24 244 | 245 | 246 | 247 | 248 | 249 | 250 | 251 | 252 |Ps3
25 254 | 255 | 256 | 257 | 298 | 259 | 260 | 260 | 262 | 263
26 || 264 | 265 | 266 | 267 | 268 | 269 | 270 | 271 | 272 | 273
27 | 274 | SS | 276 | 277 | 278§| 279 | 280 | 281 | 282 | 28;3

28 | 284 | 285 | 286 | 287 |288 | 289 | 290 | 291 | 292 | 293§|
29 294| 295 | 296 |297 | 298 | 299 |3oo |301 | 302 | 303;|
30 304| 305 | 306 | 307 |308 |;309 | 310 |311 |312 | 313 E314
31 |315 | 316 | 317 |318 | 319 | 320 |321 | 322 | 323 |_324
32 |325 | 326 | 327 |328 | 329 |330 |331 | 332 | 333 |334
33 |335 | 336 |337 | 338 | 33g |34o |341 | 342 | 343 | ES

Inverse synch symbol E FEXT Synch sym- NEXT synch symbol

I:I FEXTg data symbol I:I NEXT; data symbol T1535340-00

Figure C.14/G.992.1 — Symbol pattern in a hyperfram with cyclic prefix — Upstream

C.5.1.3 Subframe structure (replaces 8.4.1.4)

A subframe is 10 consecutive DMT symbols (excepsforch symbols) as shown in Table C.2. The
34 subframes form a hyperframe.
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Table C.2/G.992.1 — Subframe (upstream)

Subframe No. DMT symbol No. Note
0 0-9
1 10-19
2 20-29
3 30-39
4 40-49
5 50-59
6 60-70 #68 is Inverse Synch Symbol
7 71-80
8 81-90
9 91-100
10 101-110
11 111-120
12 121-130
13 131-141 #137 is Synch Symbol
14 142-151
15 152-161
16 162-171
17 172-181
18 182-191
19 192-201
20 202-212 #206 is Synch Symbol
21 213-222
22 223-232
23 233-242
24 243-252
25 253-262
26 263-272
27 273-283 #275 is Synch Symbol
28 284-293
29 294-303
30 304-313
31 314-323
32 324-333
33 334-344 #344 is Synch Symbol

C.5.2 Dual Bitmapping and rate conversion (replace8.15)

The function of the rate converter (see C.5.2.2)etordering (see C.5.4), constellation encoding,
and gain scaling shall use one of two bitmaps dtanethe ATU. This method is called the dual
bitmap.
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C.5.2.1 Dual Bitmap (new)

The Dual Bitmap switching shall be the same asHerdownstream data, specified in C.4.4.1. The
number of bits and the relative gains to be usedefery tone are calculated in the bit loading
algorithm during the initialization sequence, arahsmitted in C-B&G.

C.5.2.2 Rate Converter (new)

The rate converter buffering changes the data flaoumdaries between the reference points B and

C according to Bitmap; Bitmap-N- and the Sliding Window. Two independent rate cotersr
are prepared for fast data and interleaved data. arheunts of fast and interleaved data in

Bitmap-Fk: and Bitmap-N shall be calculated in the following formulae:
If tcf < Nemaxe
Nce =1y
Nci = Nc ~Nct
fer =tey
fci = fc — fey
If tcs > Nemaxe
Ncf = NC max
nci =0

_th ><10—an X6_
4
_th x10- Nct x7 ]
3

fcra =
fcr =

fcra =

_Jfcia=Tc-Tca
) fia = fo — fera

Where:
tce Is the number of allocated bits in one frame &st bytes at the reference point B.
tci is the number of allocated bits for interleavetklyat the reference point B.
fcs and s are the numbers of fast bits in Bitmag-&nhd Bitmap-N, respectively.

fcis is the number of fast bits in Bitmap:-Hf the subframe (see C.5.1.3) contains
3 Bitmap-k: except for synch symbols.

fcia is the number of fast bits in Bitmap-Ff the subframe contains 4 Bitmap-F
except for synch symbols.

fci and iy are the numbers of interleaved bits in BitmagpaRd Bitmap-N, respectively.
nc is the number of total bits in BitmapcNwhich is specified in the B&G tables.

During FEXT Bitmap mode,& and rgj are zero.
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To convert the bit rate to be a multiple of 32 Idyithe dummy bits for fast data are inserted to the
tail of each subframe, and the dummy bits for ietered data are inserted to the end of the
Hyperframe. The number of the dummy bits shall bflobsws:

dummy =0
dummy; = (fej X126+ nej x 214) -t X340

If tct > Nemax

dummy;f4 = (fo x4+ Nct XG)—th x10
dummyssg = (fcf X3+ Ncy ><7)—th x10
dummys; = (fgjg x96+ fjz*30) -t X340

If the fast data buffer uses single latency ortiig, dummy bits are inserted at the tail of each FEXT
symbol in the 4 Bitmap-constructed subframe. The number of dummy bitd bleahs follows:

dummy; = (fajg x96+ figx30) -t X340

The receiver shall determine Bitmap-Bnd Bitmap-N so thatdummy; is less than 126 in the
initialization sequence. At the receiver, the itsg@édummy bits shall be removed.
C.5.3 FEXT Bitmapping (replaces 8.16)

The FEXT Bitmapping mode uses the Dual Bitmapping riggre (C.4.4) to transmit data only
during FEXT. The ATU-C shall transmit only the piloneduring the NEXg symbol. The ATU-R
disables Bitmap-Q and shall not transmit any signal during the NEX§ymbol (see Figures C.10
and C.13).

The Dual versus FEXT bitmapping mode is selected du@im®94.1 using bit "DBM" (see 10.2
and 10.3).

C.5.4 Tone Ordering (pertains to 8.7)
The tone ordering algorithm shall be the same athBbdownstream data, specified in C.4.4.

For Bitmap-k, the "tone-ordered" encoding shall first assign bits from the rate converter
(see C.5.2.2) to the tones with the smallest nurobéits assigned to them, and the remainigg f
bits to the remaining tones. For Bitmaj;Nt shall first assign ¢ bits from the rate converter to the
tones with the smallest number of bits assignetiém, and the remaining:bits to the remaining
tones. Two ordered bit tables for Bitmap-&d Bitmap-N shall be prepared.

C.5.5 Modulation (pertains to 8.11)

C.5.5.1 Inverse synchronization symbol (replacesHl.4)

Inverse Synchronization symbol shall be generate &a tone-by-tone 180 degree phase reversal of
Synchronization symbol (i.e. + maps to —, and — snap +, for each of the 4-QAM signal
constellation).

C.5.5.2 Gain scaling in synchronization symbol (new

At initialization time, the sync symbol referencartsmit PSD level shall be set at the nominal PSD

level +10Iog(gyn02) dBm/Hz, with gyncz defined as the averag;(;z value over the used (i.b. > 0)
subcarriers in the NEXT or FEXT bitmap, whichever hssin the highest average gain. The sync
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symbol reference transmit PSD shall not be updatgd used subcarrier gain changes during
SHOWTIME.

C.5.6 ATU-R Upstream Transmit Spectral Mask (supplenents 8.14)
The upstream spectral mask of Annex C uses the sask as Annex A.

C.6 EOC Operation and Maintenance (pertains to clase 9)
C.6.1 ADSL line related primitives (supplements 9.3)

C.6.1.1 ADSL line related near-end defects (suppleants 9.3.1.3)
Two near-end defects are further defined:

. Loss-of-signal (LOS)The ADSL power shall be measured only in the FEXITration at
ATU-C, or only in the FEXk duration at ATU-R.
. Severely errored frame (SEF SEF defect occurs when the content of two cansesly

received ADSL synchronization symbols in the FEeXduration at ATU-C, or in the FEXRT
duration at ATU-R, does not correlate with the expeécontent over a subset of the tones.
An SEF defect terminates when the content of twoseoutively received ADSL

synchronization symbols in the FEETuration at ATU-C, or in the FEXgI duration at
ATU-R, correlate with the expected contents overstame subset. The correlation method,
the selected subset of tones, and the thresholdidolaring these defect conditions are
implementation discretionary.

C.6.1.2 ADSL line related far-end defects (supplenmés 9.3.1.4)

Loss-of-signal is further defined:

. Loss-of-signal (LOS)The ADSL power shall be measured only in the FEXITration at
ATU-C, or only in the FEXk duration at ATU-R.

C.6.2 Test Parameters (supplements 9.5)

C.6.2.1 Near-end test parameters (supplements 9.5.1
The near-end primitives are further defined:

. Attenuation (ATN) The received signal power shall be measured omlthe FEXT
duration at ATU-C, or only in the FEXgIduration at ATU-R.
. Signal-to-Noise ratio (SNR) margiburing FEXT Bitmap mode, this primitive represents

the snr margin in the FEXcIduration at ATU-C, or in the FEXgIduration at ATU-R.

C.6.2.2 Far-end test parameters (supplements 9.5.2)
The far-end primitives are further defined:

. Attenuation (ATN) The received signal power shall be measured omlfhe FEXT
duration at ATU-C, or only in the FEXgIduration at ATU-R.
. Signal-to-Noise ratio SNR margiburing FEXT Bitmap mode, this primitive represettis

snr margin in the FEXJ duration at ATU-C, or in the FEXgTduration at ATU-R.

C.7 Initialization

C.7.1 |Initialization with Hyperframe (replaces 10.15)
The exchange of messages between ATU-C and ATU-R d¢hwmail performed in FEXJ and
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FEXTgr. The DMT symbol has two symbol rates: one is 4.3&k28ud for the symbol without a

cyclic prefix, and the other is ¥ 69/68 kbaud for the symbol with a cyclic prefi2 8mes of the
TTR has the same period as 345 times of the 4.3125ckland 34 times of the TTR is the same as
345 times of 4 69/68 kHz.

During FEXT Bitmap mode, the ATU-R shall not transiaity signal during the NEXTsymbols
duration and the ATU-C shall transmit only the ptlmhe as the NEXd signal except:

. C-PILOT1 (C-PILOT1A) which is accompanied bygsignal (see C.7.4.1);
. C-QUIETn where no signal is transmitted.

The ATU-C begins transmitting C-PILOT1 at the begignai the hyperframe without cyclic prefix.
The ATU-C informs the phase of the TdRo ATU-R during C-PILOT1. The ATU-R begins
transmitting R-REVERBL1 at the beginning of the hypmarfe without cyclic prefix. The ATU-R
performs the training of any receiver equalizengshis phase information of the TgRenerated

from received TTR.

From C-PILOT1 to C-SEGUE1, the following numerical fala gives the information which
duration Njmrth DMT symbol belongs to at ATU-R (see Figure C.15).

For Nym¢=0, 1, ...344
S = 256X Ngm¢ mod 2760
f{(S+255<a)or(S>a+b)} then FEXBymbols
else then NEXd symbols
where a = 1243, b = 1461

In order to enter C-RATESL1 at the beginning of tlgpdrframe with cyclic prefix, the number of
symbols from C-PILOT1 to C-SEGUEL1 shall be a multgi@45 DMT symbols.

From R-REVERBL1 to R-SEGUE1, the following numericalnfota gives the information which
duration Njmrth symbol belongs to at ATU-C (see Figure C.16).

For Nym¢=0, 1, ..., 344,
S = 256% Ngmt mod 2760
if{(S>a)and (S+255<a+b)} then FEXSymbols
else then NEXd symbols
where a = 1315, b = 1293

From C-RATES1 to C-SEGUE3, the number of symbols isultiphe of 345 DMT symbols. The
following numerical formula gives the informatiorhigh duration Nmnth DMT symbol belongs to.
ATU-C transmits the message data in FliR¥Ymbols (see Figure C.11).

For Ngme=0, 1, ..., 344
S = 272% Ngmt mod 2760
if{(S+271>a)and (Xa+b)} then NEXEk symbols

else then FEXJ symbols
where a = 1243, b = 1461
The ATU-R enters R-REVERB3 at the beginning of the hiyame with cyclic prefix, which is

extracted from received signal. From R-REVERB3 t&RsUES5, the number of symbols is a
multiple of 345 DMT symbols. The following numericldrmula gives the information which

duration Nymrth DMT symbol belongs to. ATU-R transmits the messdgta in FEXE symbols
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(see Figure C.14).
For Ngmt=0, 1, ..., 344
S = 272x Ngm¢ mod 2760
if{(S>a)and (S+271<a+b)} then FEX$ymbols
else then NEXd symbols
where a = 1315, b = 1293

TTRc

11 | 12 | 18 | 14 | 15 | 16 | 17 | 18 | 19 | 20 |21
[ 22 | 28 | 24 | 25 | 26 [ 27 | 28 | 29 [ 30 | 31 |
32| 38 | 34 | 85 | 86 [i37 | 38 | 39 [ 40 [ 41 | 42 ]
43 | 44 | a5 [ 46 | 47 | 48 | 49 | 50 [ 51 | 52 | 53;
[ 54 [ 55 | 56 | 57 | 58:] 59 | 60 | 61 | 62 | 63 |64
| 65 | 66 | 67 | 68 | 60 [ 70 | 72 | 72 | 73 | 74 [}
75| 76 | 77 | 78 | 79 | 8o | 81 | 82 [ 83 | 84 | 85 |}
86 | 87 | 8 | 89 | 90 [io91 | 92 | 93 [ 94 | 95 | 9%
97 | 98 | 99 | 100 [ 101 102 | 103 | 104 | 105 | m6|1m
| 208 | 209 | 210 | 122 | 112 | 123 | 114 [ 115 | 116 | 117 [11B
[ 119 | 120 | 121 | 122 | 123 [ 124 | 125 | 126 [ 127 | 128 |:
129 180 | 181 [ 132 | 183 | 1134 [ 135 | 136 | 137 [ 138 | 139 i
140 | 141 | 142 | 143 | 144 | 145 | 146 [ 147 | 148 | 149 [ 150¢
| 151 | 152 | 153 | 154 | 155:| 156 | 157 [ 158 | 159 | 160 [161
| 162 | 163 | 164 | 165 | 168 | 167 | 168 [ 169 | 170 | 171 f72
[ 2738 | 174 | 175 | 176 | 177 | 178 | 179 | 180 | 181 | 182
183 | 184 | 185 | 186 | 187 |i188 | 189 [ 190 | 191 | 192 | 193}]
194 | 195 | 196 | 197 | 198 i 199 | 200 | 201 | 202 [ 203 | 204
[205 | 206 | 207 | 208 | 208 | 210 | 211 | 212 | 213 | 214 |21b
[ 216 | 217 | 218 | 219 | 220 | 221 | 222 | 223 | 224 | 225 [i
226 227 | 228 | 229 | 230 | 231 [ 232 | 233 | 234 [ 235 | 236 |
237 | 238 | 239 | 240 | 241 [ 242 | 243 | 244 | 245 | 246 [ 247
248 | 249 | 250 | 251 | 252i| 253 | 254 | 255 | 256 | 257 | 258
| 259 | 260 | 261 | 262 | 263 [ 264 | 265 | 266 | 267 | 268 [269
| 270 | 272 | 272 | 278 | 474 [ 275 | 276 | 277 | 278 | 279 [
280 | 281 | 282 | 283 | 284 |i285 | 286 [ 287 | 288 | 289 | 290i]
291 | 292 | 293 | 294 | 295 ] 296 | 297 | 298 | 299 | 300 | 30%
| 302 | 303 | 304 | 305 | 306 | 307 | 308 [ 309 | 310 | 311 [31P
| 313 | 314 | 815 | 316 | 37 [ 318 | 319 | 320 | 321 | 322 [}
323] 324 | 325 | 326 | 327 | 828 [ 329 | 330 | 331 | 332 [ 333
334 | 335 | 336 | 337 | 338 | 339 | 340 | 341 | 342 | 343 | 344;
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I:I FEXTg symbol : T1535350-00

|:| NEXTg symbol

Figure C.15/G.992.1 — Symbol pattern in a hyperfram without cyclic prefix — Downstream
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TTRR

o | 1+ [ 2 | 3| a4 |is [ 6 ] 7 ] 8 | 9 [io
| 11 | 12 [ 13 | 14 | 15 16 | 17 | 18 | 19 | 20 {21
| 22 | 23 | 24 | 25 | 26i | 27 | 28 | 29 | 30 | 31|
32| 33 [ 34 [ 35 [ 3 | g7 | 388 | 39 | 40 | 41 | 4 |
43 | 44 [ 45 | 46 | 47 [i48 | 49 | 50 | 51 | 52 | b3

54 | 55 [ 56 [ 57 | 58 f 59 | 60 | 61 | 62 | 63 [i64
| 65 | 66 | 67 | 68 | 69:| 70 | 74 | 72 | 78 | 74 i
75| 76 | 77 | 78 [ 79 | 8q | 81 | 82 | 8 | 84 | 85 |
86 | 87 | 88 | 89 [ 90 | p1 | 92 | 93 | 94 | 95 | g6
97 | 98 | 99 | 100 | 101 [i102 | 108 [ 104 [ 105 | 106 [ 107
10| 108 | 109 | 110 | 111 | 112 {| 128 | 114 | 115 | 116 [ 117 118
11 | 119 | 120 [ 121 | 122 | 129 | 124 | 125 | 126 [ 127 | 128 |
12 129| 130 | 131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 |
13( 140 | 141 | 142 | 143 | 144 | 445 | 146 | 147 | 148 | 149 [ 150
14 151 | 152 | 153 | 154 | 155 [ 156 [ 157 | 158 | 159 | 160 |i61
15 | 162 | 163 | 164 | 165 | 166:| 167 | 168 | 169 | 170 | 171 [172
16 | 173 | 174 | 175 | 176 [ 177 | 178 | 179 | 180 | 181 | 182 |
17(183] 184 | 185 | 186 [ 187 | 188 | 189 | 190 | 191 | 192 | 193 |
18 194 | 195 | 196 | 197 | 198 [i199 | 200 [ 201 | 202 | 203 [ 304
19(| 205 [ 206 | 207 | 208 | 209 { 210 | 211 | 212 | 213 | 214 215
20( | 216 | 217 | 218 | 219 | 220i | 221 | 222 | 223 | 224 | 225i|
21(226 227 [ 228 [ 229 [ 230 | 231 | 232 | 233 | 234 | 235 | 23p |
22| 239 | 238 [ 239 | 240 | 241 | 242 | 243 | 244 | 245 | 246 | 247
23[ 248 | 249 | 250 | 251 | 252 [i253 | 254 | 255 | 256 | 257 | 258
24| 259 | 260 | 261 [ 262 | 263 :i| 264 | 265 | 266 | 267 | 268 69
25| | 270 [ 271 | 272 | 273 [ 274 | 275 | 276 | 277 | 278 | 279 |
26{280 | 281 | 282 | 283 [ 284 | 285 | 286 | 287 | 288 | 289 [ 290 |
27( 291 | 292 | 293 | 294 | 295 [i296 | 297 | 298 | 299 | 300 | 301
28[| 302 | 303 | 304 | 305 [ 306 { 307 | 308 [ 309 | 310 [ 311 [:312
29| [ 313 | 314 | 315 [ 316 | 317{ | 318 | 319 | 320 | 321 [ 322
30(323| 324 | 325 | 326 | 327 | 328 | 329 [ 330 [ 331 [ 332 | 333 |
31334 | 335 | 336 | 337 | 338 | 339 | 340 | 341 | 342 | 343 | 344

© N o U~ wWwN R o |

I:I FEXT symbol T1535360-00

I:I NEXT symbol

Figure C.16/G.992.1 — Symbol pattern in a hyperfram without cyclic prefix — Upstream
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C.7.2 Handshake — ATU-C (supplements 10.2)

C.7.2.1 CL messages (supplements 10.2.1)

See Table C.3.

Table C.3/G.992.1 — ATU-C CL message NPar(2) bit @ieitions for Annex C

NPar(2) bit

Definition

DBM

If set to ZERO, this bit shall indicate Bitmapzldnd Bitmap-N are enabled (Dual
Bitmap mode) and are used to transmit data. fcs®NE, this bit shall indicate Bitmay
Ngr and Bitmap-N are disabled (FEXT Bitmap mode), i.e. only Bitnfgpand Bitmap-
Fc are used to transmit data by ATU-C and ATU-R resipely. This mode selection
shall be only performed by the ATU-C. If it is $etONE in a CL message, it must be
set to ONE in subsequent MS messages from eiteekTtJ-C or ATU-R (only
applicable for G.992.1 Annex C).

C.7.2.2 MS messages (supplements 10.2.2)

See Table C.4.

Table C.4/G.992.1 — ATU-C MS message NPar(2) bit ileitions for Annex C

NPar(2) bit

Definition

DBM

If set to ZERO, this bit shall indicate Bitmapzldnd Bitmap-N are enabled (Dual
Bitmap mode) and are used to transmit data. ifcs@&NE, this bit shall indicate Bitmap

Ngr and Bitmap-N are disabled (FEXT Bitmap mode), i.e. only Bitnfgpand Bitmap-

Fc are used to transmit data by ATU-C and ATU-R resipely. This mode selection
shall be only performed by ATU-C. This bit shall $et to ONE if it was set to ONE in

a

previous CL message (only applicable for G.992.hexC).

C.7.3 Handshake — ATU-R (supplements 10.3)

C.7.3.1 CLR messages (supplements 10.3.1)
See Table C.5.

Table C.5/G.992.1 — ATU-R CLR message NPar(2) bitdinitions for Annex C

NPar(2) bit

Definition

DBM

This bit shall be set to ONE.
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C.7.3.2 MS messages (supplements 10.3.2)
Table C.6.

Table C.6/G.992.1 — ATU-R MS message NPar(2) bit ileitions for Annex C

NPar(2) bit Definition

DBM If set to ZERO, this bit shall indicate Bitmagglnd Bitmap-N are enabled (Dual
Bitmap mode) and are used to transmit data. fcs&NE, this bit shall indicate Bitmap
Ngr and Bitmap-N are disabled (FEXT Bitmap mode), i.e. only Bitnfgpand Bitmap-
Fc are used to transmit data by ATU-C and ATU-R resipely. This mode selection

shall be only performed by ATU-C. This bit shall4e to ONE if it was set to ONE in|a
previous CL message (only applicable for G.992.hednC).

C.7.4 Transceiver Training — ATU-C (supplements 1@)

During transceiver training from C-REVERBL1 to C-SEGUtept C-PILOTn and C-QUIETN, the
ATU-C shall transmit both FEXJ and NEXTr symbols when Bitmap-plis enabled (Dual Bitmap

mode), and shall not transmit the NEX$ymbols except pilot tone when Bitmag M disabled
(FEXT Bitmap mode). The duration of each state isneefas Figure C.21.

C.7.4.1 C-PILOT1 (supplements 10.4.2)

The ATU-C shall start the &\yr (sliding window frame) counter from 0 immediatelyea entering

C-PILOT1, and increment thedWr counter modulo 345 after transmission of each DiMilsol.
According to the sliding window function and thisunter, the ATU-C decides to transmit all of the
subsequent symbols in either FEX®r NEXTgz symbols (for example, see Figures C.11, C.15
and C.19).

C-PILOT1 has two subcarriers.

The first carrier is the pilot tone as a single frexcy sinusoidc_pi oty = 276 kHz Oc.piLoT1 = 64)
(see 10.4.2).

The second carrier () is used to transmit NEXJJFEXTg information. The ATU-R can detect the

phase information of the TTRfrom the Ayg signal. The constellation encoding of the 48thiearr
with 2-bit constellation shall be as follows:

(+, +): indicates a FEXd symbol;

(+, -): indicates a NEXd symbol.

C.7.4.2 C-PILOT1A (supplements 10.4.3)

C-PILOT1A has two subcarriers and it is the samestratted signal as C-PILOT1 (C.7.4.1).

C.7.4.3 C-REVERBS3 (supplements 10.4.11)

In order to synchronize the first symbol of C-RATE®Iith the beginning of the hyperframe and to
inform the entering timing of C-RATES1 to the ATU-Rietfirst symbol of C-SEGUEL shall be

transmitted inside of the FEXTduration as shown in Figure C.17. Therefore, theatthn of
C-REVERB3 is 3628 DMT symbols.
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TTR¢

4——20 symbols———»

C-REVERB3 C-SEGUE1 C-RATES1

the time of the detection

C-SEGUE1 R-REVERB3

T1532880-99

Figure C.17/G.992.1 — Timing diagram from C-SEGUE10 C-RATES1

C.7.5 Transceiver Training — ATU-R (supplements 1)

During transceiver training from R-REVERB1 to R-SEGU&Cept R-QUIETnN, the ATU-R shall
transmit both FEXE and NEXTz symbols when Bitmap-fis enabled (Dual Bitmap mode) and
shall not transmit NEXd symbols when Bitmap-fis disabled (FEXT Bitmap mode). The duration

of each state is defined as Figure C.21.
C.7.5.1 R-QUIET2 (supplements 10.5.1)
The ATU-R enters R-REVERBL1 after it completes timiagavery and Hyperframe synchronization
from C-PILOT1/C-PILOT1A.
C.7.5.2 R-REVERBL1 (supplements 10.5.2)
The data pattern used in R-REVERBL is the pseudo-rangustream sequence PRU defined in
8.11.3 and repeated here for convenience:

{dn =1 forn=1to6

(C.10-1)
d,=dn-5 Ody_g forn=7to64

The ATU-R shall start its ®§yr counter immediately after entering R-REVERB1, anénth

increment the Bwr counter with modulo 345 from O when it transmitele DMT symbol. The
ATU-C and ATU-R shall have the same value since Hygme alignment between the ATU-C and
ATU-R shall be maintained. According to the slidwmdow and this counter, the ATU-R decides

to transmit all of the subsequent symbols in eitherFEXT: or the NEXTe symbol.
C.7.5.3 R-QUIETS3 (replaces 10.5.3)

The final symbol of R-QUIET3 accommodates the frangnatent of the transmitter to that of the
receiver. It may be shortened by any number of gssnghe maximum duration of R-QUIET3 is
6145 DMT symbols.

C.7.5.4 R-REVERB2 (supplements 10.5.5)

After ATU-R detects C-SEGUE1, the ATU-R enters R-SEGUEhe maximum duration of
R-REVERB2 is 3643 DMT symbols.
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C.7.6 Channel analysis (ATU-C) (supplements 10.6)

ATU-C shall transmit only FEX& symbols, and shall not transmit the NEX3ymbols except the
pilot tone from C-RATES1 to C-CRC2. During C-MEDLEY gtATU-C shall transmit both FEXRT
and NEXTg symbols when Bitmap-is enabled (Dual Bitmap mode). The ATU-C shall not

transmit NEXg symbols except the pilot tone, when Bitmag4N disabled (FEXT Bitmap mode).
The duration of each state is defined in Figure C.21

C.7.6.1 C-SEGUEL (supplements 10.6.1)

The duration of C-SEGUEL is 20 symbols in order that first symbol of C-SEGUEL shall be
inside of the FEXk duration.

C.7.6.2 C-MEDLEY (supplements 10.6.6)

Basically, the definition of C-MEDLEY is the same H3.6.6, except for the duration of the SNR
estimation at ATU-R for the downstream. With theipdical noise of TCM-ISDN, SNR also
changes in the same cycle, as shown in Figure QA8.ATU-C transmits the signal in both of

NEXTgr and FEXk symbols, and the ATU-R estimates two SNRs fromrédoeived NEXEk and
FEXTgr symbols, respectively, as defined in Figure C.19.

The following formula gives the information that eéeed Nyn-th DMT symbol belongs to:
For Nym¢=0, 1, ..., 344

S = 272X Ngmt mod 2760

if{(S+271<a)or(S>d)} then symbol fortesation of FEXTr SNR

if{(S>b)and (S+271<c)} then symbol fatenation of NEXR SNR
where a = 1243, b = 1403, ¢ = 2613, d = 2704

When Bitmap-% is disabled (FEXT Bitmap mode), ATU-C shall transiomiy the pilot tone as
NEXTg symbol. The number of bits of NEXThall be no more than the number of bits of FRXT

Recommendation G.992.1 (06/99) 181



TR —

TCM-ISDN crosstalk4
at ATU-R receiver

TCM-ISDN crosstalk NEXT
at ATU-C receiver

Estimation of
Signal-to-Noise ratio; ¢

NEXT NEXT

FEXT FEXT FEXT
A >

NEXT NEXT

FEXT FEXT

C/R-MEDLEY (49152 symbols) >
Bitmap for Downstream Bitmap-N; ;| Bitmap-F, Bitmap-F; | Bitmap-
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Bitmap for Upstream

Figure C.18/G.992.1 — Estimation of periodic Signaib-Noise Ratio

182 Recommendation G.992.1 (06/99)

T1532890-99



TTR:

] 20 0 I 3 7 W

10|11|12|13|14|15W%WM19|@

20 [NENRRNNESN | 3 [ 2

3o| 31 | 32 | 33 | 34 35 W%WWM@

|41 | 42 | 43 | 44 | 45 W%W%Mm
S T S T o 5] 5] ©

| 5
|61|62|63|64|_|:66 %%%Mm

71|72|73|74|75_|576 W :|

0 O L N M B

oL (ROaNNSSRNeaN] o | ® 8 7

[EnY
HOLOCD\IG)(ﬂ-bO)I\)HOl

101] 102 | 103 [ 104 [ 105 [ 106 Di67 1108 ] 109 | 11 lan

-

| 112 | 113 | 114 | 135 [i116} 417 /118 | 119 121

-
N

[ 122 | 123 | 124 | 125 | 126 WW 130 | 181!

-
w

| 132 | 133 | 134 | 135 | 136 [ 137 [138 V189 '} 140 | 1451§|

AN
I

[EnY
a1

142 | 143 | 144 | 145 | 146 |1 WW 15%
i ]

152| 153 | 154 | 155 | 156 | 157 W

[EnY
(]

162 | 163 | 164 | 165 | 166 | 167

[EnY
~

173 | 174 | 175 | 176 | 177:

-
(ee]

a8
| 183 | 184 | 185 | 186 | WWW 192

-
(o]

| 193 | 194 | 195 | | %97 | 198 WW% 202

N
o

| 203 | 204 | 205 | 206 | 2q7 |_208 WW% 21_2 |

N
[

213 | 214 [ 215 [ 216 | 217 [ 218 [ 2191 220 '} 221 | 222 |

N
N

223 | 224 | 225 | 226 | 227§| 2;28 V225 7230 ) 281 ) 237!

N
w

233 234 | 235 | 236 | 237 | 238 [ 239 1 240 | 241 ) 747 ods

N
S

| 244 | 245 | 246 | 247 |§2485 V245 1250 ) 251 | 252 | RSB

N
()]

| 254 | 255 | 256 | 257 | 258 W%W%/% 263

N
(2}

| 264 | 265 | 266 | 267 | 268 ; 269 WW% 2¥3i

N
~

74I75|76I7I=I 5 20 | 7 | 7% ] % |

N
(o]

284 | 285 | 286 | 287 | C: | 289 WM% 293; E

N
©

294 | 295 | 296 | 297 |298;| 200 D0 ] a01 ) A0

w
o

304] 305 | 306 [ 307 | 308 | 309 | 30 V31 ) 312 | 313 3154

w
g

315 | 316 | 317 | 318 | 319 WW %324

w
N

| 325 | 326 | 327 | 328 | 829 i WWW% 334

33

| 335 | 336 | 337 | 338 | 339 | 340 WW% 344

I:I Symbol for estimation of FEX,{S/N |:| Symbol not used for S/N estlmatlon

Symbol for estimation of NEXJ S/N

Figure C.19/G.992.1 — Symbol pattern in a hyperfram for S/N estimation — Downstream

C.7.7 Channel analysis (ATU-R) (supplements 10.7)

From R-RATES1 to R-CRC2, the ATU-R shall transmit otitg FEXTz symbols and shall not
transmit the NEXE symbols. In R-SEGUE2 and R-MEDLEY, the ATU-R shall st both
FEXTc and NEXTz symbols when Bitmap-f is enabled (Dual Bitmap mode) and shall not
transmit NEXTz symbols when Bitmap-fis disabled (FEXT Bitmap mode). The duration of each

state is defined in Figure C.21.
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C.7.8 R-SEGUEL (supplements 10.7.1)
The maximum duration of R-SEGUEL is 14 symbols (sgareiC.17).

C.7.8.1 R-REVERB3 (supplements 10.7.2)
The ATU-R shall start R-REVERB3 aligned with the begugrof a Hyperframe.

C.7.8.2 R-SEGUEZ2 (supplements 10.7.3)
The duration of R-SEGUEZ2 is 13 symbols.

C.7.8.3 R-MEDLEY (supplements 10.7.8)

Basically, the definition of R-MEDLEY is the same H3.7.8, except for the duration of the SNR
estimation at ATU-C for the upstream. With the péigal noise of TCM-ISDN, SNR also changes

in the same cycle, as shown in Figure C.18. ATU-&Ighansmit the signal in both of NEXTand

FEXTc symbols, and ATU-C shall estimate two SNRs from teeeived NEXE and FEXT
symbols, respectively, as defined in Figure C.20.

The following numerical formula gives the informatithat received M,-th DMT symbol belongs
to:

For Ngmt=0, 1, ..., 344
S = 272X Ngmt mod 2760
if{(S>b)and (S+271<c)} then symbol fastenation of FEXE SNR
if{(S+271<a)} then symbol for estimatioh NEXTc SNR
where a = 1148, b = 1315, c = 2608

When Bitmap-N is disabled (FEXT Bitmap mode), the ATU-R shall mansmit NEXTz symbol.
The number of bits of NEXJ shall be no more than the number of bits of FEXT

184 Recommendation G.992.1 (06/99)



TTRg

oS 4| s V8 ] 9|
1o|11|1|13|i4;15WWM19
20 [Non|NRaNsN 22 125 20 % ) 2
sofst [32 ]38 ] 343 WWWM%
|41|42I43I44I45WW/W%%50
51I52I3 S ¢
0 0
1 |72 |73 | 74 |75 06 18 779 ) 8o
51 [ 62 | 63 | 84 | 5 [ & [ B ] B | b5 ] %0 ]
91| 92 | 93 | 94 | o5 [:96 |67} 68} 99 1 100 !101
101f 102 | 103 | 104 |105 | 106 107 1108 1 09 ) 10 11
| 112 [ 113 | 114 | 115:| 136 27 VM6 } 119 21

@CO\IO?(.HLUONI—\OI

[EnY
o

11
10| [ 222 | 128 | 124 | 125 | 126 |407 V128 1109} 130 | 131
13 |[ 182 | 133 | 134 | 135 |i136i | 137 ) 188 '} 139 | M40 | 14}
14 | 242 | 143 | 144 | 145 | 146 i 147 | 148 | 149 | 150 | 151'|
15

152 | 153 | 154 | 155 | 1B6 | 157 | 158 % 161 i
162 | 163 | 164 | 165 | 166 [i167 | 168 171 f7o

16
17 [ 173 | 174 | 175 | 176 | i77 178 %182
18| | 183 | 184 | 185 [ 186 i| 187 WW%W% 192
19 ([ 203 | 104 | 195 | 196 F 197 |19 1V 199 '} 200 | 201 | 202
20 [F203 | 204 | 205 | 206 |i207i 208} 209 V210 ) 21t ] 212

21 | 213 | 214 | 215 | 216 | 217 W%W 222: |
22 | 223 | 224 | 225 | 226 | 227 | 228 WW% 232 |

23 [233] 234 | 235 | 236 | 237 |i238 28910 240 ) 241 ] 242 |oug
24 | 244 | 245 | 246 | 247 | 248 |249 ) 250 | 251 | 252 |is3
25

[ 254 | 255 [ 256 | 257 i[ 288 [ 259 ] 760 | 760 | 267 ] b3
[25 [ o [ 2 | o [ 7 | o ] %91 ] 5% | ood

284 | 285 | 286 | 287 | 488 {289 ) 200 '} 291 | 292 | 293 |

N
(o2}
N
(o]
Sy
N
[o)]
(3)]
N
(o]
(o]
N
(o]
\'
N
(o2}
0
N
b
w

N
~
N
~
S

N
(o]

29 [204 | 295 | 206 | 207 | 2d8 | 209 300"} 301 ] 307 ] 303 |
30 [304] 305 | 306 [ 307 | 30§ | 309 310V BIL ) B12 ] B13 I314
31 | 815 | 816 | 817 | 318i| 319 /390 V301 '} 307 | 308 | 44
32| | 825 | 326 | 327 | 328 i 320 /330 1331 | 330 | 333 | 3h4

33 | 335 | 336 | 337 | 338 | 339 WWW% 344

|:| Symbol for estimation of FEXJS/N I:I Symbol not used for S/N estimation
%
% Symbol for estimation of NEXT S/N T1535380-00

Figure C.20/G.992.1 — Symbol pattern in a hyperfram for S/N estimation — Upstream

C.7.9 Exchange — ATU-C (supplements 10.8)

During C-RATESNH, C-MSGn, C-B&G, and C-CRCn, the ATWsRall transmit the FEXJ symbol.
In the other signals, the ATU-C shall transmit bBEXTg and NEXTg symbols when Bitmap-plis
enabled (Dual Bitmap mode), and shall not tranghet NEXTz symbols except pilot tone when
Bitmap-Nr is disabled (FEXT Bitmap mode). The duration of estelte is defined in Figure C.22.
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C.7.9.1 C-MSG2 (supplements 10.8.9)
Nic-msc2= 43
Noc-msc2= 91

C.7.9.1.1 Total number of bits per symbol supportedsupplements 10.8.9.3)

The maximum number of bits per symbol is definethatreference point B, that is calculated from
the FEXTc and NEXTc downstream channel performance (e.qg. if the mawimumbers of bits that
can be supported in FEXTand NEXTc symbols are 111 and 88 {Total number of bits penlsyi
supported} = (11X 126 + 88x 214)/340 = 96).

NOTE — The number of symbols per hyperframe is 34@ number of FEXT symbols is 126. The number of
NEXT symbols is 214.

C.7.9.2 C-B&G (replaces 10.8.13)

C-B&G shall be used to transmit to the ATU-R theslaihd gains information, Bitmap-Fby, 01, by,

Oo, ... 31, 031}, and Bitmap-N: {bss, 033, D34, O34, ..., be3, Gs3}, that are to be used on the upstream
carriers.b; of Bitmap-F: indicates the number of bits to be coded by ATUdRd$mitter onto theth

upstream carrier in FEXJ'symbols;g; of Bitmap-k: indicates the scale factor, relative to the gain
that was used for that carrier during the transimisef R-MEDLEY, that shall be applied to théh

upstream carrier in FEXJIsymbols. Similarlyp; of Bitmap-N: indicates the number of bits onto the
(i—32) th upstream carrier in NEXJI'symbols;g; of Bitmap-N indicates the scale factor that shall
be applied to tha ¢ 32) th upstream carrier in NEXIsymbols.

Because no bits or energy will be transmitted at@®ne-half the sampling ratey, go, bz2, U2,
bg4, andge4 are all presumed to be zero and shall not bertreiesl.

The C-B&G information shall be mapped in a 992-b24 byte) messaga defined by:

m = {Mgg, Mogp, --., My, Mo} = { F63, be3, ---, O33, P33, P31, b3y, .-, 91, ba},  (C.10-2)

with the MSB ofb; andg; in the highem index andmy being transmitted first. The messagehall
be transmitted in 124 symbols, using the transmmssiethod as described in 10.8.9.

When Bitmap-N is disabled (FEXT Bitmap modd);, andgj of Bitmap-N: shall be set to zero.

C.7.9.3 C-SEGUES (replaces 10.8.16)

The duration of C-SEGUE3 is 18 symbols. Following C-8ES, the ATU-C completes the
initialization and enters C-SHOWTIME. In C-SHOWTIMETU-C shall transmit the signal using

Bitmap-Fk and Bitmap-M& with the sliding window.

When Bitmap-% is disabled (FEXT Bitmap mode), ATU-C shall transiomiy the pilot tone as
NEXTg symbols.
C.7.10 Exchange — ATU-R (supplements 10.9)

ATU-R shall transmit only the FEXJsymbols in R-MSGn, R-RATESNh, R-B&G, R-CRCn. In other
signals, the ATU-R shall transmit both FEX&nd NEXT- symbols when Bitmap-fis enabled

(Dual Bitmap mode) and shall not transmit NEX3ymbols when Bitmap-fis disabled (FEXT
Bitmap mode). The duration of each state is defindeélgure C.22.

C.7.10.1 R-MSG-RA (supplements 10.9.2)
Replace Table 10-15 with Table C.7.
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Table C.7/G.992.1 — Assignment of 80 bits of R-MSBA (Annex C)

Suffix(ces) ofm; Parameter
(Note) All reserved bits shall be setto O
79-68 Reserved for ITU-T
67-56 Btast-max
55-49 Number of RS overhead bytes, (R)
48-40 Number of RS payload bytes, K
39-32 Number of tones carrying data (ncloaded)
31-25 Estimated average loop attenuation
24-21 Coding gain
20-16 Performance margin with selected rate option
15-14 Reserved for ITU-T
13-12 Maximum Interleave Depth
11-0 Total number of bits per DMT symbol B«
NOTE — Within the separate fields the least sigaiiit bits have the lowest subscripts.

C.7.10.1.1 Total number of bits supported (Rax) (replaces 10.9.2.8)
This parameter shall be defined as in R-MSG2, sé®Q.

Btast-maxiS the maximum number of bits of the fast bufier flast data transmitted on the condition
that the bits of the fast data can be equally assigo all FEXT-symbols and NEXT-symbols.

Fast Buffered Data &t-maxiS t-

C.7.10.2 R-MSG2 ( supplements 10.9.8)
Nir-msG2= 10

N2r-msc2= 20

C.7.10.2.1 Total number of bits per symbol supporte (supplements 10.9.8.3)

The maximum number of bits per symbol is definethatreference point B, that is calculated from
the FEXTr and NEXTg downstream channel performance. For example eifnlaximum numbers
of bits that can be supported in FEX&nd NEXTg symbols are 111 and 88, the total number of bits
per symbol supported is (1¥1126 + 88x 214)/340 = 96.

NOTE — The number of symbols per hyperframe is 8@ number of FEXT symbols is 126, and the number
of NEXT symbols is 214.

C.7.10.3 R-B&G (replaces 10.9.14)

The purpose of R-B&G is to transmit to ATU-C the latsd gains information, BitmapsH by, 01,

2, G2, ..., b2s5 Qosgl, and Bitmap-M {b2s7, 9257, bosg Ooss, ..., bs11, U511}, to be used on the
downstream subcarrierd; of Bitmap-F indicates the number of bits to be coded by ATU-C
transmitter onto thé th downstream subcarrier in FEXBymbols;g; of Bitmap-k indicates the
scale factor that shall be applied to thk downstream subcarrier in FEXEymbols, relative to the
gain that was used for that carrier during thegnaigsion of C-MEDLEY. Similarlyp; of Bitmap-

Ng indicates the number of bits onto the-@56) th downstream carrier in NEXIsymbols;g; of
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Bitmap-Nr indicates the scale factor that shall be applethé (- 256)th downstream carrier in
NEXTg symbols. Because no bits or energy will be trattechiat DC or one-half the sampling rate,
bo, 9o, bose U256 Ds1o, @andgsyo are all presumed to be zero, and are not tranginiBecause
subcarrier 64 is reserved as the pilot tdig,andbs,g, shall be set to @g4 andgsyg shall be set to
Osyne The value gcrepresents the gain scaling applied to the symbsy.

The R-B&G information shall be mapped in a 8160¢bii20 byte) message defined by:

m= {Mg159 Mg158 ..., M1, Mo} = { O511, P511, ..., U257, D257 Q55 D255, ..., O1, D1}, (C.10-3)

with the MSB ofb; andg; in the highem index andmy being transmitted first. The messagehall
be transmitted in 1020 symbols, using the transomswethod as described in 10.9.8.

When Bitmap-I% is disabled (FEXT Bitmap modd), andg; of Bitmap-Ns shall be set to zero.

C.7.10.4 R-SEGUES5 (replaces 10.9.17)

The duration of R-SEGUE5 is 13 symbols. Following BSRJE-5, ATU-R completes the
initialization and enters R-SHOWTIME. In R-SHOWTIMETU-R shall transmit the signal using

Bitmap-k: and Bitmap-N with the sliding window.
When Bitmap-N is disabled (FEXT Bitmap mode), ATU-R shall not transNEXTc symbols.
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ATU-C ATU-R
C-GALF2 C-FLAG?2 R-GALF2 R-FLAG2
(G.994.1) (G.994.1) (G.994.1) (G.994.1)
>128
<2048 C-QUIET2 Beginning of R-QUIET2 < 15500
Hyperframe
(Note 5) If R-ACK1 345n
then (1<n<33
a45n | 1fR-ACK2 | C-PILOTIA _
<32 :
(n<38) then i
C-PILOT1 Beginning of
C-QUIET3A 1725 Hyperframe
R-REVERB1
(Note2) | o6 C-REVERB1
12477
(Note 5) : 9216 C-PILOT2
(Note 4)
1536 C-ECT
> 6144
(Note 2) R-QUIET3 <6145
4608 C-REVERB2 Last symbol
d may be
shortened by —*>
Note 5 If R-ACK2 then C-PILOT3 1536
( ) 1536 | |t 2 ACKL then C-QUIET5 n samples R-ECT
> 3634
3628 C-REVERB3 R-REVERB2 <3643
(Note 2)
20 C-SEGUE1 _ R-SEGUE1 5%, <14
Introduction of
C-RATES1/C-CRC1 guard time
Note 1
( ) 2884 C-MSG1/C-CRC2 R-REVERB3
345n - 13
345n + 208 i (9<n<16)
(0<n<7)
R-SEGUE2 13
y
49152 R-RATES1/R-CRC1 ] (Note 3)
C-MEDLEY R-MSG1/R-CRC2 1254 '
(Note 2) ‘
R-MEDLEY 49152
(Note 4)

T1532900-99

Figure C.21/G.992.1 — Timing diagram of the initiakation sequence — Part 1
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ATU-C ATU-R

A
R-MEDLEY (Note 4)
345n - 304 C-REVERB4 R-REVERB4 296
(7<n<20
R-SEGUE3 13
(Note 2) Y
R-MSG-RA/R-CRC-RA1L
R-RATES-RA/R-CRC-RA] 40 (Note 3)
Y
345n + 287 2
(0<n<6)
\ R-REVERB-RA
18 C-SEGUE2 345n - 53
r @B<ns16)i (Noted)
C-RATES-RA/C-CRC-RA1
(Note 1) 347 | C_MSG-RA/C-CRC-RA2
y
] 345n + 33
(0<sn<7)
C-REVERB-RA
R-SEGUE-RA 13 ]
345n - 20 3
R-MSG2/R-CRC-3
Note 3
(Note 2) |(2=n=<16) R-RATES2/R-CRC4 | 27 ( )
y
A
345n + 300
0=n<7)
' 18 C-SEGUE-RA 345n - 40
4 R-REVERB5 (3<n<16)
C-MSG2/C-CRC-3
22 C-RATES2/C-CRC4 (Note 4)
(Note 1)
3% C-B&GIC-CRC5
1 345n + 319
(0<n<6)
C-REVERB5 v
R-SEGUE4 13
345n - 31 [
10=n= 20 R-B&G/R-CRC5 2757 (Note 3)
y
A
345n + 330
R-REVERB6
(O<n<4) 345n - 10
18 C-SEGUE3 (2<n<16)
345n + 332 (Note 4)
(0<n<10)
A4
(Note 2) SHOWTIME R-SEGUES5 13
Maximum
initialization time
26.9 seconds SHOWTIME
T1532910-99

NOTE 1 - The ATU-C shall transmit the FEXSymbols, and shall not transmit as NEX3ymbols except the pilot tone.
NOTE 2 — The ATU-C shall transmit both FEXTBnd NEXT, symbols, when Bitmap-jlis enabled (Dual Bitmap mode).
ATU-C shall not transmit the NEXJsymbols except pilot tone, when Bitmap;i¢ disabled (FEXT Bitmap mode).

NOTE 3 — The ATU-R shall transmit the FEXSymbols, and shall not transmit the NExX3ymbols.

NOTE 4 — The ATU-R shall transmit both FEX$ymbols, when Bitmap-Nis enabled (Dual Bitmap mode). ATU-R shall
not transmit NEXE symbols, when Bitmap-Nis disabled (FEXT Bitmap mode).

NOTE 5 — The ATU-C shall transmit both FEX&nd NEXT; symbols.

Figure C.22/G.992.1 — Timing diagram of the initiakation sequence — Part 2
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C.8 AOC On-line adaptation and reconfiguration (petains to clause 11)

C.8.1.1 Bit swap request (replaces 11.2.3)

The receiver shall initiate a bit swap by sendingtaswap request to the transmitter via the AOC
channel. This request tells the transmitter whidbcatriers are to be modified. The format of the
request is shown in Table C.8.

Table C.8/G.992.1 — Format of the bit swap requeshessage

Message header Message field 1-4
(11111113} Bitmap index Command Subchannel index
(8 bits) (1 bit) | (7 bits) (8 bits)
The request shall comprise nine bytes as follows:
. an AOC message header consisting of 8 binary;ones
. message fields 1-4, each of which consists oflmnbéitmap index, a seven-bit command

followed by a related eight-bit subchannel indexeit bitmap index and valid seven-bit
commands for the bit swap message shall be as simWable C.9. In Table C.9, the MSB
for the bit swap request command represents thedpitindex. For downstream data,

Bitmap index equals O indicates Bitmap;Fand Bitmap index equals 1 indicates
Bitmap-Ng. Similarly for upstream data, Bitmap index equalsdicates Bitmap-f; and 1

indicates Bitmap-iN. The eight-bit subchannel index is counted from Itov high
frequencies with the lowest frequency subcarrierirfgathe number zero. The subcarrier
index zero shall not be used,

. the bit swap between FEX/& symbols and NEXd,r symbols is not allowed.

Table C.9/G.992.1 — Bit swap request command

Value Interpretation

(8 bit)
y000000Q Do nothing
y000000% Increase the number of allocated bits by one
y0000010Q Decrease the number of allocated bits by one
y000001% Increase the transmitted power by 1 dB
y0000100Q Increase the transmitted power by 2 dB
y000010% Increase the transmitted power by 3 dB
y000011Q Reduce the transmitted power by 1 dB
y000011% Reduce the transmitted power by 2 dB
y0001xx% Reserved for vendor discretionary commands
NOTE -y is "0" for FEXTE/rsymbols, and "1" for NEXEr symbols of the Sliding Window.

The bit swap request message (i.e. header and neelislalg) shall be transmitted five consecutive
times.
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To avoidg; divergence between ATU-C and ATU-R after severabwiaps, for a update ofA dB
the newg; value should be given by:

0i'= (/512 xround(512x g; x10exp@ /20)) (C.11-1)

C.8.1.2 Extended bit swap request (supplements 1142
The format of the extended bit swap request is shaowiable C.10.

Table C.10/G.992.1 — Format of the bit swap requestessage

Message header Message field 1-6
{1111110Q} Bitmap index ' Command Subchannel index
(8 bits) (1 bit) + (7 bits) (8 bits)

In the same manner as the bit swap request, eattieahassage fields of the extended bit swap
request consists of one-bit bitmap index, a sevemdmmand followed by a related eight-bit
subchannel index.

C.8.1.3 Bit swap acknowledge (supplements 11.2.5)

The bit swap superframe counter number shall ondljcate the last superframe (SPF#4) of a
hyperframe.

The new bit and/or transmit power table(s) shalintieke effect starting from the first frame
(frame 0) of SPF#0 of a hyperframe.

If the bit swap superframe counter number containdtie received bit swap acknowledge message
does not indicate SPF#4, then the new table(s) sthkal effect starting from frame 0 of SPF#0 of the
next hyperframe.

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 presented here as an example only. Timegtions may be required or desired, but the
implementation is left to the vendor.

D.2 Definitions

The following terms and abbreviations are used ia #mnex. Where states or events have been
defined elsewhere in this Recommendation, the tiefits are referenced here for convenience.

D.2.1 LOF-rs: Loss of ADSL frame synch/resync event. This evsaurs when some algorithm,
which may be vendor-specific, determines that gmesttempt is required. Note that this LOF-rs
event is probably (but not required to be) relatethe SEF (severely errored frame) defect defined
for operations and maintenance (see 9.3).

D.2.2 persistent LOF Persistent LOF is declared after 2%.5 s of near-end LOF failure with
SEF defect still present. LOF failure and SEF deéeet defined for operations and maintenance
in 9.3.
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D.2.3 persistent LOS Persistent LOS is declared after 2.9.5 s of near-end LOS failure with
LOS defect still present. LOS failure and LOS def@e@ defined for operations and maintenance
in 9.3.

D.2.4 high BER High bit error rate in received data: detectedHrgsholding #CRC errors (near-
end CRC-8i and CRC-8ni error anomalies, define@.®) over some period of time.

D.2.5 host control channelAn ATU-C configuration control channel from some thoantroller,
such as an ACOT (ADSL Central Office Terminal), whmontrols one or more ATU-C line units.
Note that this channel has no relationship or dirgerworking with the 64 or 16 kbit/s "C" bearer
channel, which is sometimes also called a contrahoel.

D.2.6 reconfigt A channelization reconfiguration that can be acdshpd without resetting
certain key portions of the data framing, transenjtor receiver functions (6 and 7), and thus aan b
performed without disrupting channels that would clvange as a result of the reconfiguration. For
example, if four 1.536 Mbit/s simplex channels atgrently active and are all allocated to the
interleave data buffer, then a reconfiguration tlesfuires two of them to remain active, and the
other two to be replaced by a 3.088 Mbit/s chammlld qualify as a reconfigl.

D.2.7 reconfig2 A channelization reconfiguration that requires tixsg of some key portion of
the data framing, transmitter, or receiver funaidf and 7), and which thus cannot be achieved
without loss of some user data. This reconfiguratemuest will require a fast retrain. Examples are:

- a change from the default bearer channel ratesptional rates, such as a request for a
reconfiguration from a single 6.144 Mbit/s simplexarer to a 6.312 Mbit/s simplex bearer,
which requires a change in aggregate transmittechts, FEC codeword size, and resetting
the interleave/deinterleave functions;

- if four 1.536 Mbit/s simplex channels are curkgrdctive and are all allocated to the
interleave data buffer, then a reconfiguration tlegjuires one or more of them to move to
the fast data buffer would require a fast retrarallocate the extra AEX byte for the fast
data buffer, to change the FEC codeword parametdiseednterleaved data buffer, and to
reset the interleave/deinterleave functions.

D.3 State Diagrams

State diagrams are given in Figure D.1 for the AT\ Uafd in Figure D.2 for the ATU-R. States are
indicated by ovals, with the name of the state mivathin the oval. The states are defined in
Table D.1 for the ATU-C and in Table D.2 for the ATU-Ransitions 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 ooppeceding 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 allaertain tests (e.g. MLT), or to discontinue
service. A selftest function is desirable, but iaymbe a vendor/customer option to define when
selftest occurs (e.g. always at power-up or onlyeurCO control), and which transition to take after
successfully completing selftest [e.g. enter C-IDLEgr enter C-SILENT1 (see
Recommendation G.994.1), or enter C-Activate/Indii}.

A variety of "host controller® commands (eventsgaeed by "c:") are shown as non-mandatory in
the ATU-C state diagram to provide example event sansitions between states. The way in
which these events are implemented is left to teeder, since many options are possible
(e.g. separate host controller port on the ATU-Cijtcdhwes or other front-panel controls, fixed
options).
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A Retrainstate is shown as non-mandatory in both statealag) (fast retrain is still under study). A

Resyncstate is shown as non-mandatory in both staterahag) to be left as a vendor option that
may use vendor proprietary algorithms.

Power on

+

C-SELFTEST >

fail

c:selftest < C-UNIT-FAIL

Persistent LOS pass c:activate
or LOF
\ |
c:idle_ignore N
C-SILENT1 / C-IDLE
(G.994.1) y c:idle_monitor (ignore ATU-R)
c:idle_ignore
r:R-TONES-REQ
» _ retry
c:idle_monitor i At
_ timeout cidle_ignore c:activate
G.994.1/ '
C-INIT/TRAIN r .
) c:idle_ignore
PersistenLOS
or LOF Persistent
LOS or LOF
succes
lof-rs high_BER

or c:reconfig2

T1532920-99

NOTE 1 — Event Sources:
c: __ host controller command.
r. __received from ATU-R.
NOTE 2 — The main sequence of states is shoviolith.
NOTE 3 — Optional (vendor discretionary) statessdr@wn initalics.
NOTE 4 — States are defined in Table D.1; terni3.ih

Figure D.1/G.992.1 — State diagram for the ATU-C
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Power on

}

R-SELFTEST fail

R-UNIT-FAIL

(e

r:selftest

pass_

) . riidle_ignore
idle_ignore

EOC:selftest

r:idle_ignore

R-SILENTO
(G.994.1)

y R-IDLE
(ignore ATU-C)

r.activate

c:silent bit Persistent

LOS or LO

timeout or
r.activate

fail or
timeout
R-RETRAIN
r:idle_ignore
Persistent )
LOS or LOF high_BER

or r:reconfig2

T1532930-99

NOTE 1 — Event Sources:
r: __ host controller command.
c: __ received from ATU-C.
NOTE 2 — The main sequence of states is shoviolid.
NOTE 3 — Optional (vendor discretionary) statessir@wn initalics.
NOTE 4 — States are defined in Table D.2; ternis.ih

Figure D.2/G.992.1 — State diagram for the ATU-R
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Table D.1/G.992.1 — ATU-C state definitions

State Name Description
C-SELFTEST Unit performs self test. Transmitter and receivié(@uiet at U-C
interface); no response to host control channgl @COT)
C-UNIT-FAIL (self test failed)
Monitor host control channel if possible (couldoall ATU-x host
controller to retrieve self test results)
C-IDLE Transmitter and receiver off (no response to R-TGNEEQ).

(Idle; ignore ATU-R)

Monitor host control channel

C-TONES

Transmit C-TONES and transition back tdDCH

C-SILENT1
(see G.994.1)

(Idle; monitor ATU-R)

Transmitter off

Receiver on, monitor for R-TONES-REQ;

if detected, transition to C-Activate/Init/Trairagt
Monitor host control channel

G.994.1/
C-INIT/TRAIN

(Starts with State

C-TONES of G.994.1,
includes 10.2, 10.4, 10.6
and 10.8)

Initialize Train_Try_Counter
while (--Train_Try_Counteg 0)
{ Transmit C-TONES
Start timer
If G.994.1 begins before timer expires
proceed with initialization/training
If successful, transition to C-ACTIVE
}
Transition to C-SILENT1
Monitor host control channel

C-SHOWTIME
(Steady State Data
Transmission;

Perform steady state bit pump functions (user daéanels active)
Allow bit swaps and non-intrusive reconfiguratiqraconfigl)
Monitor host control channel

6, 9.3 and 11) Monitor alarms, EOC, AOC
If LOS or LOF event, transition to C-Activate/Ifitain
C-RESYNC (State is entered when some algorithm, possiblgdas loss of

(non-mandatory; vendor
proprietary)

ADSL synch framing, determines that resync is nex)i

Declare SEF (defined in 9.3.1.3) — user data trassam has been
disrupted

If signal present (i.e. not LOS)

Attempt to find synch pattern and realign (vendappietary)

If successful, remove SEF and transition to C-ACHIV

else time-out on SEF, declare LOF event, transttion
C-Activate/Init/Train

else time-out on LOS, declare LOS event, transiimon
C-Activate/Init/Train

C-RETRAIN

(fast retrain for further
study)

(State can only be entered if received signalligosesent and if
ADSL frame synch is still maintained)

Declare SEF (defined in 9.3.1.3) — user data tréssam has been
disrupted

If signal present (i.e. not LOS)

Channel ID and bit allocation calculation

Reset Data Framing and V-interface circuits

If successful, remove SEF and return to C-ACTIVE

else time-out on SEF, declare LOF event, transition
C-Activate/Init/Train

else time-out on LOS, declare LOS event, transtioon
C-Activate/Init/Train
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Table D.2/G.992.1 — ATU-R state definitions

State Name Description

R-SELFTEST Unit performs self test. Transmitter and receivié(quiet at U-R
interface).
If self test passes and receiver is in automadiaitng mode,
transition to R-SILENTO
If self test passes and receiver is under exteoralol, transition to
R-IDLE
else transition to R-UNIT-FAIL

R-UNIT-FAIL (self test failed -- no exit from thistate, except to cycle power)

R-SILENTO/ See G.994.1

G.994.1 Monitor host control channel

R-INIT/TRAIN Transmit R-ACK

(Starts with State
R-TONES-REQ of
G.994.1; includes 10.3
10.5, 10.7 and 10.9)

Proceed with Initialization and Training Sequence
If successful, transition to R-ACTIVE
else transition to R-SILENTO

R-SHOWTIME
(Steady State Data
Transmission; 7, 9.3,
and 11)

Perform steady state bit pump functions (user dadanels active)
Allow bit swaps and non-intrusive reconfiguratigrnsconfigl)
Monitor alarms, EOC, AOC, host control channel

If LOS or LOF event, transition to R-SILENTO

R-IDLE Transmitter and receiver off, monitor host contiohnnel
(ignore ATU-C)
R-RESYNC (State is entered when some algorithm, probablgdas loss of

(non-mandatory;
vendor proprietary)

ADSL synch framing, determines that resync is negl)i

Declare SEF (defined in 9.3.1.3) — user data tréssan has been
disrupted

If signal present (i.e. not LOS)

Attempt to find synch pattern and realign (vendappietary)

If successful, remove SEF and transition to R-ACH IV

else time-out on SEF, declare LOF event, transtttoR-SILENTO
else time-out on LOS, declare LOS event, transtiioR-SILENTO

R-RETRAIN

(fast retrain for further
study)

(State can only be entered if received signaliligosesent and if
ADSL frame synch is still maintained)

Declare SEF (defined in 9.3.1.3) — user data tréssan has been
disrupted

Reset Data Framing and T-interface circuits

If signal present (i.e. not LOS)

Channel ID and bit allocation calculation

If successful, remove SEF and transition to R-ACH IV

else time-out on SEF, declare LOF event, transtibtdR-SILENTO
else time-out on LOS, declare LOS event, transitmoR-SILENTO
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ANNEX E
POTS and ISDN-BA splitters
The purpose of the POTS splitter is twofold. For ADSgnals, protection from the high-frequency
transients and impedance effects that occur duP@®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 protectionnir ADSL signals which may impact, through
non-linear or other effects, remote devices (handaer, 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&€&Naces).

Likewise, the ISDN-BA splitter is also twofold.

E.l Type 1 — European

E.1.1 Impedance matching

The European harmonized matching impedanggypfex(1) for non-voice terminals (e.g. voiceband
modems). This compromise impedance is detailed fadyein Recommendation Q.552.

Different three-element compromise impedances aeg fior voice terminal operation in different
countries. The text below details the reference tapees and any other country specific
parameters. Component values #0el% unless otherwise stated.

E.1.1.1 European harmonized — Non-voice terminals
Zcomplex(1) = 150 nF // 75@ + 270Q

E.1.1.2 Voice terminals

Zcomplex(1)=150 nF // 75@ + 270Q

Zcomplex(2)=230 nF // 105@ + 320Q

Zcomplex(3)=115 nF // 82@ + 220Q

Zieal)=  600Q

Zieal)=  800Q

E.1.2 Return loss

TELE port and LINE port return loss againgbdpiexn)0r Zreai(ny When the other port is terminated
IN Zcomplex(nPr Zreai(n) Shall be as shown in Figure E.1.
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dB
18

14

Return loss

300 500 2000 3400 Hz

Frequency (log f) T1532940-99

Figure E.1/G.992.1 — Minimum value of return loss gainst the test network
for the exchange impedance at a 2-wire interface

E.1.3 Insertion loss

TELE port to LINE port insertion loss shall be < 1 dBL&Hz for Zomplex(n)
TELE port to LINE port insertion loss shall be < 0.3 @Bl kHz for Zean)
E.1.4 Insertion loss distortion

Insertion loss distortion 200-4000 Hz+% dB term = Zomplex(n)

E.1.5 Isolation

Isolation resistance, branch-earth >1@M term =00 Q; 100 V DC

Isolation resistance, branch-branch > XM term =00 Q: 100 V DC
DC resistance <50 term = 0Q.

E.1.6 Signal power

Maximum peak signal power in 200-4000 Hz < 3 dBm BD8-001 § 4.4.2 on 600
Loop current <100 mA

E.1.7 Ringing

Ringing frequency 25-50 Hz

Ringing AC <100 Wns

Ringing DC (AC superimposed on DC) <100V

E.1.8 Unbalance about Earth (ETS-300.001, § 4.2.hch§ 4.2.2)
LCL (test method Recommendation G.117, subclaus8}.
TCL (test method Recommendation G.117, subclausd)4.1

15-50 Hz > 40 dB terminated with 6QD
50-600 Hz > 46 dB terminated with 600
600-3400 Hz > 52 dB terminated with 6Q0
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E.1.9 Frequencies and levels for pulse metering (E5F300.001, § 1.7.8)

Frequency 12/16 kHz1%
Insertion loss <3dBin 200
Maximum level <5 Wnsin 200Q

E.2 Type 2 — North America

E.2.1 Introduction

This subclause contains specifications for a POTS8teplappropriate to North America. The
requirements contained in E.2 shall be met for a P&Jiter designed for deployment in North
America. The purpose of the low-pass filters is tiaf For ADSL signals, protection from the high-
frequency transients and impedance effects thatrodering POTS operation — ringing transients,
ring trip transients, and off-hook transients amdpédance changes —is provided. For POTS
voiceband service, the low-pass filters providetgotion from ADSL signals which may impact,
through non-linear or other effects, remote devi@lendset, fax, voiceband, modem, etc.) and
central office operation. This filtering should berformed while maintaining the quality of the end-
to-end — that is, between the POTS and PSTN intexfaicEigure E.5 — Voiceband connection.

E.2.1.1 POTS splitter function location

Two POTS splitter functions are defined; one for thimote (R) end and one for the central office
(CO) end. The function can be implemented eithernally to the ATU-x modem or externally. In
either case, all functions specified are requirekcg¢ption is maintenance test signatures,
see E.2.1.7).

In Figure E.2, the capacitors are shown as A.ZThese capacitors are for DC blocking. They work
in concert with the input to the modem's HPF fumttand are to be included in the input impedance
calculation of the modem. This point is not avaiafdr inspection when the CO splitter function is
provided internally to the modem and, therefore, thpacitors do not appear explicitly. The DC
blocking function is, however, provided in the natnHPF 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 blockidghbei included 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 gxpected that the LPF will be well behaved in
that area.

All external POTS splitters with LPF or LPF/HPF nded shall meet specifications between 30 and
1104 kHz.

Not all integral modem designs are intended to pgabe 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 explicstate the band of frequencies used in testaghe
modem.
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E.2.1.3 Balanced terminations

All testing is done in a BALANCED (i.e. metallic) tiod. One end of some setups may contain an
unbalanced connection to facilitate testing metlhaglp if the resultant measurement maintains
balance.

E.2.1.4 Single ended testing

Single ended testing is performed on each POTSapfiinction. Specifications contained in this
annex are written for single splitter functionst and-to-end. Compliance with this annex does NOT
guarantee end-to-end performance since the modenmoaincluded in this annex testing.

E.2.1.5 POTS splitter functions

The external central office POTS splitter may be nedirsome distance from the ATU-C modem.
To protect from DC faults, DC blocking capacitoralsbe included on the xDSL port of the POTS
Splitter. These capacitors form part of the inputht® xDSL HPF function and must be included in
calculations of that input impedance (approximat20¢34 nF). If the POTS splitter function is
included entirely within the modem, the capacitgnall be included as part of the HPF function. See
Figure E.2.

xDSL Port 0.12pF

0.12pF

PSTN s
I LPF

Line Port

T1532950-99

Figure E.2/G.992.1 — External POTS central officeitter without HPF function

The DC blocking capacitors are for the external PGQpfter, 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 latking capacitors are optional on splitters
integrated within the equipment closely associatgd the ATU-C. See Figure E.3.

xDSL Port

LPF |

Line Port POTS

T1532960-99

Figure E.3/G.992.1 — External POTS remote splitter
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E.2.1.6 ZHP defined

To facilitate testing of the POTS splitter indepertjeaf the actual modem or specific vendor, two
ZHPs are defined in Figure E.4 to allow proper teation of the xDSL port during voiceband
testing. The ZHP is valid only for voiceband freqcies. The combination of capacitors in the
ZHP-r is only representative. The input shall ben27however derived.

0.10pF 0.10pF 0.12pF
|
[

1000hms§ gom mH 100 ohms g 0.47 mH
| | |
1] _| | 1]

0.10pF 0.10uF  0.12pF

ZHP for External Central Office splitter ZHP Remetsd T1532970-99

NOTE — Component Tolerances: Capacitors: 2.5% sResi 1%, Coils: 59

Figure E.4/G.992.1 — ZHP definitions

E.2.1.7 Maintenance test signatures
If the maintenance test signatures are provideyy, shall be as shown in Figure E.5.

In order to allow the POTS splitter to be managedthleynetwork operational support systems and to
be identified by metallic loop test systems, theTBGplitter function may contain signatures that
are activated only by the metallic test systems. digeatures are unique for ADSL and are different
for each end of the loop. All central office end Fsplitters shall have the same signature and all
remote end POTS splitters shall have the same signathe signatures are designed to be active
only during the maintenance test mode and will intérfere with normal operation of the circuit.
The signatures are located on the POTS/PSTN sideedfRF function, protecting the ADSL band
frequencies from the non-linear effects of the dgdrhe signatures are defined in Figure E.5.

CO splitter signature Remote splitter signature
T T
0
36V 10% 6.8V 10%
110K 1%
33K 1%
R R

T1532980-99

Figure E.5/G.992.1 — Maintenance test signatures
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E.2.2 DC characteristics

All requirements shall be met in the presence IOPAITS loop currents from 0 mA to 100 mA. The
low-pass filter shall pass POTS tip-to-ring DC vg#ta of 0 V to minus 60 V DC and ringing signals

no larger than 103 Ms superimposed on the DC signal at any frequenay £26 to 30 Hz.

The DC resistance from tip-to-ring at the PSTN irateef with the U-C interface shorted, or at the
POTS interface with the U-R interface shorted, shallless than or equal to Z%. The DC
resistance from tip to ground and from ring to grwat the PSTN interface with the U-C interface
open, or at the POTS interface with the U-R intexfapen, shall be greater than or equal tod. 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 twoug@s. This is done to obtain more specific
requirements under the widely varying conditionsshbrt and long loops and to account for the
effect of the opposite splitter impedances beirgf§ 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,ad 3 and loops C #4, C #6, C #7 and
C #8.

NOTE — Test loops are defined in Recommendatio®€&19

E.2.3.1.2 Insertion loss at 1004 Hz

For each of the test loops specified in E.2.3.1ntl, @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.992.1 — Loss due to addition of split&ZHP

Description Loss
Short loop, ZTc =900, ZTr = 600 <1.0dB CO end
Long loop, ZTc =900, ZTr = 600 <0.75dB CO end
Short loop, ZTc =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 shml measured using the test setup in Figures E.6
and E.7. The defined ZHP will be attached to the x[p8tt of the splitter. If the splitter is an
internal part of the ATU, then the modem remainscited as the xDSL load. The increase in
attenuation distortion, relative to the 1004 Hzemi®on loss, caused by the POTS splitter with the
ZHP (or modem) load attached using each of theloegis identified above, shall be less than that
specified in Table E.2.
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Table E.2/G.992.1 — Increase in attenuation distadn caused by POTS splitter

Loss (Note)
Description
0.2-3.4 kHz 3.4-4.0 kHz

Short loop, CO splitter, ZTc = 900, ZTr = 600 +105-1.5 +2.0to-2.0
Long loop, CO splitter, ZTc = 900, ZTr = 600 +0cb1.5 +1.0to-1.5
Short loop, R splitter, ZTc = 900, ZTr = 600 +10541.5 +2.0t0-2.0
Long loop, R splitter, ZTc = 900, ZTr = 600 +0.5+b.5 +1.0to-1.5
NOTE — Attenuation is a positive value, gain issgative value.

Figure E.6 defines the test configuration and tHeevaf the test components that shall be used for
transmission measurements in the voiceband focehgeal office POTS splitter.

PSTN u-_c U-R
ZTc is the Normal

Termination in Test CO POTS Splitter

| I
| |
| |
Set | !
| |
I S |
ZTc i Test i | LPF | Test ZTr
(900Q) Equipment | | G : Loop | (600Q)
| | |
I |o.12pF | | I
I - | I
| | |
| xDSL | |
I | I
| I |
I ZHP-c | I
i (load) i i
: : : T1532990-99

ZHP-c = the impedance presented to the POTS cdonday an ATU-C through the capacitance of the POTS
splitter DC blocking capacitors

NOTE — The DC blocking capacitors are only for éix¢ernal POTS splitter without the HPF functiortehmal splitte
function or external splitters with a complete HiBRction may incorporate this capacitance in thpgitrto the PHF function.

Figure E.6/G.992.1 — Transmission measurements imieband for the central office splitter
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Figure E.7 defines the test configuration and tHeevaf the test components that shall be used for
transmission measurements in the voiceband foretimete POTS splitter.

U-C U-R POTS

ZTr is the Normal

Remote POTS Splitter Termination in Test Set

I [}
| |
| |
| |
| |
| |
| |
| S |
ZTc Test I LPF | I Test ZTr
(900 ohms) | | Loop | G | Equipment (600 ohms)
| | |
| | |
| | |
| | |
| | |
| | xDSL I
| | |
I I I
I I I
: : ZHP-r :
: : (load) !
: : : T1533000-99
ZTc =900Q
ZTr =600Q

ZHP-r =the impedance presented to the POTS coioneloy an ATU-R

Figure E.7/G.992.1 — Transmission measurements imikeband for the remote POTS splitter

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.992.1 — Increase in delay distortion csed by POTS splitter

Delay distortion
Description
0.6-3.2 kHz 0.2-4.0 kHz
Short loop, CO splitter, ZTc = 900, ZTr = 600 200us 250us
Long loop, CO splitter, ZTc = 900, ZTr = 600 200us 250us
Short loop, R splitter, ZTc = 900, ZTr = 600 200us 250us
Long loop, R splitter, ZTc = 900, ZTr = 600 200us 250us

E.2.3.1.5 Return loss

Figures E.8 and E.9 define the test configurationthedvalue of the test components that shall be
used for impedance measurements in the voicebandoth the central office and remote POTS
splitter units.
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PSTN uU-C

POTS Splitter at CO

Real Cable L
Termination
S
600
T ohms

0.12pF
(used only at CO
termination)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Test Equipment T I LPF
! G L
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ZNL-c
ZHP-c
Return loss reference T1533010-99
impedance xDSL

Figure E.8/G.992.1 — CO POTS splitter return lossetup

U-R POTS

Remote POTS Splitter

Return loss reference

impedance
T1533020-99

| |
[ |
[ |
| |
| |
[ |
| |
| |
| |
Termination Real Cable | S !
| |
900 : Lpr | 1 I Test Equipment

ohms i G i
+ 2.16uF : :
| |
[ |
| |
| |
| |

[z : NLr
[ |
| |
: xDSL :
| |
| |
! !

ZNL-c (see Note 2) = 80Q in parallel with the series connection of a ID@esistor and a 50 nF capacitor
(long loop model seen from CO)

ZNL-r (see Note 2) = 1330 in parallel with the series connection of a 338esistor and a 100 nF capacitor
(long loop model seen from RT)

ZHP-c = the impedance presented to the POTS cdondxy an ATU-C through the capacitance of the POTS
splitter DC blocking capacitors

ZHP-r = the impedance presented to the POTS coiondey an ATU-R

NOTE 1 — The DC blocking capacitors are for theeexal POTS splitter without the HPF function oriiyterna
splitter function or external splitters with a coete HPF function may incorporate this capacitandde input to

the HPF function.
NOTE 2 — This value comes from the Bellcore LSSGR: aeference compromise impedance for non-loadkele «

Figure E.9/G.992.1 — Remote POTS splitter return lkes setup

206 Recommendation G.992.1 (06/99)



The return loss of each splitter under the specitiedditions, either with or without the ZHP
attached, shall be greater than the values spedifi€able E.4.

Table E.4/G.992.1 — Splitter return loss

Description Zref Zterm ERL SRL-L SRL-H Comments
Q) (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 filteaktbe measured using the test configuration of
Figures E.6 and E.7 and the null loop.

With an applied 4-tone set, at a level of -9 dBhe second and third order intermodulation
distortion products shall be at least 57 dB andBQrespectively, below the received signal level.

E.2.3.2 Longitudinal balance of POTS splitter

The longitudinal balance of the POTS splitter camaasured using two different techniques. One
technique is to treat the POTS splitter as a separaity which requires using the 2 PORT testing
technique. The other technique is to test the C@eptontaining 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 (withlmops), measured in either direction between
the POTS/PSTN and line port, as a two-port devical] e measured in accordance with the latest
North American measurement practices. In the cdserevDC blocking capacitors are included as
part of the splitter function on the xDSL port, tkeSL port shall be shorted. Otherwise, the xDSL
port shall be open. Because of the maintenanceatsiges, the applied longitudinal voltage shall be
maximum 3.0 V p-p. The balance shall be greater #8adB for frequencies between 200 Hz-1 kHz
with a straight line level decreasing to 53 dB &H. A DC bias current of 25 mA will be applied.

The termination of the test set is set for seridardz® measurement per the latest North American
measurement practices. Prior to testing, a testiitibalance (calibration) of 77 dB (58 + 19 dB)lwi
be achieved to ensure 1 dB accuracy.

Figure E.10 shows the test setup for the externalRQOS splitter. The xDSL port is shorted. If
testing longitudinal balance on an integrated CQeno, the ATU-C shall be connected but powered
down.

Figure E.11 shows the test setup for the extermabte POTS splitter.
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xDSL Port
I I 0.12puF
Shorted<:
| |
' 0.12pF
PSTN S
| LPF LB Test
G Load
LB Test Line Port
Source

T1533030-99

Figure E.10/G.992.1 — Longitudinal balance CO testetup

xDSL Port
S
LB Test LPF I LB Test
Load G Source
Line Port POTS

T1533040-99

Figure E.11/G.992.1 — Longitudinal balance remoteest setup

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 spligd U-C and CO line card (without loops)
shall be measured in accordance with the latesthNamerican measurement practices. Because of
the maintenance signatures, the applied longitlidindage shall be maximum 3.0 V p-p. The
balance shall be greater than 52 dB for frequernoéween 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 (calibajiof 71 dB (52 + 19 dB) will be achieved to ersur
1 dB accuracy.

Figure E.12 shows the test setup for the POTS gpl&fEU-C and CO line card combination one
port network.

ATU-C
S
| LPF LB Test
) G Source
CO Line Line Port
Card
T1533050-99

Figure E.12/G.992.1 — Longitudinal balance CO testetup for 1 PORT networks
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E.2.3.3 Transparent testing capacitance

To allow the current metallic test systems to cardito 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 acgurac
and dependability they have today.

Overall, the admittance of the POTS or PSTN portl ffeatapacitive.

The capacitance present at either the POTS or PSENaoes in the frequency range of 20-30 Hz
shall be a maximum of 300 nF. This amount incluttescapacitance 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 Bracconnected:
— 115 nF Max.
— 20 nF Min.
. Modem input allowance, including the DC blockicepacitors at the CO end:
— 35 nF Max.
— 20 nF Min.
. Modem with integral POTS splitter function or -texal POTS splitter with both HPF and
LPF functions, are the sum of the above:
— 150 nF Max.
— 40 nF Min.
xDSL Port
s
LPF (|3 <+— Capacitance
Line Port POTS

T1533060-99

Figure E.13/G.992.1 — Capacitance test

E.2.3.3.2 Capacitance to ground

There should be no designed AC path to ground. deroto 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.(the difference in attenuation measured with
and without the filter) measured as shown in FiglEel4 and E.15 shall be greater than 65 dB from
32 to 300 kHz and 55 dB from 300 to 1104 kHz withirgout level of 10 dBm.
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External CO POTS splitter without HPF

xDSL Port I I 0.12uF
ZHP-c
|
" o12uF
PSTN S
| LPF >
G o
Line Port
T1533070-99
: Source 100 ohms
HiZ 900 ohms 30 kHz-1104 kHz

balanced

Figure E.14/G.992.1 — Measurement of the CO splittattenuation in the ADSL band

Remote POTS splitter

xDSL Port
ZHP-r
< LPF |S POTS
Lirne Port G
S 100 oh T1533080-99
3(? llilr—(|:§-1104ok|[|nzs 600 ohms Hi z

balanced

Figure E.15/G.992.1 — Measurement of the remote $ipér attenuation in the ADSL band

E.2.4.2 Input impedance (loading of ADSL signal péi)

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 showRigures E.16 and E.17 shall be no more
than 0.25 dB.

xDSL Port
0.12uF
I I = 100 ohms load
i
0.12pF
S
| LPF <
G Line P ‘t
ine Por
PSTN T1533090-99
Source 100 ohms
900 ohms 30 kHz-1104 kHz

balanced

Figure E.16/G.992.1 — Measurement of loading effeof the CO splitter in the ADSL band
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xDSL port

100 ohms load

LPF I
Line port G POTS

Yy

Source 100 ohms T1533100-99

30 kHz-1104 kHz
balanced

600 ohms

Figure E.17/G.992.1 — Measurement of loading effeof the Remote Splitter in the ADSL band

E.2.5 Home premises physical considerations

E.2.5.1 Wiring considerations

The running of ADSL signals and POTS signals togettighin a single multiple pair cable cross
couples POTS noises into the received ADSL sigidese POTS noises are generated as the result
of ringing, ringing trip, dial pulsing, and on/dffbok operation. The levels of these noises are great
enough that without adequate pair-to-pair isolatiemors in the received data are possible. This
quality of service degradation may be mitigatedtliyy use of interleaving or error control in any
higher-level data communications protocol.

The wiring configuration reference model, using safecables, 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@Ad5 cable). It must be noted that the length

of interpremises cabling must be included in tlam$mission link budgets. Use of other cable types
(i.e. Quad or Standard twisted pairs) with lowgyagation specifications may result in higher errors
and lower performance.

U-R | Terminates with RJ14C on ATU-R ‘

Remote splitter — (NID or external) \
xDSL port
~ ﬁ ) ): :] ATU-R
S
e .\
G

POTS

Line port

T1533120-99

Figure E.18/G.992.1 — Home Premise Wiring on Sepamsheaths for ATU-R

E.3 Type 3 — ADSL above ISDN (ITU-T G.961 Appendixor II)
This subject is for further study.
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E.4 Type 4 — Type for Japan

E.4.1 Introduction

This subclause describes specifications and testgthods for a POTS splitter appropriate to Japan.
Both a central office (CO) POTS splitter and a rean(&) POTS splitter shall conform to them.
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 may be used as a d&osignal.

E.4.1.2 External CO POTS Splitter Function

The external CO POTS splitter may be located sontardie from the ATU-C modem. To protect
against DC faults, DC blocking capacitors shouldnotuded in the xXDSL port of the POTS splitter.
These capacitors configure parts of the input toxtb8L HPF function, so they must be included
when the input impedance is calculated. If the P@plfter function is included entirely within the
modem, the capacitors should be included as pahnedfPF function.

E.4.1.3 ZHP Definition

To facilitate testing of the POTS splitter indepertjeaf the actual modem or specific vendor, two
ZHPs are defined to allow proper termination of XESL port during voiceband testing. The ZHPs
are valid only for voiceband frequencies. They shalbs shown in Figure E.19.

0.10pF 0.10pF  0.12pF

[ | ||
| — | ||
1000 % 0.47 mH 100Q § % 0.47 mH
| | |
|| _|| ||

0.10pF 0.10pF  0.12pF

ZHP for External Central Office splitter (ZHP-c) ZHRemote end (ZHP-r) T1533130-9

NOTE — Component Tolerances: Capacitors: 2.5%,9R&st 1%, Coils: 5%.

Figure E.19/G.992.1 — ZHP definitions

E.4.2 DC Characteristics

This subclause contains the DC specifications, asdhe loop DC current, the ringing, the L1-to-L2
DC voltage, the loop DC resistance, the isolatiesistance, the L1-to-L2 capacitance, and the
capacitance to ground, and the methods for meastivem.

All requirements included in E.4.2 must be met ia giiesence of all POTS loop currents ranging
from O to 130 mA.
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E.4.2.1 Loop DC Current
The POTS splitter should ensure normal operatiotofw DC currents ranging from 0 to 130 mA.

E.4.2.2 Ringing
The POTS splitter should accept the following ringsngnals:

. Ringing frequency: 15-30 Hz.
. Ringing AC: maximum 100 s
. Ringing DC (AC superimposed on DC): maximum miB0sV.

E.4.2.3 L1-to-L2 DC Voltage

The POTS splitter should accept POTS L1-to-L2 DC velsagf 0 to minus 60 V. In addition, it
should be able to withstand a POTS L1-to-L2 DC gdtaf up to 120 V for at least 10 s.

In addition, Recommendations K.20 and K.21 may besiered to ensure the POTS splitter
availability when the surge voltage is appliedite POTS splitter.

E.4.2.4 DC Resistance

The L1-to-L2 DC resistance, at the PSTN interfacénwhie U-C interface shorted, or at the POTS
interface with the U-R interface shorted, shalldss than or equal to 4D.

E.4.2.5 Isolation Resistance
The isolation resistance of the POTS splitter sheerdain intact under the following conditions.

E.4.25.1 L1-to-L2 Isolation Resistance

The L1-to-L2 isolation resistance at the PSTN intefavith the U-C interface opened, or at the
POTS interface with the U-R interface opened, dbaljreater than or equal to 1AM

E.4.2.5.2 Isolation Resistance to Ground

The isolation resistance to ground at the PSTN iaterfwith the U-C interface opened, or at the
POTS interface with the U-R interface opened, dbaljreater than or equal to 1AM

E.4.2.6 Capacitance

The capacitance of the POTS splitter should satiehfdllowing requirements.

E.4.2.6.1 L1-to-L2 Capacitance
The L1-to-L2 capacitance at the PSTN interface oP@&S interface shall be as follows:
POTS splitter, either CO or Remote without the modemmected 250 nF Max (DC — 30 Hz)

Modem input allowance, including the DC blockingpaeitors at 35 nF Max (DC — 30 Hz)
the CO end

Modem with integral POTS splitter function or — extd POTS 285 nF Max (DC — 30 Hz)
splitter with both HPF and LPF functions, are theof the above

E.4.2.6.2 Capacitance to ground

The capacitance to ground at the PSTN interface thighU-C interface opened, or at the POTS
interface with the U-R interface opened, shalldssithan 1.0 nF.
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E.4.3 AC Characteristics

This subclause contains the AC specifications of wbeeband, 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 subclause describes the AC characteristidsevoiceband.

E.4.3.1.1 Insertion Loss (at 1 kHz)

The insertion loss of the POTS splitter should be than or equal tal.0 dB. Using the test setup
shown in Figures E.20 and E.21, the insertion las® fthe source to termination shall be measured
with and without the POTS splitter/ZHP combinatioserted.

PSTN u-_c U-R
ZTc is the normal

termination in test CO POTS splitter

| I
| |
| |

set ! !
| |
| |

ZTc Test : LPF : Test ZTr

(600Q) equipment | | | loop | (600Q)

| 0.12 pF{ ! |
| | |
| - I |
| | |
| | |
! xDSL | |
I | I
| I |
| I |
| ZHP-c ! !
! (load) ! !
: : : T1533140-99

ZPH-c = the impedance of the CO ADSL modem spetifieFigure E.19

NOTE 1 — The DC blocking capacitors are only fa éxternal POTS splitter without HPF function. Wiilea POTS
splitter includes the HPF function, the HPF funeti@s capacitors for DC blocking.
NOTE 2 — The test loop is specified in Figure E.22.

Figure E.20/G.992.1 — Transmission measurementstine voiceband for the CO POTS splitter
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u-C U-R POTS

ZTr is the normal

Remote POTS splitter termination in test set

ZTc Test
(600 ohms) loop

Test ZTr
equipment (600 ohms)

LPF

xDSL

ZHP-r
(load)

T1533150-99

ZHP-r = the impedance of R ADSL modem specifie&igure E.19

NOTE — The test loop is specified in Figure E

Figure E.21/G.992.1 — Transmission measurements tine voiceband for the R POTS splitter

O O
140 ohms 140 ohms
—_— 100 nF
O O
140 ohms 140 ohms T1533160-99

NOTE — This test loop model is valid only for vdieand frequencie

Figure E.22/G.992.1 — Test loop definition

E.4.3.1.2 Attenuation distortion in voiceband variéion

The variation of insertion loss value from that mgead with 1 kHz shall be measured using the test
setup in Figures E.20 and E.21. The increase in attmudistortion, relative to the 1 kHz insertion
loss, caused by the POTS splitter with the ZHP (odem) load attached using the test loop defined
by Figure E.22, between 0.2 and 3.4 kHz should $& tleant1.0 dB and between 3.4 and 4.0 kHz
should be less thatl.5 dB.

E.4.3.1.3 Delay Distortion

The increase in the delay distortion cause by theF€plitter shall be as follows:

. 0.6-3.2 kHz: maximum of 20(@s.

. 0.2-4.0 kHz: maximum of 25(@s.

The delay distortion of the POTS splitter shall beasueed using Figures E.20 and E.21.
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E.4.3.1.4 Return Loss

Figure E.23 defines the test configuration and @daas of the test components that shall be used for
impedance measurements in the voiceband for betlCth and R POTS splitter unitBhe return
loss of each splitter under the specified condgishall be as follows:

. 11 dB (0.2-1.5 kHz).
. 10 dB (1.5-2.0 kHz).
. 9 dB (2.0-3.4 kHz).
POTS/
PSTN U-x

POTS splitter

Test equipment

LPF
J_
T

0.12uF
(used only at CO
termination)

ZNL-x

ZNL-x
ZHP-x
Return loss reference
impedance xDSL T1533170-99

ZNL-c = 150Q + (830Q // 72 nF)

ZNL-r = 150Q + (72 nF // (83@ + 1 uF)

ZHP-c = the impedance presented to the POTS cdonday an ATU-C through the capacitance of the P@pigter DC
blocking capacitors

ZHP-r = the impedance presented to the POTS coionday an ATU-R

NOTE — The DC blocking capacitors are only for éx¢éernal CO POTS splitter without the HPF functidhe ZNL-c an
ZNL-r are valid only for voiceband frequencies.

Figure E.23/G.992.1 — Impedance measurements in theiceband for
the CO and R POTS splitters

E.4.3.1.5 Distortion caused by harmonics

The distortion contributed by the low-pass filteaklbe measured using the test configurations in
Figures E.20 and E.21, and the null loop.

With an applied tone set as per the latest Nortredecan measurement practices, then, at a level of
-9 dBm, the second and third order intermodulatimtoction products shall be at least 57 dB and
60 dB, respectively, below the received signal lleve

E.4.3.1.6 Longitudinal balance

The longitudinal balance of the POTS splitter shallgoeater than 58 dB for frequencies ranging
from 0.2 to 3.4 kHz and a DC bias current of 50 wif be applied.

See Figures E.24 and E.25.
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xDSL port | 0.12pF

I
Shorte<:

PSTN

0.12pF

LB test
load

LPF

LB test Line port
source

T1533180-99

Figure E.24/G.992.1 — Longitudinal balance CO testetup

xDSL port
LB test LPF LB test
load source
Line port POTS

T1533190-99

Figure E.25/G.992.1 — Longitudinal balance remoteest setup

E.4.3.2 OutBand

The band between the voiceband and ADSL band isetkfas the out band in E.4. In Japan, the out
band is used with pulse metering (16 kHz), OVS agn7.8 kHz), and OFFTALK services
(0-7.0 kHz). These specifications and measuremetitads of the Out Band require further study.
E.4.3.3 ADSL Band

This subclause describes the AC characteristidseaDSL band.

E.4.3.3.1 ADSL Band Attenuation

The attenuation in the stop band of the low-passrfili.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 frequencies ranging from 25 kHz to 300 kHz &3ddB for frequencies ranging from 300 kHz to
1104 kHz with an input level of 10 dBm.
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External CO POTS splitter without HPF

xDSL port [l 0.12pF
[
ZHP-c ., 0.12uF
]
PSTN LPF «
@ Line port
T1533200-99
Source: 10@
Hi z — 25-1104 kHz
balanced

Figure E.26/G.992.1 — Measurement of the CO POTS lgper attenuation in the ADSL band

Remote POTS splitter

xDSL port
ZHP-r
> LPE POTS
Line port 600 ohms
Source: 100 ohms : T1533210-99
25-1104 kHz e Hi z

balanced

Figure E.27/G.992.1 — Measurement of the R POTS #pér attenuation in the ADSL band

E.4.3.3.2 Input Impedance

The insertion loss caused by the low-pass filtethiem band from 25 kHz to 1104 kHz between
nominal impedances with an input level of —10 dB®,shown in Figures E.28 and E.29, shall be

less than 0.35 dB.

100Q load
xDSL port [ 0.12puF
I
N 0.12pF
[
LPF >
600Q PSTN Line port
T1533220-99
Source: 10@
25-1104 kHz
balanced

Figure E.28/G.992.1 — Measurement of loading effeof the CO POTS
splitter in the ADSL band
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xDSL port

100-ohm load
> LPF
Line port POTS
Source: 100 ohms T1533230-99
25-1104 kHz 600 ohms
balanced

Figure E.29/G.992.1 — Measurement of loading effeof the R POTS splitter in the ADSL band

ANNEX F

ATU-x Classification and Performance for Region A North America)

F.1 Classification definitions

The ATU-x capability requirements for category | (lbasand category Il (optional) shall be as
specified in Table F.1. All types of equipment shiaterwork with at least category | performance
and shall support the characteristics of a cateykyU as defined in Table F.1. All category Il
equipment shall interwork with category Il performea and shall support the characteristics of a
category Il ATU as defined in Table F.1.

Table F.1/G.992.1 — ATU-x classification by categgr

Characteristics Category | (basic) Category Il (optonal)
Trellis option Off On
Spectrum Non-overlapping spectrum Overlapping spett

F.2 Performance requirements

ADSL transmission is assessed in terms of perfoomagainst an objective of coverage over test
loops (see Recommendation G.996.1) and in the meeseof defined noise models (see
Recommendation G.996.1).

The ADSL control channel and other duplex channedsgaluated with all test loops.

The specific combinations of loops (see Recommenila®.996.1) and rates shown in Table F.2
shall be tested for either category | or categbATIUs, as indicated.
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Table F.2/G.992.1 — Loop sets and maximum rates faategory | and Il testing

Net data rate (kbit/s)
Loop sets Cﬁt;;ory STM only ATM and STM
Simplex Duplex Downstream Upstream
(ASO0) (LSO0) (ASO0) (LSO)
T#7, T #13 I 1536 16 1696 160
1536 160
C #4, C #6, C #7, Mid-C I 5920 224 6144 224
T#7, T#9, T #13 Il 1536 16 1696 160
1536 160
C #4, C #6, C #8, Mid-C Il 5504 640 6144 640
NOTE - The channelization shall be tested with duttrhead framing as defined in 7.4.1.2 and 8.4.1.2

F.2.1 Crosstalk interference

Tables F.3 and F.4 show the combinations of tegida@nd numbers of interferers to be tested for
category | ATU's, downstream and upstream respéygtiVables F.5 and F.6 show the combinations
of test loops and numbers of interferers to beste&ir category Il ATU's, downstream and upstream
respectively. Net data rates to be tested andltbeation to bearer channels shall be as defined in

Table

For the crosstalk interference test, the S and @arpeters shall be configured such that the single

F.2.

payload transfer delay of 4 + (S — 1)/4 + SD/4 siess than 12 ms.

Table F.3/G.992.1 — Crosstalk tests for category(lownstream)

Crosstalk (see G.996.1) (Note)

sy | 6 | e [ os | o [ e
downstream FEXT | NEXT NEXT adj. binder
T #7, T #13 5 - - = -
C#4 6 24 B 2 -
C #6 6 _ 20 — —
C#7 6 10 B o —
Mid-C 3 - - = -

NOTE — The indicated interferers for each testsaramed together with AWGN with PSD of
—-140 dBm/Hz to form a composite power spectral dgnsi
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Table F.4/G.992.1 — Crosstalk tests for category(upstream)

Crosstalk (see G.996.1) (Note)

Test loops M‘ngin ADSL downstream| HDSL DSL T1 NEXT
(see G.996.1) (dB) NEXT and ADSL NEXT NEXT | adj. binder
upstream FEXT

T #7, T #13 6 — - 24 -
C #4 6 24 -~ 24 -
C #6 6 - 20 - -
C #7 6 10 -~ 10 -
Mid-C 3 ~ - - 10

NOTE - The indicated interferers for each testsaramed together with AWGN with PSD of
—-140 dBm/Hz to form a composite power spectral dgnsi

Table F.5/G.992.1 — Crosstalk tests for category (downstream)

Crosstalk (see G.996.1) (Note)

Test loops Margin ADSL upstream HDSL DSL T1 NEXT

(see G.996.1) (dB) NEXT and ADSL | NEXT NEXT | from adi.
downstream FEXT binder
T #7, T #9, T #13 - - 24 -
C #4, C #6, C #8 10 10 24 -
Mid-C 6 - - 10 24

NOTE — The indicated interferers for each testsaramed together with AWGN with PSD of
—140 dBm/Hz to form a composite power spectral dgnsi

Table F.6/G.992.1 — Crosstalk tests for category [(upstream)

Crosstalk (Note)

Margin ADSL HDSL DSL T1 NEXT
Test loops (dB) downstream NEXT NEXT from adj.
NEXT and ADSL binder
upstream FEXT
T#H7, T#9, T #13 — - 24 —
C#4,C#6, C#8 10 10 24 —
Mid-C 6 - - 10 24

NOTE — The indicated interferers for each testsaremed together with AWGN with PSD of
—-140 dBm/Hz to form a composite power spectral dgnsi

F.2.2

level.

Impulse noise

Tables F.7 and F.8 show the combinations of tegidpmterferers, and data rates to be tested. Net
data rates to be tested and the allocation to behamnels shall be as defined in Table F.2. The type
of crosstalk interference applicable for each igsaken from the corresponding test in Tables F.3,
F.4, F.5, or F.6. The total power of the applieceifgrence is fixed at 4 dB below the reference
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Table F.7/G.992.1 — Test loops, interferers, and tharates for
impulse tests for category |

Interferers (see G.996.1)
Test Loops (see G.996.1) Impulse 1 Impulse 2 crosstalk
(see Note)
T#7, T #13 Yes yes yes
C #4, C#6, C #7 Yes yes yes
Mid-C 1829 m (6 kft) Yes yes yes

NOTE - The indicated interferers for each testsaramed together with AWGN with PSD of
-140 dBm/Hz to form a composite power spectral dgnsi

Table F.8/G.992.1 — Test loops, interferers, and tharates for
impulse tests for category Il

Interferers (see G.996.1)
Test Loops (see G.996.1) Impulse 1 Impulse 2 crosstalk
(see Note)
T#7, T#9, T #13 yes yes yes
C#4,C #6, C#8 yes yes yes
Mid-C 1829 m (6 kft) yes yes yes

NOTE - The indicated interferers for each testsaramed together with AWGN with PSD of
—-140 dBm/Hz to form a composite power spectral dgnsi

F.2.3 POTS

Tables F.9 and F.10 show the combinations of tegidpinterferers, and data rates to be tested for
categories | and Il. The type of crosstalk intenfiers applicable for each test is taken from the
corresponding test in Tables F.3, F.4, F.5, or Ha& total power of the applied interference is fixed

at 4 dB below the reference or 0 dB margin level.

Bit error requirements related to the POTS interfeegtest are for further study.

Table F.9/G.992.1 — Test loops, interferers, and tharates
for POTS tests category |

Interferers (see G.996.1)
Test loop (see G.996.1)
POTS signalling Crosstalk (see Note)
ANSI (7, 13) yes yes
CSA (4,6,7) yes yes
Mid-CSA loop yes yes

NOTE — The indicated interferers for each testsamamed together with AWGN with PSD of
—-140 dBm/Hz to form a composite power spectral dgnsi
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Table F.10/G.992.1 — Test loops, interferers, anchth rates
for POTS tests category Il

Interferers (see G.996.1)
Test loop (see G.996.1)
POTS signalling Crosstalk (see Note)
ANSI (7, 9, 13) yes yes
CSA (4,6, 8) yes yes
CSA (6) yes yes
Mid-CSA loop yes yes

NOTE — The indicated interferers for each testsamamed together with AWGN with PSD of
-140 dBm/Hz to form a composite power spectral dgnsi

ANNEX G

ATU-x Classification and Performance for Region B Europe)

G.1 Performance requirements

ADSL transmission is assessed in terms of perfoomagainst an objective of coverage over test
loops (see Recommendation G.996.1) and in the meeseof defined noise models (see
Recommendation G.996.1).

The following conditions apply:

. BER < 10" with 6 dB margin.

. Annex A (operation over POTS with a splitter).
. Interleaved mode of operation is allowed.

. Trellis option is not enabled.

Table G.1 applies where both ATU-C and ATU-R are nba-overlapped spectrum type using PSD
Mask for reduced NEXT defined in A.1.3.

Table G.2 applies where both ATU-C and ATU-R are ofbaarlapped spectrum type using PSD
Mask defined in A.1.2.

Table G.1 applies where one ATU-x is a non-overlappgéctrum type and one ATU-x is an
overlapped spectrum type. In this case the oveegldmpectrum ATU-x does not need to comply
with the PSD Mask for reduced NEXT defined in A.1.3.

For the crosstalk interference test, the S and ®@arpeters shall be configured such that the single
payload transfer delay of 4 + (S — 1)/4 + SD/4 sness than 12 ms.
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Table G.1/G.992.1 — Test Loops & Performance Requements

ATM Layer to Physical Layer Logical Interface

Loop Loop Insertion | Nominal | Down Net Up Net Noise @ Noise @
(see G.996.1) Loss @ length Data Rate | Data Rate ATU-C ATU-R
300 kHz "X (kbit/s) (kbit/s)
(km)
ETSI-0 0dB 0 6144 640 None None
ETSI-1 40 dB 2.80 4096 320 Euro-K ETSI-A
ETSI-1 50 dB 3.50 2048 128 Euro-K ETSI-A
ETSI-1 20 dB 1.40 6144 640 ETSI-B ETSI-B
ETSI-1 30 dB 2.15 2048 512 ETSI-B ETSI-B
ETSI-1 60 dB 4.20 576 128 ETSI-A ETSI-A
ETSI-1 60 dB 4.20 1536 512 AWGN -140 AWGN -140
Table G.2/G.992.1 — Test Loops & Performance Requements
Loop Loop Insertion | Nominal | Down Net Up Net Noise @ Noise @
(see G.996.1)| Loss @ 300 length Data Rate | Data Rate ATU-C ATU-R
kHz “X" (km) (kbit/s) (kbit/s)
ETSI-0 0dB 0 6144 640 None None
ETSI-1 40 dB 2.80 4096 320 Euro-K ETSI-A
ETSI-1 50 dB 3.50 2048 128 Euro-K ETSI-A
ETSI-1 20 dB 1.40 6144 640 ETSI-B ETSI-B
ETSI-1 30dB 2.15 2048 512 ETSI-B ETSI-B
ETSI-1 60 dB 4.20 576 128 ETSI-A ETSI-A
ETSI-1 60 dB 4.20 1536 512 AWGN -140 AWGN -140
APPENDIX |

This appendix describes the logical interface betmtbe ATM Layer and the Physical Layer. The
Physical Layer (i.e. the ATU) consists of the CetleSific Transmission Convergence Sublayer
(Cell TC), the Mux/Sync Control block (ADSL framingind the other physical layer functions
(FEC and modulation), as shown in Figures 5-2 add 5-

The ATM layer to Physical Layer interface (named VaCthe 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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ATM to PHY Layer Interface T1533240-99

(V-C and T-R interface)

Figure 1.1/G.992.1 — 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) basedtla Virtual Path Identifier (VPI) and Virtual
Connection Identifier (VCI), both contained in tAadM cell header. Configuration of the cell
demultiplexing process is done by ATM Layer manag#me

A Cell Specific Transmission Convergence sublayezll(CC) is provided for each latency path
separately. Cell TC functionalities are specified i.3.

The logical input and output interfaces at the Ve@rence point for ATM transport is based on the
UTOPIA Level 2 interface with cell level handshakée logical interface is given in Tables 1.1 and
.2 and shown in Figure 1.1. When a flow contra@dlis activated by the ATU-C (i.e. the ATU-C
wants to transmit or receive a cell), the ATM layeitiates a cell Tx or cell Rx cycle (53 byte
transfer). The ATU-x should support transfer of a ptate cell within 53 consecutive clock cycles.
The UTOPIA Tx and Rx clocks are mastered from the AHyet. The same logical input and
output interfaces based on the UTOPIA Level 2 iaigfcan be used at the T-R reference point in
the ATU-R.
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Table 1.1/G.992.1 — UTOPIA Level 2 ATM Interface Sgnals for Tx

Signal Direction Description
Name
Transmit I nterface
TxClk ATM to PHY | Timing signal for transfer
TxClav[0] PHY to ATM | Asserted to indicate that the PHY Layer has budferce 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 saraptbaccept data
during the current clock cycle
TxSOC ATM to PHY | Identifies the cell boundary onOata
TxData[7..0]| ATMto PHY | ATM Cell Data transfer (8tbmode)
TxAddr[4..0] | ATM to PHY | PHY device address to select the device that withttive or polled for
TxClav status
TxRef* ATM to PHY | Network Timing Reference (8 kHirting signal) (only at V-C interface
Table 1.2/G.992.1 — UTOPIA Level 2 ATM Interface Sgnals for Rx
Signal Name Direction Description
Receive I nterface
RxClk ATM to PHY | Timing signal for transfer
RxClav[0] PHY to ATM | Asserted to indicate to the MTLayer that the PHY Layer 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 ATMyer will sample and accept data
during the next clock cycle
RxSOC PHY to ATM | Identifies the cell boundary onFata
RxData[7..0]| PHY to ATM | ATM Cell Data transfer (8tlmode)
RxAddr[4..0] | ATM to PHY | PHY device address to s¢le device that will be active or polled fof
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 canfband in the ATM Forum Specification,

af.phy-0039.000, published in June 1995.

APPENDIX II

Dynamic (on-line) Rate Adaptation

.1 Introduction

The Rate Adaptation at Start-up procedure (seedrid8L0.9) optimizes the modem settings for the
existing channel conditions and service requiresie@hannel conditions and service requirements
may, however, change over time. In order to avoldmgthy restart to reconfigure the modem, a
mechanism that allows reconfiguration of the modmng Showtime is proposed. This mechanism
is referred to as Dynamic Rate Adaptation (DRA).

This appendix describes an AOC-based DRA mechanism.purpose of this DRA mechanism is
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not to provide "on-the-fly" Rate Adaptation, whetke modem configuration would change
continuously, tracking the slightest variation loé tine conditions without affecting the user-tiaff
but rather to allow for occasional changes, whiduld involve service interruption of the order of
tens of milliseconds.

This DRA procedure should be augmented by a non-A@s&d fast Warm Restart procedure for
the case where the AOC channel becomes unrelidlble. specification of this Warm Restart
procedure however is for further study.

[I.L1.1 General concepts

The proposed DRA mechanism is a mechanism thatgl@towTime, without the need to restart:

. Allows rate modifications (up and downgrades)idoth US and DS.
NOTE — Rate modification implies more than justrate but also FEC and Interleaving settings.

. Allows rate repartitionings between the fast #malinterleaved paths.

. Provides an AOC-based protocol that prior to dbtual swap of the modem configuration
runs without interfering with the user-traffic.

. Allows the ATU-C to gather information or metriabout operational conditions.

. Follows the same philosophy as RA during Start-up

It should be noted, however, that the DRA mechamess not:

. Provide an on-the-fly rate adaptation solutioheve the modem configuration would track
the slightest variation of the line conditions waith affecting the user-traffic.

. Specify the policy that describes —based on ¢la¢hered metrics and/or additional

information —when or how to reconfigure the modseitings. Furthermore, the DRA
mechanism assumes that the policy resides withenniétwork and not within customer
equipment.

. Require the actual reconfiguration to occur efree. During the transition period, user-data
may be lost during tens of milliseconds for botmeoaunication directions.

1.2 DRA protocol and messages

[1.2.1 DRA concept

The DRA protocol expands the AOC message set bynidgfinew DRA-AOC messages. The
purpose of these new messages is to:

1) allow the ATU-C to gather detailed informatioroabthe line conditionsjonitoring;
2) propose to the ATU-R a new rate configuratiohreeded —donfiguratior);

3) exchange configuration information — if the pveal is accepted by ATU-RXchangk
4) initiate and synchronize a swap to the new catdiguration gwap.

The next paragraphs highlight how each of thesetiome is implemented through AOC messages.

The maximum length of the new AOC-messages is lonite 13 bytes, this being the maximum
length of an AOC message.

Just like AOC-messages, DRA-AOC messages shaliamsmitted 5 times for protection against
transmission errors. For concatenated messagesosechpof multiple 13-byte messages, each
13-byte message shall be sent 5 times consecutivelgre the next 13-byte message is sent 5 times
consecutively.

[1.2.2 DRA-AOC messages

Table II.1 lists the new DRA-AOC command set.
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Table 11.1/G.992.1 — DRA Command Set

Header Command I(_Sth[sr; Message Source
DF16 0056 7 DRA_Monitor_Request ATU-C
DF1g 2016 13 DRA_Monitor_Reply ATU-R
DF1g 4056... 426 3x13 DRA_Configuration_Request ATU-C
DF1g 606 4 DRA_Configuration_Reply ATU-R
DF1g 806 ... 9F6 4 x13 DRA_Exchange_Request ATU-C/ATU-R
DF16 AO16 4 DRA_Exchange_Reply ATU-R/ATU-C
DF16 COi6 8 DRA_Swap_Request ATU-C
DFi6 EOi6 8 DRA_ Swap_Reply ATU-R
DFi6 Other Reserved

NOTE — Reserved bits or fields shall be encodedl as

1.3 Monitoring

The ATU-C monitors the changing line conditions. Thylowhe EOC, the SNR margin and the line
attenuation from the DS can be retrieved. Howenanre information may be required in order to
decide whether or not a new configuration shouldphmposed, and if so what the new proposal
should be. In order to allow the ATU-C to gather enarformation about the DS, two new AOC

messages are defined.

NOTE — The ATU-C already monitors the US thus nergiated information needs to be exchanged.

[1.3.1 DRA_Monitor_Request
DRA_Monitor_Request is generated by the ATU-C; aisifat is given in Table I1.2.

Table 11.2/G.992.1 — DRA Monitor Request

Message Format Bits Definition
DRA_Monitor_Request {
Header 8 DF1g
Command 8 0046
Reserved 3
Req_SNR_Margin 5 Required SNR Margin to be used for Bmmaxthat

will be calculated by the ATU-R and returned within
DRA_Monitor_Replynessage. Unsigned value in dB.
Allowed values ranging from O to 15 dB.

Reserved 32

}

[1.3.2 DRA_Monitor_Reply

The ATU-R may also send this message unsolicitedneaer considered necessary: e.g. when line
conditions change significantly and endanger pragaration of the modem and in particular the
AOC channel. However, in order to avoid these ngssdo monopolize the AOC channel, after
sending an unsolicited DRA_Monitor_Reply, the ATUsRall not send another one before having
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received a DRA_Monitor_Request from the ATU-C.
The format of this DRA-AOC message is shown in TabBe

Table 11.3/G.992.1 — DRA-AOC message format

Message Format Bits Definition
DRA_Monitor_Reply {
Header 8 DF16
Command 8 2016
Attenuation 6 See R-MSG-RAdurrent valug
Req_SNR_Margin 5 Requested SNR marginged in Bmax calculation, see

below]. Same format aReq_SNR_Marginin
DRA _Monitor_Request

Noise_Margin 5 See R-MSG-RAdurrent valug
Coding_Gain 4 See R-MSG-RAUsed in Bmax calculatign
Bmax 12 See R-MSG-RAsge beloyw

RS_Payload 9 See R-MSG-RAUsed in Bmax calculatign
RS_Overhead 7 See R-MSG-RAUsed in Bmax calculatign
Nr_of Tones 8 See R-MSG-RAUsed in Bmax calculatign
Reserved 32

}

Attenuation and Noise Margin are updated valuesdbas the current modem conditions.

Bmax indicates the maximum number of bits thatlwarmcarried per DMT symbol assuming a single
latency and the Coding_Gain, RS _Payload, RS_Ovdraed Nr_of Tones values listed. The same
definitions as during RA at Start-Up apply.

The Required SNR margin used for the derivationoBB coincides:

. in the case of an autonomddRA _Monitor_Replywith the Required SNR Margin that was
used during the configuration of the current, actonfiguration;
. in the case of a response tORA_ Monitor_Requestvith the Req_SNR_Margin listed in

DRA_Monitor_Request

1.4 Configuration

Based on the gathered metrics and/or additionaknmtion, a network entity aware of the DRA
policy may detect that the conditions are met, mwodlify the modem configuration. Two new AOC
messages are defined to allow the ATU-C to proposernaw configuration to the ATU-R for the
DS.

NOTE — No need for US information exchange at stége.

11.4.1 DRA_Configuration_Request

DRA_Configuration_Request is a concatenated message by the ATU-C. It consists of three
13-byte messages. The format of the messages isnshowable 1.4 (each field is one byte long).
The definition of the messages is shown in Table 1.5
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Table 11.4/G.992.1 — DRA Configuration Request fornat

HDR |COM |RSM|BFd | BFd | BFd | BFd| OxF| BFd] BFd BFu BFu BFu
DFis | 4216

HDR COM | RES | Bld Bid Bid RES | Bld Bid Bid Blu Blu Blu
DFi | 4116

HDR COM RES | RFd | RId Sd Id RES | RFd | RId Sd Id RES
D16 4016

Table 11.5/G.992.1 — DRA Configuration Request mesges

Message Fields Definition

RSM Required SNR Margin to be used for the evaluaticthie
configuration. Value in dB. The allowed values rarfiggm 0O to
15 dB (4 bits).

Bfd, Bfu, Bid, Biu, Same definitions and ordering as in C-Rates-RAyappl
Rfd, Rid, Rfu, Riu,

Sd, Su,

Id, lu

RES Reserved bytes coded as;FF

[1.4.2 DRA_Configuration_Reply

This message shall be sent by the ATU-R in respomd2RA_Configuration_Requestom the
ATU-C. The format and definition of the message &g in Tables 11.6 and 11.7.

Table 11.6/G.992.1 — DRA Configuration

Reply format
HDR COM | STA DAT
DF1g | 6016
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Table 11.7/G.992.1 — DRA Configuration Reply messags

Message Format Bits Definition

DRA_Configuration_Reply {

Header 8 | DFs
Command 8 |60
Status (STA) 8 | 0046 Reserved

01;6 ACK: New configuration accepted

02,6 Retransmit: resend dllRA_Configuration_Request
messages

0346 Option Fail: proposed option rejected
04, ¢-FF16 Reserved

Data (DAT) 8 | if STA=ACK: Noise margin for this configuration &as
R-MSG2

if STA=RETRANSMIT: 006
if STA=OPTION_FAIL:

006 General Failure Code
0L 1F 6 Reservedor Specific Failure Codes

1.5 Exchange

Once both sides agree on the new configuratior sidies must be informed about which Bi and Gi
to use on each tone. This is done in this third @has

For this purpose two additional DRA-AOC messagesdafined:DRA_Exchange Requestd its
reply DRA_Exchange_Reply

Unlike the previous DRA messages, the messageasae in both the downstream and upstream
direction. For the Downstream the ATU-R is generatthe DRA_Exchange Requeand the
ATU-C answers with aDRA_Exchange_ReplyFor the upstream the ATU-C generates the
DRA_Exchange Requestd the ATU-R answers wilbRA_Exchange_Reply

[1.5.1 DRA_Exchange_Request

DRA_Exchange Requdsta concatenated message sent by the ATU-CnKists of four 13-byte
messages.

This message is used to communicate the modifiedn8i Gi of the respective communication
direction. Because one set of four 13-byte messag®s be insufficient to communicate all the
modified values, a set of messages may be rep&atednew set of tones until all the new settings
have been exchanged successfully.

The format and definition ddRA_Exchange Requeste given in Tables 11.8 and 11.9. The 13-byte
message consists of three bytes followed by eig@HiitLfields. Each of these 10-bit fields encodes
the Bi&Gi value of one tone.

Table 11.8/G.992.1 — DRA_Exchange_Request format

HDR [COM [Ti B&G |B&G B&G 111 B&G B&G B&G B&G
DF16 (Ti*8) |(Ti*8+1) [(Ti*8+2) (Ti*8+4) |(Ti*8+5) |(Ti*8+6) |(Ti*8+7)
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For the upstream only one block of four 13-byte sages is needed. For the downstream a
maximum of 8 blocks of four 13-byte messages aetleé.

The COM values of consecutilZRA Exhange Requeskessages are ordered as follows:

- the COM values decrease by one for each conseautssage (assuming no retransmission
is needed);

- the COM value of the lafIRA_Exchange Requesessage shall be §0
For the upstream direction this means that 4 COMegthat shall be used arm order 83,5, 825,
8116 and 8Qg.

For the downstream direction the first COM valugpatels on how many blocks of four 13-byte
messages are needed. In the case that the maxirhinbtocks (256 tones) are needed, the

consecutive COM-values shall be §F9E;¢ .... 836, 826 811 and 8Qg. If for example only 7
blocks (224 tones) are needed, then the first C@Mevshall be 9.

A new block of 4 DRA_Exchange Request messageslosved to be sent out only after the
previous block of 4 messages has successfully belerowledged (seBRA_Exchange_Reply

Table 11.9/G.992.1 — DRA Exchange Request messages

Message Format Bits Definition

DRA_Exchange_Request {

Header 8 DFi6

Command 8 9F6 ... 80 (Downstream) 83 ... 805 (Upstream)

Tone Segment (Ti) 5 Tone segment (0-31)

Bi&Gi (B&G) 8 x 10 | Biand Gi values of 8 subsequent tonesjrsgigirom tone Ti.

Bi 4 bits new Bi-value encoded as integer
Gi 6 bits new Gi value:
00:6 No Power

01;63F16 —3.875 dB to 3.875 dB in steps of
0.125dB

Notice that |Gi| must =2.5 dB in order to be valid.
}

[1.5.2 DRA_Exchange_Reply

This message shall be sent in response BRA Exchange Requestessage; its format and
message definition are shown in Tables 11.10 arid lI.

Table 11.10/G.992.1 — DRA_Exchange_Reply format

HDR | COM | STA DAT
DFis | AO1g
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Table 11.11/G.992.1 — DRA_Exchange_Reply messages

Message Format Bits Definition
DRA_Exchange_Reply {

Header 8 DF1g

Command 8 | ADs5

Status (STA) 8 | 00,6 Reserved

01;6 ACK: New Bi-Gi configuration accepted

026 Retransmit: resend last set of 4 DRA_ExchangeuBstq
messages

0346 Option Fail: proposed option rejected
044 ¢-FF15 Reserved

Data (DAT) 8 | if STA=ACK: COM value of the last 13-byte messade¢he block
of 4 that is being acknowledged.

if STA=RETRANSMIT: COM value of the last 13-byte ssage of
the block of 4 that must be retransmitted.

if STA=OPTION_FAIL: 0Q ¢ General Failure Code

01,6 1F; 5 reserved for Specific Failure Codes

}
NOTE — Upstream always 8§

1.6 Swap

Once the modems have agreed on the appropriategsefibr the new configuration, the swap to the
new configuration must be activated and synchra@hiZzeswap always refers to the most recently
agreed and successfully exchanged rate configaragtiings.

Two new messages are defin@RA_Swap_Requeand DRA_Swap_ RephDRA_Swap_Request
will be sent by the ATU-C to inform the ATU-R abowhen to swap the rate. The ATU-R will
acknowledge this request through the usBRA_Swap_Reply

During the transition from one rate configuratiananother, tones may be sent with the wrong Bi
and Gi. This also applies to Synch symbols. Synahbsys may be corrupted. The pilot tone

however must be maintained in order to allow fraand superframe detection. The transition time
where the Bi and Gi may be corrupted is quantipedr to the actual rate swap through the use of
two sets of parameters:

1) A SuperFrame Reference Numb8FR to identify around which superframe boundary the
rate swap will occur. Valid values 8FRare:

SFR=4x N —1 whereN is an integer number.

If the modems operate with the mandatBryalues, thes&FRreferences always coincide
with codeword boundaries. This avoids an explics®ef the FEC-mechanism. However if
a differentS-value is used then a reset is mandatory.

Notice thatSFR equals zero at the first ShowTime symbol and is timereased by one
(modulo 256) at each consecutive superframe. Thmitieh of SFRis identical to the
definition used for synchronizing a Bit-Swap op&nat

By analogy with the bit-swap specification, theRStralue shall at least exceed by 47 the
superframe counter value that coincides with wineDIRA_Swap_Requestessage is sent
out.
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2) A second set of parameters will indicate how yngymbols before and after the reference
superframe boundary:

— the transmitter for the respective communicatizaction can send wrong constellation
sizes and gains, therefore corrupting data;

— the receiver of the respective communicationative may not be able to recover the
correct data. This value is not supposed to afteetspeed at which the DRA swap is
executed by the transmitter, but it allows to qifgnihe loss of data during a DRA.

In total 8 duration values (e's) shall be exchangée e-values indicate the capability of the ATU's
to adjust, fast or slow, to a change in Bi/Gi arlelCFsettings. Four e-values are sent out by the
ATU-C to the ATU-R within thdDRA_Swap_Requestessage. These are:

1) Eps_DS_TX_neg

2) Eps DS TX pos

3) Eps_US_RX neg

4) Eps_RX_RX_pos

The ATU-R inDRA_Swap_Repbhall send 4 analogous e-parameters:
5) Eps_US_TX neg

6) Eps_US TX pos

7) Eps_ DS _RX_neg

8) Eps_DX_RX_pos

The syntax of these fields relies on the followintgs:

- "DS/US" refers to the communication direction.

- "TX/RX" refers to whether the e-value refers te ttansmitting or receiving function.

- "neg/pos" refers to whether the e-parameter ifientrespectively the beginning — expressed
in how many frames before the SFR reference — er eéhd — expressed in how many
symbols after the SFR reference — of the timespavhich the data may be corrupted.

Each ATU-x only indicates the e's that apply to ides There is no negotiation process of e's
involved.

Each e-value is positive and encoded in one bysnamsigned value indicating a duration ranging
from O to 255 frames.

- The maximum number of corrupted symbols (CS) for townstream direction (incl.
receiver) can be quantified as:

CSHg =maxEps_DS_TX _neg EPS_DS_RX_neg) +
maxEPS_DS_TX pos EPS _DS_RX_pog

- The maximum number of corrupted symbols for thstrg@am direction (incl. receiver) can
be quantified as:

Cys = maxEps_US_TX _neg EPS_US_RX_neg +
max(Eps_US_TX posEPS US_ RX_po9
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[1.6.1 Example

Consider the situation shown in Figure II.1.

SFR

(e [or [ | o] 1] 2] 3] 4]

»
>

T1533250-99

Figure 11.1/G.992.1 — Corrupted frames transmittedby ATU-C

The grey zones represent the corrupted frames or Biibols that the ATU-C will transmit
downstream during a DRA Swap. In this particulauaion, Eps_DS_TX neg equal to 2 (two
zones are grey before SFR), &fus_DS TX pois equal to 3 (three zones are grey after SFR).

If the ATU-R receiver capability to adapt to the newonfiguration is identified by an

Eps_DS_RX_ negf 0, and arEps_DS_RX_posf 5 (see Figure 11.2), then the maximum number of
corrupted symbols is 7.

SFR

‘66‘67‘68 0‘1‘2‘3‘4‘

T1533260-99

Figure 11.2/G.992.1 — Frames corrupted by the ATU-Receiver

[1.6.2 DRA _Swap_ Request

This message is sent by the ATU-C; its format andsage definition are shown in Tables 11.12
and I11.13.

Table 11.12/G.992.1 — DRA Swap Request Format

HDR COM STA DAT EDTN | EDTP | EURN| EURP
DFie | CO6
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Table 11.13/G.992.1 — DRA Swap Request messages

Message Format Bits Definition
DRA_Swap_Request {
Header 8 DF1g
Command 8 | CO
Status (STA) 8 | 00, Reserved

01,6 SWAP Request
0216 SWAP Information Request (Note)

03,6-FF1¢ reserved

Data (DAT) 8 | if STA=SWAP:SFR Notice that the two least significant bits
must be encoded agg3

if STAZSWAP: Reserved

Eps_ DS TX neg (EDTN) 8 | See above
Eps_DS_TX_pos (EDTP) 8 | See above
Eps_US RX neg (EURN) 8 | See above
Eps_US_RX_pos (EURP) 8 | See above

}

NOTE — Swap Information Request allows the ATU-Cetieve the e's of the ATU-R and evaluate data
loss without requesting a rate swap.

11.6.3 DRA_Swap_Reply

This message is sent by the ATU-R as a replyDRA_Swap_Requests format and message
definition are given in Tables 11.14 and I1.15.

Table 11.14/G.992.1 — DRA Swap Reply Format

HDR COM STA DAT EUTN | EUTP | EDRN| EDRP
DFie | EOe
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Table 11.15/G.992.1 — DRA Swap Reply messages

Message Format Bits Definition
DRA_Swap_Reply {
Header 8 DF16
Command 8 | EOp
Status (STA) 8 | 00,5 Reserved

01;6 ACK SWAP
02,6 NACK_SWAP
0316 ACK SWAP_INFO

0416 NACK SWAP_INFO
Other:Reserved

Data (DAT) 8 | if STA=ACK: sameSFRvalue aDRA_Swap_Request
if STA2ACK: Reserved
Eps_US_TX_neg (EUTN) 8 | See above
Eps_US_TX_pos (EUTP) 8 | See above
Eps DS RX neg (EDRN) 8 | See above
Eps_DS_RX_pos (EDRP) 8 | See above

}

1.7 DRA state diagram

[1.7.1 State machine conventions

When being in a particular state, only the messabesvn in the diagram should be responded to.
Any other message received should be ignored.

Sharp-edged rectangles indicate states. Text cayan arrow indicates the condition for that arrow.
Round-edged rectangles indicate actions to be tak®mg the arrows and maximum time (in ms) to
perform that action.

The grey states and transitions refer to the stamkat Bit Swap mechanism.
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[1.7.2 ATU-R state machine
See Figure I1.3.

238

| timeout | --------
| T=450 | ! RXACK |
R A St
N S
Lo wait 1
| ___4___ |// \\
TX X | s i/ ’—"\L"—\
monitor monitor swap reply Pl X ! 1 | TX bit swap!
repl reply within | | bit swap ! | ! ackwithin:
i T=4000 ! 1|__request ; | | T=300
VY Y Y Y e - | ___Z___/
RX monitor RX DRA swap AN I IRX bit swap
request request ! | |__request |
‘ A4 v | v T
n A T
RX config ~ * RX exchange i
request 2 request (0, 3)
v , - v
- timeout timeout -
walt = T1=250 T=250
RX config RX exchange \
request 1 request (0, 2)
¢. timeout \timeout ¢ TX exchange
T:250 T:250 request [i, 321 -
within T=750 i=i-1
RX config RX exchange Y
request 0 request (0, 1)
\timeout : wait
TX config T=250 RX RETR
reply within
T=4000 RX exchange .
request (0, 0) if i>0
if i=0
TX exchange RX ACK
reply within
T=500 RX FAIL
\— ortimeout —
T=700 if i>0
T=5000 if i=0 T1533270-99

Figure 11.3/G.992.1 — ATU-R state diagram for AOC
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[1.7.3 ATU-C state machine

timeout
T=5000

RX exchange
request (i, 0)

TX exchange
reply within

T=500 if i>0
T=4000 if i=0

i>0

timeout
T=750

See Figure I11.4.
timeout RX monitor RXACK  timeout N — \
T=5000 reply or NACK  T=500 | timeout | -------—-
| T=450 | | RXACK I
_____/___ N /e =
. / \/ \
wait wait [ et T R
| wait | [ wait | S e R P,
T e
I L___ v TXbit |
TX monitor TévlaaRA 1 TXbit ! | I swap ack |
request o uzlaost | | swap |1 within |
i | | _fequest j | i  T=300 |
N T S
N I | RX bit swap;
| ! | _request |
v v : v 1
IDLE
A
/—\' ‘V/—\ /;g(change
TX config TX exchange request (i, 3)
request [210] request [0,3210 l )
within T=500 within T=750 i+ | _timeout
v v RX exchange
wait wait requeft @i, 2)
\ timeout
RX RETR RX FAIL, RX FAIL RX RETR T=250
ACK or or RX exchange
timeout timeout request (i, 1)
T=5000 T=700 L
. timeout
RX ACK T:25O

i=0

T1533280-99

Figure 11.4/G.992.1 — ATU-C state diagram for AOC
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APPENDIX IlI

Compatibility with other customer premises equipmen

(G.992.1 ATU-R transceivers may share the CPE wirlagtpvith other equipment, e.g. networking
devices, over the POTS splitter.

Some networking devices can operate above 4 MHaustomer premises phone wiring. To prevent
signals from such networking devices from aliagmg the G.992.1 frequency band, the inclusion
of an adequate downstream receiver anti-aliasiber fin the G.992.1 ATU-R is recommended,
collocated with the ATU-R in Figure 1-1. The filteragntake the form of an external in-line filter,

may be integrated into the G.992.1 ATU-R or mayriiegrated in the POTS splitter as specified in
Annex E.

Home networking devices may coexist with voice teals and non-voice terminals on the

TELE/POTS port side (the port in Figure 1-1 that di¢scto the wire leading to the telephone set or
voiceband modem) of the POTS splitter used in th@9%1 application to isolate the customer
premises wiring from the ADSL signal. It is desielkhat the remote POTS splitter be compatible
with other customer premises wiring devices (ehg. TELE/POTS port impedance above 4 MHz
should be considered).
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