INTERNATIONAL TELECOMMUNICATION UNION

ITU-T G.991.2

TELECOMMUNICATION (02/2001)
STANDARDIZATION SECTOR
OF ITU

SERIES G: TRANSMISSION SYSTEMS AND MEDIA,
DIGITAL SYSTEMS AND NETWORKS

Digital sections and digital line system — Access networks

Single-pair high-speed digital subscriber line
(SHDSL) transceivers — For approval — Updated

CAUTION !
PREPUBLISHED RECOMMENDATION

This prepublication is an unedited version of eendly approved Recommendatiqn.
It will be replaced by the published version afeeliting. Therefore, there will be
differences between this prepublication and thdipld version.




FOREWORD

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

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

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

In some areas of information technology which faihin 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

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

As of the date of approval of this Recommendatidiy [had/had not] received notice of intellectual
property, protected by patents, which may be reguito implement this Recommendation. However,
implementors are cautioned that this may not regmtethe latest information and are therefore stsong
urged to consult the TSB patent database.

© ITU 2001

All rights reserved. No part of this publication yriae reproduced or utilized in any form or by angams,
electronic or mechanical, including photocopying amcrofilm, without permission in writing from ITU



RECOMMENDATION G.991.2

SINGLE-PAIR HIGH-SPEED DIGITAL SUBSCRIBER LINE (SHD SL) TRANSCEIVERS -
FOR APPROVAL - UPDATED

Abstract

Recommendation G.991.2 describes a transmissidmochébr data transport in
telecommunications access networks. SHDSL transceire designed primarily for duplex
operation over mixed gauge two-wire twisted metgirs. Optional four-wire operation is
supported for extended reach applications. Optisigglal regenerators for both single-pair and
two-pair operation are specified, as well. SHD&ngceivers are capable of supporting selected
symmetric user data rates in the range of 192twt?2 312 kbit/s using a Trellis Coded Pulse
Amplitude Modulation (TC-PAM) line code. They aresigned to be spectrally compatible with
other transmission technologies deployed in thessaetwork, including other DSL technologies.
SHDSL transceivers do not support the use of analsglitting technology for coexistence with
either POTS or ISDN. Regional requirements, incigdioth operational differences and
performance requirements, are specified in Annéxds and C. Requirements for signal
regenerators are specified in Annex D. Annex E mil@sg application-specific framing modes that
may be supported by SHDSL transceivers.

Summary

Recommendation G.991.2 describes a transmissidmoehébr data transport in
telecommunications access networks. SHDSL transreare designed primarily for duplex
operation over mixed gauge two-wire twisted metgiirs. Optional four-wire operation is
supported for extended reach applications. Optisigaial regenerators for both single-pair and
two-pair operation are specified, as well. SHDSAn#ceivers are capable of supporting selected

symmetric user data rates in the range of 192ktmt? 312 kbit/s using a Trellis Coded Pulse
Amplitude Modulation (TC-PAM) line code. They aresijned to be spectrally compatible with
other transmission technologies deployed in thessaetwork, including other DSL technologies.
SHDSL transceivers do not support the use of analaglitting technology for coexistence with
either POTS or ISDN. Regional requirements, incigdioth operational differences and
performance requirements, are specified in Annéxdsand C. Requirements for signal
regenerators are specified in Annex D. Annex E mlasg application-specific framing modes that
may be supported by SHDSL transceivers.

See G.992.1, Annex H [1] for specifications of segivers for use in networks with existing
TCM-ISDN service (as specified in G.961, Appendi{B1]).
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1 Scope

This Recommendation describes a transmission médtimgutoviding Single-pair High-speed

Digital Subscriber Line (SHDSL) service as a meanslata transport in telecommunications
access networks. This Recommendation does notfgadidhe requirements for the
implementation of SHDSL transceivers. Rather, iveg only to describe the functionality needed
to assure interoperability of equipment from vasionanufacturers. The definitions of physical user
interfaces and other implementation-specific charastics are beyond the scope of this
Recommendation.

For interrelationships of this Recommendation wither G.99x-series Recommendations, see
Recommendation G.995.1 [B2] (informative).

The principal characteristics of this Recommendhatie as follows:

- provisions for duplex operation over mixed gauge-tvire or optional four-wire twisted
metallic pairs;

- specification of the physical layer functionaligyg. line codes and forward error
correction;

- specification of the data link layer functionalig/g. frame synchronization and framing of
application, as well as Operations, Administratioid Maintenance (OAM) data;

- provisions for optional use of repeaters for egdezhreach;

- provisions for spectral compatibility with otheamsmission technologies deployed in the
access network;

- provisions for regional requirements, includingdtional differences and performance
requirements.

2 References

The following ITU-T Recommendations and other refies contain provisions which, through
reference in this text, constitute provisions @$ fRecommendation. 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 encedraginvestigate 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 regulgvlyblished.

[1] ITU-T Recommendation G.992.1 (1999) - Asymneigital Subscriber Line (ADSL)
Transceivers.

[2] ITU-T Recommendation G.994.1 (2000) - Handshataeedures for Digital Subscriber
Line (DSL) Transceivers.

[3] ITU-T Recommendation G.997.1 (1999) - Physicayer Management for Digital
Subscriber Line (DSL) Transceivers.

[4] IETF RFC 1662 - PPP in HDLC-like Framing.

[5] ISO 8601:1988 - Data elements and interchangadts - Information interchange -
Representation of dates and times.
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[6] ITU-T Recommendation G.996.1 (2000) - Test ahares for Digital Subscriber Line
(DSL) Transceivers.

[7] IEC 60 950 - Safety of information technologyugoment including electrical business
equipment.

[8] ITU-T Recommendation 1.432.1 (1999) - B-ISDNdysNetwork Interface - Physical Layer
Specification: General Characteristics.

3 Definitions and abbreviations

3.1 Definitions

bit-error ratio the ratio of the number of bitsamor to the number of bits sent over a
period of time.

downstream STU-C to STU-R direction (central offieceemote terminal).

loopback a reversal in the direction of the paylfaa the user data) at a
specified SHDSL network element.

mapper a device for associating a grouping ofvlitls a transmission symbol.

micro-interruption a temporary line interruption.

modulo a device having limited value outputs (& $ame as the mathematical
modulo operation).

payload block one of the sections of a frame cairigiuser data.

plesiochronous a clocking scheme in which the SHD8Ine is based on the input

transmit clock but the symbol clock is based ontlagoindependent
clock source.

precoder a device in the transmitter for equalidame of the channel
impairments.

precoder coefficients coefficients of the filtertive precoder that are generated in the
receiver and transferred to the transmitter.

remote terminal a terminal located downstream feocentral office switching system.

scrambler a device to randomize a data stream.

segment the portion of a span between two ternoinatfeither STUs or SRUS).

SHDSL network element an STU-R, STU-C or SRU.

span the link between STU-C and STU-R, includirgeresrators.

spectral shaper a device that reshapes the fregebacacteristics of a signal.

stuff bits bits added to synchronize independetd daeams.

synchronous a clocking scheme in which the SHD&m#& and symbol clocks are
based on the STU-C input transmit clock or a relatetwork timing
source.

upstream STU-R to STU-C direction (remote termtoatentral office).
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3.2 Abbreviations
the interface between the PMS-TC and TPS-TC layeas STU-C
the interface between the PMS-TC and TPS-TC layeas STU-R

Y the interface between the TPS-TC layer and thaegin specific section in an
STU-C

VR the interface between the TPS-TC layer and thaagifan specific section in an
STU-R

a Convolutional Encoder Coefficients

AFE Analogue Front End

AGC Automatic Gain Control

by Convolutional Encoder Coefficients

BER Bit Error Ratio

bit/s Bits Per Second

Cx The kth Precoder Coefficient

CMRR Common Mode Rejection Ratio

CO Central Office

CPE Customer Premise Equipment

CRC Cyclic Redundancy Check

CRC6 CRC of Order 6 (used in SHDSL frame)

crc(X) CRC Check Polynomial

DAC Digital-to-Analogue Converter

dBm dB reference to 1 mW, i.e. 0 dBm =1 mW

DC Direct Current

DLL Digital Local Line

DS Downstream

DSL Digital Subscriber Line

DUT Device Under Test

EOCC Embedded Operations Channel

ES Errored Second

fs Sampling rate

fsym Symbol rate

FCS Frame Check Sequence

FEC Forward Error Correction

FEXT Far-End Cross-Talk

FSW Frame Synchronization Word

a(X) Generating Polynomial for CRC
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HDLC High-level Data Link Control

HW Hardware

I/F Interface

kbit/s Kilobits per second

LB Longitudinal Balance

LCL Longitudinal Conversion Loss

losd Bit indicating Loss of signal at the applicationiarface
LOSW Loss Of Sync Word failure

LSB Least Significant Bit

LT Line Termination

m(X) Message Polynomial for CRC

Mbit/s Megabits per second

MSB Most Significant Bit

MTU Maintenance Termination Unit

NEXT Near-End Cross-Talk

NT Network Termination

OAM Operations, Administration and Maintenance

OH Overhead

PAM Pulse Amplitude Modulation

2-PAM PAM having two levels (used at startup)

PBO Power Back-Off

PL-OAM Physical Layer - OAM

PMD Physical Media Dependent

PMMS Power Measurement Modulation Session (Lindo&yo
PMS-TC Physical Media-Specific TC Layer

ppm Parts Per Million

PPP Point-to-Point Protocol

ps Power status bit

PSD Power Spectral Density

PTD Path Terminating Device (CO side terminatingipinent)
REG Signal Regenerator

rms Root mean square

RSP Regenerator Silent Period bit

RX Receiver

SIT Logical interface between the STU-R and attdaiser terminal equipment
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sb stuff bit

shid stuff bit identified indicator bit
sega segment anomaly indicator bit
segd segment defect indicator bit
SES Severely Errored Second
SHDSL Single-Pair High-bit-rate DSL
SNR Signal-to-Noise Ratio

SRU SHDSL Regenerator Unit
STU SHDSL Transceiver Unit
STU-C STU at the Central Office
STU-R STU at the Remote End

TBD To Be Determined

TC Transmission Convergence layer
TCM Trellis Coded Modulation

TCM-ISDN Time-Compression Multiplexed ISDN (speediin G.961, Appendix Il [B1])
TCPAM Trellis Coded PAM (used in data mode)
TPS-TC Transmission Protocol-Specific TC Layer

X Transmitter

U-C Loop Interface - Central Office end

U-R Loop Interface - Remote Terminal end

UAS Unavailable Second

us Upstream

UTC Unable to Comply

Vv Logical interface between STU-C and a digitawmk element such as one or more

switching systems
xDSL a collective term referring to any of the wars types of DSL technologies
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4 Reference Models

4.1 STU-x Functional Model

STU-R STU-C
Yr B a Yc
F T o O Ir R——— ol VF
Customer _ [ e | = ——— _ _ || Application
Interface(s) || I _i g} %’ _ E L 1l 1] SRU g} lr- ||| Interface(s)
sl iGAis g | | NG T
| T
: X : e optional : : |
: . |
| optional : |lopt|onal |
—7 ! i T
Application Application Application Application
Specific Invariant Invariant Specific
Section Section Section Section

T1541130-00
(114701)

FIGURE 4-1
STU-x Functional Model

Figure 4-1 is a block diagram of an SHDSL Transeelynit (STU) transmitter showing the
functional blocks and interfaces that are referdnoghis Recommendation. It illustrates the basic
functionality of the STU-R and the STU-C. Each Sdastains both an application invariant section
and an application specific section. The applicainvariant section consists of the PMD and
PMS-TC layers, while the application specific aspere confined to the TPS-TC layer and device
interfaces. As shown in the figure, one or moreavatl signal regenerators may also be included in
an SHDSL span. Management functions, which are@fyi controlled by the operator's network
management system, are not shown in the figure§Sefer details on management. Remote power
feeding, which is optionally provided across tharspy the STU-C, is not illustrated in the figure.

The functions at the central office side constitae STU-C (or Line Termination (LT)). The
STU-C acts as the master both to the customeifsiations of the STU-R (or Network
Termination (NT)) and to any regenerators.

The STU-C and STU-R, along with the DLL (Digitaldad Line) and any regenerators, make up an
SHDSL span. The DLL may consist of a single copgpested pair, or, in optional configurations,
two copper twisted pairs. In the two-pair caseshe&lTU contains two separate PMD layers,
interfacing to a common PMS-TC layer. If enhangaddmission range is required, one or more
signal regenerators may be inserted into the lbapermediate points. These points shall be
chosen to meet applicable criteria for insertigsland loop transmission characteristics.

The principal functions of the PMD layer are:

. symbol timing generation and recovery;
. coding and decoding;
. modulation and demodulation;
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. echo cancellation;

. line equalization;

. link startup.

The PMD layer functionality is described in detaig 6.

The PMS-TC layer contains the framing and framekgonization functions, as well as the
scrambler and descrambler. The PMS-TC layer isrdestin 8 7.

The PMS-TC is connected across thandf3 interfaces in the STU-C and the STU-R, respedtjvel
to the TPS-TC layer. The TPS-TC is application gpmeand consists largely of the packaging of
user data within the SHDSL frame. See § 8 for tet@ihis may include multiplexing,
demultiplexing, and timing alignment of multipleauslata channels. Supported TPS-TC user data
framing formats are described in Annex E.

The TPS-TC layer communicates with the Interfacekd across thg: andyc interfaces.

Depending upon the specific application, the TPSKy@r may be required to support one or more
channels of user data and associated interfacesddiimition of these interfaces is beyond the
scope of this Recommendation.

Note that thex, 3, yr andyc interfaces are only intended as logical separatam need not be
physically accessible.

4.2 User Plane Protocol Reference Model

NT1, NT2/1

i STU-R STU-C LI’
Transport Protocol (e.g. SDH‘)/ YR Y Ne Transport Protocol (e.g. SDH
TPS-TC TPS-TC
Not < > Not
Specified PMS-TC B a PMS-TC Specified
| PMD | PMD |
User Data Interface| Physical Transmission Media Internal Interface
T1541140-00

| [ | (114701)

SIT ) LT internal
interface
FIGURE 4-2

User Plane Protocol Reference Model

The User Plane Protocol Reference Model, shownguarE 4-2, is an alternate representation of the
information shown in Figure 4-1. This figure is lided to emphasize the layered nature of this
Recommendation and to provide a view that is ctersisvith the generic xDSL models shown in
G.995.1 [B2].
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4.3 Application Models

SIT
User |
Terminal | | e |
U-R : u-C U-R U-C UR ! U-C \%
__________ - [DLL! | | DLL | | IDLL | | CcO

" — STUR T T SRYTT R STUC ok
| S | |
| User | rC T T T T T T S
I Terminal | | : (Optional)
' |
' |
' |
!_ ___________ | T1541150-00

(Optional) (114701

FIGURE 4-3

Application Model

Figure 4-3 is an application model for a typicall8FL system, showing reference points and
attached equipment. In such an application, an EMWiH typically connect to one or more user
terminals, which may include data terminals, tetegwnications equipment, or other devices.
These connections to these pieces of terminal etgripare designated S/T reference points. The
connection between STU-R and STU-C may optionalhytain one or more SHDSL signal
regenerators (SRUs). The connections to the DLasititerconnect STUs and SRUs are designated
U reference points. For each STU-x and SRU, thevbidt side connection is termed the U-R
interface and the Customer side connection is téiime U-C interface. The STU-C typically
connects to a Central Office network at the V refiee point.

5 Transport Capacity

This Recommendation specifies a two-wire operatiorae for SHDSL transceivers that is
capable of supporting user (payload) data rates 82 kbit/s to 2.312 Mbit/s in increments of
8 kbit/s. The allowed rates are givenrx64 +ix8 kbit/s, where ¥ n< 36 and i < 7. Forn=36,
I is restricted to the values of 0 or 1. See Anneand Annex B for details of specific regional
requirements.

This Recommendation also specifies an optionalfate operational mode that is capable of
supporting user (payload) data rates from 384 &kbat/4.624 Mbit/s in increments of 16 kbit/s.
Again, see Annex A and Annex B for details of specegional requirements.

6 PMD Layer Functional Characteristics

6.1 Data Mode Operation

6.1.1 STU Data Mode PMD Reference Model

A reference model of the data mode PMD layer o8@k/-C or STU-R transmitter is shown in
Figure 6-1.
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f(n)—» Scrambler ——s(n)—» EE(C::OMder —x(m)}—» Precoder —y(m)—» SS%(ZC;;?I —2z(t—>»
imput from output at
framer loop
interface
T1541160-00
(114701)
FIGURE 6-1

Data Mode PMD Reference Model

The time indexh represents the bit time, the time indexepresents the symbol time, and
represents analogue time. The input from the frastén), ands(n)is the output of the scrambler.
Both the framer and the scrambler are containelinvihne PMS-TC layer and are shown here for
clarity. x(m)is the output of the TCM (Trellis Coded Modulafi@ncodery(m)is the output of the
channel precoder, araft) is the analogue output of the spectral shapdredioop interface. When
transferringK information bits per one-dimensional PAM symbbEg symbol duration iK times
the bit duration, so thi values o for a given value ofn are {mK+0 ,mK+1, ..., mK+K-1}.

In the optional four-wire mode, two separate PMDIayers are active - one for each wire pair. In
this casen represents the bit time for each wire pair rathan the aggregate system line rate.

6.1.1.1 PMD Rates

The operation of the PMD layer at the specifiedinfation rate shall be as specified in § A.5.1 or
8§ B.5.1.

6.1.2 TCM Encoder

The block diagram of the TCM encoder is shown guie 6-2. The serial bit stream from the
scramblers(n), shall be converted tokxbit parallel word at theith symbol time, then processed
by the convolutional encoder. The resultifigl-bit word shall be mapped to one &2
pre-determined levels formingm).
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s(mK + K1) = X (m) Yi(m)

s(n) Serial to x(m)
™ Parallel Mapper
s(MK +1) = X,(m) Y,(m)
Y,(m)
S(mK +C) = Xy(m) Convolutional
Encoder Yo(m)
T1541170-00
(114701)
FIGURE 6-2

Block Diagram of the TCM Encoder

6.1.2.1 Serial-to-parallel converter

The serial bit stream from the scrambtgn), shall be converted tokabit parallel word
{Xay(Mm)=s(MmK+0), Xo(m)=s(mK+1) , ..., Xx(Mm)=s(mK+K-1)} at themth symbol time, wher&;(m)is
the first input bit in time.

6.1.2.2 Convolutional encoder

Figure 6-3 shows the feedforward non-systematizaloional encoder, wheresTs a delay of one
symbol time, [1" is binary exclusive-OR, and1" is binary AND.X;(m) shall be applied to the
convolutional encodely;(m) andYy(m) shall be computed, thefa(m) shall be shifted into the shift
register.
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Xq(m) T —> T, > T
2 a » a » Qg ay
(D o
FIGURE 6-3

Block Diagram of the Convolutional Encoder

X,(M—20)

Yo(m)

T1541180-00
(114701)

The binary coefficients; andb; shall be passed to the encoder from the recewangithe
activation phase specified in § 7.2.1.3. A numérnepresentation of these coefficient\iandB

where:

A=ay* 220+a]_9° 219+a18° 218+. ..+tap* 20, andB = byge 220+b19‘ 219+b18‘ 218+. .. Hope 20

The choice of encoder coefficients is vendor sjpeclihey shall be chosen such that the system
performance requirements are satisfied (see Annard*or Annex B for performance

requirements).

6.1.2.3 Mapper

TheK+1 bitsYk(m), ..., Y(m), andYy(m) shall be mapped to a lewgm). Table 6-1 gives the bit to

level mapping for 16 level mapping.
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TABLE 6-1
Mapping of bits to PAM levels

Ya(m) | Yo(m) | Yo(m) | Yo(m) x(m)
for 16-PAM
0 0 0 0 -15/16
0 0 0 1 -13/16
0 0 1 0 -11/16
0 0 1 1 -9/16
0 1 0 0 -7/16
0 1 0 1 -5/16
0 1 1 0 -3/16
0 1 1 1 -1/16
1 1 0 0 1/16
1 1 0 1 3/16
1 1 1 0 5/16
1 1 1 1 7116
1 0 0 0 9/16
1 0 0 1 11/16
1 0 1 0 13/16
1 0 1 1 15/16

6.1.3 Channel Precoder

The block diagram of channel precoder is showniguife 6-4, where Jis a delay of one symbol
time.

x(m);@u—(mz Modulo y(m)

FIGURE 6-4
Block Diagram of the Channel Precoder
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The coefficients of the precoder filt€?y, shall be transferred to the channel precodeessribed
in 8§ 7.2.1.2. The output of the precoder filtgm), shall be computed as follows:

v(m) = 3 C,y(m=k)

Where 12& N < 180. The function of the modulo block shall beledermine y(m) as follows: for
each value ofi(m), find an integergd(m), such that:

-1<u(mjp2d(m)< 1
and then

y(m)=u(m)2d(m)
6.1.4 Spectral Shaper

The choice of spectral shape shall be region-gpetifie details of PSDs for Regions A and B are
given in 8§ A.3.3.8 and § B.4.

6.1.5 Power Backoff

SHDSL devices shall implement Power Backoff, axgigel in this section. The selected power
backoff value shall be communicated during preatiiwv through the use of G.994.1 parameter
selections.

The power backoff value shall be selected to nfeetéquirements shown in Table 6-2. The power
backoff calculations are based on Estimated Powss (EPL), which is defined as:

Estimated Power Loss (dB) = TX Power (dBm) — Ested&RX Power (dBm), evaluated for the
data mode PSD.

No explicit specification is given herein for thethod of calculating Estimated RX Power.
Depending upon the application, this value maydterthined based on line probe resutgpriori
knowledge, or G.994.1 tone levels.

The Power Backoff that is applied shall be no tess the Default Power Backoff, and it shall not
exceed the Maximum Power Backoff Value.

TABLE 6-2
Required Power Backoff Values
Estimated Power Loss (dB)| Maximum Power Backoff (dB | Default Power Backoff (dB)

EPL>6 31 0
6=EPL>5 31 1
5>EPL>4 31 2
4> EPL>3 31 3
3=2EPL>2 31 4
2>EPL>1 31 5
1>EPL>0 31 6
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6.2 PMD Activation Sequence

This section describes waveforms at the loop iaterfand associated procedures during Activation
mode. The direct specification of the performantcmaividual receiver elements is avoided when
possible. Instead, the transmitter characteristiesspecified on an individual basis and the rexseiv
performance is specified on a general basis aagbeegate performance of all receiver elements.
Exceptions are made for cases where the perforn@raseindividual receiver element is crucial to
interoperability. In 8 6.2.2, "convergence" refarghe state where all adaptive elements have
reached steady-state. The declaration of conveegeya transceiver is therefore vendor
dependent. Nevertheless, actions based on theo$tadavergence are specified to improve
interoperability.

6.2.1 PMD Activation Reference Model

The reference model of the Activation mode of atyST or STU-R transmitter is shown in
Figure 6-5.

logical

ones d(m) é
Spectral output at
Scrambler —S(My»  Mapper[—Yy(m)-» Shaper ——z(t—» loop
precoder P interface
coefficients, | Activation L f(m T1541200-00
encoder Framer (114701)
coefficients

FIGURE 6-5
Activation Reference Model

The time indexn represents the symbol time, amépresents analogue time. Startup uses 2-PAM
modulation, so the bit time is equivalent to thenbyl time. The output of the activation framer is
f(m), the framed information bits. The output of theastbler iss(m) Both the framer and the
scrambler are contained within the PMS-TC layer amedshown here only for clarity. The output of
the mapper ig(m), and the output of the spectral shaper at the ilatepface isz(t). d(m)is an
initialization signal that shall be logical ones &l m. The modulation format shall be uncoded
2-PAM, at the symbol rate selected for data mod&aion.

In devices supporting the optional four-wire moihe, activation procedure shall be considered as
an independent procedure for each pair. Such desgitall be capable of detecting the completion
of activation for both pairs and upon completioalkmitiate the transmission of user data over
both pairs.

6.2.2 PMD Activation Sequence Description

The timing diagram for the activation sequencevemin Figure 6-6. The state transition diagram
for the startup sequence is given in Figure 6-thEsagnal in the activation sequence shall satisfy
the tolerance values listed in Table 6-3.
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FIGURE 6-6
Timing Diagram for Activation Sequence

Figure 6-6A shows the total activation sequencelagh level for G.991.2, which includes pre-
activation and core activation. Included as an g®{arnm the pre-activation phase are two sessions
of handshake per G.994.1 and line probe.

t t

Pre_Activation Core_Activation

G.994.1 Line Probing G.994.1 Core Activation Data
= tp—total < tAct
= tAct_GIobaI
FIGURE 6-6A

(G.991.2 Total Activation Sequence.

The global activation time is the sum of the prévation and core activation times. Therefore,
from Figure 6-6A,

t

Pre-activation + tCore—Activatiori < tAct_GIobaI
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where pre-aciivationlS the combined duration of the G.994.1 sessises § 6.4) and line probing (see
§ 6.3), tore-activation IS the core activation duration (see § 6.2). Talees for i and ket clobaiare
defined in Table 6-3. The value f@rda is given in Table 6-5.

TABLE 6-3
Timing for Activation Signals
Time Parameter Reference Nominal Tolerance
Value

ter Duration of ¢ §6.2.2.1 IxBs* +20 ms
terse Time from end of €to beginning of S 8§6.2.2.2 500 ms +20 ms
tersr Time from end of €to beginning of S 8§6.2.2.3 15xBs* +20 ms
tact Maximum time from start of Go Data 15xB s *
tpayioadvaia | Maximum time from start of Dagar 1s

Data to valid SHDSL payload data
tsilence Minimum silence time from exception 2s

condition to start of train
teLL Maximum time from start of So 5s

STU-R PLL lock
tact Global Maximum time from start of initial pre- 30s

activation session (8 6.3) to Data
* 3 is dependent on bit ratg=1 for 12, 3=2 for <12, where n is defined in § 5.
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STU-C and STU-R Transmitter Activation State Transtion Diagram

6.2.2.1 Signal ¢

After exiting the preactivation sequence (per G.292], see § 6.3 for details), the STU-R shall
send G Waveform ¢ shall be generated by connecting the sigifiad) to the input of the STU-R
scrambler as shown in Figure 6-5. The PSD masKfshall be the upstream PSD mask, as
negotiated during preactivation sequencgesi@ll have a duration of tind shall be sent 0.3 s after

the end of preactivation.

6.2.2.2 Signal $

After detecting G the STU-C shall send.SNaveform $shall be generated by connecting the
signald(m)to the input of the STU-C scrambler as shown guFe 6-5. The PSD mask fog hall
be the downstream PSD mask, as negotiated dur@agiivation sequence, Shall be sentt.
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after the end of CIf the STU-C does not converge whilgiStransmitted, it shall enter the
exception state (8§ 6.2.2.8).

6.2.2.3 Signal 8

The STU-R shall send,eginning 4 after the end of CWaveform $shall be generated by
connecting the signa(m)to the input of the STU-R scrambler as shown guFe 6-5. The PSD
mask for $shall be the same as foy. @ the STU-R does not converge and deteawfile S is
transmitted, it shall enter the exception staté.282.8). The method used to detegtslvendor
dependent. In timing modes supporting loop timimgyeform $and all subsequent signals
transmitted from the STU-R shall be loop timed, itlee STU-R symbol clock shall be locked to the
STU-C symbol clock.

6.2.2.4 Signal T

Once the STU-C has converged and has been sendioges leastd; | (Table 6-3), it shall send
T.. Waveform T contains the precoder coefficients and other systéormation. T shall be
generated by connecting the sigf{at) to the input of the STU-C scrambler as shown guFe 6-5.
The PSD mask forcshall be the same as fag. $he signaf(m) is the activation frame information
as described in § 7.2.1. If the STU-C does notaidtewhile sending 7, it shall enter the exception
state (8§ 6.2.2.8). The method used to detet fendor dependent.

6.2.2.5 Signal T

Once the STU-R has converged and has detected #igngl, it shall send,TWaveform T

contains the precoder coefficients and other systéonmation. T shall be generated by connecting
the signaf(m) to the input of the STU-R scrambler as shown guFé 6-5. The PSD mask for T
shall be the same as for. The signaf(m)is the activation frame information as described i

8 7.2.1. If the STU-R does not detegiwhile sending T, it shall enter the exception state

(8 6.2.2.8). The method used to detedsFvendor dependent.

6.2.2.6 Signal

Once the STU-C has detectedaid completed sending the currepframe, then it shall send.F
The first bit of the first Eframe shall follow contiguously the last bit oktlast T frame. Signal
shall be generated by connecting the sidfma) to the input of the STU-C scrambler as shown in
Figure 6-5. The PSD mask fog $hall be the same as fag. $he signaf(m) is the activation frame
information as described in § 7.2.1 with the folingvexceptions: the frame sync word shall be
reversed in time, and the payload information &litall be set to arbitrary values. The CRC shall be
calculated on this arbitrary-valued payload. Thymal R shall be transmitted for exactly two
activation frames. As soon as the first bit gfdtransmitted, the payload data in thesignal shall

be ignored.

6.2.2.7 Datgand Datg

Within 200 symbols after the end of the second &ahk, the STU-C shall enter data mode and
send Datg and the STU-R shall enter data mode and send.Daiese TCPAM signals are
described in § 6.1. The PSD mask for Datad for Datashall be according to 8 A.4 or 8 B.4, as
negotiated during the preactivation sequence. Tisare required relationship between the end of
the activation frame and any bit within the SHDSitadmode framepiyioadvaid(Table 6-3) after

the end of § the SHDSL payload data shall be valid atdaha (3 interface.
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6.2.2.8 Exception State

If activation is not achieved withit (Table 6-3) or if preactivation and activation acd
completed withind: goba(Table 6-3) or if any exception condition occulsgn the exception state
shall be invoked. During the exception state th&) Shall be silent for at leasid.cc(Table 6-3),
then wait for transmission from the far end to egdisen return to the corresponding initial startup
state; the STU-R and STU-C shall begin preactivat@s per § 6.3.

6.2.2.9 Exception Condition

An exception condition shall be declared duringvation if any of the timeouts in Table 6-3 expire
or if any vendor-defined abnormal event occurs.efoeption condition shall be declared during
data mode if a vendor-defined abnormal event oc@urendor-defined abnormal event shall be
defined as any event that requires a loop resiaretovery.

6.2.3 Framer and Scrambler
The activation mode framer and scrambler are desdiin § 7.2.

6.2.4 Mapper
The output bits from the scramblefm) shall be mapped to the output lewgn) as follows:

TABLE 6-4
Bit-to-Level Mapping

Scrambler Output s(m) | Mapper Output Level, y(m) | Data Mode Index
0 -9/16 0011
1 +9/16 1000

These levels, corresponding to the scrambler osifpaind 1, shall be identical to the levels in the
16-TCPAM constellation (Table 6-1) correspondingnidexes 0011 and 1000, respectively.

6.2.5 Spectral Shaper

The same spectral shaper shall be used for data aratlactivation mode as described in § A.4 or
§ B.4.

6.2.6 Timeouts

Table 6-3 shows the system timeouts and their gabyeshall be the maximum time from the start
of C; to the start of Datalt controls the overall time of the traiRajicadvaiaiS the time between the
start of data mode and the instant at which the SHpayload data is valid (this accounts for
settling time, data flushing, frame synchronizatiett). tjenceShall be the minimum time in the
exception state in which the STU-C or STU-R isrgileefore returning to preactivation (per
G.994.1 [2], see § 6.3 for details)..tshall be the time allocated for the STU-R to pulihe

STU-C timing. The STU-C shall transmi for at leastg, .

6.3 PMD Preactivation Sequence

This section describes waveforms at the loop iaterfand associated procedures during
preactivation mode. The direct specification of pleeformance of individual receiver elements is
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avoided when possible. Instead, the transmitteracheristics are specified on an individual basis
and the receiver performance is specified on argébasis as the aggregate performance of all
receiver elements. Exceptions are made for casesewhe performance of an individual receiver
element is crucial to interoperability.

In the optional four-wire mode, Pair 1 and Paihalsbe determined during the preactivation
sequence. Pair 1 shall be defined as the pair achvwhe final G.994.1 transaction is conducted.

6.3.1 PMD Preactivation Reference Model

The reference model of the Preactivation mode & Bd-C or STU-R transmitter is shown in
Figure 6-8.

G.994.1 %}Handshake

output at
\ez(t)—» loop
O interface
i f Probe
logical __g(m)—»{ scrambler [—s(m)-» Mapper—Y(m)-» Spectral

ones Shaper T1541230-00
(114701)

FIGURE 6-8
Preactivation Reference Model

The time indexn represents the symbol time, amépresents analogue time. Since the probe signal
uses 2-PAM modulation, the bit time is equivalentite symbol time. The output of the scrambler

is s(m) The scrambler used in the PMD preactivation m#grdrom the PMS-TC scrambler used

in activation and data modes. See § 6.3.3 forldaththe preactivation scrambler. The output of

the mapper ig(m), and the output of the spectral shaper at the ilatepface is(t). d(m)is an
initialization signal that shall be logical ones &l m. The probe modulation format shall be
uncoded 2-PAM, with the symbol rate, spectral shdpeation and power backoff selected by
(G.994.1. Probe results shall be exchanged by GL994.

In the optional four-wire mode, the G.994.1 excleashall follow the defined procedures for
multi-pair operation. In this case, Signajsdnd R;, as described below, shall be sent in parallel on
both wire pairs.

6.3.2 PMD Preactivation Sequence Description

A typical timing diagram for the preactivation seque is given in Figure 6-9. Each signal in the
preactivation sequence shall satisfy the toleraabees listed in Table 6-5.
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FIGURE 6-9
Typical Timing Diagram for Preactivation Sequence
TABLE 6-5
Timing for Preactivation Signalst
Time Parameter Nominal Tolerance
Value
thp Time from end of handshake to start ¢f0.2 s +10 ms
remote probe
tora Duration of remote probe Selectable from £10 ms
50msto3.1s
tps Time separating two probe sequences 0.2s +10 ms
torc Time separating last remote and first | 0.2 s +10 ms
central probe sequences
tpca Duration of central probe Selectable from £10 ms
50msto3.1s
ton Time from end of central probe to start0.2 s +10 ms
of handshake
tp-total Total probe duration, from end of the | 10 s
first G.994.1 session to the start of the maximum
second G.994.1 session
6.3.2.1 Signal R

If the optional line probe is selected during th8%3.1 session (see G.994.1 [2] for details), the
STU-R shall send the remote probe signal. The synalb® for the remote probe signal shall be

negotiated during the G.994.1 session, and shakspond to the symbol rate used during

activation for the specified data rate. If multiptgnote probe symbol rates are negotiated during

1 Tolerances are relative to the nominal or idedleaThey are not cumulative across the
preactivation sequence.
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the G.994.1 session, then multiple probe signdldbeigenerated, starting with the lowest symbol
rate negotiated and ending with the highest symdiel negotiated. Hs the ith probe signal
(corresponding to the ith symbol rate negotiatéédveform R shall be generated by connecting
the signadd(m)to the input of the STU-R scrambler as shown in PB® mask for Pshall be the
upstream PSD mask used for signahthe same symbol rate, and shall be selectabieecken the
PSDs for activating at data rates of 192 kbit/2 894 kbit/s in steps of 64 kbit/s. Alternatively,
waveform R can be selected to transmit silence. The durgtipih and power backoff shall be the
same for all B, and shall be negotiated during the G.994.1 sesSive duration shall be selectable
between 50 ms and 3.1 s in steps of 50 ms, anglotver backoff shall be selectable between 0 dB
and 15 dB in steps of 1 dB. The probe signal pdvaekoff can be selected using either the
received G.994.1 signal powerapriori knowledge. If no information is available, implemers
are encouraged to select a probe power backofflehat 6 dB. The first remote probe signal shall
begin kp after the end of the G.994.1 session. There beal §s second silent interval between
successive remote probe signals.

In the optional four-wire mode,iRBhall be sent in parallel on both wire pairs.

6.3.2.2 Signal B

The STU-C shall send the central probe signahfter the end of the last remote probe signal. The
symbol rate for the central probe signal shall égatiated during the G.994.1 session, and shall
correspond to the symbol rate used during actindto the specified data rate. If multiple central
probe symbol rates are negotiated during the G198ksion, then multiple probe signals will be
generated, starting with the lowest symbol rateotiated and ending with the highest symbol rate
negotiated. WaveformcHs the ith probe signal (corresponding to thesitmbol rate negotiated).
Waveform R shall be generated by connecting the sigifiad)to the input of the STU-C scrambler
as shown in The PSD mask fqg fhall be the downstream PSD mask used for sigyetl the same
symbol rate, and shall be selectable between tles RS activating at data rates of 192 kbit/s to

2 304 kbit/s in steps of 64 kbit/s. Alternativelyaveform R can be selected to transmit silence.
The duration @.q) and power backoff shall be the same for glld&hd shall be negotiated during the
(G.994.1 session. The duration shall be selectadiiegden 50 ms and 3.1 s in steps of 50 ms, and the
power backoff shall be selectable between 0 dBl&ndB in steps of 1 dB. The probe signal power
backoff can be selected using either the receiv@8451 signal power or a priori knowledge. If no
information is available, implementors are encoadap select a probe power backoff of at least

6 dB. There shall be gstsilent interval between successive central prodpeats, and there shall be
a tnh second silent interval between the last centrab@isignal and the start of the following
G.994.1 session.

In the optional four-wire mode shall be sent in parallel on both wire pairs.

6.3.3 Scrambler

The preactivation mode scrambler shall have theedaamsic structure as the data mode scrambler,
but may employ a different scrambler polynomialribg the G.994.1 session, the scrambler
polynomial for the line probe sequence shall bectetl by the receiver from the set of allowed
scrambler polynomials listed in Table 6-6. The s$raitter shall support all the polynomials in

Table 6-6. During the line probe sequence, thestrainscrambler shall use the scrambler
polynomial selected by the receiver during the @.9%ession. The scrambler shall be initialized to
all zeros.
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TABLE 6-6

Preactivation Scrambler Polynomials

Polynomial STU-C polynomial STU-R polynomial

Index

(i2,i1,i0)

000 s(m) =s(m-50s(m-23) 0d(m) | s(m)=s(m-18) O s(m-23) 0 d(m)
001 s(m) =s(m-1) 0 d(m) s(m) =s(m-21) 0 d(m)

010 s(m) =s(m-2) 0 s(m->5) [0 d(m) s(m) = s(m-23) O s(m-5) O d(m)
011 s(m) =s(m-21) 00 s(m-6) J d(m) s(m) =s(m-5) 0 s(m-6) L1 d(m)
100 s(m) =s(m-3) 0 s(m-7) 00 d(m) s(m) =s(m-4) 0 s(m-7) 0 d(m)
101 s(m) =s(m-2) [0 s(m-23) s(m) = s(m-4) 0 s(m-5)

0 s(m-4) 0 s(m-8) 0 d(m) 0 s(m-6) 0 s(m-8) O d(m)

110 Reserved Reserved

111 Not Allowed Not Allowed

6.3.4 Mapper

The output bits from the scramblefm) shall be mapped to the output lewdm), as described in
8§6.2.4.

6.3.5
The same spectral shaper shall be used for data aratlactivation mode as described in 8§ 6.1.4.

Spectral Shaper

6.3.6 PMMS Target Margin

PMMS target margin is used by the receiver to deftes if a data rate can be supported with this
margin under current noise and/or reference wasetoise specified in Annex A and Annex B. A
data rate may be included in the capabilitiesréstlting from line probe only if the estimated SNR
associated with that data rate minus the SNR reddor BER=10 is greater than or equal to
target margin in dB. If both worst-case target nraend current-condition target margin are
specified, then the capabilities exchanged shatlhbentersection of data rates calculated using
each noise condition separately.

The use of negative target margins with respecgfeErence worst-case noise corresponds to
reference noise with fewer disturbers. This magjgicable when the number of disturbers is
known to be substantially fewer than specified iy teference worst-case noise. Use of negative
target margins with respect to current-conditiasat advised. Use of the current-condition target
margin mode may result in retrains if the noiseilmmment changes significantly.

6.4 (G.994.1 Preactivation Sequence

As noted in 8§ 6.3, G.994.1 [2] shall be used tar#ge preactivation sequence. A second G.994.1
sequence shall follow the preactivation line prasedescribed in that section. The G.994.1
protocol shall be the mechanism for exchanging loiéipes and negotiating the operational
parameters for each SHDSL connection. The usdinégrobe sequence, as described in § 6.3, is
optional. If each STU has sufficieatpriori knowledge of the line characteristics and the
capabilities of the other STU, either from a presi@onnection or from user programming, the line
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probe sequence may be bypassed. In this case,39d.G sequence will be followed by SHDSL
activation, as described in § 6.2.

6.4.1 G.994.1 Code Point Definitions
The following definitions shall be applied to thEIBSL parameters specified in G.994.1:

Training mode
PMMS mode
Four-wire
SRU

Diagnostic Mode
Base Data Rate / PSD

Sub Data Rate

PBO
PMMS Duration

PMMS Scrambler

PMMS Target Margin

An indication that an STU (or SRUpispared to begin
SHDSL Activation using the associated parameters.

An indication that an STU (or SRU) isganeed to begin a
PMMS ("Power Measurement Modulation Session”, oeLi
Probe) using the associated parameters.

Set to indicate four-wire operation.

Set to indicate that the unit is a Signal Regaior and not an
STU.

Set to indicate a diagnostic modm {(for use with SRUS).

These octets are used asdollo
for PMMS, they indicate rates for line probing semts
for training, they indicate payload data rates
Separate bits are provided for symmetric and asgtmenPSDs.

For symmetric PSDs, the Data Ra¢tsdcidicate the base data
rate in 64 kbit/s incrementa & 64 kbit/s). The Sub Data Rate
bits indicate additional 8 kbit/s incremenitx @ kbit/s) of Data.
The total payload data rate is set by: Base Data R&ub Data
Rate. The Sub Data Rate bits do not apply to thmaeetric
2.048 Mbit/s, and 2.304 Mbit/s PSDs (from Annex Bjr the
asymmetric 768 or 776 kbit/s and asymmetric 1.536 o
1.544 Mbit/s PSDs (from Annex A), the Base DataeRats
indicate 768 kbit/s or 1.536 Mbit/s, and the SultaCRate bits
for 0 and 8 kbit/s are valid for selecting the tqayload data
rate.

Power Backoff (in 1.0 dB increments).

The length of each line probe (PMM8&yment (in 50 ms
increments).

The scrambler polynomial used duliimgprobe (PMMS).
See § 6.3.3.

If worst-case target marginakested, target margin is relative
to reference worst-case crosstalk specified ingablL3 and
Table B-14. If current-condition target margin &dested,
specified target margin is relative to noise meagwturing line
probe. The 5 bit target margin is specified bys(b-1 x 1.0 dB)
- 10 dB. For example, 10114ih the worst-case PMMS target
margin octet corresponds to 15 dB - 10dB = 5dBeiangargin
relative to reference worst-case noise.

If the capability for PMMS mode is indicatedar.994.1
CLR/CL capabilities exchange, both target margitetscshall
be sent. The specific values for target margirl flgaignored
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during the capabilities exchange, as all STUs @RtJs) shall
be capable of evaluating the results of PMMS ubity types
of target margin.

Clock Modes Set to indicate clock mode, as definethble 10-1.

Low Latency Set to indicate that low latency opieratas defined in § 11.5 is
required. If not set, an STU may choose a hightenty
encoding scheme.

TPS-TC The TPS-TC mode is selected from the setanfes specified in
Annex E.

Sync Word Indicates the value that the upstreanmdamehstream
swl- swl4bits shall take on. See § 7.1.2.1 for details.

Stuff Bits Indicates the value that the upstreanh downstream

stb1- stb4bits shall take on. See § 7.1.2.7 for details.

Regenerator Silent Period (RSP) A bit used to fart&TU or SRU into a 1-minute silent
interval to facilitate startup of spans includimgenerators.

6.4.2 (G.994.1 Tone Support

SHDSL devices shall support half-duplex mode G.D@peration using the A4 carrier set from the
4 kHz signalling family. Manufacturers are encowa¢p support additional carrier sets, the
4.3125 kHz signalling family, and full-duplex opgoa of G.994.1 to provide interoperable
handshake sequences with other types of DSL equipme

6.4.3 G.994.1 Transactions

If no a priori capabilities information is available to the STU#Should begin the G.994.1 session
by initiating Transaction C (CLR/CL). Otherwiseniiay begin immediately with one of the mode
selection transactions (e.g. A or B). In this calg#s exchange (CLR/CL sequence), each unit
shall indicate the functions that it is currentipable of performing. This means that user options
that have been disabled shall not be indicate@dpalilities of the unit. If a unit's capabilities
change due to user option settings or other catlsgsynit shall cause a capabilities exchange to
occur during the next G.994.1 session.

If both the STU-R and STU-C indicate the capabiiitlyline probing and na priori information
exists concerning the characteristics of the lolop, STU-R should initiate Transaction D
(MP/MS/Ack(1)) by sending an MP with the G.99112¢liprobe mode selected. This MP message
shall include parameters for the downstream limb@rsequence. The STU-C shall then issue a
corresponding MS message containing the upstraarpliobe parameters and an echo of the
downstream line probe parameters. Following an Acikpm the STU-R, the units shall exit
G.994.1 and enter the G.991.2 line probe modeessritbed in § 6.3. Following the completion of
line probing, the STU-C shall initiate a new G.99dession. The STU-R shall then initiate a
Transaction C (CLR/CL) capabilities exchange tadate the results of the line probe. Each unit
shall, in this exchange, indicate the intersectibits capabilities and the capabilities of thedpas
determined during the line probe sequence. The 8&€X shall be used to indicate the desired
received Power Backoff. Following this second cdias exchange, the units may use any valid
transaction to select operational SHDSL parameters.

Following the selection of the G.991.2 parametérGe94.1 shall terminate and the SHDSL
Activation sequence (8 6.2) shall begin.
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6.4.4 Operation with Signal Regenerators

In general, SRUs will act as STUs during G.994sldescribed in § 6.4.3. In some situations,
however, they are required to issue "Regeneratent3Period"” (via the G.994.1 RSP bit) mode
selections rather than selecting a G.991.2 opera@timode, as described in Annex D and
Appendix Il. The parameters that SRUs report duciaygabilities exchanges are also slightly
different. The advertised capabilities of an SRHRIl be the intersection of its own capabilities
and those reported across the regenerator's ihtatedace as indicative of the capabilities of th
downstream units and line segments. The lone exxceqt this rule shall be the PBO octet, which
shall be considered as a local parameter for ezgmeant.

7 PMS-TC Layer Functional Characteristics

7.1 Data Mode Operation

7.1.1 Frame Structure

Table 7-1 summarizes the SHDSL frame structure. et bit definitions may be found in
§7.1.2.

The size of each payload block is definedk @gs, wherek = 12 { + nx8) [bits]. The payload data
rate is set bynx64 +ix8 kbit/s, where ¥ n< 36 and i < 7. Forn=36,i is restricted to the
values of O or 1. The value bghall be negotiated during startup, and shallyafpéll values ofi.
The selected value ofapplies to all values af, will be negotiated during preactivation, and does
not include the 8 kbit/s framing overhead.

In the optional four-wire mode, two separate PMSsLBlayers are active - one for each wire pair.
In this case, the above formula represents theopdydlata rate for each pair rather than the
aggregate payload rate. Each pair shall operdteeaame payload rate, and the transmitters for
both pairs shall maintain frame alignment withieafied limits. In the STU-C, the symbol clocks
for each pair shall be derived from a common saurbe maximum differential delay between the
start of STU-C frames shall be no greater than @usymbols at the line side of each SHDSL
transmitter. In the STU-R, symbol clocks may bewdet from loop timing on each pair, so these
clocks shall be locked in frequency but shall hanerbitrary phase relationship. The maximum
differential delay between the start of STU-R frarshall be no greater than six (6) symbols at the
line side of each SHDSL transmitter.
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TABLE 7-1
SHDSL Frame Structure

Time Frame | Over- Name Description Notes
Bit # head
Bit #
0 ms 1-14 1-14 |swl-swl4 |Frame Sync Word
15 15 fbitl/losd |Fixed Indicator bit #1 (Loss of Signal
16 16 fbit2/sega | Fixed Indicator bit #2 (Segment
Anomaly)
17 ->k+16 | --------- bl Payload block #1
k+17 17 eoc0O1 EOC bit #1
k+18 18 eoc02 EOC bit #2
k+19 19 eoc03 EOC bit #3
k+ 20 20 eoc04 EOC bit #4
k+21 21 crcl Cyclic Redundancy Check #1 CRC-6
k+22 22 cre2 Cyclic Redundancy Check #2 CRC-6
k+23 23 fbit3/ps Fixed Indicator bit #3 (Power Status)
k+24 24 sbhidl Stuff bit ID #1 Spare in
synchronous mode
k+ 25 25 eoc05 EOC bit #5
k+ 26 26 eoc06 EOC bit #6
k+27 > |[---—-—--- b2 Payload block #2
2k + 26
2k + 27 27 eoc07 EOC bit #7
2k + 28 28 eoc08 EOC bit #8
2k + 29 29 eoc09 EOC bit #9
2k + 30 30 eocl0 EOC bit #10
2k + 31 31 crc3 Cyclic Redundancy Check #3 CRC-6
2k + 32 32 crc4 Cyclic Redundancy Check #4 CRC-6
2k + 33 33 fbit4/segd | Fixed Indicator bit #4 (Segment Defect)
2k + 34 34 eocll EOC bit #11
2k + 35 35 eocl2 EOC bit #12
2k + 36 36 sbhid2 Stuff bit ID #2 Spare in
synchronous mode
2k + 37 -> | - b3 Payload block #3
3k + 36
3k + 37 37 eocl3 EOC bit #13
3k + 38 38 eocl4 EOC bit #14
3k + 39 39 eocl5 EOC bit #15
3k + 40 40 eocl6 EOC bit #16
3k+41 41 creb Cyclic Redundancy Check #5 CRC-6
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3k+42 42 crcé Cyclic Redundancy Check #6 CRC-6

3k + 43 43 eocl? EOC bit #17

3k+ 44 44 eocl8 EOC bit #18

3k + 45 45 eocl9 EOC bit #19

3k + 46 46 eoc20 EOC bit #20

6 - 3/k+12) ms |3k + 47 -> | -—-—----- b4 Payload block #4
4k + 46
4k + 47 47 stbl Stuff bit #1 Vendor dependent in
synchronous mode
6 ms nominal K+ 48 48 stb2 Stuff bit #2 Vendor dependent in

synchronous mode

4k + 49 49 stb3 Stuff bit #3 Not present in
synchronous mode

6 + 3/k+12) ms | &+ 50 50 stb4 Stuff bit #4 Not present in

synchronous mode

7.1.2 Frame Bit Definitions

In Table 7-1, the bit sequence of the SHDSL frapre( to scrambling at the transmit side and
after descrambling at the receive side) is preseritee frame structures are identical in both
upstream and downstream directions of transmisSlpare bits in either direction shall be set to 1.

The following frame bit definitions are used:

7.1.2.1 swl - swl4Frame Sync Word)

The frame synchronization word (FSW) enables SHEgkIvers to acquire frame alignment. The
FSW (bitssw1 - swllis present in every frame and is specified indépatly for the upstream and
downstream directions.

7.1.2.2 Dbl - b4(Payload Blocks)
Used to carry user data. The internal structuth®fpayload blocks is defined in § 8.1.

7.1.2.3 eoc01l - eoc2(Embedded Operations Channel)

20 bits €oc01..eoc2( are provided as a separate maintenance chareeeh 8.5 for details. In
four-wire modegoc01- eoc20on Pair 1 shall be carry the primary EOC data. ddreesponding
Pair 2eocbits shall be duplicates of the Paiedcbits.

7.1.2.4 crcl - crc6(Cyclic Redundancy Check code)
Six bits assigned to a cyclic redundancy check (Cé&@de (see § 7.1.3).

7.1.2.5 fbitl - fbit4 (Fixed Indicator bits)

Used for the indication of time-critical framingi@mmation. Specific bit definitions are given
below.

7.1.2.5.1 fbitl =losd(Loss of Signal)

Used to indicate the loss of signal from the agian interface. Loss of Signal = 0, Normal = 1.
Definition of the conditions causing the indicatioiosdis vendor specific and beyond the scope
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of this Recommendation. In four-wire modiesd on Pair 1 shall carry the primalgsdindication.
The Pair 2osd bit shall be a duplicate of the Pair 1 bit.

7.1.2.5.2 fbit2 = sega(Segment Anomaly)

Used to indicate a CRC error on the incoming SHRX@me. A segment anomaly indicates that a
regenerator operating on a segment has receiveapted data and therefore the regenerated data is
unreliable. The purpose of segment anomaly is soieninternal performance monitoring integrity;

it is not intended to be reported to an externatag@ment entity. CRC Error = 0, Normal = 1.

7.1.2.5.2.1 STU Operation
The STU shall set theegabit to 1.

7.1.2.5.2.2 SRU Operation

If a CRC error is declared for an incoming frame S&RU shall set theegabit to 0 in the next
available outgoing frame in the forward directioa, in the direction of the data over which the
CRC error was observed. If no CRC error is decléined an SRU shall pass thegabit without
modification.

7.1.2.5.3 fbit3 = ps(Power Status)

The power status bisis used to indicate the status of the local paswgply in the STU-R. The
power status bit is set to 1 if power is normal 8m@ if the power has failed. On loss of power at
the STU-R, there shall be enough power left to comicate three "Power Loss" messages towards
the STU-C. Regenerators shall pass this bit traegglg. In four-wire modepson Pair 1 shall

carry the primary power status indication. The Rais bit shall be a duplicate of the Paip4bit.

7.1.2.5.4 fbit4 = segd(Segment Defect)

Used to indicate a loss of sync on the incoming SHEfame. A segment defect indicates that a
regenerator has lost synchronization and theref@eegenerated data is unavailable. This bit is
typically reported to an external management eafity is used to ensure timely protection
switching, alarm filtering, etc. Loss of Sync =Nprmal = 1.

7.1.2.5.4.1 STU Operation
The STU shall set theegdbit to 1.

7.1.2.5.4.2 SRU Operation

If a LOSW-Defect is declared, an SRU shall setsiagdbit to O in the next available outgoing
frame in the forward direction, i.e. in the directiof the data over which the LOSW-Defect was
observed. If no LOSW-Defect is declared then an SR&ll pass theegdbit without modification.

7.1.2.6 sbidl, sbidZStuff Indicator bits)

In plesiochronous mode, the stuff indicator bidigate whether or not a stuffing event occurs in
the frame. Both bits shall be set to 1 if the fswff bits are present at the end of the curremé.
Both bits shall be set to 0 if there are no stitf bt the end of the current frame. In synchronous
mode,sbidlandsbid2are spare bits.

7.1.2.7 stbl - stb4Stuffing Bits)

In plesiochronous mode, these bits are used togdifiber zero or four stuffing bits are inserted,
depending on the relation of the timing betweenupstream and downstream channels. In
synchronous framing modstblandstb2are present in every frame, astté3andstb4are not
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present. The values stbl- stb4are specified independently for the upstream awhdtream
directions.

7.1.3 CRC Generation ¢rcl ... crc6)

A cyclic redundancy check (CRC) shall be generéte@ach frame and transmitted on the
following frame. The six CRC bitgKc1l to crc6) shall be the coefficients of the remainder
polynomial after the message polynomial, multiplisD®, is divided by the generating
polynomial. The message polynomial shall consistlidbits in the frame except for the
synchronization word, CRC bits, and the stuff Withere are thusk426 message bits in a frame
that are covered by the CRC check.) The messagshmll be ordered as in the frame itself,mg.
is the first bit,m, is the second bit, etc. The CRC check bits steatidiculated according to the
equation:

crc(D) = m(D)D° modg(D)
where:
m(D) = an4k+25 O mlD4|<+24 O ... O Myr24D U My

is the message polynomial,
gD)=D°0DO1

is the generating polynomial,
cre(D) = crcdD’ O cre2D' O ... O cre5D O creé

is the CRC check polynomidl] indicates modulo-2 addition (exclusive OR), &ha the delay
operator.

7.1.4 Frame Synchronization

In plesiochronous clocking mode, SHDSL uses a blikength PMS-TC frame and bit stuffing to
synchronize the PMS-TC frame rate with the inconpagload rate. Quick acquisition of frame
synchronization and the ability to maintain frangachronization in the presence of errors are
important properties of the frame structure.

Three types of bit fields are provided for useramie synchronization: Frame Sync Word, Stuff
Bits, and Stuff Bit IDs. The Frame Sync Word ishit long and is present on every frame. The
stuff bits are four contiguous bits which are preésmly at the end of long frames. Stuff Bit Idse ar
two bits distributed within the frame which indieavhether the current frame contains the four
stuffing bits. These distributed bits provide imyed immunity to frame alignment errors caused by
burst errors.

The precise manner in which this information iscuseacquire or maintain frame synchronization
is the choice of the receiver designer. Since adifieframe synchronization algorithms may require
different values for the bits of the FSW and SRitf, a provision has been made to allow the
receiver to inform the far end transmitter of tlatjgular values that are to be used for thesddiel

in the transmitted PMS-TC frame.

7.1.5 Scrambler

The scrambler in the STU-C and the STU-R transmsitéball operate as shown in Figure 7-1 and
Figure 7-2, respectively. In these figuregsjidicates a delay of one bit duration dnds the binary
exclusive-OR operation. The frame sync word bit @@ stuff bits in the SHDSL data mode frame
(Table 7-1) shall not be scrambled. While the fraayiec word bits and stuff bits are preserf(ra),

the scrambler shall not be clocked, &mj shall be directly connected $¢n).
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7.1.5.1 STU-C Scrambler
The block diagram of the STU-C scrambler is showRigure 7-1.

Frame Sync Word Bits or
Stuff Bits present

O s

f(n) T, s(n—l); Tyt ---—» Ty s@-5 To - —» T, S(n-23)
@‘ (Tlllsﬁlozls)o-oo
FIGURE 7-1
Block Diagram of the STU-C Scrambler
7.1.5.2 STU-R Scrambler
The block diagram of the STU-R scrambler is showRigure 7-2.
Frame Sync Word Bits or
Stuff Bits present
O )
fn) T, s(n—l); T, > .o N s(n—-23)
T1541260-00
(114701)
FIGURE 7-2

Block Diagram of the STU-R Scrambler

7.1.6  Differential Delay Buffer

In the optional four-wire mode, it is understoodttthe characteristics of the two-wire pairs may
differ. Differences in wire diameter, insulatiorpgy length, number and length of bridged taps and
exposure to impairments may result in differencesansmission time between pairs. It is
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recommended that such differences in signal trankgiay between the two pairs be limited to a
maximum of 50 us at 150 kHz, corresponding to ak@ukm difference in line length between
STU-R and STU-C.

In transceivers supporting four-wire mode, a deldference buffer shall be implemented to
compensate for any difference in total transmissime of the SHDSL frames on different pairs.
Such delay differences may be due to the pairreiffees described above, as well as to delays due
to signal processing in the SHDSL transceivers@éSTU-C, STU-R and possible signal
regenerators. The function of this delay differeba#fer is to align the SHDSL frames so that
frames can be correctly reassembled. This buffalt be capable of absorbing a delay difference of
at least 6 symbols + 50 ps at the line side of &4¢DSL receiver.

7.2 PMS-TC Activation

7.2.1 Activation Frame

The format of the activation frame is shown in EaBI2. A T; or T, signal shall be generated by
repetitively applying the activation frame infornoat shown in Table 7-2 to the STU scrambler as
shown in Figure 6-5. The activation frame contesfizll be constant during the transmission of T
and T. The activation frame sync bits are not scramidedhey shall be applied directly to the
uncoded 2-PAM constellation. The total number ¢$ b the activation frame is 4227. The
activation frame shall be sent starting with barid ending with bit 4227.

In the optional four-wire mode, activation shalbpeed in parallel on each of the two-wire pairs.

TABLE 7-2

Activation Frame Format

Activation

Frame Bit Definition

LSB:MSB
114 Frame Sync for Jand T: 111110011010%1where the left-most bit is sent first in time

' Frame Sync for £ 110101100111%1where the left-most bit is sent first in time

, Precoder Coefficient 1: 22 bit signed two's comm@atformat with 17 bits after the
15:36 . . ) LT
binary point, where the LSB is sent first in time

37:58 Precoder Coefficient 2
59:3952 Precoder Coefficients 3 — 179

3953:3974 Precoder Coefficient 180

3975:3995 Encoder Coefficient A: 21 bits whereltB is sent first in time
3996:4016 Encoder Coefficient B: 21 bits whereliB® is sent first in time
4017:4144 Vendor Data: 128 bits of proprietary infation

4145:4211 Reserved: 67 bits set to logical zeros

4212:4227 CRCc; sent first in timeg;g sent last in time

7.2.1.1 Frame Sync

The frame sync for JJand T is a 14 bit code. In binary, the code shall bel1001101011, and
shall be sent from left to right. Fog,Ehe frame sync shall be 11010110011111, or therse of
the frame sync for Jand T.
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7.2.1.2 Precoder Coefficients

The precoder coefficients are represented as 22+bis complement numbers, with the five most
significant bits representing integer numbers frelt6 (10000) to +15 (01111), and the remaining
17 bits are the fractional bits. The coefficients sent sequentially, starting with coefficientadd
ending with coefficient ¢ (from Figure 6-4), and the least significant Bieach coefficient is sent
first in time. The minimum number of precoder caréints shall be 128 and the maximum number
shall be 180. If fewer than 180 precoder coeffitseare used, the remaining bits in the field shall
set to zero.

7.2.1.3 Encoder coefficients

Referring to Figure 6-3, the coefficients for thegrammable encoder are sent in the following
order:ag is sent first in time, followed ba, ay, ..., andby is sent last in time.

7.2.1.4 Vendor Data

These 128 bits are reserved for vendor-specifia.dat

7.2.1.5 Reserved
These 67 bits are reserved for future use and Bbalet to logical zeros.

7.216 CRC

The sixteen CRC bitg{ to ¢;6) shall be the coefficients of the remainder polyied after the
message polynomial, multiplied IB/°, is divided by the generating polynomial. The ragss
polynomial shall be composed of the bits of thévation frame, wheren is bit 15 andr;gsis bit
4211 of the activation frame, such that

cre(D) = m(D)D™® modg(D)
where:
m(D) = mD**°0 mD**°0 ... 0 myzodd O Myz06

is the message polynomial,
g(D)=D*O0D¥?OD°01

is the generating polynomial,
cre(D) =c:D¥ 0 c,D* 0 ... O D O a6

is the CRC check polynomidl] indicates modulo-2 addition (exclusive OR), & the delay
operator.

7.2.2 Activation Scrambler

The scrambler in the STU-C and the STU-R transmiifeee Figure 6-5) shall operate as shown in
and Figure 7-1 and Figure 7-2, whekgid a delay of one bit duration, ahiis binary

exclusive-OR. The frame sync bits in the activaframe shall not be scrambled. While the frame
sync bits are presentfdh), the scrambler shall not be clocked, &md shall be directly connected
to s(n).
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8 TPS-TC Layer Functional Characteristics

8.1 Payload Block Data Structure

Each Payload Block shall consist of 12 Sub-bloeksl shown in Figure 8-1. The size of each
Payload Sub-Block is defined ks whereks =i + nx8 [bits]. As stated in 87.1, the payload data

rate is set bynx64 +ix8 kbit/s, where ¥ n< 36 and ki < 7. Forn=36,i is restricted to the

values of 0 or 1. All structure of data within Raadl Sub-Blocks (i.e., support for clear broadband
channels, subchannels, and region-specific seivisapecified in Annex E.

Frame| O Payload 0o Payload o Payload o Payload Stb
Sync | H Block H Block H Block H Block ¢
O | N
AN T O] O[] O A |
X| X| X| X| X| X| X| X| X| X| XX
Q| Of O] O Of O] Q| O] O] O ©Of ©
ololeoleeleee o 9l
D DD DD DD DD B D D
ol 9l ol ol ool ol Q| ol o o o
3| 3| 3| 3| 3| 3| 3| 3| 3| S >
DA DA OGO O Olhhlh
T1541270-00
(114701)
FIGURE 8-1

Structure of Payload Blocks

8.2 Data Interleaving in four-wire Mode

In the optional four-wire mode, interleaving of pzgad data between pairs is necessary. This shall

be accomplished by interleaving within Payload 8ldcks between Pair 1 and Paikgbits in

each Sub-Block shall be carried on Pair 1, anddalitianalks bits shall be carried on Pair 2, as

shown in Figure 8-2. The size of each Payload Siolbk8s defined ask, whereks =i + nx8

[bits]. As stated in §7.1, the payload data ratepadr is set bynx64 +ix8 kbit/s, where 3 n< 36
and O<i < 7. Forn=36,i is restricted to the values of O or 1. All struetof data within Payload
Sub-Blocks (i.e. support for clear broadband chEpselbchannels, and region-specific services) is

specified in Annex E.

ITU-T G.991.2 (02/2001) — Prepublished version

40



Aligned
Pair 1 and
Pair 2
Frames

Pair 1 and
Pair 2

Pair 1

Pair 2

Frame| O Payload O Payload O Payload O Payload
Sync | H Block H Block H Block H Block Stb
O| | N
AN M| | O] O| =00 Of HAf |
Xl X| X X X| X X| X| X X| XX
Q| O Of O] O O Q| O O Q| O ©
ololefe|leleoeee ol
OO0 o o o oo o oon
ol oo o o 2| 2| & o & oo
3| 3| 3| 3| 3| 3| 3| 3| 3| 3| 3| >
DA DA hhlhlhlnh
Payload Data, Bits 1 tiq
Payload Data, Bitk;+1 to X
T1541280-00
(114701)
FIGURE 8-2

Data Interleaving within Payload Blocks
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9 Management

9.1 Management Reference Model

Customer Path
Premise N Side CSide NSide CSide N SideC Side Terminating
Equipment Device
(CPE) (PTD)
STU-R SRU SRU STU-C
| Application | | SHDSL | | SHDSL | | SHDSL | ! Application | !
1 Specific 1 Segment 1 Segment 1 Segment 1 Specific 1
| | | | | | | | | | |
R — <> L — S — >
' ' | ' ' ' ' | ' ' |
| SHDSL Span | |
K Zal |
|
|
|
|

User Data Path

T1541290-00
(114701)

NOTE - N = Network, C = Customer.

FIGURE 9-1

Management Reference Model

Figure 9-1 shows the Management Reference Modelder data transport over SHDSL. This
example includes two regenerator units for infoiagapurposes. The presence of two regenerators
is not intended to be a requirement or limit. AnNCEFL segment is characterized by a metallic
transmission medium utilizing an analogue codirggpathm, which provides both analogue and
digital performance monitoring at the segment gnfin SHDSL segment is delimited by its two
end points, known as segment terminations. An SHBE&Jment termination is the point at which
the analogue coding algorithms end and the subsédigtal signal is monitored for integrity.

All SHDSL performance monitoring data is transpdrbeer the EOC. The fixed indicator bits in
the SHDSL frame are used for rapid communicatiomigfrface or SHDSL segment defects, which
may lead to protection switching. In addition, fhxed indicator bits may be used for rapid alarm
filtering SHDSL segment failures.

9.2 SHDSL Performance Primitives

9.2.1 Cyclical Redundancy Check Anomaly (CRC Anomg)

A CRC anomaly shall be declared when the CRC leiteetated locally on the data in the received
SHDSL frame do not match the CRC bitsc(l - crc6) received from the transmitter. A CRC
anomaly only pertains to the frame over which iswlaclared.

9.2.2 Segment Anomaly (SEGA)

An upstream segment anomaly shall be declared wheiSRU declares a CRC anomaly for an
SHDSL frame moving in the direction from STU-R t0l&EC. A downstream segment anomaly
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shall be declared when any SRU declares a CRC dpdonan SHDSL frame moving in the
direction from STU-C to STU-R. A segment anomalyitates that a regenerator operating on a
segment has received corrupted data and therdfenegenerated data is unreliable. The purpose of
segment anomaly is to ensure internal SHDSL PM&Egirty; it is not intended to be reported to an
external management entity. A segment anomalydisated via theegabit in the SHDSL frame

(8 7.1.2.5.2).

9.2.3 Loss of Sync Defect (LOSW defect)

In plesiochronous mode, an LOSW defect shall béaded when at least three consecutive received
frames contain one or more errors in the framirtg. @ihe term framing bits shall refer to that
portion of Frame Sync Word, Stuff Bits and Stuft Bis, which are used for frame

synchronization. An LOSW defect shall be cleare@mvht least two consecutive received frames
contain no errors in the framing bits.

In synchronous mode, an LOSW defect shall be dedlathen at least three consecutive received
frames contain one or more bit errors in the Fr&yrec Word. An LOSW defect shall be cleared
when at least two consecutive received frames gontaerrors in the Frame Sync Word.

9.2.4 Segment Defect (SEGD)

An upstream segment defect shall be declared wingiSRU declares a LOSW defect for data
moving in the direction from STU-R to STU-C. A dostream segment defect shall be declared
when any SRU declares a LOSW defect for data mawitige direction from STU-C to STU-R.

A segment defect indicates that a regeneratordsa$SHDSL synchronization and therefore the
regenerated data is unavailable. A segment defiadittse cleared when all SRUs have no LOSW
defects. This primitive is typically reported to external management entity and is used to ensure
timely protection switching, alarm filtering, ets.segment defect is indicated via thegdbit in the
SHDSL frame (§ 7.1.2.5.4).

9.2.5 Loop Attenuation Defect

A Loop Attenuation Defect shall be declared whemdbserved Loop Attenuation is at a level
higher than the configured threshold (§ 9.5.5.7.5).

9.2.6 SNR Margin Defect

An SNR Margin Defect shall be declared when theesoled SNR Margin is at a level lower than
the configured threshold (8 9.5.5.7.5). SNR Maigidefined as the maximum dB increase in
equalized noise or the maximum dB decrease in eguabsignal that a system can tolerate and
maintain a BER of 10.

9.2.7 Loss of Sync Word Failure (LOSW failure)

An LOSW failure shall be declared after 2.5 £ 0&f sontiguous LOSW defect. The LOSW failure
shall be cleared when the LOSW defect is abser?Ga or less (i.e. clear within 20 s). The
minimum hold time for indication of LOSW failure alhbe 2 s.

9.3 SHDSL Line Related Performance Parameters

9.3.1 Code Violation (CV)

The SHDSL parameter Code Violation is defined asunt of the SHDSL CRC anomalies
occurring during the accumulation period. This pagter is subject to inhibiting — see § 9.3.6.
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9.3.2 Errored Second (ES)

The SHDSL parameter Errored Second is definedcasiat of 1-second intervals during which one
or more CRC anomalies are declared and/or one o MOSW defects are declared. This
parameter is subject to inhibiting — see § 9.3.6.

9.3.3 Severely Errored Second (SES)

The SHDSL parameter Severely Errored Second isegias a count of 1-second intervals during
which at least 50 CRC anomalies are declared ooongre LOSW defects are declared. (50 CRC
anomalies during a 1-second interval is equivaiemt 30% errored frame rate for a nominal frame
length.) This parameter is subject to inhibitingee § 9.3.6.

9.3.4 LOSW Second (LOSWS)

The SHDSL parameter LOSW Second is defined as at@ju.-second intervals during which one
or more SHDSL LOSW defects are declared.

9.3.5 Unavailable Second (UAS)

The SHDSL parameter Unavailable Second is a cdutvsecond intervals for which the SHDSL
line is unavailable. The SHDSL line becomes unabéd at the onset of 10 contiguous SESs. The
10 SESs are included in the unavailable time. Qumavailable, the SHDSL line becomes available
at the onset of 10 contiguous seconds with no SH8s10 s with no SESs are excluded from
unavailable time.

9.3.6 Inhibiting Rules
- UAS parameter counts shall not be inhibited.

- ES and SES shall be inhibited during UAS. Inlmigitshall be retroactive to the onset of
unavailable time and shall end retroactively toghd of unavailable time.

- The CV parameter shall be inhibited during SES.

Further information on inhibiting rules and how B® SES are decremented can be found in IETF
RFC 2495: Definitions of Managed Objects for thelDE1, DS2 and E2 Interface Types [B9].

9.4 Performance Data Storage

In order to support SHDSL performance history gjerat the STU-C, each SHDSL network
element shall monitor performance and maintain duteocounter for each performance parameter
that is specified in § 9.5.5.7.14 and § 9.5.5.7aE5appropriate. No initialization of these modulo
counters is specified or necessary. By compariagthrent reading of the modulo counter with the
previous reading stored in memory, the data basegea in the STU-C can determine the number
of counts to add to the appropriate performancmiyidin. (Note that the number of counts may
decrease under some fault conditions - see § § &diditional information.) The modulo counters
are reported in the SHDSL Performance Status Mess@&39.5.5.7.14 and § 9.5.5.7.15).

The STU-C shall collect performance history by ipglleach SHDSL network element with a time
interval that precludes overflow of the modulo cunFor example, the modulo counter for
Errored Seconds is 8 bits which allows a maximur@5H s between polls before overflow may
occur. Note that the polling that is referred toe@ is implemented by the internal data base
manager in the STU-C rather than an external nétwanager.
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The STU-C shall maintain performance history bmrsdach SHDSL segment endpoint. The
performance history bins shall include the totdlexded counts for the current 15 minute period,
32 previous 15 minute periods, current 24 hourqegrand 7 previous 24 hour periods.

9.5 Embedded Operations Channel

9.5.1 Management Reference Model

The STU-C shall maintain a management informatiatalobse for external access by network
management or via craft interface.

Optionally, the STU-R may maintain a managemerdrimation database, which can be locally
accessed (through a craft interface). This is aerly useful when the STU-C, due to fault
conditions, is unreachable via the EOC.

Access to the management information database drafhinterfaces on attached units shall be
provided through a virtual-terminal interface.

9.5.2 EOC Overview and Reference Model

The EOC allows terminal units to maintain inforroatiabout the span. There are two basic flows of
data, differentiated by which terminal unit inigatthe data flow (and subsequently stores the
information for external access). The data floviating from the STU-C is mandatory. The data
flow initiating from the STU-R is optional, but alhits must respond to requests in either direction
of data flow. In all cases the "master databasall ble stored at the STU-C and all conflicts shall

be resolved in favour of the STU-C (i.e. the infation at the STU-C takes precedence). The data
flows are illustrated in Table 9-1 for a two regexter link (Q denotes a query or command
message, R denotes a response message). Up toegjgherators are supported by the protocol
definition. Asterisks denote optional message trassions. A block diagram example of a link

with two regenerators is shown in Figure 9-1.
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TABLE 9-1
[llustration of EOC Flow with Two Regenerators

Messages Messages Messages Messages
from STU-C from SRU1 from SRU2 | from STU-R
Msg(src,dest) | Msg(src,dest) | Msg(src,dest) | Msg(src,dest)
Q(1,3)> - Process
Procesx- < R(3,1)

Q(1,4)~> - Forward-> | - Process
Proces%- < Forward< | € R(4,1)
Q(1,2)~> - Forward-> | - Forward—> | > Process
Proces%- < Forward< | € Forward< | €R(2,1)
Procesx <Q(2,3)*
R(3,2)> - Process
Procesx- < Forward< | €Q(2,4)*
R(4,2)> - Forward-> | - Process
Procesx- < Forward< | € Forward< | €Q(2,1)*
R(1,2)> - Forward-> | - Forward-> | > Process
* indicates optional messages

The data link layer of SHDSL EOC checks the FCSitmdlid passes the packet to the network
layer. If the CRC is invalid the entire packetgaored. The network layer consists of three possibl
actions: Process, Forward, and Ignore/Terminatecés means that the source address and HDLC
information field are passed on to the applicatayer. Forward means that the packet is sent
onward to the next SHDSL element. (Note that orffyJS will forward packets.) Ignore/Terminate
means that the HDLC packet is ignored and is notdoded. An SRU may both process and
forward a packet in the case of a broadcast mesdabe segment is not active in the forwarding
direction, the SRU shall discard the packet inst&dden the segment is active in the forwarding
direction, the maximum forwarding delay in an SRidlsbe 300 ms. All retransmission and flow
control is administered by the endpoints, the STUs.

To accommodate the dual data flows, SHDSL regemeraitave dual addresses as shown in

Table 9-1. One address is for communication withSA'U-C and the other address is for
communication with the STU-R. During Discovery, ®i€U-C and optionally the STU-R send
discovery probe messages, which propagate acresp#n and allow the SRUs to be numbered via
a hop count field in the message. This processpkamed in detail below.

The SHDSL terminal units communicate unidirectibnahd thus have only one address. The
STU-C is assigned a fixed address of 1 and the RTi&Jassigned a fixed address of 2. At
power-up, each SRU is assigned the address ofé&afdr direction. Under a LOSW failure
condition, the SRU shall reset its source addi@$§sfor the direction in which the LOSW failure
exists. The SRU source address shall be changeddiidand only if a discovery probe message is
received and processed. In this way, a regenenaliasnly communicate in the direction of a
database. For instance, if a regenerator receipeslbe message from the STU-C and not from the
STU-R then its address will remain 0 in the dir@atiowards the remote.
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9.5.3 EOC Startup

After loop activation, the SHDSL EOC goes throulgiee initialization stages: Discovery,
Inventory and Configuration. During Discovery, tA€U-C and optionally the STU-R will learn if
any mid-span regenerators exist and their addregidse determined. During Inventory, the
STU-C will poll each SRU and the STU-R to estabirmslrentory information on each element for
the terminal unit's database. (Similarly, the STW&y poll each SRU and the STU-C to establish
its own database, although this is optional.) Dyi@onfiguration, the STU-C configures the
STU-R and any SRUs for alarm thresholds, signatasitaristics, etc. There is no enforcement of
the order or time of the Inventory and Configuratphases; the initiating STU is in control.

The following table is an example of Discovery stay from the STU-C and then followed by an
optional Discovery initiated by the STU-R. Althoutitese are shown sequentially in this example,
they are actually independent; it is not neceskarthe STU-R to wait until it received the probe
from the STU-C before initiating its own Discovarigase. The STU-R may send its probe as soon
as its EOC is active. The Discovery Response cosithie current hop count, the vendor ID, EOC
version and an indication of LOSW in the forwardedtion (i.e. in the direction of EOC flow that is
opposite to the direction that the Discovery Respds sent).

TABLE 9-2
lllustration of EOC Discovery Phase
Messages from | Messages from| Messages from| Messages from
STU-C SRU1 SRU2 STU-R
Msg(src,dest,h) | Msg(src,dest,h) | Msg(src,dest,h) | Msg(src,dest,h)
DP(1,0,0»
< DR(3,1,1)
DP(0,0,1»
<Forward€< < DR(4,1,2)
DP(0,0,2p
<Forward€< <Forward€< < DR(2,1,3)
< DP(2,0,0)
DR(3,2,1p»>
< DP(4,0,1)
DR(4,2,2y> —“>Forward->
< DP(3,0,2)
DR(1,2,3)> —~>Forward-> —“>Forward->
NOTE - h = hop count, DP = Discovery Probe, DR sdovery Response

After the Initiator (STU-C and optionally STU-R) $ieeceived a Discovery Response message
from an element, it shall then begin the Inventaingse for that particular element. This is
accomplished by polling that particular elementifsiinventory information. After the Initiator has
received the inventory information for a unit, litedl then begin the Configuration phase by sending
the appropriate configuration information to theresponding element. The Inventory and
Configuration Phases operate independently for ezsponding terminal/regenerator unit.
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To ensure interoperability, the behavior of slaveesponding units is carefully specified by this
Recommendation. The particular method for handfirapped packets or no response is left to the
discretion of the initiating STU.

Table 9-3 shows the EOC state table for the netwll of an SRU. Note that an identical, but
independent, state machine exists for the custsiderof an SRU to support messages originating
from the STU-R.

The state machine consists of three states: Offigcovery and EOC Online. The Offline state is
characterized by LOSW failure (a loss of SHDSL gyiitie Discovery state is characterized by an
unknown address. Once the address is learned thtbediscovery message, the SRU enters the
EOC online or active state. At this point, the S®ill respond to inventory, configuration,
maintenance, or other messages from the STU-C.
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TABLE 9-3
SRU Network EOC State Table
Offline State

Event Action

Network LOSW =0 EOC State = Discovery Ready;
Discovery Ready State

Event Action

Network LOSW =1 Network EOC Address = 0;

Network EOC State = Offline;

Discovery probe message received frommcrement Hop Count

the Network side Set Network EOC address to Hop Count + 2;
Compose and present Discovery message to Custpmer
side application layer;

Send Discovery Response to STU-C;
Network EOC State = EOC Online;

Message with address not equal to unit®equest forwarding of the message from the Custamer
address received from the Network sidaide network layer;

Message Forwarding Requested from Send requested message toward Network if EOC not

Customer side offline;

EOC Online State

Event Action

Network LOSW =1 Network EOC Address = 0;

Network EOC State = Offline;

Discovery message received from the Increment Hop Count

Network side Set Network EOC address to Hop Count + 2;
Compose and present Discovery message to Customer
side application layer;

Send Discovery Response to STU-C;

Message with broadcast destination | Process the message;
address received from the Network sidé&kequest the Customer side EOC network layer to
forward the message;

Message with unit's destination addres®rocess the message;
or address 0 received from the Network
side

Message with address not equal to unit®equest forwarding of message from the Customeyf
address received from the Network sidaide network layer;

Message forwarding requested from | Send requested message toward Network if EOC not
Customer side network layer offline;

9.5.4 Remote Management Access

The STU-C shall maintain the master managemenbdsgafor the entire SHDSL span. (An
optional second database is maintained at the ST @4Rer units are only required to store enough
information to accurately send information via E@C. The information contained in the master
database shall be accessible from any SHDSL usiithis a craft port and from network
management if it is available. The craft access the form of a virtual-terminal interface (or
virtual-craft-port interface). This interface isfubed so that it can be used by any attached anit t
access the terminal screen of another unit onaghesSHDSL span. Support for this feature is
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optional, with the exception of the STU-C, whiclaklsupport the "host" side of at least one remote
terminal connection. (Whether this interface camati®/e simultaneously with local craft access to
the STU-C is a vendor decision and beyond the sobglegs Recommendation.) The

virtual-terminal interface consists of connectcdisnect, keyboard, and screen messages. After a
connection has been established, input charactarsthe craft port are sent in Keyboard data
messages to the "host" unit. The host unit, in,tsiall send information in the form of ASCII text,
ASCII control codes, and screen control functionScreen messages, whose contents are
transmitted back to the craft port. The host ulhdlisecho characters.

The method for determining that remote access tiralie local craft port is desired or should be
terminated is vendor specific, and beyond the sodpeis Recommendation. Whatever method is
used, capability for transmitting all valid key segces (ASCII characters and control codes) shall
be provided.

9.5.5 EOC Transport

The EOC shall be transported in the SHDSL framatseoclthrougheoc20 Five octets are
contained in each two SHDSL frames, with speciégnment. The least significant bit (LSB) of
the octets are located in bits 1, 9, and 17 oHOE bits in the first frame and bits 5 and 13 &f th
second frame; each octet is transmitted LSB f@stet alignment across frames is achieved
through detection of the alignment of the HDLC Spattern (7ks).

For optional dual loop operation, each EOC messhg# be sent in parallel such that redundant
and identical messages are sent over both loops.

955.1 EOC Data Format

Numerical data and strings are placed in the EQ@ agtet alignment. Data items that are not an
integral number of octets have been packed togéthainimize message sizes.

Numerical Fields shall be transmitted most sigaifficoctet first, least significant bit first withan
octet. (This is consistent with "network octet ardg" as in IETF RFC 1662: PPP in HDLC-like
Framing [4].)

Strings shall be represented in the data streamthatir first character (octet) transmitted first.
Strings shall be padded with spaces or terminatddaMNULL (00Q;) to fill the allocated field size.
String fields are fixed length so characters at&fULL in a string data field are "don't care”.

955.2 EOC Frame Format

The EOC channel shall carry messages in an HDLEfokmat as defined in ITU-T G.997.1,
8 6.2 [3]. The channel shall be treated as a stidayutets; all messages shall be an integral
number of octets.

The frame format uses a compressed form of the HDé#&tler, as illustrated in Table 9-4. The
destination address field shall be the least samt 4 bits of octet 1; the source address fieklls
occupy the most significant 4 bits of the sametqthe address field). There is no control field.

One or more sync octets (#geshall be present between each frame. Inter-fridhshall be
accomplished by inserting sync octets as needestoéery probe messages shall be preceded by at
least 5 sync octets to assure proper detectiontet alignment. The Information Field contains
exactly one Message as defined below. The maxinemgth of a frame shall be 75 octets, not
including the sync pattern or any octets insertgdifita transparency.
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TABLE 9-4
Frame Format for SHDSL EOC

MSB LSB
Octet# Contents
Sync pattern 7

Source address Destination address
bits 7..4 bits 3..0

1 Message ID per Table 9-6. Information

Message Content - Octet 2 Field

L Message Content - Octet L
FCS octet 1

FCS octet 2

Sync pattern 7

9.5.5.3 Data Transparency

Transparency for the information payload to thecgyattern (7ks) and the control escape pattern
7D16 shall be achieved by octet stuffing.

Before transmission:

. octet pattern 7k is encoded as two octets 16D5E;

. octet pattern 7R is encoded as two octets 1£D06D;6.

At reception:

. octet sequence 4E) 5E5 is replaced by octet 1E

. octet sequence %E) 5Dy is replaced by octet 7k)

. any other two-octet sequence beginning withg/dborts the frame.

9.5.5.4 Frame Check Sequence

The frame check sequence (FCS) shall be calcudstapecified in IETF RFC 1662 [4]. (Note that
the FCS is calculated before data transparencye )FGS shall be transmitted as specified in IETF
RFC 1662: Bit 1 of the first octet is the MSB antd®of the second octet is the LSB, i.e. the FCS
bits are transmitted reversed from the normal order

9.5.5.5 Unit Addresses

Each unit uses one source and destination addiess @@mmunicating with upstream units and a
separate, independent source and destination addhesy communicating with downstream units.
Each address shall have a value betwegarl Fg. Units shall be addressed in accordance with
Table 9-5. Address;Emay only be used as a destination address anidspleaify that the message
is addressed to all units. Address I8 used to address the next attached or adjaoént u
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TABLE 9-5
Device Addresses

Address (Basgy) Device

adjacent device
STU-C

STU-R

-A Regenerators 1 - 8
-E

Reserved (D and E not allowed)

MWW |IN|[FL]|O

Broadcast message, to all stations

NOTE - This Recommendation is not intended to iatidiow many regenerators can or should be
supported by a product; only how to identify thdrthey exist.

9.5.5.6 Message IDs

Table 9-6 summarizes message ID. Message IDssted ks decimal numbers. Messages 0-64
represent request messages. Messages 128-19Zrepressages that are sent in response to
request messages. Each request message is ackgeavigith the corresponding response.
Request/Response Message IDs usually differ byffaataf 128.

TABLE 9-6
Summary of Message IDs
Message Message Type Initiating Unit Reference
ID(decimal)
0 Reserved
1 Discovery Probe STU-C, STU-R*, SRU 8§9.5.5.7]1
2 Inventory Request STU-C, STU-R* §9.55.78
3 Configuration Request — SHDSL STU-C §9.5.5.7|5
4 Reserved for Application Interface
Configuration
5 Configuration Request — Loopback STU-C, STU-R* §9.55.7.6
Timeout
6 Virtual Term. Connect Req. STU-R*, SRU* 8§ 9.5.84
7 Virtual Terminal Disc. Req. STU-R*, SRU* § 9.5/516
8 Keyboard data message STU-R*, SRU* §9.5.5.1.17
9 Maintenance request — System STU-C, STU-R* §9.5.5.7.1§
Loopback
10 Maintenance request — Element STU-C, STU-R* §9.5.5.7.19
Loopback
11 Status Request STU-C, STU-R* §9.5.5.7]11
12 Full Status Request STU-C, STU-R* §9.5.5.7[12
13-14 Reserved
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15 Soft restart/Power backoff disable STU-C §9.5.5.7.21
Request
16 Reserved (Future)
17 ATM Cell Status Request STU-C, STU-R* 8§ E.9.4.7
18 STU-R Configuration Request — STU-C §9.55.7.9
Management
19 Reserved for Voice Transport Request Undefined
(Future)
20 ISDN Request STU-C, STU-R §EB8.7.1
21-63 Reserved (Future)
64-88 Reserved for Line management Request  Uratkfin §9.5.5.7.22
89-111 Reserved
112-119 Proprietary Message Undefined §9.55.7.23
120 External Message Undefined §9.55.7/24
121 G.997.1 Message STU-C*, STU-R* §9.5.5.7[25
122-124 Reserved
125-127 Excluded (73, 7E, 7F)
128 Reserved
129 Discovery Response All §9.55.7.2
130 Inventory Response All §9.55.7.4
131 Configuration Response - SHDSL STU-R, SRU &Ir57
132 Reserved for Application Interface
Configuration
133 Configuration Response - Loopback | All §9.55.7.8
Timeout
134 Virtual Terminal Connect Response | STU-C, SRU*, 8§9.5.5.7.16
STU-R*
135 Reserved
136 Screen data message STU-C, SRU*, §9.5.5.7.17
STU-R*
137 Maintenance Status All §9.5.5.7.20
138 Reserved
139 Status /SNR All §9.55.7.13
140 Performance Status SHDSL Network | SRU, STU-R 8§9.55.7.14
Side
141 Performance Status SHDSL Customer STU-C, SRU §9.55.7.1%
Side
142 Reserved for Application Interface
Performance
143 Reserved (Future)
144 Generic Unable to Comply (UTC) §9.5.5.7/26
145 ATM Cell Status Information All 8§E.9.4.8
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146 Configuration Response - Managemenpt  STU-R, SRU §9.5.5.7.10
147 Reserved for Voice Transport Respons&ndefined
(Future)
148 ISDN Response STU-C, STU-R §E.8.7.1
149-191 Reserved (Future)
192-216 Segment Management Response Undefined §9.5.5.7.22
(reserved)
217-239 Reserved (Future)
240-247 Proprietary message Response Undefined 5.8823
248-252 Reserved
253-255 Excluded (FI3, FE,, FFi)
NOTE - *Denotes optional support. A unit may iniéahis message.

9.5.5.7 Message Contents

Each message shall have the contents in the fapeaified in Table 9-7 through Table 9-31. If
any message has a message length longer than eXpexct is received in a frame with a valid FCS,
then the known portion of the message shall be asddhe extra octets discarded. This will permit
addition of new fields to existing messages anchtaa backward compatibility. New data fields
shall only be placed in reserved bits after thepasviously defined data octet. Reserved bits and
octets shall be filled with the value §@or forward compatibility.

Response messages may indicate UTC (Unable to @anNate that this is not an indication of
non-compliance. UTC indicates that the respondmgwas unable to implement the request.

9.5.5.7.1 Discovery Probe - Message ID 1

The Discovery Probe message shall be assigned hyte#3dl, and is used to allow an STU to
determine how many devices are present and asgdyesses to those units.

TABLE 9-7

Discovery Probe Information Field

Octet # Contents Data Type Reference
1 1 Message ID
Hop Count unsigned char §9.5.3

9.5.5.7.2 Discovery Response — Message ID 129

The Discovery Response message shall be assigneshlyeID 129. This message shall be sent in
response to a Discovery Probe Message. The Hopt@eldchshall be set to 1 larger than the value
received in the Discovery Probe Message causingeiponse. (The Full Receive State Machine is
described in Table 9-3.) Forward LOSW indicatioramethat the segment is down in the forward
direction from the SRU. In the case of two loopragien, Forward LOSW indication means that
both loops are down in the forward direction frdre SRU. In either case, the SRU is unable to
forward the Discovery Probe message to the adjagenand it reports this fact to the initiating
STU. The Forward LOSW octet field shall be set@g®or responses from an STU.
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TABLE 9-8
Discovery Response Information Field

Octet # Contents Data Type Reference

1 129 Message ID

2 Hop Count unsigned char §9.5.3

3 Reserved

4-11 Vendor ID (ordered identically to bits
in G.994.1 Vendor ID)

12 Vendor EOC Software Version unsigned char

13 SHDSL Version # unsigned char

14 bit7..1 | Reserved

14 bit O Forward LOSW indication, EOC Bit 1 = Unavailable
unavailable 0 = Available

9.5.5.7.3 Inventory Request - Message ID 2

The Inventory Request message shall be assignesalgedD 2. This message is used to request an
Inventory Response from a particular unit. It sleally be transmitted by STU devices. There shall

be no octets of content for this message.

TABLE 9-9
Inventory Request Information Field
Octet # Contents Data Type Reference
1 2 Message ID

9.5.5.7.4 Inventory Response - Message ID 130

The Inventory Response message shall be assigneshlyke ID 130. This message shall be sent in

response to an Inventory Request Message.

TABLE 9-10
Inventory Response Information Field
Octet # Contents Data Type Reference

1 130 Message ID
2 SHDSL Version # unsigned char
3-5 Vendor List # 3 octet string
6-7 Vendor Issue # 2 octet string
8-13 Vendor Software Version 6 octet string
14-23 Unit Identification Code (CLEW) 10 octet string
24 Reserved
25-32 Vendor ID (ordered identically to bits
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in G.994.1 Vendor ID)
33-44 Vendor model # 12 octet string
45-56 Vendor serial # 12 octet string
57-68 Other vendor information 12 octet string

9.5.5.7.5 Configuration Request - SHDSL: Message I®

The Configuration Request - SHDSL message is tratesirby the STU-C to configure the SHDSL
interface(s) of attached units. This message mdydedcast or addressed to specific units. It is
acknowledged with a Configuration Response - SHDfekssage. For SHDSL, SNR is measured
internal to the transceiver decision device as epfdo the external segment termination. The
"Off" setting indicates that threshold crossings ot reported. Loop Attenuation and SNR Margin
are local alarms that are reported in Messageaftd@41. In addition, these alarms may be
physically indicated on the equipment. SHDSL LodpeAuation shall be defined as follows:

fsym

1
X [210¢ |og1{§ S(f - nfsym)}df -

LOOpAtte@HDSL(H ) = f_ foym 1 2
sym Elo* |0g10|:z S(f - nfsym)‘H (f - nfsym)‘ :|df
n=0

. 1 . . . . .
wherefsymis the symbol rate.——is the insertion loss of the loop, a&f is }he nominal

H(f)
transmit PSD.

TABLE 9-11
Configuration Request — SHDSL Information Field

Octet # Contents Data Type Reference
1 3 Message ID
2 bit 7 Config Type Bit 0-normal,

1-Read only
2 bits 6..0 | SHDSL Loop Attenuation threshold Enumerated 0 = off, 1 to 12}
(dB)

3 bits 7..4 | SHDSL SNR Margin threshold (dB) Enunteda 0 =off, 1to 15
3 bits 3..0 Reserved setto 0

9.5.5.7.6  Configuration Request - Loopback TimeoutMessage ID 5

The Configuration Request - Loopback Timeout messagransmitted by the STU-C (and
optionally the STU-R) to set loopback timeoutsifatividual elements. If a loopback is not cleared
before the expiration of the timeout, then the @etishall revert to normal operation. This message
may be broadcast or addressed to specific unisaltknowledged with a Configure Response -
Loopback Timeout message. If date and time infolomas sent in octets 4-21, then these strings
shall conform to ISO 8601 [5]. If date and timeamhation is not sent, then these fields shall be
filled with zeros.
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TABLE 9-12
Configuration Request - Loopback Timeout Information Field

Octet # Contents Data Type Reference
1 5 Message ID
2 bit7 Config Type Bit 0 = normal,
1 = Read-only.
2 bits 6..4 Reserved
2 bits 3..0-3 Loopback timeout 12-bit unsignee dgrar In minutes, 0 = no timeoul
4-13 YYYY-MM-DD 10 octet date string ISO 8601 [5]
14-21 HH:MM:SS 8 octet time string ISO 8601

9.5.5.7.7  Configuration Response - SHDSL: Message 131

The Configuration Response - SHDSL message isrtrisies! to the STU-C in response to a
Configuration Request - SHDSL message. This regpisnsent after the applicable configuration
changes have been made. The values of the resploaltbe set to the new values, after they have
been applied. If a transceiver unit is unable tmgly with the request, the bit in the Compliance
Octet is set and the current settings are repolftéte Config Request message was received with a
Config Type of "Read-Only," then no changes areertadhe current configuration and the current
values are reported.

TABLE 9-13
Configuration Response - SHDSL Information Field

Octet # Contents Data Type Reference
1 131 Message ID
2bits7..1 Reserved
2bit0 UTC (Unable to Comply) Bit 0=0K, 1=UTd
3 SHDSL Loop Attenuation threshold (dB| Char 0 & tfto 127
4 bits 7.4 | SHDSL SNR Margin threshold (dB) Enunteda 0 =off, 1to 15
4 bits 3..0 Reserved setto 0

9.5.5.7.8 Configuration Response - Loopback Timeautlessage ID 133

The Configuration Response - Loopback Timeout ngessatransmitted to acknowledge the
Configuration Request - Loopback Timeout messapes fesponse is sent after the applicable
configuration changes have been made. The valutbe s€sponse shall be set to the new values,
after they have been applied. If a transceiverigninable to comply with the request, the bitha t
Compliance Octet is set and the current settingseported. If the Config Request message was
received with a Config Type of "Read-Only," thenail@nges are made to the current configuration
and the current values are reported.
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TABLE 9-14
System Loopback Timeout Response Information Field

Octet # Information Field Data Type Reference
1 133 Message ID
2bits 7.1 Reserved
2bit0 UTC (Unable to Comply)| bit 0=0K,1=UTC
3bits 7.4 Reserved
3 bits 3..0-4 | Loopback timeout 12-bit unsigneigger In minutes,

0 = no timeout

5-14 YYYY-MM-DD 10 octet date string ISO 8601 [5]
15-22 HH:MM:SS 8 octet time string ISO 8601

9.5.5.7.9 STU-R Config - Management: Message ID 18

The Config Request - Management message is traeshiiy the STU-C to enable or disable

STU-R initiated management flow. The destinatiodrads shall bekto indicate this is a

broadcast message. STU-R Initiated Management Blewabled by default. When disabled, an
SRU shall not respond to any STU-R-initiated Retjoesssages, and the STU-R shall not issue any
such messages (messages 2-12).Config Type of Relgdrdicates that the addressed unit ignore
the subsequent values in the message and repéaritb@crrent configuration.

TABLE 9-14A
Configuration Request — Management Information Fiedl
Octet # Contents Data Type Reference
1 Message ID 18 Message ID
2Bit7 ConfigType bit 0-normal, 1-Read-Only
2 Bits 6..1 Reserved
2Bit0 STU-R Initiated Management Flow  bit 0-Ergll-Disabled

9.5.5.7.10 Config Response - Management messagesbége ID 146

Config Response - Management message is sent byitdlto acknowledge to the Config Request -
Management message.
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TABLE 9-14B
Configuration Response — Management Information Filel

Octet # Contents Data Type Reference
1 Message ID 146 Message ID
2Bits 7.1 Reserved
2Bit0 UTC (Unable to Comply) bit 0-OK, 1-UTC
3Bits7..1 Reserved
3 Bit0 STU-R Initiated Management Flow bit 0-Enabled, 1-Disabled
Status

9.5.,5.7.11 Status Request - Message ID 11
The Status Request message is used to poll anmiéonelarm and general performance status.
The polled unit will respond with one or more o¢ tiollowing status response messages:

. Status/SNR Response - 139 (§ 9.5.5.7.13).

. SHDSL Network Side Performance Status - 140 $8597.14).
. SHDSL Customer Side Performance Status - 1415$9.15).
. Maintenance Status - 137 (8 9.5.5.7.20).

In the optional two-pair mode, messages 139, 1d@d 141 contain status information that is
specific to a particular pair. In this case, twossages each (one corresponding to each pair) of
types 139, 140, and 141 may be sent by the pohiddruresponse to a status request message.

If active alarm, fault or maintenance conditionssethen the polled unit shall respond with the
messages that correspond to the active conditions.

If there has been any change in performance sbétes than SNR Margin since the last time a unit
was polled then the unit shall respond with thesages which contain the change in performance
status.

Otherwise, the polled unit shall respond with th&t®/SNR Response - 139 (8§ 9.5.5.7.13).

TABLE 9-15
Status Request Information Field
Octet # Information Field Data Type
1 Message ID 11 Message ID

9.5.5.7.12 Full Status Request - Message ID 12

The Full Status Request message is used to peleament for its complete current status. The
following messages shall be sent in response téteStatus Request:

. SHDSL Network Side Performance Status (8§ 9.518)7.
. SHDSL Customer Side Performance Status (8 9.85).7
. Maintenance Status (8 9.5.5.7.20).

In the optional two-pair mode, the following messsaghall be sent in response to the Full Status
Request:
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. SHDSL Network Side Performance Status (8 9.518)7- related to Loop 1.

. SHDSL Network Side Performance Status - relabeldobp 2.
. SHDSL Customer Side Performance Status (8 9.3%).7 related to Loop 1.
. SHDSL Customer Side Performance Status - relatédop 2.
. Maintenance Status (§ 9.5.5.7.20).
TABLE 9-16

Full Status Request Information Field

Octet # Information Field Data Type

1 Message ID 12 Message ID

9.5.5.7.13 Status Response/SNR - Message ID 139

The Performance Status/SNR message shall be sexgpanse to the Status Request message
under the conditions specified in § 9.5.5.7.9. dmorted integer represents dB SNR Noise Margin
values rounded up. Because each STU only conreotset SHDSL segment, the application
interface side SNR margin data shall be 0 (i.eNb&vork Side SNR Margin shall be 0 at the
STU-C and the Customer Side SNR shall be 0 at Th&S).

TABLE 9-17
Status Response OK/SNR Information Field

Octet # Information Field Data Type

Message ID 139 Message ID

Network Side SNR Margin (dB)| signed char (127ct Available)
Customer Side SNR Margin (dB) signed char (12otAvailable)
Loop ID unsigned char (1 = Loop 1, 2 = Loop|2)

AIW[IN]|PF

9.5.5.7.14 SHDSL Network Side Performance Statusvessage ID 140

This message provides the SHDSL Network Side Redace Status. Device Fault shall be used to
indicate hardware or software problems on the aseekunit. The definition of Device Fault is
vendor dependent but is intended to indicate diafimor self-test results. DC Continuity Fault

shall be used to indicate conditions that interfeith span powering such as short and open
circuits. The definition of DC Continuity Faultv&ndor dependent.

In octet 11, bits 7..4 are used to indicate thab\arflow or reset has occurred in one or morédef t
modulo counters. Bits 7 and 5 shall indicate tmabwzerflow has occurred since the last SHDSL
Network Side status response. For example, if rtiae 256 Errored Seconds occur between
SHDSL Network Side status responses, then the Efilm@ounter will overflow. Bits 6 and 4

shall be used to indicate that one or more of tbduto counters have been reset for any reason
(e.g. system powerup or a non service-affectingtreBits 7 and 6 shall be cleared to O after a
SHDSL Network Side status response is sent to T S. Bits 5 and 4 shall be cleared to O after a
SHDSL Network Side status response is sent to TheIS.
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TABLE 9-18
SHDSL-Network Side Performance Status Information keld

Octet # Contents Data Type Reference
1 Message ID 140 Message ID
2bit7 Reserved
Bit 6 N - Power Backoff Status bit 0 = default
1 = selected
Bit 5 Device Fault bit 0 =0K, 1 = Fault
Bit 4 N - DC Continuity Fault bit 0=0K, 1 = Fault
Bit 3 N - SNR Margin alarm bit 0=0K, 1 =alarm
Bit 2 N - Loop Attenuation Alarm bit 0 = OK, 1 =aam
Bit 1 N - SHDSL LOSW Failure Alarm bit 0 = OK, latarm
Bit 0 Reserved setto 0
3 N - SHDSL SNR Margin (dB) signed char (127 = NA)
4 N - SHDSL Loop Attenuation (dB) signed char (-E2RA)
5 N - SHDSL ES Count modulo 256 unsigned char
6 N - SHDSL SES Count modulo 256 unsigned char
7-8 N - SHDSL CRC Anomaly Count unsigned int
modulo 65,536
9 N - SHDSL LOSW Defect Second | unsigned char
Count modulo 256
10 N - SHDSL UAS Count modulo 256  unsigned char
11 bit 7 | N - Counter Overflow Indication to 0=0K
STU-C 1 = Overflow
11 bit6 | N - Counter Reset Indication to 0=0K
STU-C 1 = Reset
11 bit5 | N - Counter Overflow Indication to 0=0K
STU-R 1 = Overflow
11 bit4 | N - Counter Reset Indication to 0=0K
STU-R 1 = Reset
11 bits N-Power Back-Off Base Value (dB) unsigned char %.
3.0
12 bit 7 N-Power Back-Off Extension (dB) bit 0— PBO = Base
Value +0 dB
1— PBO = Base
Value +16 dB
12 bits Reserved
6..2
12 bits Loop ID unsigned char 1=Loop1l
1.0 2=Loop 2
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9.5.5.7.15 SHDSL Customer Side Performance Statustessage ID 141

This message provides the SHDSL Customer Side fRefece Status. Device Fault shall be used
to indicate hardware or software problems on tldressed unit. The definition of Device Fault is
vendor dependent but is intended to indicate dismor self-test results. DC Continuity Fault
shall be used to indicate conditions that interfeith span powering such as short and open
circuits. The definition of DC Continuity Faultvendor dependent.

In octet 11, bits 7..4 are used to indicate thab\aarflow or reset has occurred in one or moréef t
modulo counters. Bits 7 and 5 shall indicate tmabzerflow has occurred since the last SHDSL
Customer Side status response. For example, if thare256 Errored Seconds occur between
SHDSL Customer Side status responses, then thedd8lancounter will overflow. Bits 6 and 4
shall be used to indicate that one or more of tbduto counters have been reset for any reason
(e.g. system powerup or a non-service-affectingtjeBits 7 and 6 shall be cleared to O after a
SHDSL Customer Side status response is sent t8TheC. Bits 5 and 4 shall be cleared to 0 after
a SHDSL Customer Side status response is sen¢ t8Thi-R.
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TABLE 9 -19
SHDSL-Customer Side Performance Status InformatiorfField

ITU-T G.991.2 (02/2001) — Prepublished version

Octet # Contents Data Type Reference
1 Message ID 141 Message ID
2 bit7 Reserved
bit 6 C - Power Backoff Status bit 0 = default
1 = selected
bit 5 Device Fault bit 0=0K, 1 = Fault
bit 4 C - DC Continuity Fault bit 0=0K, 1 = Fault
bit 3 C - SNR Margin alarm bit 0 =0K, 1 = alafm
bit 2 C - Loop Attenuation Alarm bit 0 = OK, 1 =aain
bit 1 C - SHDSL LOSW Failure Alarm bit 0 = OK, latarm
bit 0 Reserved setto 0
3 C - SHDSL SNR Margin (dB) signed char (127 = NA)
4 C - SHDSL Loop Attenuation (dB) signed char (:2RA)
5 C - SHDSL ES Count modulo 256 unsigned char
6 C - SHDSL SES Count modulo 256  unsigned char
7-8 C - SHDSL CRC Anomaly Count | unsigned int
modulo 65536
9 C - SHDSL LOSW Defect Second | unsigned char
Count modulo 256
10 C - SHDSL UAS Count modulo 256 unsigned char
11 bit 7 C - Counter Overflow Indication to 0=0K
STU-C 1 = Overflow
11 bit 6 C - Counter Reset Indication to 0=0K
STU-C 1 = Reset
11 bit5 C - Counter Overflow Indication to 0=0K
STU-R 1 = Overflow
11 bit4 C - Counter Reset Indication to 0=0K
STU-R 1 = Reset
11 bits C-Power Back-Off Base Value (dB unsigned char 15..
3.0
12 bit 7 C-Power Back-Off Extension (dB) bit 0— PBO = Base
Value +0 dB
1— PBO = Base
Value +16 dB
12 bits Reserved
6..2
12 bits Loop ID unsigned char 1=Loop1l
1.0 2=Loop 2
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9.5.5.7.16 Virtual Terminal Connect/Disconnect Regest/Response (Msg. IDs 6, 7, 134)

Three messages are used to maintain (establisiddea) virtual terminal sessions between units.
A unit may request a connection but must wait tmmhect" status response before using the
connection. The connection shall remain until @aimect request is processed or, if implemented,
a timeout occurs. At least one session shall bpatgd by the STU-C. STU-R and SRU may
silently ignore the connect request or may respuiticla "no connect" status if terminal screens are
not supported.

The connect/disconnect process is necessary fallihgrthe case where keyboard messages are
received from more than one device. If a unit cam@oommodate another connect request it shall
send the "no connect" response.

The connect request message can be sent to caefsesh of the current screen. When a connect
request is accepted the "connect" response shathbemitted, followed by screen messages with
the current screen. If this is a new connection the first screen shall be sent.

TABLE 9-20
Virtual Terminal Connect
Octet # Contents Data Type Reference
1 Message ID 6 - Virtual Terminal Connect Messdye |
TABLE 9-21
Virtual Terminal Disconnect
Octet # Contents Data Type Reference
1 Message ID 7 - Virtual Terminal Disconnect MessHY
TABLE 9-22
Virtual Terminal Connect Response
Octet # Contents Data Type Reference
1 Message ID 134 - Virtual Terminal Connect ResporisMessage ID
2 Connection status 1 = connected
0 = no connect

9.5.5.7.17 Screen Message/Keyboard Message (MSG B)4.36)

Keyboard and Screen messages are only sent oagtiga connection between units. Keyboard
messages shall be 1 to 8 data octets per messagein@ of keystrokes from the customer may
affect user response times and should be donecaith Screen messages shall be 1 to 24 data
octets per message, and their contents are veefioed. See § 9.5.6 for more information on
Screen/Keyboard messages.
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TABLE 9-23
Keyboard Information Field

Octet # Contents Data Type Reference

1 Message ID 8 — Keyboard Message ID

Octet. 2 - L + 1| ASCII character(s) and escape sequen¢es char array

TABLE 9-24
Screen Information Field

Octet # Contents Data Type Reference

1 Message ID 136 — Screen Message ID

Octet. 2 - L + 1| ASCII characters and escape sequenges  char array|

9.5.5.7.18 Maintenance Request - System Loopback 8&ages (9)

The Maintenance Request-System Loopback Messagaitetoopback commands for all of the
elements on the span. The contents of the MaintenRequest-System Loopback message are
shown in Table 9-25. The System Loopback messagjelstve a broadcast destination address
when sent from the STU-C. When optionally sent ftben STU-R, the System Loopback message
shall have the STU-C as its destination addresenUWgception of this message, each SRU and
STU shall comply with its corresponding commandtifiend respond to the sender with the
Maintenance Status message. Note that the SRUsiareered consecutively beginning with
closest SRU to the STU-C. Each SRU shall determsneumber by subtracting 2 from its network
side EOC address. Since the network side EOC asiesust be known, the STU-R shall not use
the System Loopback Message if the STU-C is offlii@invoke SRU loopbacks while the STU-C
is offline, the STU-R shall use the Maintenance lstrElement Loopback message. (Maintenance
request messages may also be used by the STU sléwipell for current loopback status, using the
unchanged bit flags.)
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TABLE 9-25

Maintenance Request - System Loopback Information iEld

Octet # Contents Data Type Reference
Octet 1 Message ID 9 — Maintenance Request-
System Loopback
Octet 2 STU-C Loopback Commands Bit flags Tablé9-2
Octet 3 STU-R Loopback Commands Bit flags Table&9-2
Octet 4 SRU #1 Loopback Commands Bit flags Taldé 9-
Octet 5 SRU #2 Loopback Commands Bit flags Takké 9-
Octet 6 SRU #3 Loopback Commands Bit flags Taldé 9-
Octet 7 SRU #4 Loopback Commands Bit flags Taldé 9-
Octet 8 SRU #5 Loopback Commands Bit flags Takké 9-
Octet 9 SRU #6 Loopback Commands Bit flags Taldé 9-
Octet 10 SRU #7 Loopback Commands Bit flags Tak?é 9
Octet 11 SRU #8 Loopback Commands Bit flags Takté 9
TABLE 9-26
Loopback Command Bit Flag Definitions
Bit Positions Definition

Bit 7 Reserved

Bit 6 Clear All Maintenance States (including amggrietary states)

Bit 5 Initiate Special Loopback

Bit 4 Terminate Special Loopback

Bit 3 Initiate Loopback toward the Network

Bit 2 Initiate Loopback toward the Customer

Bit 1 Terminate Loopback toward the Network

Bit 0 Terminate Loopback toward the Customer

NOTE - Bit set to 1 - perform action, Bit Set te 8o action taken, report current statys.

9.5.5.7.19 Maintenance Request - Element Loopbackddsage ID 10

The Maintenance Request-Element Loopback Messagaine loopback commands for an
individual element. The contents of the MaintenaReguest-Element Loopback message are
shown in Table 9-27. The Element Loopback messhagksave an individual unit's destination
address according to the data flow addresses tedan § 9.5.2. Upon reception of the Element
Loopback message, the addressed unit shall conifiiytie loopback commands and reply with

the Maintenance Status Response message.
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TABLE 9-27
Maintenance Request - Element Loopback Informatiorfield

Octet # Contents Data Type Reference
Message ID 10 - Maintenance Request Message ID
Loopback Commands Bit flags Table 9-26

9.5.5.7.20 Maintenance Status Response Message 87 1

Maintenance status is sent in response to the Braance Request-System Loopback, Maintenance
Request-Element Loopback, Status Request, andSRilis Request query messages. The "Special
loopback” is defined for the STU-R as a Maintenahesamination Unit (MTU) loopback; it is not
defined at other units.

TABLE 9-28
Maintenance Status Information Field
Octet # Contents Data Type Reference
1 Message ID 137 - Message ID
Maintenance Status-Loopback
2bit7 Loopback Timeout Status bit 0 = unchanged,

1 = changed
2bit6 Proprietary Maintenance State active bit = df, 1 =on
2bits Special loopback active bit O=off, 1=o0n
2bit4 Loopback active toward STU-R bit 0 = off=bn
2bit3 Loopback active toward STU-C bit 0 = off=bn
2 bit 2 Local or span-powered unit bit 0 = span powered

1 = local powered
2bitl Customer Tip/Ring Reversal bit 0 = normal

1 =reversed
2bit0 Network Tip/Ring Reversal bit 0 = normal

1 =reversed

9.5.5.7.21 Soft Restart/Power Backoff Disable MesgaID 15

The purpose of this message is to switch a recee®veen the default and selected modes of
power backoff. If default mode is set, PBO shalkbeto the default value. Otherwise, in selected
mode, PBO may be negotiated through G.994.1 tchenetlue. In order for a change in power
backoff mode to take effect, the receiver musttreate. The Soft Restart request shall cause the
receiving unit to terminate the corresponding SH@Shnection and enter the Exception State
(Figure 6-7). The connection shall not be termidateless the corresponding Soft Restart bit is set
in this message. The receiving unit shall waitbsbefore terminating the SHDSL connection.

This message carries the command to set the pae&ofi mode. The power backoff mode
received in this message shall be maintained agdsrpower is applied to the unit. Maintaining the
power backoff mode in non-volatile storage is opailo Note that the configuration of power
backoff mode applies to the receiver; i.e. theikeraequests a PSD mask based on both the
received power and the configuration of its powakoff mode.
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TABLE 9-29
Soft Restart Information Field

Octet # Contents Data Type Reference

1 Message ID 15 - Soft Restart/Backoff Message|ID

2Bits 7..2 Reserved

2Bit1l Network Side Power Backoff Setting bit 0 = default
1 = selected

2Bit0 Network Side Soft Restart (after 5 s) bit 0 = no Restart
1 = Restart

3 Bits 7..2 Reserved

3Bitl Customer Side Power Backoff Setting bit 0 = default
1 = selected

3 Bit0 Customer Side Soft Restart (after 5 s) bit 0 = no Restart
1 = Restart

9.5.5.7.22 Segment Management Message - (IDs 64-B&2-216)
A range of Message IDs is reserved for segment gamnant (e.g. continuous precoder update).

9.5.5.7.23 Proprietary Messages (IDs 112-119, 24472

A range of Message IDs is reserved for proprietaegsages. It is the responsibility of the STU to
address Proprietary Messages to the appropriatmalésn. An SRU shall either process or forward
a proprietary message. A proprietary message sbabe broadcast.

9.5.5.7.24 Proprietary External Message (ID 120)

Support for external data ports is optional. Neifece for an external data port is specified ia th
Recommendation. If an STU does not have an exteatalport then it shall ignore any received
Proprietary External Messages.

TABLE 9-30
External Information Field
Octet # Contents Data Type Reference
1 Message ID 120 - External Message ID
2 Logical Port Number Unsigned chaf
octets 3.N + 2 | External message datd @ctets)

9.5.5.7.25 G.997.1 External Message (ID 121)

Support for G.997.1 [3] external messaging is optioThe interface for G.997.1 messages is
beyond the scope of this Recommendation. If an 8d&s not have an interface for G.997.1
messaging, it shall ignore any received G.997.kiha Messages.

Logical port number Ffs is reserved for indicating the transport of SNMlets, as described in
8 6.3 of G.997.1. SNMP packets may be transmiisdig one or more such messages.
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TABLE 9-31
G.997.1 External Information Field

Octet # Contents Data Type Reference
1 Message ID 121 Message ID
2 Logical Port Number Unsigned char
octets 3.N+ 2 G.997.1 External message dafatets)

9.5.5.7.26 Generic Unable to Comply (UTC) Messagkd(144)

The Generic UTC message should be sent back &otiree unit in the event that the destination

unit is unable to comply with the request. In tase, the definition of UTC is vendor dependent.
Note that this message is not meant to replace/T bit in those response messages that contain a
UTC bit.

TABLE 9-32
Generic Unable to Comply (UTC) Information Field

Octet # Contents Data Type Reference
1 Message ID 144 — Generic UTC Message ID
Message ID of request message Unsigned char

9.5.6 Examples of Virtual Terminal Control Functions.

This informative note gives examples of some comil®| X3.4-1986 (R1997) [B3] escape
sequences.

TABLE 9-33
Examples of ANSI X3.4-1986 (R1997) Control Function
Description Format Comments
Erase entire screen (ED) ESC[2J
Position cursor (CUP) ESC [ RR;CCH See NOTE
Position cursor (in column 1) ESC[RRH subsetadiffon cursor
Home cursor ESC[H subset of Position curspr

NOTE - ESC has the value of IBRR is the row number; CC is the column numberesged as
ASCII digits. As an example, row 4 column 12 woalttode as ESC [ 4;12H. The hexadecimal
equivalent of this sequence is13BBis 3416 3B1s 3116 3246 4816 The screen starts with row 1,
column 1.
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10 Clock Architecture

10.1 Reference Clock Architecture

Due to the multiple applications and variable btes called for in SHDSL, a flexible clocking
architecture is required. The STU-C and STU-R syilmks are described in terms of their
allowed synchronization references.

The SHDSL reference configuration permits the fidity to provide a symbol clock reference
based on the sources shown in Figure 10-1. Itiltess the clock reference options in the contéxt o
a simplified SHDSL reference model. Table 10-Isliste normative synchronization configurations
as well as example applications.

STU-C STU-R
Transmit Clk Receive Clk
R —
Transmit Datal Receive Data
R —
SHDSL SHDSL _
Receive Clk Transceiver Transceiver Transmit Clk
<« [
Receive Data Transmit Data
Transmit Transmit
Symbol Clock Symbol Clock
Reference Reference
£ . Al
Local Oscillator Local Oscillator
Network Reference Clk

(Startup mode only)

Receive Symbol Clk

T1541300-00
(114701)

FIGURE 10-1
Reference Clock Architecture

ITU-T G.991.2 (02/2001) — Prepublished version 70



TABLE 10-1

Clock Synchronization Configurations

Mode STU-C Symbol STU-R Symbol Example Mode
Number Clock Reference Clock Reference Application
1 Local oscillator Received symbol | "Classic" HDSL. Plesiochronous
clock
2 Network reference | Received symbol | "Classic" HDSL Plesiochronous with
clock clock with embedded timing reference
timing reference.
3a Transmit data clock| Received symbol | Main application is | Synchronous
or network clock synchronous
reference clock transport in both
directions.
3b Transmit data cloc Received symbol | Synchronous Hybrid:
clock downstream downstream:
transport and bit- | synchronous
stuffed upstream is | upstream:
possible. plesiochronous
10.2  Clock Accuracy

At all rates, the transmit symbol clock during datade from any SHDSL device shall be accurate
to within £32 ppm of the nominal frequency. Duriacfivation, the STU-C shall maintain £32 ppm

accuracy of its transmit symbol clock, but the SRUWansmit symbol clock may vary up to

+100 ppm.

10.3

Definitions of Clock Sources

The following definitions shall apply to the closkurces shown in Figure 10-1.

10.3.1 Transmit symbol clock reference

A reference clock from which the actual transminbwl clock is derived (i.e. the STU's transmit

symbol clock is synchronized to this reference).

10.3.2 Local oscillator

A clock derived from an independent local cryssdithator.

10.3.3 Network reference clock

A primary reference clock derived from the network.

10.3.4 Transmit data clock
A clock that is synchronous with the transmittethdst the application interface.

10.3.5 Receive symbol clock

A clock that is synchronous with the downstreanenesd symbols at the SHDSL line interface.
This clock is used as the transmit symbol clocknmeice in the STU-R.
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10.3.6 Receive Clock
A clock that is synchronous with the received ddtihe application interface.

10.4  Synchronization to Clock Sources

In synchronous mode, the STU-C can be synchrona@éuk transmit data clock or to a network
reference clock. If a network reference clock isdjghe transmit data clock must be synchronized
to the network reference clock. (The various trahsiata rates are independent of the reference
clock frequency).

When available, the network reference clock shakither a fundamental 8 kHz network clock or a
related reference clock at some multiple of 8 kBizch reference clocks are typically 1 544 MHz or
2 048 MHz, although in some applications other diegtries, such as 64 kHz, may be available.
These related clocks include implicit 8 KHiming signals. Selection of a specific networ&ai
reference frequency shall be application dependent.

11 Electrical Characteristics

This section specifies conformance tests for SHB&lipment. These out-of-service tests verify
the electrical characteristics of SHDSL metallitenfaces.

11.1  Longitudinal Balance

Longitudinal balance or longitudinal conversionddkCL) is a figure of merit describing the
coupling between longitudinal,M{common mode) and metallig/Mnormal mode) signal
components. This term is equivalent to the famd@mmon mode rejection ratio (CMRR) and
defined as follows:

Longitudinal Balance (dB3 20I04\\//—L

M

Longitudinal balance at the SHDSL loop interfacallshe measured with a coupling circuit having
a metallic termination of 138 and a longitudinal termination of 3X8(Figure 11-1). Example
coupling circuits are shown in Appendix I. Thisttelall be performed with the DUT transmitter
turned off (quiet mode) and with span power cimgufin either CO and RT units) activated by an
appropriate external DC current source/sink. Thvapower feed requirement may be waived for
locally powered systems.

2 The 6 ms SHDSL frame for synchronous data tramspal the network 8 kHz clock have a fixed
relationship. Each SHDSL frame contains 48(1 +i»8) bits (i=0 ..7 and n = 3 .. 36). The
relationship can be calculated with: T = 6 ms/4B25 us and f = 1/T = 8 kHz. At the STU-R, an
8 kHz clock signal can be derived from the syncbum6 ms frame.
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Coupling 3.3uF (”;iln) Tip
Circuit 1l
DC .
Metallic term. Current Loop SHDSL Device
\V, Under Test
=135Q M Source Interface (DU
Longitudinal /Sink
term. = 33.800 )I :
@ Vi Ring
3.3 UF (min)
P Local building T1541310-00
) earth ground (114701)

FIGURE 11-1
Longitudinal Balance Measurement

The measured longitudinal balance at the SHDSL intgsface shall lie above the specified limit
mask defined in Figure 11-2. The values of the ppatars in the figure are region-specific and are
specified in 8 A.5.4 and 8§ B.5.4. The longituditest circuit shall be calibrated such that when a
135Q resistor (placed across tip and ring) is subgtitdor the device under test and the DC current
source/sink is disconnected, the measured longi@ithalance shall be at least 20 dB above the
limit mask. The longitudinal balance shall be meadwover the frequency range of 20 kHz to

2 MHz.

A
LBByn [-------------- ‘ ‘
| |
20 dB/decadg’ | 20 dB/decade
Longitudinal rolloff ; | rolloff

Balance ; !
() | |
| |
| |
| |
| |
| |

1 | .

f f, T1541320-00

(114701)
Frequency (Hz)

FIGURE 11-2
Longitudinal Balance Limit Mask

11.2  Longitudinal Output Voltage

Longitudinal output voltage at the SHDSL loop ifee shall be measured with a coupling circuit
having a metallic termination of 1% and a longitudinal termination of 3XBas shown in
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Figure 11-3. Example coupling circuits are showAppendix I. This test shall be performed with
the transmitter active (sending random data) aadgpan power circuitry (in either CO and

RT units) activated by an appropriate external D€@ent source/sink. The active power feed
requirement may be waived for locally powered syste

Coupling _ _
Circuit 3.3pF (min) Tip
Il
DC .
Metallic term. v Current Loop SI-L|JD§L II_)I_eV|ce
— s = M v Interface nder Test
135Q Source (DUT)
0.15pF | Longitudinal /Sink
T term. = 33.£Q \|
/I Ring
v 1000 3.3pF (min) (T111544710313;0»00

Local buildingearth ground
> |

High-impedance frequency
selective voltmeter
(or spectrum analyser)

FIGURE 11-3
Longitudinal Output Voltage Measurement

The measured longitudinal output rms voltage aSH®SL loop interface shall be less than
—50 dBV over any 4 kHz frequency band when averayed one second periods. The
measurement frequency range is region-specifiasaspecified in 8 A.5.5 and § B.5.5.

11.3 Return Loss

This test measures return loss at the SHDSL lowpfate with respect to a 18breference (line)
impedance. In SHDSL applications, return loss isegally used as a measure of termination
impedance distortion (deviation in both magnitudd phase from the reference impedance value).
Return loss limits are necessary to prevent laggaihation mismatches between equipment from
compliant vendors. Return loss may be measuredthjinesing an impedance analyser or indirectly
as a voltage output in a bridge circuit. For eittmethod care must be taken to prevent measurement
errors from possible unintentional circuit pathsAeen the common ground of the measuring
instrument(s) and the DUT power feed circuitryatidition, when measuring under span powered
conditions, the test instrument must be galvanydabtllated from the loop interface to prevent
damaging the test equipment with the high voltagedower feed. For measurements performed
with an impedance analyser return loss is defirssibléows:

|ZTEST( f)+ ZREF|

Return Losd{ = 20'09‘2 (-2 ‘
TEST REF

where Z..;(f )= measured complex impedance at frequératythe DUT loop interface and

Z..- = reference impedance (185.
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3.3F (min)
\| Ring
Impedance /l _
Analyser DC SHDSL Device
(grounded Curren Loop Under Test
isolated Source Interface (DUT)
input) /Sink
\|
/ _ Tip
3.3pF (min)

T1541340-00

Current sink required for testing STU-C

Current source required for testing STU-R (a7on

1

FIGURE 11-4
Return Loss Impedance Analyser Test Method

For measurements performed with a test bridgeetwir loss is defined as follows:
Vin ()
VOUT ( f )

An example return loss test bridge is shown in Ayjpel.

Return Losd{ = 20log

3.3 pl\:| (min) Ring
I
DC ;
Return Loss SHDSL Device
Test Bridge Current Inlt_grcf)gce Under Test
(135Q) S/gfnrl‘(:e (DUT)
v —
IN .
@ 3.3pF (min) Tip
VOUT . . .
20 Current sink required for testing STU-C T1541350-00
| v Current source required for testing STU-R (114701)

High-impedance frequency
selective voltmeter
(or spectrum analyser)

FIGURE 11-5
Return Loss Bridge Test Method

The return loss test shall be performed with thelRtansmitter turned off (quiet mode). The DUT
may be tested span powered or locally poweredasresl by the intended application of the DUT.
For span powered applications, if the DUT is an STthe test shall be performed with the span
power supply activated and an appropriate DC cugiak (with high AC impedance) attached to
the test circuit. If the DUT is an STU-R the tesals be performed with power (DC voltage)
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applied at the loop interface (TIP/RING) by an ené& voltage source feeding through an AC
blocking impedance. Note that the DC current sdanck must present a high impedance (at signal
frequencies) to common ground.

The nominal driving point impedance of the SHDSadonterface shall be 135. Return loss shall
be measured with either the impedance analyseradethFigure 11-4 or the bridge method of
Figure 11-5. The measured return loss values velabi 135Q shall lie above the limit mask
specified in Figure 11-6. The values of the paransedre region-specific, and are specified in

8 A.5.2 and 8§ B.5.2. The loop interface return leisall be measured over the frequency range of
1 kHz to 2 MHz.

A

I:QI‘MIN ”””””””””

20 dB/decade 20 dB/decade

rolloff
Return

Loss
(dB)

»
>

Frequency (Hz) (T11154471031€;0-00

FIGURE 11-6
Return Loss Limit Mask

11.4  Transmit Power Testing

The total average transmit power may be testedevdpian powered or locally powered as required
by the intended application of the DUT. For spawg@ed applications, if the DUT is an STU-C the
test shall be performed with the span power supptivated and an appropriate DC current sink
(with high AC impedance) attached to the test dirdiithe DUT is an STU-R the test shall be
performed with power (DC voltage) applied at thedanterface (TIP/RING) by an external voltage
source feeding through an AC blocking impedance. fElst circuit must contain provisions for DC
power feed and possibly transformer isolation fe& measurement instrumentation. Note that the
DC current source/sink must present a high impealéaitcsignal frequencies) to common ground.
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3.3uF (min) ‘
\| | Tip
135Q I !
termination bC ‘ Return Loss SHDSL Device
(grounded Current < (135Qreference)|  Under Test
isolated Source as per calibration (DUT)
input) ISink ‘ template
1 |
v GD Ring
ouTt 3.3uF (min)
T1541370-00
(114701)
FIGURE 11-7

PSD/Total Power Measurement Setup

11.4.1 Test Circuit

The test circuit must contain provisions for DC movieed and possibly transformer isolation for
the measurement instrumentation. Transformer isolatf the instrumentation input prevents
measurement errors from unintentional circuit patingugh the common ground of the
instrumentation and the DUT power feed circuitryh&M the driving point impedance of the test
circuit meets the calibration requirements defiimef 11.4.2 the test circuit will not introduce reor
than+ 0.25 dB error with respect to a perfect I3%est load. An example test circuit is shown in
Appendix . Note that the same circuit may be useaneasuring total transmit power and transmit
PSD.

11.4.2 Test Circuit Calibration

The nominal driving point impedance of the testwir shall be 13%. The minimum return loss
with respect to 138 over the frequency band of 1 kHz to 3 MHz shalBbedB from 10 kHz to
500 kHz with a slope of 20 dB/decade below and alibese corner frequencies.

NOTE - 35 dB return loss will allow0.20 dB measurement error with respect to the naimin
135Q value.

11.4.3 Total Transmit Power Requirement

The average transmit power of the STU-C shall basme=d while continuously sending signal
S (8 6.2.2.2) with the appropriate transmit PSD,@ecgied in 8 A.3.3.8 or 8 B.4. The average
transmit power of the STU-R shall be measured wtolginuously sending signal € 6.2.2.3)
with the appropriateransmit PSD, as specified in 8 A.3.3.8 or § B.He Theasured total power
shall meet the applicable § A.3.3.8 or § B.4 regmients. This power measurement in activation
mode will be 0.2 dB lower than the associated daide transmit power due to the 2-PAM
constellation definition.

11.4.3.1 Transmit Power Spectral Density Test Prodere

The transmit power spectral density (PSD) may btetespan powered or locally powered as
required by the intended application of the DUT: §jman powered applications, if the DUT is an
STU-C the test shall be performed with the spangvaupply activated and an appropriate DC
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current sink (with high AC impedance) attachedhm test circuit. If the DUT is an STU-R the test
shall be performed with power (DC voltage) appkedhe loop interface (TIP/RING) by an
external voltage source feeding through an AC blarknpedance.

The transmit power spectral density for the STURG@ 8TU-R shall be measured with signals as
defined in 8 11.4.3. The transmit power spectrakdyg shall be measured over the frequency range
of 1 kHz to 3 MHz. The STU-C transmit signal shzl compliant with the appropriate 8 A.3.3.8 or
8§ B.4PSD requirements. The STU-R transmit signal stetidmpliant with the appropriate

§ A.3.3.8 or § B.£SD requirements.

11.4.3.2 PSD Test Circuit and Calibration

The test circuit must contain provisions for DC govieed and possibly transformer isolation for
the measurement instrumentation. Transformer isolatf the instrumentation input prevents
measurement errors from unintentional circuit patinsugh the common ground of the
instrumentation and the DUT power feed circuitrigetest circuit shall meet the requirements of
§11.4.2.

11.5 Signal Transfer Delay

The STU shall be capable of providing PMD-layer-arsg/, single-span latency of 508 or less
for user data rates of 1.5 Mbit/s and above, aB8 fns or less for user data rates below 1.5 Mbit/s
as measured between thendp interfaces.

12 Conformance Testing

12.1  Micro-Interruptions

A micro-interruption is a temporary interruptionadto external mechanical action on the copper
wires constituting the transmission segment, f@aneple, at a cable splice. Splices can be hand
made wire-to-wire junctions, and during cable bfadation phenomena and mechanical vibrations
can induce micro-interruptions at these criticahfg Example causes of this impairment include a
large motor vehicle driving over a buried cablgatation or an aerial cable movement from wind
forces.

The effect of a micro-interruption on the transnuassystem can be a failure of the digital
transmission link, together with a failure of thgae power feeding (if provided) for the duration of
the micro-interruption. The operating objectivéhat in the presence of a micro-interruption of
specified maximum length the system shall not res®t the system shall automatically reactivate
with a complete start-up procedure if a reset ccdue to an interruption.

The configuration for micro-interruption suscepitgitesting is shown in Figure 12-1. In this
arrangement a periodic trigger sigi&dtimulates a normally closed micro-relay deviaduicing
periodic micro-interruptions on the transmissiarkliNote that the micro-interruptions are induced
on one termination at a time. The test loops sf@ttomposed of 1.5 km of 0.4 mm (or 5 000’ of

26 AWG) copper wire, and the tests shall be coratliat the maximum supported data rate. Using
the test arrangement as described in Figure 12Hllacal powering on, the SHDSL transceivers
shall not be reset by a micro-interruption of aisket = 10 ms when stimulated with a signal of
period T =5 s for a test interval of 60 s at ggk@rtermination. The micro-interruptions shall be
induced at both the STU-C and STU-R terminatiorss Test shall be repeated with span-powering
on and a micro-interruption of at least t = 1 ms.
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FIGURE 12-1

Micro-Interruption Test Circuit
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ANNEX A

Regional Requirements - Region 1

Al Scope

This annex describes those specifications thatigicpie to SHDSL systems operating under
conditions such as those typically encounterediwitine NORRNARMEHean network. The clauses in
this annex provide the additions and modificatitmthe corresponding clauses in the main body.

A2  Test Loops

The primary constants for the following test lo@ps listed in Annex A of ITU-T G.996.1 [6]. Note
that the test loops shown in Figure A-1 are PIC spmetified at 70° F (21.1° C). Loop 0 is the null
loop: < 10' anck 26 AWG.

L x 1 000"
Loop S STU-R —® 26 AWG ®— STU-C
800'
24 AWGL
L x 1 000"
Loop BT1-C STU-R —® 56 AWG STU-C
800'
24 AWG
L x 1 000"
1 500"
26 AWGL
L x 1 000"
Loop BT2-C STU-R —e 56 AWG STU-C
1 500'
26 AWG
L x 1 000"
800' 400'
26 AWGJ 26 AWGJ
800' 6 250" 550'
Loop C4 STU-R 926 awG * 26 AWG 26AWG o | STUC
T1541390-00
NOTES (114701)

AWG = American Wire Gauge; 26 AWG = 0.4 mm, 24 AW@®.5 mm
Distances in feet (*): 1 000' = 0.3048 km

FIGURE A-1
Test Loops
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A.3 Performance Tests

This section specifies performance tests for SHE&lpment. These out-of-service tests verify the
performance of SHDSL in impaired environments.

Figure A-2 shows the test setup for measuring greopnance of SHDSL systems in the presence
of noise impairments. The test system consista GHDSL central office transceiver (STU-C) and
a remote end transceiver (STU-R). The SHDSL tramsceare connected by a test loop. Simulated
noise is locally injected into the test loop thrbube specified coupling circuit at the receiving
transceiver.

Bit-error ratio (BER) measurement is performedapplying a pseudo-random binary sequence
(PRBS) test signal at one transceiver input andatieg errors in the received PRBS data stream of
the other transceiver. The PRBS signal shall hawénamum period of 2 - 1. BER measurement
shall be performed for both directions of transmisand the tests in each direction shall be
performed in full-duplex mode with both SHDSL traewers simultaneously transmitting data. In
all cases these noise impairment tests shall Herpg¥d one unit at a time (i.e. the STU-C and
STU-R are not impaired simultaneously) and withsedrom only one impairment source active at
atime.
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Pattern D — Pattern
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Transceiver Test Loop o = Transceiver
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Generator Generator

Variable
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Source Filter

» O
» O

Impulse
Waveform Hi-Z
Generator

Power-Related
Metallic Noise Hi-Z
Source

Power-Related
Longitudinal
Source

Hi-Z*

\ 4

*Longitudinal Coupling Circuit T1541400-00

(114701)

FIGURE A-2
Crosstalk Margin and Impulse Noise Test Setup

A.3.1 Crosstalk Margin Tests

A.3.1.1 Crosstalk Noise Injection

Simulated crosstalk (NEXT and FEXT) is introducedgecting a calibrated, filtered Gaussian
noise source into the test circuit. The crosstaldide locally injected into the test loop at the
receiving transceiver through a balanced high-iraped parallel-connected feed network. The
high-impedance parallel-connected feed networknalmjection of the desired crosstalk power
level without disturbing the transmission charastars or driving point impedance of the test loop.
The injection circuit shall have a Thevenin outipopedance of at least 4& An example crosstalk
signal injection circuit is shown in Figure I-1.

A.3.1.2 Calibration Accuracy of Crosstalk Generator

The simulated crosstalk shall have the total pcamer the power spectral density (PSD) defined in
8 A.3.3. However, if the method of generating siatedl crosstalk is as defined in Figure A-2, then
the power level and PSD accuracy will depend oratizairacy of the filters designed to shape the
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white noise for each injected crosstalk source. fiigbest level of accuracy is required within the
frequency band (or bands) corresponding to theergalues of the PSD for each crosstalk source.

For each specified crosstalk source, the accurbthesimulated PSD obtained shalliie0 dB
within the ideal PSD template (defined by the emunstin 8 A.3.3) over the frequency band(s)
where the ideal PSD template is within 30 dB ohitaximum value. The measured average power
(integral of the crosstalk PSD function) for eaplkdfied crosstalk source shall be witki®.25 dB

of the integrated power of the ideal specified stalk PSD template (8 A.3.3).

The white noise source of Figure A-2 shall coverfilequency band from DC to 1.5 MHz and have
a Gaussian amplitude distribution with a crestdaof at least 5.0.

A.3.1.3 Calibration Measurement of Crosstalk Genertor

The PSD and average power for each crosstalkdestiso shall be calibrated by measuring the
output of the crosstalk injection circuit with thest loop replaced by a load of two parallel 85
resistors (67.82) and no connected terminal equipment. The twollghB5 Q resistors simulate

the terminating load of a zero-length loop. Thesstalk signal shall be measured as a voltage by a
high-impedance frequency-selective voltmeter §pactrum analyser) and converted into a power
level assuming a 138 reference impedance. This procedure effectivelgsuees the crosstalk
power fed into a single resistor (one side of tdaplonly). The measured crosstalk PSD(s) and
average crosstalk power(s) coupled into the cdlimmdoad must remain within the limits defined

in 8 A.3.1.2 for each specified crosstalk scendedfined in § A.3.1.6.

A.3.1.4 Calibration of Loop Simulator

There is significant variation in loop insertiorsgofor the same loop model on loop simulators from
both different and identical manufacturers. Typicalp simulators may exhibit insertion loss
variations greater thatil.0 dB of the ideal loop model over the SHDSL sidrand. Insertion loss
variation of loop simulators may cause significeatiation of measured system noise margin. To
minimize measurement variation caused by the Iaoplator, the crosstalk generator output power
may be adjusted to maintain a consistent SNR atettaver input. The calibration procedure is as
follows:

1) Given the discrete form of the DFE-based SNRhida, SNRg, given below

2
+S(fsym_fk)‘H(fsym_fk)‘ +S(fk)|H(fk)|2 +
_ 1 v N(fsym_ fk) N(fk)
SNRg -W21o|og10 , ,
=t S@f gy~ f)|H @fym= f)) L Sont BH (fom + T,))
N@fyn = f) N(fom+ fi)

calculateSNR1 the ideal receive signal-to-noise ratio, by sgtBNR1lequal toSNRg whereS(f)
shall be the nominal far-end transmit signal posgactral densityNominalPSD(ffrom § A.4),
IH(f)F shall be the magnitude squared of the ideal laeprtion gain functiori\(f) shall be the
injected crosstalk noise power spectral den$t§Ease-(f) from § A.3.3.9), andf, shall be the

transmit symbol rate. For this application @ise k x 1000,k =1...M, where M is the maximum
value of k such that M 1000 <fsyn< (M+1) x 1000. The ideal loop insertion gain function sl
calculated from the primary constants of twistenl papper as defined in Annex A of ITU-T
G.996.1 [6].

2) Measure the insertion loss of the loop simulatith 135Q terminations at points,

defined in Step 1. Note that the termination retoss with respect to 133 should be greater than
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35 dB from 20 kHz tdsym to ensure insertion loss measurement accuratymwit25 dB over the
main part of the SHDSL signal band. An exampleritise loss measurement setup is shown in
Figure A-3. The measured loss in dB of the loopaath frequency shall be within 5% (in dB) of the
theoretical loop insertion loss function as caltedan Step 1. As the measurements for the
calibration procedure are easily made with ertog,return loss measurement set used to verify the
35 dB return loss of the test fixture terminatishgll be calibrated with a known return loss test
load of at least 55 dB over the range of 20 kH2A0 kHz. In addition, the line simulator should
exhibit a longitudinal balance of 35 dB or bettar frequencies in the range of Oftg,

50Q: 135Q 135Q:50Q
| Zero-length reference loop
Balun = g

1

Balun

i

% Sly JTEST Loop Simulator TEST Sls 3

(DUT)

Insertion Gain = 20logy(V >1esV orep

T1541410-00
(114701)

Tracking Gen. Input (V,)
Output

Spectrum
Analyser

FIGURE A-3

Example Loop Insertion Loss Measurement Setup

3) Calculate SNR2, the measured receive signabtserratio, by settingNR2equal toSNRs
from step 1 whereH((f)[ shall be the magnitude squared of the measuredihsertion gain

function from step 2 above, a&gf) N(f), f. ., andfi shall be the same as in step 1 above.

sym?

4) Adjust the noise margin target in Table A-1/by (SNR2 — SNR1) dB. Note that a
negative difference corresponds to a decreasesstak generator power. Note that this procedure
assumes the crosstalk generator was previouslyratdd as per sections 8§ A.3.1.2 and 8§ A.3.1.3.
All crosstalk power adjustments shall be limite®t® dB maximum. Test setups requiring greater
than 3.0 dB crosstalk power adjustment shall notébiel.

A.3.1.5 Crosstalk Margin Compliance Procedure

The SHDSL transceivers shall have noise margirntsniegt or exceed the values listed in

Table A-1 for the specified test loop and crosstalinbinations. The definitions of the test loops
are given in Figure A-1, and specifications for thesstalk PSDs are given in 8 A.3.3. The test for
noise margin compliance shall be defined as follows

1) Calibrate the crosstalk injection circuit (usthg calibration load of 67.Q) to the
corresponding PSD and total power value specifie8lA.3.3.
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2)
3)

4)
5)

Increase the injected crosstalk power by theesponding noise margin value specified in
Table A-1.

Using the test setup from Figure A-2, activaiee SHDSL transceivers and allow a
minimum 5 minute fine-tuning period.

Measure the BER over a minimum of hits.
The measured BER at each end shall be lesstthan

A.3.1.6 Crosstalk Interference Requirements

Table A-1 shows the minimum set of test loops andstalk combinations required for testing
SHDSL margins. A compliant unit shall pass the BER described in § A.3.1.5 for all crosstalk
scenarios and test loops defined in Table A-1. ®Pd®&er Backoff shall be used for both the
STU-C and STU-R.
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TABLE A-1
Crosstalk Scenarios & Required SHDSL Noise Margins

Test | Test L Test Payload PSD Interferer Combination Required

Loop | (x1 000" | Unit Data Margin

(from Rate (dB)

Figure (kbps)

A-1)
1 C4 - STU-C 1544 | asymmetric 24T1 + 24 SHDSL 5+A
2 C4 - STU-C | 1544 | asymmetric 39 SHDSL 5+A
3 (07} - STU-C 1544 | asymmetrici 24 FDD ADSL + 24 HDSL 5+A
4 S 9.0 STU-C 1544 asymmetric 24T1 + 24 SHDSL 5+A
5 S 9.0 STUC | 1544 | asymmetric 39 SHDSL 5+A"
6 S 9.0 STU-C 1544 asymmetric 24 FDD ADSL + 24 HDS| 5+A
7 (07} - STU-R 1544 | asymmetric 24T1 + 24 SHDSL 5+A
8 S 9.0 STU-R 1544 asymmetric 24T1 + 24 SHDSL 5+A
9 S 6.3 STU-C 2 304 symmetric  24-T1 + 24 SHDSL adysd4 | 5+A"
10 | BT1-C 5.2 STU-C 2 304 symmetric | 24-T1 + 24 SHDSL asym 1 54{ 5+A’
11 | BT1-C 5.2 STU-C 2 304 symmetric 49-SHDSL 5+A
12 S 6.3 STUR | 2304 | Eimetic 49-SHDSL 5+A"
13 | BT1-R 5.2 STU-R 2 304 symmetric 49-SHDSL 5+A
14 | BT1-R 5.2 STU-R 2 304 symmetric | 24-T1 + 24 SHDSL asym 1 54{ 5 +A’
15 S 6.8 STU-C 2048 symmetric 24-SHDSL + 24-FDDSAD 5+A
16 | BT1-C 5.6 STU-C | 2048 | symmetric 49-SHDSL 5+A"
17 | BT1-C 5.6 STU-C 2048 symmetric | 24-T1 + 24 SHDSL asym 1 54{ 5+A’
18 S 6.8 SEER | 2048 | EYmeHi- 49-SHDSL 5+A"
19 | BT1-R 5.6 STU-R 2 048 symmetric 49-SHDSL 5+A
20 | BT1-R 5.6 STU-R 2048 symmetric | 24-T1 + 24 SHDSL asym 1 54{ 5 +A"
21 S 7.9 STU-C 1544 symmetric 39-SHDSL asym 1544| 5+A"
22 | BT1-C 6.4 STU-C 1544 symmetric | 24-FDD ADSL + 24 SHDSL 5+A

asym 1544

23 | BT1-C 6.4 STU-C 1544 symmetric | 24-SHDSL + 24-FDD ADSL 5+A
24 S 7.9 TR | 1544 | EYimetic 49-SHDSL 5+A"
25 | BT1-R 6.4 STU-R 1544 symmetric | 24-T1 + 24 SHDSL asym 1 54{ 5 +A"
26 | BT1-R 6.4 STU-R 1544 symmetric 49-SHDSL 5+A
27 S 11.0 | STU-C 768 symmetric 49-HDSL 5+A"
28 | BT1-C| 102 | STU-C 768 symmetric 49-SHDSL 5+A"

3 The crosstalk scenarios listed in this table vdeneeloped under the assumption of a 50 pair
cable binder. Cablebinders of other sizes areuidhér study.
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29 | BT1-C 10.2 STU-C 768 symmetric 49-HDSL 5+A
30 S 11.0 STU-R 768 symmetric 49-HDSL 5+A
31 | BT1-R 10.2 STU-R 768 symmetric 49-SHDSL 5+A
32 | BT1-R 10.2 STU-R 768 symmetric 49-HDSL 5+A
33 S 11.2 STU-C 768 asymmetric 49-HDSL 5+A
34 | BT1-C 104 STU-C 768 asymmetric 49-HDSL 5+A
35 | BT1-C 104 STU-C 768 asymmetric| 24-FDD ADSL + 24-HDSL 5+A
36 S 11.2 STU-R 768 asymmetric 24-T1 + 24 HDSL 5+A
37 | BT1-R 104 STU-R 768 asymmetric 24-T1 + 24-SHDSL 5+A
38 | BT1-R 104 STU-R 768 asymmetric 39-FDD ADSL 5+A
39 S 14.8 | STU-C 384 symmetric 24-SHDSL + 24-DSL 5+A"
40 | BT2-C 13.8 STU-C 384 symmetric 24-SHDSL + 24-DSL 5+A
41 | BT2-C 13.8 STU-C 384 symmetric 49-SHDSL 5+A
42 S 14.8 STU-R 384 symmetric 24-SHDSL + 24-DSL 5+A
43 | BT2-R 13.8 STU-R 384 symmetric 24-SHDSL + 24-DSL 5+A
44 | BT2-R 13.8 STU-R 384 symmetric 49-SHDSL 5+A
45 S 17.2 | STU-C 256 symmetric 49-DSL 5+A"
46 | BT2-C 16.4 STU-C 256 symmetric 49-DSL 5+A
47 | BT2-C 16.4 STU-C 256 symmetric 24-SHDSL + 24-DSL 5+A
48 S 17.2 STU-R 256 symmetric 49-DSL 5+A"
49 | BT2-R 16.4 STU-R 256 symmetric 49-DSL 5+A
50 | BT2-R 16.4 STU-R 256 symmetric 24-SHDSL + 24-DSL 5+A
51 S 19.8 STU-C 192 symmetric 49-DSL 5+A
52 | BT2-C| 19.1 | STU-C 192 symmetric 49-DSL 5+A"
53 | BT2-C 19.1 STU-C 192 symmetric 24-DSL + 24 SHDSL 5+A
54 S 19.8 STU-R 192 symmetric 49-DSL 5+A
55 | BT2-R 19.1 STU-R 192 symmetric 49-DSL 5+A
56 | BT2-R 19.1 STU-R 192 symmetric 24-DSL + 24 SHDSL 5+A

The indicated noise margins in Table A-1 shall hatelerance of 1.25 dB due to the aggregate efffect
crosstalk generator tolerance and calibrated louoplator tolerance. The offsétis defined in § A.3.1.4.

All interferers are assumed to be co-located. Tdtation 24 or 49 SHDSL refers to SHDSL at the

same rate and PSD as the system under test. &tfenér PSDs are described in § A.3.3.9.

The process for selecting which tests to performafepecific G.991.2 device under test (DUT) is
determined by following each of these 6 steps deor

Determine the set of rates which are in comnetwéen the set of supported payload data
rates and the following set of payload data raiegmmetric PSD: 192, 256, 384, 768,
1544, 2 048, 2 304 kbit/s; asymmetric PSD: 76844 kbit/s). Call the resulting list of
common rates the intersection list.

1)
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2)
3)

4)
5)

6)

If 1 544 kbit/s asymmetric is in the intersentitst, then test the DUT with test cases 1-8 in
Table A-1.

If 768 kbit/s asymmetric is in the intersectiwmt, then test the DUT with test cases 33-38
in Table A-1.

If 1 544 kbit/s symmetric is in the intersecticst, then test the DUT with test cases 21-26.

For the highest and the lowest symmetric PS®irathe intersection list, test the DUT

with all six cases associated with that rate. kangple, if 192 kbit/s symmetric is the

lowest rate and 2 304 kbit/s symmetric is the hsgihate, then test with test cases 51-56
and 9-14 in Table A-1.

For all remaining rates in the intersection gt have not been tested, test using the cases

involving only Loop S. For example, if 256, 384 87/@&nd 2 048 kbit/s symmetric are the
remaining rates, then test with the additional teses 48, 45, 42, 39, 30, 27, 18, and 15.

If all rates are implemented by the DUT, there Wwéla total of 40 tests.

A.3.2
A3.2.1

Impulse Noise Tests

Impulse Noise Test Procedure
The impulse noise waveform V(t) (hereafter callegl ‘ttest impulse”) is defined as:
-3/4
K[t t>0
V(t)=<0 t=0
-K[|™" t<o

wheret

is time given in units of seconds aKds a constant defined numerically in Table A-2. If

the pulse is realized using discrete sampleé(Df the waveform should be sampled at

t=(2n

—1)%, whereT is the sampling period and T}/should be at least twice the symbol rate of

the system under test. The sampled peak-to-peaktadgwill vary with sampling rate. It can be

calculated using the following formul&;,_ = 2K

Tl 4

TABLE A-2

Impulse noise peak-to-peak voltage requirement

K Vp.pOf the test impulse sampled at 2 Msamples/s
1.775x 10° 320 mv

For a sampling rate of 2 Msamples/s, a minimum 008 samples is required with an amplitude
accuracy of at least 12 bits. Figure A-4 showstéiséimpulse sampled at 2 Msamples/s. The
injection circuit shall be identical to that debed in § A.3.1.
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FIGURE A-4
Time Domain Representation of the Test Pulse Sampglext 2 Msamples/s

Impulse Noise Test Performance

40 50

T1541420-00
(114701)

A compliant unit shall pass the impulse noise $pstcified in Table A-3. The minimum test period

shall be 10 s. Each SHSDL termination shall beetestdependently, i.e. the impulse noise

waveform is not injected at both terminations stianously.

TABLE A-3

Impulse Noise Test Criteria

Test Loop Test Pulse \b.p when Test Pulse Bit Error Ratio
Sampled at Repetition Rate Upper Limit
2 Msamples/s
Loop C4 320 mV 10 Hz 50x% 107
Loop S,L =9 000' 320 mV 10 Hz 50x 107

NOTE - The entries in this table only correctly By the 1 544 kbit/s asymmetric case.
Appropriate values for other rates and PSDs aréuftimer study.
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A.3.3 Power Spectral Density of Crosstalk Disturbes

A.3.3.1 Simulated HDSL PSD
The PSD of HDSL disturbers shall be expressed as:

2
SInf —
- 2 ( foj 1 —
PSDyps. = KHDSfo_X P x . 51 fas =196 kHZz, 0< f <o
0 faae
5 Vg
wheref, =392kHz, Ko, =§XE'V” = 270V,andR=135Q

This equation gives the single-sided PSD; thahisjntegral of PSD, with respectfidrom 0 to
infinity, gives the power in Watt®SDps, is the PSD of a 392 ksymbol/s 2B1Q signal with
random equiprobable levels, with full-band squaygsed pulses and with 4th order Butterworth
filtering (fsgs = 196 kHz).

A.3.3.2 Simulated T1 line PSD

The PSD of the T1 line disturber is assumed tdhbe50% duty-cycle random Alternate Mark
Inversion (AMI) code at 1.544 Mbit/s. The singleleil PSD shall be expressed as:

2
V2 o2 Sir{fj 7 1 £2
PSD, = 2 x—| —°~ sin{ jx x , 0<f <o
. f| A 21, IR R
fo o[ )

whereVp = 3.6 V,RL = 100Q, andfg = 1.544 MHz.

The formula assumes that transmitted pulses aseg@dbrough a low-pass shaping filter. The
shaping filter is chosen as a 3rd order low-padseBaiorth filter with 3 dB point at 3.0 MHz. The
filter magnitude squared transfer function is:

‘Hshaping(f XZ = L

f 6
f3dB

The formula also models the coupling transformea bgyh-pass filter with 3 dB point at 40 kHz
using:

‘H Transforme ( f )‘2 =

A.3.3.3 Simulated ADSL Downstream Frequency Divisio Duplex (FDD) PSD

The ADSL Downstream FDD PSD is based on the ATUa@dmitter PSD mask for reduced
NEXT defined in Figure A-2 of ITU-T G.992.1 [1]. €simulated PSD used for SHDSL
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performance testing shall be defined as this ITG-992.1 mask reduced by 3.5 dBm/Hz over all
frequencies.

A.3.3.4 Simulated ADSL Upstream PSD

The ADSL Upstream PSD is based on the ATU-R tratism®SD mask defined in Figure A-3 of
ITU-T G.992.1 [1]. The simulated PSD used for SHO&cformance testing shall be defined as
this ITU-T G.992.1 mask reduced by 3.5 dBm/Hz aléfrequencies.

A.3.3.5 Simulated SHDSL Upstream PSD

The SHDSL Upstream PSD masks are defined in 8 d.simulated PSD used for SHDSL
performance testing shall be the worst-case ensesushmation of the nominal upstream PSDs
from § A.4, with PBO set to 0 dB. The nominal PSiven by the expressidtdominalPSD(fjn
8§A4.1,8A.4.2,and 8§ A.4.3.

A.3.3.6 Simulated SHDSL Downstream PSD

The SHDSL Downstream PSD masks are defined in §Paé simulated PSD used for SHDSL
performance testing shall be the worst-case ensesuphmation of the nominal downstream PSDs
from 8 A.4, with PBO set to 0 dB. The nominal PSyiven by the expressiddominalPSD(f)n
8§A4.1,8A.4.2,and 8§ A.4.3.

A.3.3.7 Simulated DSL PSD
The power spectral density (PSD) of basic accedsdid8urbers is expressed as:

2
i
5 Sln(fj 1
PSDhsi-pisturber = KDSfo_X e S x 7 fis =80kHz, 0< f <0
0 (j 1+ L
fo fae

V2
wheref, =80kHz,K ¢, ZSXEP ,V, = 250V, andR =135Q

This equation gives the single-sided PSD; thahisjntegral of PSD, with respectfidrom O to
infinity, gives the power in Watt®SDy s 1S the PSD of an 80 ksymbol/sec 2B1Q signal with
random equiprobable levels, with full-band squangped pulses and with 2nd order Butterworth
filtering (f3 4 = 80 kHZz).

A.3.3.8 NEXT

The NEXT power transfer function uses the two-pidoger model which has a slope of
14 dB/decade for frequencies greater than 20 kidzaasiope of 4 dB/decade for frequencies less
than or equal to 20 kHz. This is defined as follawsere N is the total number of NEXT disturbers:
|2 _[4.6288<107%% x f ** x N %, f <20kHz

2.3144x107 x £ x N% f > 20kHz

|HNE><T—2—Piece( ’ )

The two-piece Unger model shall be used to modmstalk when evaluating performance of the
1.536 or 1.544 Mbps asymmetric PSD.

The one-piece model for NEXT power transfer funci®defined as follows where N is the total
number of NEXT disturbers:
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[ Is— N)|2 =0.8536x10™" x f 1 x N°°

The one-piece model shall be used to model crésstaén evaluating performance for all rates and
PSDs except the 1.536 or 1.544 Mbps asymmetric PSD.

The model for FEXT power transfer function is definas follows where N is the total number of
FEXT disturbers:

|HFEXT(fIN)L|D)|2 =||-(f)|2 xDx7.744x107%t x f2 x N %

where L(f) is the insertion loss of the loop throughich the interferer passes while the interferer
and the signal under test are adjacent in the amder, and D is the length of the loop in feeteTh
FEXT model shall be used to model crosstalk frogmamsetric interferers (specifically 1.544 Mbps
asymmetric and ADSL).

A.3.3.9 Crosstalk PSD Definitions

The following PSD definitions are to be used toagate the crosstalk interferer combinations used
for performance testing in Table A-1.

24>< PSD’:L( f ) + 24)( I:)SDSHDSI_—1544—Asyrerown( f )
PSD:ase—l = 48 ,
I:)SDSHDSL—:I.544—Asym—Up ( f ) X | H FEXT ( f 24’ LC4 ’7600|

2
PSD: = I:)SDSHDSI_—1544—AsynrDown( f ) X | H NEXT—2—Piece( f ’39)| +
ase-2 2
I:)SDSHDSL—1544—Asym—Up ( f ) X | H FEXT ( f 139’ LC4 ’7600|

24X PSDiosi-oow () + 28X PSBos (1) |, ecel T 48" +
PSDpces = 48 w00f

PSDADSL-UP (f)x |H FEXT (f 24, Les ’7600| ’
24 PSD'J-( f ) +24x I:)SDSHDSL—1544—A'syrr’r—Down ( f )

PSD-sses = 48 :
PSDADSL—1544—Asym—Up ( f ) X | H FEXT ( f 24, I—sg.o ’9OOQ|

X | H NEXT—Z—Piece(f 148)|2 +

><|H nexT-2-piece( | 148)|2 +

2
PSD: - PS[)SHDSL—1544—Asym-Down ( f ) X | H NEXT—2—Piece( f ’39)| +
ase-5 2
I:)SDSHDSL—1544—Asym—Up ( f ) X | H FEXT ( f 139’ LSQ.O ’900Q|

24)( I:)SDADSL—Down( f) + 24)( IDSQ—DSL( f) ><|H _ (f 48)|2 +
PSD:ase—6 - 48 NEXT-2-Piece '

PSDADSL-UP (f)x | Heexr (f .24, Lseo ’9OOQ| ’

24x PSD, () +24% PSD,ns 1500 acvmuo (T) i
PSDZase—7 = 1 48 A ><|H NE><T—2—Piece(f 148)| +

2
PSI%HDSL—1544—Asym-Down( f ) X | H FEXT ( f ’24’ LC4 ’7600|
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24X PSDfl( f ) + 24X I:)SDSHD,’SL—1544—AsyrrrUp ( f )
PSQZase—B = 48 ,
I:)SDSHDSL—1544—Asyrerown( f ) X | H FEXT ( f ’24! LSQ.O ’9000|

24XPSD' (f)+24xPSDS = Ssym- own(f) 2
PSD o0 = l 48 TS ><|H NEXT-1-Piecel | 148)| +

2
PSDSHDSI:1544—Asym—Up (f)x | Heexr (f 24, Lges ’63OQ|

24xPSO, (f) + 24% PSDy pg1-1544 asym-pown ( T)
PSQ:ase—lO = 48 2
PS DSHDSI:1544—Asym—Up (f)x | H eexr (.24 Lerics2 ’5200|

2
PSD:ase—ll = PSDSHDS'-_23O4‘SYm( f ) x | H NEXT—l—Piece( f 149)|

2
PSD:ase—lZ = PSDSHDSL—2304—Sym( f ) X | H NEXT—l—Piece( f ’49)|

2
PSDZase—ls = PSDSHDSL_2304‘SYm( f ) X | H NEXT—l—Piece( f !49)|

24x PSDy, () +24% PSDyypsia5aa-asymup ()
PSD:ase—M = 48 2
PSDSHDSI:1544—Asym—Down( f)x | Heexr (T 24 Lorirse ’520@|

24X PSD,pg1-poun( f) + 24X PSDy1ps1-2045-sym ) X | H (f 48)|2 +
PSDhase1s = 48 o

PSDADSL-UP ( f ) X | H FEXT ( f 24, Lse.s ’68OQ|2

><|H nexT-2-piece( | 748)|2 +

><|H NEXT—l—Piece(f 148)|2 +

><|H NEXT—1—Piece(f 148)|2 +

2
PSD:ase—lﬁ = PSDSHDSL_ZMB‘SV”‘( f ) x | H NEXT—l—Piece( f 149)|

24xPS 1( f ) +24x PSDSHDSI:1544—Asym—D0wn( f ) 2
D H (f A8 +
PS asel? — 48 ><| NEXT—l—P|ece( ; 8)|

2
PSDSHDSL—154‘FAsmep (f)x | H eexr (f 24, Lericse ’56OQ|
2
PSD:ase—lS = I:)SI:%HDSL—2048—Sym( f ) X | H NEXT—l—Piece( f ’49)|

2
PSD:ase—lg = PSDSHDSL_ZMB‘SV”‘( f ) x | H NEXT—l—Piece( f 149)|

24x PSDy, () + 24% PSDypsi15aa-asymup ( ) | (t a8t +
PSD: e 20 = 48 NEXT-1-Piece\ | i

2
I:)SDSHDSL—1544—Asyrerown( f ) x | H FEXT ( f ’24! LBTl—R5.6 ’5600|
2
PSD: = I:)SDSHDSL—1544—Asyrerown( f ) X | H NEXT—l—Piece( f 739)| +
ase-21 2
I:)SDSHDSI_—1544—Asym—Up ( f ) X |H FEXT ( f 39’ I-S7.9 ’7900|

24x I:)SDADSL—Down( f ) +24x I:)SDSHDSL—1544—Asym—Down ( f )

PSDCase—ZZ = 48
24% PSDyps.u5 ( f) + 24X PSDyosiasar asymup (F)

48

X|H nEx1-piece( | 748)|2 +

2
[H rexr ( 48 Lori co4,6400)
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24% PSDyps-poun (f) +24% PSDSHDSL—1544—Sym( f) ><|H (f 48)|2 +
PSD- e 03 = 48 NEXT-1-Piece\ ! i

2
PSDADSL—UD (f)x | Heexr (f 24, Lericea ’64OQ|

2
PS[):ase-24 = I:)S[)SHDSL—1544—Sym( f ) X | H NEXT—l—Piece( f ’49)|

24x PSDy, (f) + 24X PSDyps1sas-asymup ( ) A (t a8t +
PSD: e 05 = 48 NEXT-1-Piece\ | i

PSDyps1560-asym doun () X [H pexr (F 24, Loy o4 6400|”
PSD e 26 = PSDyyimsiasia-sym ) X[ H exr-s-mece f 49|
PSD.ocezr = PSDupsy (F) %|H wer s pioce( T A9)°
PSDoce25 = PSDyipsres-syml T) % |H nexra-piecel f 49)°
PSD-ace 20 = PSDipsy (1) | yexr s prece( F 49
PSD-ocez0 = PSDips (1) %[ H yexr s piece( F A9
PSDoces1 = PSDyosr66-syml ) X[ H nexr-spiece( F A9
PSD-acez2 = PSDips (1) X[ H yexrs-piece( F 49"
PSD..ce a5 = PSDps, (F) X[ H yexr s piece( f 49

2
PSDaceas = PSDips (1) % | H nexr-1-piece f 149)|

24x PSDADSL—Down(f) +24x PSD—IDSL(f) X|H - (f 48)|2 N
PSQ:ase—SS = 48 NEXT-1-Piece iy

2
PSDADSL-UP ( f ) X | H FEXT ( f 24, LBTl—ClO.4 '104OQ|

24x PSD,, () +24xPSD,,¢ () y
48

24x PSDy, (f) + 24X PSDy s 768-asymup ( F) | (f agf +
PSD- o7 = 48 NEXT-1-Piece\ |

2
PSDy1ps1-768-asym-pown ( ) X | H cexr (T 24, Lari_rioa ,1040Q|

PSDupsi-up (F) X|Hnexr 1 pece( 39" +
PSDapsi-pown () X | H cexr (T 39 Laririos ,10400| 2

_ 24xPSD,g (f) +24%x PSDyng.-384-syml f)

2
PS[):ase-SS = |H NEXT—l—Piece(f ’48)|

PS QZase—SB =

2
PSDRasess = 48 ><|H nExT-1-piecel | 748)|
24xPS f)+24xPS sgasvm f
PSD.,...0 = Dhs () s D iosi-asa-sym( F) ><|H G ,48)|2

2
PSD:ase—4l = I:)SDSHDSL—384—Sym( f ) X | H NEXT—l—PieCe( f 749)|
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_ 24x PSD,g (f)+24x PSDSHDSL—384—Sym( f)

2
PSD:ase—42 - 48 ><|H NE><T—1—Piece(f '48)|
24xPS f)+24xPS R
PS[%ase% = DDSL( ) 48 DSHDSL o ( ) ><|H NEXT—l—Piece(f 148)|2

2
PSD:ase—44 = PSDSHDS'-_384_SVm( f ) X | H NEXT—l—Piece( f 149)|
PS[%ase45 = PSDDSL( f ) X | H NEXT—l—Piece( f !49)|2

PSDuges = PSDhs (1) X|H wexros-precel F 49

24x PS f)+24xPS _ f
PSD:aseM = DDSL( ) 48 DSHDSL 25&Sym( ) ><|H NEXT—l—Piece(f 148)|2

PS[%ase48 = PSDDSL( f ) X | H NEXT—l—Piece( f !49)|2

PSDge0 = PSDhs (1) X|H wexros-precel F 49

_ 24xPSDLg (f) +24% PSDyy56.-256-sym( T)

2
PS[%aseSO - 48 ><|H NEXT—l—Piece(f !48)|

PSDes: = PSDhe, ()% |H yexrpiece( f A9

PSDeso = PSDhs (1) X|H wexros-piecel F 49

_ 24x PSDLg (f) +24x PSDy,p6100-sym( )

2
PS[%ase53 - 48 X | H NEXT—l—Piece(f !48)|

PSDiacess = PSDhe () X|H yexrs-piece( f 49)

PS[%aseSS = PSDDSL( f ) X | H NEXT—l—Piece( f !49)|2

_ 24x PSDyg (f) +24x PSDyp6100-sym( )

2
PS[%aseSS - 48 ><|H NEXT—l—Piece(f !48)|

A4 PSD Masks

For all data rates, the measured transmit PSDabf 82U shall not exceed the PSD masks
specified in this sectioPSDMASKpsi(f)), and the measured total power into IBShall fall
within the range specified in this sectidps + 0.5 dB).

Support for the symmetric PSDs specified in 8§ Aghall be mandatory for all supported data rates.
Support for the asymmetric PSDs specified in 8 2ahd § A.4.3 shall be optional.

A.4.1 Symmetric PSD Masks

For all values of framed data rate available inSA&J, the following set of PSD masks
(PSDMASKwps((f)) shall be selectable:
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2
_PBO « L [sm[ Nf \H 1 MaskedOffetdB( f )
Q 10 x “SHDSLy = il —x10 f<f
PSDMASK, »( ) = 135 fy, 4 ) § oo
1+ —
Nfy,,

05683*10*x f*°, f < f <1IMHz

int —

f3dB

whereMaskOffsetdB(fis defined as

deB - f

MaskOffseIlB(f):llJrOAx f F< T
1

3B
f=f

fint Is the frequency where the two functions goverm&PMASKps.(f) intersect in the range 0 to
fsym PBO is the power backoff value in dBsnpsi, Order, N, fsym, fzqs, andPsups are defined in
Table A-4.Psyps is the range of power in the transmit PSD wittBOpdwer backoffR is the
payload data rate.

TABLE A-4
Symmetric PSD parameters
Payload Data Rate,| Ksups. | Order N fsym f3dp PshpsL (dBm)
R (kbit/s) (ksymbol/s)
R< 1536 7.86 6 1| R+8)/3 1.0%synf2 | PL(R)<Psnpsi<13.5
1536 0r1544 8.32 6 1| R¢8)/3 0.9%ynf2 | 13.5
R>1544 7.86 6 1| R+8)/3 1.0,{2 | 13.5

P1(R) is defined as follows:

P1(R)=0.3486l0og, (Rx1000+8000)+6.06 dBm
For 0 dB power backoff, the measured transmit pamter135Q shall fall within the range
Psupsi£0.5 dB. For power backoff values other than O d¢iB,rheasured transmit power into X35

shall fall within the rang®sppsi£0.5 dB minus the power backoff value in dB. The mead
transmit PSD into 138 shall remain beloW’nSDMASKps.(f).

Figure A-5 shows the PSD masks with 0 dB power bfidkr payload data rates of 256, 512, 768,
1 536, 2 048 and 2 304 kbit/s.
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T1541430-00
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FIGURE A-5

PSD Masks for 0 dB Power Backoff

The equation for the nominal PSD measured at tiheinais is:

2
| T
-PBO sin Nf 2
1OT < KSHDSL 1 sym 1 f

X X X
NominalPSf) = 135 fg, 4 ) I

Nf

sym

int

f3dB

05683x107* x f *° f_ < f<1IMHz

wheref; is the transformer cut-off frequency, assumedet® lkHz. Figure A-6 shows the nominal
transmit PSDs with 13.5 dBm power for payload datas of 256, 512, 768, 1 536, 2 048 and

2 304 kbit/s. NOTE - The nominal PSD is intended tanf@mative in nature; however, it is used
for purposes of crosstalk calculations (see § AS3aBd 8§ A.3.3.6) as representative of typical
implementations.
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PSD (dBm/Hz)

-100

-110
0 0.2 0.4 0.6 0.8 1
Frequency (MHz) Tl(slﬁ%%m
FIGURE A-6

Nominal PSDs for 0 dB Power Backoff

NOTE: In this sectionPSDMASK (flandNominalPSD(fiare in units of W/Hz, antlis in units of
Hz.

A.4.2 Asymmetric 1.536 or 1.544 PSD Mask

The asymmetric PSD mask set specified in 8 A.4.8d1%A.4.2.2 shall optionally be supported for
1.536 and 1.544 Mbit/s payload data rates (1.5441a662 Mbit/s framed data rates) in

North America. The PSD masks are described for B power backoff case. For other values of
power backoff, the passband PSD masks shall shiftthe out-of-band mask shall remain constant.
Power and power spectral density is measured ildacaimpedance of 133.

A.4.2.1 PSD Mask for STU-C

For 0 dB power backoff, the output power of the STlduring data mode shall be

(16.8+ 0.5) dBm in the frequency band from 0 to 440 kidd ahall be limited by the mask of
Figure A-7. Table A-5 provides the numerical valt@she mask of Figure A-7. The PSD mask is
created by linear interpolation of the frequencg power (dBm/Hz) entries of Table A-5.
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PSD (dBm/Hz)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (MHz) Tl(slﬁéso%oo

FIGURE A-7
STU-C PSD Mask for 1.536 or 1.544 Mbit/s with O dBPower Backoff

TABLE A-5
STU-C PSD Mask Values for 1.536 or 1.544 Mbit/s witO dB Power Backoff
Frequency | Maximum Frequency | Maximum Frequency Maximum
(kHz) Power (kHz) Power (kHz) Power
(dBm/Hz) (dBm/Hz) (dBm/Hz)
<1 -54.2 -PBO 280 -35.7 PBO 1000 -89.2
2 -42.2 PBO 375 -35.7 PBO 2 000 -99.7
12 -39.2 PBO 400 -40.2 PBO >3 000 -108
190 -39.2 PBO 440 -68.2
236 -46.2 PBO 600 -76.2

The STU-C PSD mask shall be calculated by subtra&t#@Q (the Power Backoff value, in dB)

from each PSD value in Table A-5 for frequencies tean or equal to 400 kHz, then by linear
interpolation of the frequency and power (dBm/He¢mall frequencies. The output power of the
STU-C during data mode shall be (16 BBO=+ 0.5) dBm in the frequency band from 0 to

440 kHz. The power level during start-up shall b2 §1: PBO+ 0.5) dBm. The nominal PSD
(NominalPSD(f) is defined as the PSD mask with PBO set to INIBTE - The nominal PSD is
intended to be informative in nature; howevers itised for purposes of crosstalk calculations (see
8 A.3.3.5 and § A.3.3.6) as representative of Bigimplementations.
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A.4.2.2 PSD Mask for STU-R

For 0 dB power backoff, the output power of the SRlduring data mode shall be

(16.5% 0.5) dBm in the frequency band from 0 to 300 kiAd ahall be limited by the mask of
Figure A-8. Table A-6 provides the numerical valt@sthe mask of Figure A-8. The PSD mask is
created by linear interpolation of the frequencg power (dBm/Hz) entries of Table A-6.

PSD (dBm/Hz)

~100 i i i i i - i
0.4 0.5
Frequency (MHz)

0.6 0.7 0.8 0.9 1

T1541460-00
(114701)

FIGURE A-8
STU-R PSD Mask for 1.536 or 1.544 Mbit/s with O dBPower Backoff

TABLE A-6
STU-R PSD Mask Values for 1.536 or 1.544 Mbit/s witO dB Power Backoff
Frequency | Maximum | Frequency | Maximum | Frequency | Maximum
(kHz) Power (kHz) Power (kHz) Power
(dBm/Hz) (dBm/Hz) (dBm/Hz)
<1 -54.2 - PBO 220 -34.4 - PBO 555 -102.6
2 -42.1 - PBO 255 -34.4 - PBO 800 -105.6
10 -37.8 - PBO 276 -41.1 - PBO 1400 -108
175 -37.8 - PBG 300 -77.6 >2 000 -108
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The STU-R PSD mask shall be calculated by subtra&BQ (the Power Backoff value, in dB)

from each PSD value in Table A-6 for frequencies tegan or equal to 276 kHz, then by linear
interpolation of the frequency and power (dBm/He@mall frequencies. The output power of the
STU-R during data mode shall be (16 BBO+ 0.5) dBm in the frequency band from 0 to

300 kHz. The power level during start-up shall B 31:PBO+ 0.5) dBm. The nominal PSD
(NominalPSD({) is defined as the PSD mask with PBO set to INIBTE - The nominal PSD is
intended to be informative in nature; howevers itised for purposes of crosstalk calculations (see
8§ A.3.3.5 and § A.3.3.6) as representative of gigimplementations.

A.4.3 Asymmetric PSD Masks for 768 or 776 kbit/s da rates

The asymmetric PSD mask set specified in 8 A.4.8dl%A.4.3.2 shall optionally be supported for
the 768 kbit/s and 776 kbit/s payload data ratés @hd 784 kbit/s framed data rates) in North
America. The PSD masks are described for the 0 ad&pbackoff case. For other values of power
backoff, the passband PSD masks shall shift, lmubth-of-band mask shall remain constant. Power

and power spectral density is measured into ailopeédance of 138.

A.4.3.1 PSD Mask for STU-C

For 0 dB power backoff, the output power of the STlduring data mode shall be

(14.1£ 0.5) dBm in the frequency band from 0 to 600 kiAd ahall be limited by the mask of
Figure A-9. Table A-7 provides the numerical valt@she mask of Figure A-9. The PSD mask is
created by linear interpolation of the frequencg power (dBm/Hz) entries of Table A-7.

PSD (dBm/Hz)

-10
0 100 200 300 400 500 600 700 800 900 1000
T1541470-00
Frequency (kHz) G1aron
FIGURE A-9

STU-C PSD Mask for 768 or 776 kbit/s with 0 dB PoweBackoff
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TABLE A-7
STU-C PSD Mask Values for 768 or 776 kbit/s with @B Power Backoff

Frequency | Maximum Frequency Maximum Frequency Maximum
(kHz) Power (kHz) Power (kHz) Power
(dBm/Hz) (dBm/Hz) (dBm/Hz)
<50 -36.5 -PBO 135 -45.5 PBO 250 -50.5 - PBO
80 -39.5 PBO 145 -39.5 PBO 400 -45.5 - PBO
90 -44 PBO 150 -37.5 PBO 600 -70
105 -57 PBO 155 -36.5 - PBO 1 000 -89.2
110 -57 PBO 200 -39.25-PBO 2 000 -99.7
210 -42 - PBO >3 000 |-108

The STU-C PSD mask shall be calculated by subtra&BQ (the Power Backoff value, in dB)
from each PSD value in Table A-7 for frequencies tean or equal to 400 kHz, then by linear
interpolation of the frequency and power (dBm/He@mall frequencies. The output power of the
STU-C during data mode shall be (14RBO= 0.5) dBm in the frequency band from 0O to

600 kHz. The power level during start-up shall k@ 9%:=PBO=+ 0.5) dBm. The nominal PSD
(NominalPSD(f) is defined as the PSD mask with PBO set to 1naltiplied byf%/(f>+f.2) wheref

is the frequency in Hz arfdis 5 000 Hz, the nominal transformer cut-off freqay. NOTE - The
nominal PSD is intended to be informative in natti@vever, it is used for purposes of crosstalk
calculations (see 8 A.3.3.5 and § A.3.3.6) as smpr&tive of typical implementations.

A.4.3.2 PSD Mask for STU-R

For 0 dB power backoff, the output power of the SRlduring data mode shall be
(14.1£ 0.5) dBm in the frequency band from 0 to 300 kiAd ahall be limited by the mask of
Figure A-10. Table A-8 provides the equations fa task of Figure A-10.
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FIGURE A-10

STU-R PSD Mask for 768 or 776 kbit/s with O dB PoweBackoff

TABLE A-8
STU-R PSD Mask Values for 768 or 776 kbit/s with dB Power Backoff

Frequency,f Maximum Power
(Hz2) (dBm/Hz)
0 <f< 50000 -36 - PBO
50 000 <f < 125 000 —36 - PBO - ({-50 000)/75 000)
125 000 < < 130 000 -37-PBO
130 000 < < 307 000 —37 - PBO - 142log(f/130 000)

307 000 <1221 000 -90

1221 000 €< 1630000 |—90 peak, with max power in the
[ f,f+ 1 MHz] window of
(—90 - 48log(f/1 221 000) + 60) dBm

f> 1630 000 —90 peak, with max power in the
[ f, f+1MHz] window of —50 dBm

The STU-R PSD mask shall be calculated by subtra&B1Q (the Power Backoff value, in dB)
from each PSD value in Table A-8 for frequencies tean or equal to 307 kHz, then by evaluation
of the equations for power (dBm/Hz) over all frencies. The output power of the STU-R during

ITU-T G.991.2 (02/2001) — Prepublished version 103



data mode shall be (14.PBO<+ 0.5) dBm in the frequency band from 0 to 307 KiHze power

level during start-up shall be (13.#BO+ 0.5) dBm. The nominal PSIN6minalPSD() is

defined as the PSD mask with PBO set to 1 dB, pligt byf/(f*+f.?) wheref is the frequency in

Hz andf; is 5 000 Hz, the nominal transformer cut-off freqay. NOTE - The nominal PSD is
intended to be informative in nature; howevers itised for purposes of crosstalk calculations (see
8§ A.3.3.5 and § A.3.3.6) as representative of gigimplementations.

A5 Region-Specific Functional Characteristics

A.5.1 Data Rate

The operation of the STU in data mode at the spédifirmation rate shall be as specified in
Table A-9.

TABLE A-9
Framed Data Mode Rates
Payload Data Rate, | Modulation | Symbol Rate K
R (kbit/s) (ksymbol/s) | (Bits per Symbol)
R=nx64+()x8 16-TCPAM (R+8)+3 3

For devices supporting Annex A functionality, naldignal limitation on data rates shall be placed
beyond the limitations stated in § 5 and reiterae®l 7.1.1, § 8.1 and § 8.2.
A.5.2 Return Loss

For devices supporting Annex A functionality, retloss shall be specified based on the
methodology of § 11.3 and the limitations of Figlile6. The following definitions shall be applied
to the quantities shown in Figure 11-6:

RLwin =12 dB
fo=12.56 kHz
f. =50 kHz
fo = fsym/2
f3 = 1.99sym
wherefsym is the symbol rate.

A.5.3 Span Powering

The capability for an STU-C to provide power ovespan to an STU-R is optional. However, if this
capability is provided, the STU-C shall meet theursgments of 8 A.5.3.1. The capability for an
STU-R (or an SRU) to be remotely powered over tlansp optional. However, if this capability is
provided, the STU-R or SRU shall meet the requirdmeh8 A.5.3.2. Segments that do not
support span powering or that have it disabled opipnally provide wetting (sealing) current, as
defined in 8§ A.5.3.3.

The STU-C, STU-R and SRU shall comply with all apglieandustry safety standards that are
consistent with their deployment. In particulaisitighly desirable that SHDSL equipment comply
with ITU-T K.50 [B4].
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If an STU-R is deployed as CPE (i.e. it is part stiascriber's installation), then span powering
shall be disabled at the STU-C. The STU-C may optipmpabvide wetting current, as specified in
§ A.5.3.3.

When implemented, SHDSL span powering shall sugp@rpowering of remote terminal units

over single-span loop resistances from 0 to 1@0The maximum span resistance shall include the
worst-case loop resistance plus the wiring indiseecentral office and remote site. The STU-C span
power supply shall be designed as a voltage s@andeshall be considered a voltage-limited circuit
in the application of all referenced standards.

The span powering requirements defined herein &adied for use across a single segment from

an STU-C to either an STU-R or an SRU. Applicatiothefse requirements in the STU-C to SRU
case shall result in the termination of span pawgevoltages at the SRU. Succeeding segments may
optionally support wetting current. Powering acroastiple spans is not prohibited; however, the
requirements are for further study. Wetting curmaaly optionally be supported across any segment
(STU-R to STU-C, STU-C to SRU, SRU to STU-R or SRU RLSR).

To ensure interoperability and reliable operatite, $TU-C and STU-R (or SRU) shall meet the
following requirements when span powering is impeted:

A.5.3.1 STU-C Span Powering Source

A.5.3.1.1 Output Voltage

The maximum potential between tip and ring shal@@ V. The minimum potential between tip
and ring shall be 160 V.

A.5.3.1.2 Power
The minimum steady-state power output capabilityl dfeal5 W.

A.5.3.1.3 Polarity

The negative potential shall be applied to the teatilesignated "ring" or "R". The potential from
tip-to-ground should be zero or negative.

A5.3.1.4 Slew Rate

The supply voltage power-up slew rate at the STUeD laterface (rise time ofésy) shall be at
least 1 V/ms but no greater than 30 V/ms when nredsu the test circuit of Figure A-11 under all
test conditions defined in Table A-10.
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FIGURE A-11
STU-C Power-up Slew Rate Test Circuit

TABLE A-10
Test Conditions for STU-C Slew Rate
Crest (UF) Rrest (Q)
1.0 100
1.0 1800
15 100
15 1800

T1541490-00
(114701)

NOTE (informative) - On a 90Q loop, the STU-C output voltage specification resuita
maximum remote power load of 7.1 W.

A.5.3.1.5 Power Feeding Oscillation

The STU-C power supply should be designed to enkatgpbwer feeding oscillation (a condition
that could result in excessive noise coupling otteer wire pairs in the cable) does not occur lier t
electrical characteristics shown for the protectimouit in Figure A-12.
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NOTE (informative) - With appropriate current (to gnal) restrictions, these requirements are not
in conflict with the criteria of the Class 2 Volegmits contained in [B5].

FIGURE A-12
Power Oscillation Example Circuit

A.5.3.2 STU-R (and SRU) Powering

A.5.3.2.1 Input Voltage

The STU-R (or SRU) shall operate properly over tmgesof input voltages from 80 V to 200 V.
The STU-R (or SRU) may operate with input voltagss khan 80 V.

A.5.3.2.2 Polarity

An STU-R (or SRU) shall function normally indepentlehthe polarity of the line power input
voltage. Note that tip/ring reversal is indicatea the EOC by the Maintenance Status Response
message (8 9.5.5.7.20).

A.5.3.2.3 Capacitance
The capacitance of the STU-R (or SRU) shall be lems or equal to 1GF.

A.5.3.2.4 Load Characteristic

In order to guarantee power system stability dupager-up and steady-operation, STU-R (or
SRU) shall present a load characteristic which pced the following observable measurements
when inserted in the test circuit shown in Figuré 3

While Ve is ramped up from 0 V to the specified maximumagé at the specified slew rate, the
values of \{\ne and Moap shall be observed and recorded. $estthe recorded time point during
the power-up sequence whemXp = Vine/2. The load characteristic of the STU-R (or SRU)
device under test (DUT) shall be such that fotiale t > ¢, Vi oap > Viine/2. This criteria shall be
met for all test conditions defined in Table A-11.
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FIGURE A-13

Test Circuit for STU-R Turn-on Load Characteristic

TABLE A-11
Test Conditions for STU-R Turn-on Load Characterisic
Vine slew rate (V/ms) \(ine Maximum Voltage Rspan (Q)
1.0 200 100
1.0 160 1800
30.0 200 100
30.0 160 1800

The test power supply used to generatgg/should have a minimum load capacity of 20 W at all
output voltages up to 200 V. The test power suppbull use linear voltage regulation to minimize
transient output voltage effects (observed gtg) in the presence of test load variations.

A.5.3.3 Wetting Current

The STU-R (or SRU-R) shall be capable of drawing ketwl.0 and 20 mA of wetting (sealing)
current from the remote feeding circuit when spawering is disabled or is not supported. The
maximum rate of change of the wetting current shalho more than 20 mA per second.

The STU-C (or SRU-C) may optionally supply poweruport wetting current if span powering is
disabled or not supported. When enabled, this peaerce should provide a nominal 48 V
(measured from ring to tip). The maximum voltagehaf power source (if provided) should be
limited to 56.5 V, and the minimum voltage shouéhigh enough to ensure a minimum of 32 V at
the inputs of the STU-R or SRU-R. In no case shalivtetting current source apply a voltage
greater than 72 V (measured from ring to tip). Theeptial from tip to ground should be zero or
negative.

A.5.3.4 Metallic Termination

A metallic termination at the STU-R shall be prowde conjunction with the use of wetting
current (8 A.5.3.3). The SRU-R shall meet the saageirements specified in this section for an
STU-R.

Table A-12 and Figure A-14 give characteristics Hyily to the DC metallic termination of the
STU-R. The metallic termination provides a directrent path from tip to ring at the STU-R,
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providing a path for sealing current. By exercisihg non-linear functions of the metallic
termination, a network-side test system may idgikié presence of a conforming STU-R on the
customer side of the interface. The characteristitee metallic termination shall not be affected
by whether the STU-R is powered in any state, oowaped.

There are two operational states of the DC metatimination:
a) the ON or conductive state; and
b) the OFF or non-conductive state.

A.5.3.4.1 ON State

The application of a voltage across the metallimieation greater thaxian, the
activate/non-activate voltage, for a duration geeltan the activate time shall cause the
termination to transition to the ON state. The atginon-activate voltage shall be in the range of
30.0 to 39.0 V. The activate time shall be in thegeof 3.0 to 50.0 ms. If a change of state is to
occur, the transition shall be completed withimna®from the point where the applied voltage
across the termination first exceadlg. Application of a voltage greater th&ay for a duration

less than 3.0 ms shall not cause the terminatidrabsition to the ON state. See Table A-12 and
Figure A-14.

While in the ON state, when the voltage acrosgdhaination is 15 V, the current shall be greater
than or equal to 20 mA. The metallic terminationlisteanain in the ON state as long as the current
is greater than the threshadlg (see Table A-12 and Figure A-14) whose value s¥elh the range
of 0.1 to 1.0 mA. Application of 90.0 V through 2@04 000Q (for a maximum duration of 2 s)
shall result in a current greater than 9.0 mA.

A.5.3.4.2 OFF State

The metallic termination shall transition to the Odt&te if the current falls below the threshipld
whose value shall be in the range of 0.1 to 1.0forAa duration greater than the "guaranteed
release” time (100 ms) (see Table A-12 and FigufelAdf a change of state is to occur, the
transition shall be completed within 100 ms frora goint where the current first falls beldbwg. If

the current falls belowyrfor a duration less than 3.0 ms, the terminatiail stot transition to the
OFF state. While in the OFF state, the current ffealess than 5.0 pA whenever the voltage is less
than 20.0 V. The current shall not exceed 1.0 mAenthie voltage across the termination remains
less than the activate voltage.

Descriptive material can be found in Table A-12 &iglre A-14.

A5.3.4.3 STU-R Capacitance

While the metallic termination is OFF, the tip-iag capacitance of the STU-R when measured at a
frequency of less than 100 Hz shall be 1.0 puF +.10%

A.5.3.4.4 Behaviour of the STU-R During Metallic Teting

During metallic testing, the STU-R shall behavea®ws:

a) when a test voltage of up to 98i¥ applied across the loop under test, the STU&R sh
present its DC metallic termination as defined ih.8.3.4, Table A-12, and Figure A-14,
and not trigger any protective device that will ikn#ss signature. The series resistance

2 One test system in common use today applies 7€\pIDs 10 Vrms AC (84.4 V peak) to one
conductor of the loop while grounding the otheradwetor.
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(test system + test trunk + loop + margin) canrbenf200 to 4 00@ (balanced between

the two conductors);

b) the STU-R may optionally limit current in exced25 mA (20 mA maximum sealing
current + 5 mA implementation margin).

TABLE A-12
Characteristics of DC Metallic Termination at the STU-R

Type of operation

Normally OFF DC termination. Turned ON by
application of metallic voltage. Held ON by loop
current flow. Turned OFF by cessation of loop
current flow.

Current in the ON state and at 15 V

=220 mA

DC voltage drop (when ON) at 20 mA current

<15V

DC current with application of 90 V through
4 000Q forup to 2 s.

min 9 mA3. See Figure A-14.

DC leakage current (when OFF) at 20 V <5.0pA
Activate/non-activate voltage 30.0V DC<sVa,y<39.0VDC
Activate (break over) current sy <1.0mA

Activate time for voltage Van

3 msto 50 ms

Hold/release current

0.1 mA< I1r< 1.0 mMA

Release/non-release time for currenityg

3 msto 100 ms

3 This requirement is intended to ensure a terminatansistent with test system operation.
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FIGURE A-14

lllustration of DC Characteristics of the STU-R (Bilateral Switch and Holding Current)

A.5.4 Longitudinal Balance

For devices supporting Annex A functionality, longiinal balance shall be specified based on the
methodology of 8§ 11.1 and the limitations of Figdd-2. The following definitions shall be
applied to the quantities in Figure 11-2.

LBM|N = 40dB
f1= 20kHz
o= foynf2
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wherefsym is the symbol rate.

A.5.5 Longitudinal Output Voltage

For devices supporting Annex A functionality, lotuglinal output voltage shall be specified based

on the methodology of § 11.2. The measurementiémecy range shall be between 20 kHz and
450 kHz.

A.5.6 PMMS Target Margin

If the optional line probe is selected during th8%3.1 session, the receiver shall use the negdtiat
target margin. If worst-case PMMS target margiselected, then the receiver shall assume the
disturbers of Table A-13 to determine if a particuktte can be supported. Reference crosstalk
shall be computed as defined in 8 A.3.3 with the FEEmMponents in § A.3.3.9 ignored. The
reference crosstalk specified in this section matybe representative of worst-case conditionslin al

networks. Differences between crosstalk envirortseray be compensated by adjusting the target
margin.

TABLE A-13
Reference Disturbers Used During PMMS for Worst-Cas Target Margin

Rate (kbit/s) PSD (direction) Reference disturber
All symmetric (US/DS) 49 SHDSL
768/776 asymmetric (US) 49 HDSL
768/776 asymmetric (DS) 24 T1+24 HDSL
1 536/1 544 asymmetric (US) 39 SHDSL (NEXT only)
1 536/1 544 asymmetric (DS) | 24 T1+24 SHDSL (NEXT

only)
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ANNEX B

Regional Requirements - Region 2

B.1 Scope

This annex describes those specifications thatrsicpia to SHDSL systems operating under
conditions such as those typically encounterediwiiuropean networks. The clauses in this annex
provide the additions and modifications to the esponding clauses in the main body.

B.2  Test Loops

B.2.1 Functional Description

The test loops in Figure B-1 are based on the egisiDSL test loops. The length of the individual
loops are chosen such that the transmission clegistots of all loops are comparable. The purpose
is to stress the equalizer of the SHDSL unit uridstr similarly over all loops when testing SHDSL
at a specific bit rate. The total length of eactplgdescribed in terms physicallength, and the
length of the individual sections as a fixed fraotof this total. If implementation tolerances oko
test loop causes its resultiatgctricallength to be out of specification, then its tqih/sical length
shall be scaled accordingly to correct this er@re test loop includes bridged taps to achievelrapi
variations in amplitude and phase characterisfiteecable transfer function. In some access
networks, these bridge taps have been implementdégtipast, which stresses the SHDSL modem
under test differently.

Loop #1 is a symbolic name for a loop with zeror{ear zero) length, to prove that the SHDSL
transceiver under test can handle the potentigdlly signal levels when two transceivers are
directly interconnected.

B.2.2 Test Loop Topology

The topology of the test loops is specified in FegBrl. The basic test cable characteristics, the
transfer function of the test loops specified ugsimgse cables and the variation of input impedance
of the test loops are shown in Appendix II.
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LOOP #1 STU-R

o008 o sTuc

L2
(Y dB)
R - -
LOOP #2 STU-R 1200 STU-C
(PE04)
0.1834*L3 0.2866*L3 0.3466*L3 0.1834*L3
~0.25*Y dB) (~0.25*Y dB) (~0.25*Y dBJ~0.25*Y d
LOOP #3 sTUR ¢ ol o 8 =i STU-C
120 Q 106 Q 159 Q 120 Q
(PE04) (PE0B) (PEO5) (PE04)
0.2866*L4 0.3668*L4 0.3466*L4
(~0.25*Y dB) (-0.50*Y dB)  (~0.25*Y dB)
STU-R ® STU-C
LOOP #4 106 Q 120 Q 159 Q
(PEO6) (PEO4) (PEO5)
100 m L5 - 200 m 100 m
(~0.10*Y dB) (~0.80*Y dB)  (~0.10*Y dB)
- L 4 @ @ -
LOOP #5 STUR 73Q 124 Q 730 STU-C
(PVCO04) (PE08) (PVCO04)
BridgeTap BridgeTap
500 m 500 m
(PE04) (PE04)
0.2857*L6 0.7143*L6
(~0.20*Y dB) (~0.60*Y dB)
STU-R ®&— STUC
LOOP #6 1200 120Q
(PE04) (PE04)
0.3865*(L7-350m) 0.6135*(L7-350m)
300m ¢(~0.20*Y dB)(~0.60*Y d§) 50 m
- —@ @ @ -
LOOP #7 STUR 670 159 0 1200 750 STU-C

(PVCO63)  (PEOS)  (ppo4)  (PVCO32)

NOTE 1- The values forY andL are to be found in Table B-1.

NOTE 2- Due to mismatches and bridged taps the total atemof the test loops
differs from the sum of the attenuation of the part

NOTE 3- The impedances are for information only. They refer ® ¢haracteristic
impedances of the test cables as defined in Apgdhdieasured at 300 kHz.

B.2.3 Test Loop Length

The length of each test loop for SHDSL transmissigstems is specified in Table B-1. The
specified insertion loss Y at the specified testjfrency measured with a 18%ermination

(electricallength) is mandatory. If implementation toleranoésne test loop causes that its
resultingelectricallength is out of specification, then its topdlysicallength shall be scaled

FIGURE B-1
Test Loop Topology

accordingly to adjust this error.
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The test frequencht is chosen to be a typical mid-band frequency insghectrum of long range

SHDSL systems. The length is chosen to be a typieaimum value that can be handled correctly

by the SHDSL transceiver under test. This valuetisate dependent; the higher the payload bit
rate, the lower is the insertion loss that candoedked in practice.

TABLE B-1

Values of the Electrical Length Y of the SDSL Nois&est Loops,
When Testing SDSL at Noise Model A

Payload fr Y L1 | L2 | L3 | L4 | L5 | L7 fr Y L6
Bitrate | |[kHZz]| [dB] | [m] | [m] | [m] | [m] | [m] | [m] | |kHZ]| [dB] | [m]
[kb/s] @fy, @fy,

@135Q @135Q
384 150 | 43.0 | <3|4 1065563556811 0644 698 115| 405 | 3165
512 150 | 87.0 | <3|35354 7874 789 9 387|3 996 115| 35.0 | 2646
768 150 | 29.0 | <3|27733 7473 753 7 153|3 062 275| 345 | 1904
1024 150 | 25,5 | <3|24393 285329161742 668 275| 30.0 | 1547
1280 150 | 22.0 | <3|21052 82928375 193|2 266 275| 26.0 | 1284
1536 150 | 19.0 | <3|18202 4532 455 4 357|1 900 250| 215 | 1052

2048 (s 200 | 175 | <3(15582 0462 052 3 285|1 550 250| 185 748

2304 (s 200 | 155 | <3(13811815182(Q 2789|1331 250| 16.5 583

2048 (a 250 | 21.0| <3| 17422642272 3618|1726 250| 21.0 | 1001

2 304 (a 250 | 18.0| <3| 14949271937 2915|1402 250| 18.0 702

NOTE - The electrical length Y (insertion loss pésified frequency;) is mandatory, the

(estimated) physical lengths L1-L7 are informative.

(s) those electrical lengths apply to the symm&6O

(a) those electrical lengths apply to the asymm@&8D
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TABLE B-2

Values of the Electrical Length Y of the SDSL Nois&est Loops,
When Testing SDSL at Noise Model B, C, or D

Payload | ff | Y |[L1|[L2|L3|L4 | L5 |L7 fr | Y |L6
Bitrate | |[kHz] | [dB] | [m] | [m] | [m] | [m] | [m] |[m] | |[kHZ]| [dB] |[m]

[kbrs] @fr, @fr,
@135Q @135Q
384 150 | 50.0 | <3|4 7736471647113 0215508 | 115 | 47.5| 385
512 150 | @410 | <3 |@2025 6925 69811 3444 814 | 115 | 415 | 3 26
768 150 | 355 | <3|338924 5924596 8970|3813 | 275 | 42.0| 253

1024 150 | 82.0 | <3|30584 1354 141/ 7990|3403 | 275 | 38.0 | 222
1280 150 | 285 | <3|272536783684 70113006 | 275 | 335|181
1536 150 | 255 | <3|243932853291617412673 | 250 | 29.0 | 168
2048 (s 200 | 240 | <3|2135281728204886/2271 | 250 | 255|142
2304 (s 200 | 215 | <3|191325092518 42572010 | 250 | 23.0 | 120
2048 (a 250 | 28.0| <3| 232303030345189]2389 | 250 | 28.0| 160
2304 (a 250 | 25.0| <3| 20726992 70945142102 | 250 | 25.0| 138

NOTE - The electrical length Y (insertion loss at sfped frequency §) is
mandatory, the (estimated) physical lengths L1-le/iaformative.

(s) those electrical lengths apply to the symme&sd

(a) those electrical lengths apply to the asymm&8D

N NN 000 O OO0 W o B O

B.3 Performance Testing

The purpose of transmission performance testssgégs SHDSL transceivers in a way that is
representative to a high penetration of systemsast®in operational access networks. This high
penetration approach enables operators to defipleytaent rules that apply to most operational
situations. It means also that in individual opersl cases, characterized by lower noise levels
and/or insertion loss values, the SHDSL system wted® may perform better than tested.

The design impedand®, is 135Q. All spectra are representing single sided powecsal
densities (PSD).

B.3.1 Test Procedure

The purpose of this section is to provide an unaoudug specification of the test set-up, the
insertion path and the way signal and noise lemedsdefined. The tests are focused on the noise
margin, with respect to the crosstalk noise or ilm@moise levels when SHDSL signals under test
are attenuated by standard test-loops and interfeith standard crosstalk noise or impulse noise.
This noise margin indicates what increase of crélsstaise or impulse noise level is allowed under
specific operational conditions to ensure suffitkeansmission quality.

B.3.2 Test Set-up Definition

Figure B-2 illustrates the functional descriptidrtloe test set-up. It includes:

. A bit error ratio test set (BERTS) applies a 215pseudo random bit sequence (PRBS) test
signal to the transmitter in the direction undet & the bit rate required. The transmitter in
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the opposing direction shall be fed with a simP&BS signal, although the reconstructed
signal in this path need not be monitored.

. The test loops, as specified in § B.2.

. An adding element to add the (common mode ardrdiftial mode) impairment noise (a
mix of random, impulsive and harmonic noise), aced in 8§ B.3.5.

. An impairment generator, as specified in 8 B.&5generate both the differential mode and
common mode impairment noise, that are fed to doéng element.

. A high impedance, and well balanced different@tage probe (e.g. better than 60 dB

across the whole band of the SHDSL system undgrdesnected with level detectors such
as a spectrum analyser or a true RMS voltmeter.

. A high impedance, and well balanced common madage probe (e.g. better than 60 dB
across the whole band of the SHDSL system undgrdesnected with level detectors such
as a spectrum analyser or a true RMS voltmeter.

Application Application
Interface Test Loop Interface
PRBS (A1l (A2]
o_ o— f o—
pattorn | —1 Modem X Test "Cable" Adding RX Modem | | BERTS
G t Under Test o o Element v o—1 Under Test Receiver
enerator B1] [B2]
) Differential| | Voltage Voltage
Igpawm(tent Voltage Probe Probe
enerator Probe u, U,
Level Level Level
Detectol Detecto Detector

_GND_jaND

FIGURE B-2
Functional Description of the Set-up of the Perforrance Tests

The two-port characteristics (transfer function, @dance) of the test-loop, as specified in 8 B.2,
are defined between port TX (node pairs Al, B1) poxd RX (node pair A2, B2). The consequence
is that the two-port characteristics of the tesible" in Figure B-2 must be properly adjusted te@ta
full account of non-zero insertion loss and nonriiké shunt impedance of the adding element and
impairment generator. This is to ensure that tkertion of the generated impairment signals does
not appreciably load the line.

The balance about earth, observed at port TX, atRyiand at the tips of the voltage probe shall
exhibit a value that is 10 dB greater than thedtaiver under test. This is to ensure that the
impairment generator and monitor function do ngirapiably deteriorate the balance about earth of
the transceiver under test.

The signal flow through the test set-up is from goftto port RX, which means that measuring
upstream and downstream performance requires arclange of transceiver position and test
"cable" ends.
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The received signal level at port RX is the levetasured between node A2 and B2, when port TX
as well as port RX are terminated with the SHDSIns$ceivers under test. The impairment
generator is switched off during this measurement.

Test Loop #1, as specified in § B.2, shall alwaysiged for calibrating and verifying the correct
settings of generators G1-G7, as specified in §Bwhen performing performance tests.

The transmitted signal level at port TX is the levegéasured between node Al and B1, under the
same conditions.

The impairment noise shall be a mix of random, irapal and harmonic noise, as defined in

§ B.3.5. The level that is specified in 8§ O is tkeel at port RX, measured between node A2 and B2
(and includes both differential mode and common eniathbairments), while port TX as well as

port RX are terminated with the design impedangeTRese impedances shall be passive when the
transceiver impedance in the switched-off modeffergnt from this value.

B.3.3 Signal and Noise Level Definitions

The differential mode signal and noise levels aobed with a well balanced differential voltage
probe U;-U,), and the differential impedance between thedipgbat probe shall be higher than the
shunt impedance of 10@Xin parallel with 10 pF. Figure B-2 shows the prglesition when
measuring the RX signal level at the STU-C or STteéeiver. Measuring the TX signal level
requires the connection of the tips to node pair, [B1].

The common mode signal and noise levels are proltedawvell balanced common mode voltage
probe as the voltage between nodes A2, B2, anchdrokigure 10-1 shows the position of the two
voltage probes when measuring the common modelsigin@ common mode voltage is defined as
(U +Uy)/2.

NOTE - The various levels (or spectral masks) of $ignd noise that are specified in this
document are defined at the TX or RX side of thtsupe The various levels are defined while the
set-up is terminated, as described above, witlgdasipedanc®y or with SHDSL transceivers
under test.

Probing an rms-voltagd.ms[V] in this set-up, over the full signal band, mea power level of
P [dBm] that equals:

P =10 x logo(Ume/ Ry x 1 000) [dBm]

Probing an rms-voltagd,ms[V] in this set-up, within a small frequency baoichf [Hz], means an
average spectral density level®fdBm/Hz] within that filtered band that equals:

P =10 x logo(Urmé / Ry % 1 000 /af) [dBm/Hz],
where the bandwidthf identifies the noise bandwidth of the filter, amut the —3 dB bandwidth.

B.3.4 Performance Test Procedure

The test performance of the SHDSL transceiver sigaiuch that the bit error ratio (BER) on the
disturbed system is less than_i(i/vhile transmitting a pseudo random bit sequembe.BER

should be measured after at least Hi6s have been transmitted.

The tests are carried out with a margin which ingisavhat increase of noise is allowed to ensure
sufficient transmission quality. Network operatoray calculate their own margins for planning

purposes based on a knowledge of the relationgtipden this standard test set and their network
characteristics.
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A test sequence as specified in Table B-3 shalbbeladed. The test loops referred to are specified

in Figure B-1. The test loops are characterizechbyinisertion loss Y and/or the cable length L,
which depend on the data rate to be transportedhawel to be scaled adequately.

TABLE B-3
Test Sequence for Performance Testing
N Test Path | Direction Comments
(NOTE 6)
1 #1 (NOTE 1)| Upstream Y =0 dB; Test noise A (NOTES 5, 7)
2 #2 Upstream |Y =Y1 (NOTE 2); Test noise A, C and D (NOTE 7)
3 #3 Upstream Y =Y1; Test noise D (NOTES 5, 7)
4 #4 DownstreamY = Y1; Test noise A and C (NOTES 5, 7)
5 #5 Upstream Y = Y1, Test noise B (NOTES 5, 7)
6 #6 DownstreamY = Y1; Test noise A and C (NOTES 5, 7)
7 #H7 DownstreamY = Y1; Test noise A, B, C and D (NOTES 5, 7)
8 Common mode rejection test (NOTE 4)
9 (NOTE 3) |(NOTE 3) |Y =Y2; Test noise is the worst noise correspondintpe worst path
of test 1 to 7. BER < 10

10 | (NOTE3) [(NOTE3) |y =Y3; No added impairment; Worst path of tests 7; BER < 10°
11 | #2 Upstream Y = Y1, Impulse test as describedliBD>
12 | As<TBD> |[<TBD> Micro interruption test as described in <TBD>

NOTE 1 — Test Path = #1 means that the path uedeshall be connected with test loop #1 as defimeg
Figure B-1.

NOTE 2 - Y1 = Y dB (as specified in Table B- foris®models B, C and D and in Table B- for noise
model A), Y2=Y1-10dB, Y3=Y1+ 3 dB.

NOTE 3 — The tests are carried out on the worsidep from tests 1 to 7. If there are no errdngntloop
#3 Upstream is taken as default.

NOTE 4 — The measuring arrangement for this tegpésified in ITU-T Recommendation O.9 [13].

NOTE 5 — Only tested for lowest and highest dat@ iraTable B-1 or Table B-2 (that the equipment
supports) and for asymmetric PSDs when supported.

NOTE 6 — Upstream means that the unit under tesinsected to the STU-C end of the test loop and
downstream means that the unit under test is commén the STU-R end of the test loop.

NOTE 7 — The BER shall be less than’ 1then the test noise is increased by 6 dB ( thégjisvalent to
6 dB of margin).

B.3.5

The noise that the impairment generator injectstimatest set-up is frequency dependent, is
dependent on the length of the test loop and esdifferent for downstream performance tests and
upstream performance tests. Figure B-3 illustritissfor thealien noise (other than the SHDSL
modem under test), as described in § B.3.5.4.lthocase that the length of test loop #1 is fiaed
3 km, using the crosstalk models described in 8823 Figure B-4 illustrates this for various loop

Impairment Generator
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lengths for the case that thiken noise of model "B" is applied. These figures asgrieted to alien
noise only. The self noise (of SHDSL) shall be camebiwith this alien noise.

Alien Noise [model A, B, C] to be injected Alien Noise [model A, B, C] to be injected
at STU-C side, at 3 km at STU-R side, at 3 km
-7C -7C
—
-80 — B -80
D —90— S PS 90 X

D
(dB /*/ C / /\ C
m/ _100 j/ B (dB—].OO / —
m/ N
Hz) /\/ H2) Y
-110 -110
o
-120 -120

-130 -130 \// \

200 400 600 800 1000 0 200 400 600 800 1000
Frequency (kHz) Frequency (kHz)

NOTE - This is the noise resulting from three @& fbur noise models for SHDSL in-

case that the length of test loop #2 is fixed at3. k
T1541550-00
(114701)

FIGURE B-3

Examples of Alien Noise Spectra that are to be Ing@ed into the Test Set-up,
While Testing SHDSL Systems
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Alien Noise [model B] to be injected Alien Noise [model B] to be injected
at STU-C side, at 1, 2, 3, and 4 km at STU-R side, at 1, 2, 3, and 4 km

-90 _— -90
S PS /\
E 100 ,// / 1 km

D
-100 N
8 5 \ T
B B
-110 -110
H7 H7 \\\—'&
~120 120 3 km
4 km\/, \
-130 -130
0 200 400 600 800 1000 0 200 400 600 800 1000
Frequency (kHz) Frequency (kHz)

NOTE - This is the alien noise, resulting from noiseleid for SHDSL, in the case that length of test loop #2 varies from 1 km to
4 km. This demonstrates that the test noise is length depetalegpresent the FEXT in real access network cables.

T1541560-00
(114701)

FIGURE B-4

Examples of Alien Noise Spectra that are to be Inged into the Test Set-up,
While Testing SHDSL Systems

The definition of the impairment noise for SHDSL fpemance tests is very complex and for the
purposes of this Recommendation it has been brd&em into smaller, more easily specified
components. These separate, and uncorrelated, mgaif'generators" may therefore be isolated
and summed to form the impairment generator foilSH®SL system under test. The detailed
specifications for the components of the noise rf{sflare given in this section, together with a
brief explanation.

B.3.5.1 Functional Description

Figure B-5 defines a functional diagram of the cosife impairment noise. It defines a functional
description of the combined impairment noise asust be probed at the receiver input of the
SHDSL transceiver under test. The probing is deedrib § B.3.3.

The functional diagram has the following elements:

. The seven impairment "generators" G1 to G7 geeemise as defined in § B.3.5.3.1 to
§ B.3.5.3.7. Their noise characteristics are inddpetfrom the test loops and bit rates.
. The transfer functiofly(f, L) models the length and frequency dependency aNEET

impairment, as specified in § B.3.5.3.1. The tran&fection is independent of the test
loops, but changes with the electrical length eftést loop. Its transfer function changes
with the frequency, roughly according t6% .

. The transfer functiofl,(f, L) models the length and frequency dependency oFE}T
impairment, as specified in § B.3.5.3.2. Its tran$finction is independent of the test loops,
but changes with the electrical length of the kegp. Its transfer function changes with the
frequencyf, roughly according tbtimes the cable transfer function.

. Switches S1-S7 determine whether or not a spdaiipairment generator contributes to the
total impairment during a test.
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. Amplifier A1 models the property to increase kbeel of some generators simultaneously
to perform the noise margin tests. A valuexoB means a frequency independent increase
of the level byx dB over the full band of the SHDSL system undst, teomf_ to fy.

Unless otherwise specified, its gain is fixed a0

In a practical implementation of the test set-bpre is no need to give access to any of the iatern
signals of the diagram in Figure B-5. These fun&ldilocks may be incorporated with the test

loop and the adding element as one integrated rumtisin.
Independent Crosstalk
Noise Generators Transfer Functions

NEXT noise |
G2 [hfL S2 o
FEXT noise ; © z Al
Background noise G3 o S3
Cable independent
Probe
. . G4 S4 Level
White noise
Cable independent © Z
Broadcast RF noise
G5 Sod
Cable independent o
Fixed powers, fixed freq Differential
. Mode
Amateur RF noise G6 S6d
Cable independent| - ¢ - - o
Fixed power, variable freq
Impulsive noise G7 s7
Cable independent o
Bursty in nature
S5¢ Probe
° Level
2
Y S6c Common
Mode

NOTE 1. Generator G7 is the only one that is symht#yy shown in the time domain.
NOTE 2: The precise definition of impulse noisegirais for further study.

FIGURE B-5
Functional Diagram of the Composition of the Impaiment Noise

This functional diagram will be used for impairmégdgts in downstream and upstream direction.
Several scenarios have been identified to be appi&HDSL testing. These scenarios are intended
to be representative of the impairments found itethe access networks.
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Each scenario (or noise model) results in a lengpgeddent PSD description of noise. Each noise
model is subdivided into two parts: one to be itgdat the STU-C side, and another to be injected
at the STU-R side of the SHDSL link under test. Softhe seven individual impairment
"generators” G1 to G7 are therefore defined by nimea one noise model.

Each test has its own impairment specification. Werall impairment noise shall be characterized
by the sum of the individual components as spetifiethe relevant sub-clauses. This combined
impairment noise is applied to the receiver undst, tat either the STU-C (for upstream) or STU-R
(for downstream) ends of the test loop.

B.3.5.2 Cable Crosstalk Models

The purpose of the cable cross-talk models is toemooth the length and frequency dependency of
crosstalk measured in real cables. These crosssalkfér functions adjust the level of the noise
generators in Figure B-5 when the electrical lerggtthe test loops is changed. The frequency and
length dependency of these functions is in accarelanth observations from real cables. The
specification is based on the following constapgsameters and functions:

. Variablef identifies the frequency in Hz.
. Constanfy identifies a chosen reference frequency, which seaso 1 MHz.
. VariableL identifies an average physical length in meterss Pphysical length is

calculated from the cable models in Appendix Ihfirthe specified electrical length. Values
are summarized in Table B-1 for each combinatiopagload bit rate, noise model, and

test loop.
. Constant identifies a chosen reference length, which wasosg km.
. Functionsr(f,L) represents the frequency and length dependerittadgof the insertion

loss of the actual test loop terminated into @5

. ConstanK,, identifies an empirically obtained number thalesahe NEXT transfer
functionH,(f, L). The resulting transfer function represents a pasuenmed crosstalk
model of the NEXT as it was observed in a test calitaough several disturbers and wire
pairs were used, this functidh(f, L) is scaled down as if it originates from a single
disturber in a single wire pair.

. Constant ks identifies an empirically obtained number thatesahe FEXT transfer
functionHy(f, L). The resulting transfer function represents a pauenmed crosstalk
model of the FEXT as it was observed in a test c#iteough several disturbers and wire
pairs were used, this functidiy(f, L) is scaled down as if it originates from a single
disturber in a single wire pair.

The transfer functions in Table B-4 shall be usedrasstalk transfer functions in the impairment
generator.

ITU-T G.991.2 (02/2001) — Prepublished version 123



TABLE B-4
Definition of the crosstalk transfer functions

Hl(f,L)=Kxnx(fij Xy/L=[sro(f,L)[*

0

= X i X L)(
st e [E ot

Ky = 107°929= 0.0032, fy=1 MHz
Ky = 107%29=0.0056, Lo=1km

S;,(f,L)=test loop insertion loss

B.3.5.3 Individual Impairment Generators

B.3.5.3.1 Equivalent NEXT Disturbance Generator [GIxx]

The NEXT noise generator represents the equivalenirdance of all impairment that is identified
as crosstalk noise from a predominantly near erginorThis noise, filtered by the NEXT crosstalk
coupling function of § B.3.5.2, will represent tb@ntribution of all NEXT to the composite
impairment noise of the test.

The PSD of this noise generator is one of the P®igs, as specified in 8 B.3.5.4. For testing
upstream and downstream performance, different pr8files shall be used, as specified below.

Gl.C#= X.C#
Gl.R#= XR.#
The symbols in this expression, refer to the folloyvi
. Symbol "#" is a placeholder for noise model "AB;" , "C" or "D".
. Symbol "X.C.#" and "X.R.#" refer to the crosstaltofiles, as defined in § B.3.5.4.

This PSD is not related to the cable because tHe paltion is modelled separately as transfer
functionHy(f, L), as specified in § B.2.2.

The noise of this noise generator shall be uncae@haith all the other noise sources in the
impairment generator, and uncorrelated with the SHBystem under test. The noise shall be
random in nature and near Gaussian distributeshaasified in § B.3.5.4.2.

B.3.5.3.2 Equivalent FEXT Disturbance Generator [GZX]

The FEXT noise generator represents the equivaleirbi@ce of all impairment that is identified
as crosstalk noise from a predominantly far engioriThis noise, filtered by the FEXT crosstalk
coupling function of § B.3.5.2, will represent thentribution of all FEXT to the composite
impairment noise of the test.

The PSD of this noise generator is one of the P9lgs, as specified in § B.3.5.4.1. For testing
upstream and downstream performance, different p®files shall be used, as specified below.

G2.C#= XR#
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G2.R#= X.C#
The symbols in this expression, refer to the folloyvi
. Symbol "#" is a placeholder for noise model "AB;", "C" or "D".
. Symbol "X.C.#" and "X.R.#" refers to the crosktplofiles, as defined in § B.3.5.4.

This PSD is not related to the cable because tHe palntion is modelled separately as transfer
functionHy(f, L), as specified in § B.2.2.

The noise of this noise generator shall be uncaeghaith all the other noise sources in the
impairment generator, and uncorrelated with the SHBystem under test. The noise shall be
random in nature and near Gaussian distributeshesified in § B.3.5.4.2.

B.3.5.3.3 Background Noise Generator [G3]
The background noise generator is inactive ancosegro.

B.3.5.3.4 White Noise Generator [G4]

The white noise generator has a fixed, frequencgpaddent value, and is settb40 dBm/Hz,

into 135Q. The output signal of this noise generator shalimeorrelated with all the other noise
sources in the impairment generator, and uncoe@haith the SHDSL system under test. The noise
shall be random in nature and near Gaussian digtdb as specified in 8 B.3.5.4.2.

B.3.5.3.5 Broadcast RF Noise Generator [G5]

The broadcast RF noise generator represents thretdisone-line interference caused by amplitude
modulated broadcast transmissions in the Short Waw8, Medium Wave (MW), and Long Wave
(LW) bands which ingress into the differential @rtsmission mode of the wire-pair. These
interference sources have more temporal stabilap the amateur/ham interference because their
carrier is not suppressed. The modulation index {Mijsually up to 80%. These signals are
detectable using a spectrum analyser and resliftarspectra of varying amplitude in the frequency
band of the SHDSL system under test. Maximum olag#evpower levels of up to TBD dBm can
occur on telephone lines in the distant vicinitypobadcast AM transmitters. The noise is typically
dominated by the closest 10 or so transmittereeovictim wire-pair.

Several noise models are specified in this subselalihe average minimum power of each carrier
frequency is specified in Table B-5 for each motat,these values are for further study.

TABLE B-5
Average minimum RFI noise power versus frequency
frequency | 99 | 207| 333 384 531 60B 711 8p1 909 981 kHz
power -70| -40| -60 -60 -4p -50 —-40 -bO 460 -+60 dBm

B.3.5.3.6 Amateur RF Noise Generator [G6]

The amateur radio noise generator is identicale@dotibadcast RF noise generator with different
frequency and power values. These values are fttrefustudy.

ITU-T G.991.2 (02/2001) — Prepublished version 125



B.3.5.3.7 Impulse Noise Generator [G7]

A test with this noise generator is required toverthe burst noise immunity of the SHDSL
transceiver. This immunity shall be demonstrategdlmrt and long loops and noise to model
crosstalk and RFI.

B.3.5.4 Profiles of the Individual Impairment Geneators

Crosstalk noise represents all impairment thatmmaigs from systems connected to adjacent wire
pairs that are bundled in the same cable. Theirsvare coupled to the wires of the xDSL system
under test, causing this spectrum of crosstalkentmsvary with the electrical length of the tesigo

To simplify matters, the definition of crosstalk seihas been broken down into smaller, more
easily specified components. The two generatorsi@d1G? represent the "equivalent disturbance”.
Their noise level originate from a mixture of manstdrbers in a real scenario, as if all disturbers
are collocated at the ends of the test loops.

This equivalent disturbance, filtered by the NEXT &i&KT coupling functions, will represent the
crosstalk noise that is to be injected in the sestup. This approach has isolated their definition
from the NEXT and FEXT coupling functions of the calllae noise generated by these two
equivalent disturbers is specified in this sectiothe frequency domain as well as in the time
domain.

The frequency domain characteristics of each geme@i and G2 is defined by a spectral profile,
so each noise model has its own pair of spectodil@s.

. The profiles X.C.# in this section describe thrltequivalent disturbance of a technology
mix that is virtually co-located at the STU-C endlud test loop. This noise is represented
by equivalent disturbance generator G1, when strgsgpstream signals, and by equivalent
disturbance generator G2 when stressing downstsagmals.

. The profiles X.R.# in this section describe thrltequivalent disturbance of a technology
mix that is virtually co-located at the STU-R endlud test loop. This noise is represented
by equivalent disturbance generator G2, when strgsgpstream signals, and by equivalent
disturbance generator G1 when stressing downstsegmals.

Note that the PSD levels of equivalent disturbagmeerator G1 and G2 are interchanged when
changing from upstream testing to downstream tgstin

B.3.5.4.1 Frequency Domain Profiles for SHDSL

This sub-clause specifies the PSD profiles X.R.#a@l# that apply for the equivalent disturbers
G1 and G2 when testing SHDSL systems. In this natature is "#" used as a placeholder for
noise model "A", "B" ,"C" and "D".

Four noise models have been defined for SHDSL.:

. Type "A" models| are intended to represent a high penetration scewhere the SHDSL

system under test is placed in a distribution célgbeto hundreds of wire pairs) that is filled
with many other (potentially incompatible) transsiis systems.

. Type "B" models are intended to represent a medium penetratiorascewhere the
SHDSL system under test is placed in a distributiaole (up to tens of wire pairs) that is
filled with many other (potentially incompatiblegahsmission systems.

. Type "C" models are intended to represent a legacy scenario ticauats for systems
such as ISDN-PRI (HDB3), in addition to the medipemetration scenario of model "B".
. Type "D" models are intended as reference scenario to demonsteatifference between

a cable filled with SHDSL only, or filled with a xture of SHDSL techniques.
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The PSD profiles for each noise model are buildyp wveighed sum of two individually defined
profiles: self and alien crosstalk profiles.

X.C# = (XS.C.# XA.C#)
X.R.# = (XS.R.#* XA.R.#)
The symbols in this expression, refer to the folloyvi

. Symbol "#" is used as a placeholder for noise ehtdl", "B", "C" or "D".

. Symbol IXS.C.#" and "XS.R.#" refers to the seligstalk profiles, as defined in
B.3.5.4.1.1.

. Symbol XA.C.#" and "XA.R.#" refers to the alierosstalk profiles, as defined in
B.2.5.4.1.2.

. Symbol ®" refers to the crosstalk sum of two PSDs, defiag®, = (PXSK” + P, )VK" :

whereP denotes the PSDs in W/Hz, aigl= 1/0.6.
These profiles shall be met for all frequencies leetwl kHz to 1 MHz.

B.3.5.4.1.1 Self Crosstalk Profiles

The noise profiles XS.C.# and XS.R.#, representiegequivalent disturbance of self crosstalk, are
implementation specific of the SHDSL system undst.tTransceiver manufacturers are left to
determine these levels. For compliance with theiremqents of this recommendation, the
transceiver manufacturer shall determine the sigpattrum of the SHDSL system under test, as it
can be observed at the TX port of the test setsugeacribed in § B.3.2. The measurement
bandwidth for PSD shall be 1 kHz or less.

For testing SHDSL, four noise models for self ctalkshave been defined. The STU-R and STU-C
profiles are specified in Table B-6.

In this nomenclature is "#" a placeholder for mg@€l, "B" ,"C" or "D". "SHDSL.dn" is the signal
spectrum that SHDSL transmits in downstream dioectand "SHDSL.up" in upstream direction.

TABLE B-6
Definition of the Self Crosstalk for SHDSL Testing

Model A (XS.#.A) Model B (XS.#.B) Model C (XS.#.C) | Model D (XS.#.D)

XS.C#

"SHDSL.dn" + 11.7 dB

"SHDSL.dn" + 7.1 dE

3

"SHDSL.dn'7.1 dB

"SHDSL.dn" + 10.1 dE

XS.R#

"SHDSL.up" + 11.7 dB

"SHDSL.up" + 7.1 dE

3

"SHDSL.up'7.1 dB

"SHDSL.up" + 10.1 dH

NOTE - The different noise models use differentr¥actors.

B.3.5.4.1.2 Alien Crosstalk Profiles

The noise profiles XA.C.# and XA.R.#, representimg équivalent disturbance of alien crosstalk,
are implementation specific of the SHDSL systemaurtdst. For testing SHDSL, four noise models
for alien crosstalk have been defined. The STU-Cilpsoére specified in Table B-7 and the STU-R
profiles in Table B-8. Each PSD profile originatesnfra mix of disturbers. The alien noise in
model D is made inactive, to achieve one pureceBstalk scenario.
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Break Frequencies of the "XA.C.#" PSD Profiles thatSpecify the Equivalent

TABLE B-7

Disturbance Spectra of Alien Disturbers

XA.C.A 135 2 XACB| 1350 || XACC| 13502 XACD| 1350
[Hz] | [dBm/HZ] [Hz] |[dBm/HZz] [Hz] | [dBm/HZ] [Hz] | [dBm/HZ]
1 -20.0 1 -25.7 1 -25.7
15k -20.0 15k -25.7 15k -25.7
30 k -21.5 30k -27.4 30k -27.4 ALL -00
67 k -27.0 45 k -30.3 45 k -30.3
125k -27.0 70 k -36.3 70 k -36.3
138 k -25.7 127 k -36.3 127 k -36.3
400 k -26.1 138 k -32.1 138 k -32.1
1104 k -26.1 400 k -32.5 400 k -32.5
25M -66.2 550 k -32.5 550 k -32.5
455 M -96.5 610 k -34.8 610 k -34.8
30 M -96.5 700 k -35.4 700 k -35.3
1104k| -35.4 1104 k| -35.3
455 M -03.0 1.85M -58.5
30M -103.0 || 224 M| -103.0
30M -103.0
NOTE - The PSD profiles are constructed with straimes between these break frequenci
when plotted againstlagarithmic frequency scale andiaear dBm scale. The levels are
defined with into a 138 resistive load.
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TABLE B-8

Break Frequencies of the "XA.R.#" PSD Profiles thatSpecify the Equivalent

Disturbance Spectra of Alien Disturbers

XA.R.A 135 Q XA.R.B 135 2 XARC| 1350 XARD| 1350
[Hz] [dBm/HZ] [Hz] | [dBm/HZz] [Hz] | [dBm/HZ] [Hz] | [dBm/HZ]
1 -20.0 1 -25.7 1 -25.7
15k -20.0 15k -25.7 15k -25.7
60 k -25.2 30 k -26.8 30 k -26.8 ALL -00
276 k -25.8 67 k -31.2 67 k -31.2
500 k -51.9 142 k -31.2 142 k -31.2
570 k -69.5 156 k -32.7 156 k -32.7
600 k -69.9 276 k -33.2 276 k -33.2
650 k -62.4 400 k -46.0 335k -42.0
763 k -62.4 500 k -57.9 450 k -47.9
1.0M -71.5 570 k -75.7 750 k -45.4
2.75 M -96.5 600 k -76.0 1040k | -45.5
30 M -96.5 650 k -68.3 2.46 M -63.6
763 k -68.3 23.44 M -103.0
1.0M -77.5 30 M -103.0
2.8 M -103.0
30M -103.0
NOTE - The PSD profiles are constructed with stralmes between these break frequencies,
when plotted againstlagarithmic frequency scale andiaear dBm scale. The levels are defingd
with into a 135 resistive load.

B.3.5.4.2 Time Domain Profiles of Generators G1-G4

The noise, as specified in the frequency domainBn385.3.1 to § B.3.5.3.4, shall be random in
nature and near Gaussian distributed. This meanghhamplitude distribution function of the
combined impairment noise injected at the addiegieht shall lie between the two boundaries as
illustrated in Figure B-6, where the non-shaded asehe allowed region. The boundaries of the
mask are specified in Figure B-9.

The amplitude distribution functidf(a) of noiseu(t) is the fraction of the time that the absolute
value ofu(t) exceeds the valua™ From this definition, it can be concluded tk&D) = 1 and that
F(a) monotonically decreases up to the point whatestjuals the peak value of the signal. From
there onf(a) vanishes:

F(a) =0, for az‘upeak

The boundaries on the amplitude distribution enthaiethe noise is characterized by peak values
that are occasionally significantly higher than thmes-value of that noise (up to 5 times the
rms-value).
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FIGURE B-6

Mask for the Amplitude Distribution Function

TABLE B-9
Upper and Lower Boundaries of the Amplitude Distribution Function of the Noise
Boundary (o = rms value of noise) Interval Parameter Value
Fiowe@) = (1 —€) - {1 —erf((a/o)V2) } | 0<alo < CF crest factor CF=5
Fowed@ =0 CF<alo<w Gaussian gap | £ = 0.1
Fuppe(@) = (1 +€) - {1 —erf((a/0)/V2) } | 0<alo <A A=CF/2=25
Fuppe(@) = (1 +€) - {1 —erf(AV2) } A<alo <o

The meaning of the parameters in Table B-3 is asvisl

- CF denotes the minimum crest factor of the ndlsst, characterizes the ratio between the
absolute peak value and rms value (Qkzal / Urms)-

- e denotes the Gaussian gap that indicates how "chesse Gaussian noise approximates
true Gaussian noise.

- A denotes the point beyond which the upper lim#tlisviated to allow the use of noise
signals of practical repetition length.
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B.3.5.5 Measurement of Noise Margin

At start-up, the level and shape of crosstalk norsenpulse noise are adjusted, while their legel i
probed at port RX to meet the impairment level gmation in § B.3.4. This relative level is
referred to as 0 dB. The transceiver link is subsatiy activated, and the bit error ratio of theklin
is monitored.

B.3.5.6 Measurement of Crosstalk Noise Margin

For measuring the crosstalk margin, the crosstaikenlevel of the impairment generator as defined
in Table B-7 or Table B-8 shall be increased by aufjgghe gain of amplifier A1 in Figure B-2,
equally over the full frequency band of the SHD$ktem under test, until the bit error ratio is

higher than 10 This BER will be achieved at an increase of nofsedB, with a small
uncertainty ofxx dB. This valuex is defined as the crosstalk noise margin witheesfo a standard
noise model.

The noise margins shall be measured for upstreamelaas downstream transmission.

B.3.5.7 Measurement of Impulse Noise Margin
For further study.

B.4 PSD Masks

For all data rates, the measured transmit PSDaf 8aU shall not exceed the PSD masks
specified in this sectioPSDMASKpsi(f)), and the measured total power into IBShall fall
within the range specified in this sectid®(ps £ 0.5 dB).

Support for the symmetric PSDs specified in 8 Bshall be mandatory for all supported data rates.
Support for the asymmetric PSDs specified in 8§ Bshall be optional.

Table B-10 lists the supported PSDs and the assdctanstellation sizes.

TABLE B-10
PSD and constellation size

Symmetric PSDs Asymmetric PSDs
DS us DS us DS us
16-TCPAM | 16-TCPAM | 16-TCPAM| 16-TCPAM | 8-TCPAM 16-TCRA
Mandatory Optional For further study

For the 16-TCPAM upstream and downstream constatiatshown in Table B-10, the details of
payload data rate, the associated symbol ratethenechapping of bits per symbol are specified in
Table B-11.
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TABLE B-11
Framed Data Mode Rates

Payload Data Rate, | Modulation Symbol Rate K
R (kbit/s) (ksymbol/s) (Bits per
Symbol)

R=nx64+()x8 16-TCPAM (R+8)+3 3

As specified in 8 5, the allowed rates are givembBy64 +i x 8 kbit/s, where 3 n< 36 and
0<i<7.Forn=36,i is restricted to the values of 0 or 1.

B.4.1 Symmetric PSD Masks

For all values of framed data rate available in3f&J, the following set of PSD masks
(PSDMASKpsi(f)) shall be selectable:

2
-PBC K 1 {Sm[ Nf ]:| 1 MaskedOfétdH f )
10 x _~SHDSLx X sym X X 10 < f
10 2 2xOrder 10 ’ f flnt
135 fSym 7 1+ f j
PSDMASH g, ps(( ) = Nfoym fas

0.5683x10x f 1%, f_<f <15MHz

-90dBm/Hz peak withmaximumpowerinal f, f +1MHz] window of -50dBm,
1.5MHz < f <11.04MHz

whereMaskOffsetdB) is defined as:

fog — f
1+04x 38 , f<fg
3dB

1 f2

MaskOffsedB(f) =

f3dB
The inband PSD for 0 k< 1.5 MHz shall be measured with a 10 kHz resofubandwidth.

fint IS the frequency where the two functions goverm&PMASKps.(f) intersect in the frequency
range from O tdNfsy, PBO is the power backoff value in dBsypsi, Order, N, fsym, f3 gg, and

PsupsL are defined in Table B-1Pgsyps, is the range of power in the transmit PSD witH80 d
power backoffR is the payload data rate.

TABLE B-12
Symmetric PSD parameters
Payload Data | Ksups. | Order N Symbol Rate Fsas Pshps. (dBm)
Rate, R (kbit/s) fsym
(ksymbol/s)
R< 2048 7.86 6 1 | R+8)/3 1.0 foynf2 | PL(R) <P sups1<13.5
R>2 048 9.90 6 1 R+8)/3 1.0xfsf2 | 14.5
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P1(R) is defined as follows:
P1(R) = 0.3486log, (Rx1000+8000) + 6.06 dBm

For 0 dB power backoff, the measured transmit paater135Q shall fall within the range
Psupsi£0.5 dB. For power backoff values other than O d¢B,rheasured transmit power into X35
shall fall within the rang®sppsi£0.5 dB minus the power backoff value in dB. The mead
transmit PSD into 138 shall remain below?SDMASKps.(f).

Figure B-7 shows the PSD masks with 0 dB power tfid¢&r payload data rates of 256, 512, 768,
1 536, 2 048, and 2 304 kbit/s.

-30

—40[

PSD (dBm/Hz)

-100

-110
° lf1541590-00
Frequency (MHz) (114701)

FIGURE B-7
PSD Masks for O dB Power Backoff
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The equation for the nominal PSD measured at tingrtais is:

NominalPSI(f) =

2
i sin
PBe 1 Nfsym 1 f?

10 x _“SHDSL » X X X f<f

135 fyn A\ 1+( f ] et
Nf faoe

sym

0.5683<10“x f *°, f_ < f <15MHz
- 90dBm/Hzpeak withmaximumpowerina[ f, f +1MHz] windowof -50dBm

1.5MHz < f £11.04MHz

wheref, is the transformer cutoff frequency, assumed t6 kklz. Figure B-8 shows the nominal
transmit PSDs with 13.5 dBm power for payload datas of 256, 512, 768, 1 536, 2 048, and
2 304 kbit/s. NOTE - The nominal PSD is given for mfiation only.

PSD (dBm/Hz)

-100

-110
0

lr1541600-00
Frequency (MHz) (114701)

FIGURE B-8
Nominal Symmetric PSDs for 0 dB Power Backoff

NOTE: In this sectionPSDMASK (flandNominalPSD(fiare in units of W/Hz unless otherwise
specified, and is in units of Hz.
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B.4.2 Asymmetric 2.048 Mbit/s and 2.304 Mbit/s PSMasks

The asymmetric PSD mask set specified in this sestiall optionally be supported for the
2.048 Mbit/s and the 2.304 Mbit/s payload data.ratever and power spectral density is measured

into a load impedance of 135

For the 2.048 Mbit/s and the 2.304 Mbit/s payloathdates available in the STU, the following set
of PSD masksRSDMASK;psi(f)) shall be selectable:

2
i
-PBC K 1 sin o 1 MaskedOfetd )
10 10 x_SHDSLy = X x x10 10 , f<f
135 fx 7 2 f 2xOrder int
_ — 1+
PSDMASH g, ps /() = [ f J [ deBJ

0.5683x107*x 5 f < f<15MHz

-90dBm/Hz peak withmaximumpowerinal[ f, f + 1MHz] window of -50dBm,
1.5MHz < f <11.04MHz

whereMaskOffsetdB) is defined as:
1+04xt =T g fos

3dB

1 2

MaskOffsedB(f) =

The inband PSD for 0 k< 1.5 MHz shall be measured with a 10 kHz resotubandwidth.

fint IS the frequency where the two functions goverm®iPMASKps.(f) intersect in the frequency
range from O tdy. PBO is the power backoff value in dBsyps|, Order, fy, f3 g andPspps. are
defined in Table B-13.£ps.is the range of power in the transmit PSD wittBOpdwer backoff.
Ris the payload data rate.

TABLE B-13
Asymmetric PSD parameters
Payload Date | Transmitter | Ksups. | Order fx (Hz) | fzgs (H2) Pshpst
Rate (kbit/s) (dBm)
2 048 STU-C 16.86 7 1370667 548267 16.25
2048 STU-R 15.66 7 685333 342667 16.50
2 304 STU-C 12.48 7 1541333 578000 14.75
2304 STU-R 11.74 7 770667 385333 15.25

For 0 dB power backoff, the measured transmit paater 135Q shall fall within the range
Psupsi£0.5 dB. For power backoff values other than O ¢iB,measured transmit power into X35
shall fall within the rang®sppsi£0.5 dB minus the power backoff value in dB. The suead
transmit PSD into 138 shall remain below”nSDMASKps.(f).

Figure B-9 shows the PSD masks with 0 dB power tffid¢kr payload data rates of 2 048 and
2 304 kbit/s.
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FIGURE B-9
PSD Masks for O dB Power Backoff

The equation for the nominal PSD measured at tingitals is:

2
-PBC 2
10 10 x KSHDSLX 1 fx 1 X f f < fim

—x
135 fx 7_[ 2 f 2xOrder f2 + fCZ '
NominalPSI f) = TX 1+

f3dB

0568%10*x f ™, f < f <15MHz

-90dBm/Hzpeak withmaximunpowerinal f, f +1MHz] windowof-50 dBm),
1.5MHz< f <1104MHz

wheref, is the transformer cutoff frequency, assumed t6 kklz. Figure B-10 shows the nominal
transmit PSDs with 0 dB power backoff for payloadadrates of 2 048 and 2 304 kbit/s.
NOTE - The nominal PSD is given for information ynl

ITU-T G.991.2 (02/2001) — Prepublished version 136



PSD (dBm/Hz)

-100

-110
0 1

T1541620-00

Frequency (MHz) (114701)

FIGURE B-10
Nominal Asymmetric PSDs for O dB Power Backoff

NOTE: In this sectionPSDMASK (flandNominalPSD(flare in units of W/Hz unless otherwise
specified, and is in units of Hz.

B.5 Region-Specific Functional Characteristics

B.5.1 Data Rate

For devices supporting Annex B functionality, na@idnal limitation on data rates shall be placed
beyond the limitations stated in 8§ 5 and reiterae8l 7.1.1, 8 8.1, and § 8.2. For details of the
supported symbol rates and their association w&tbh$? see § B.4.

B.5.2 Return Loss

For devices supporting Annex B functionality, retlwss shall be specified based on the
methodology of § 11.3 and the limitations of Figiie6. The following definitions shall be applied
to the quantities shown in Figure 11-6:

RLun =14 dB
fo=3.99 kHz
f. =20 kHz
fo = fsynl2
f3 = 2.5%sym
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wherefsym is the symbol rate.
B.5.3 Span Powering

B.5.3.1 General

This section deals with power feeding of the STUdgenerators (if required) and the provision of
power to the application interface for narrow-baedvices under restricted conditions (life line
circuit). The requirements given in this clause lyngompliance to IEC 60 950 [7].

B.5.3.2 Power Feeding of the STU-R

The STU-R shall be able to consume power from ¢ngote power feeding circuit when the local
power supply fails.

NOTE - The remote feeding strategy may not be apble for extremely long lines or lines
including regenerators. In those cases specifidifgemethods may be applied, which are for
further study.

The STU-R shall draw between 200 pA and up to aimax of 3 mA as wetting current from the
remote feeding circuit when the STU-R is being p@adocally. When the local power fails the
maximum current drawn by the STU-R from the renfeesling circuit shall be limited to the value
specified in IEC 60 950 [7].

B.5.3.3 Power Feeding of the Interface for Narrow-and Services

When simultaneous telephone service is provideth®ysTU-R, feeding of restricted mode power
for life line service has to be provided for atdeane telephone set in case of local power failure

NOTE - The remote feeding strategy may not be apble for extremely long lines or lines
including regenerators. In those cases specifdifigemethods may be applied which are for
further study.

B.5.3.4 Feeding Power from the STU-C

The feeding power shall be limited to the valuescdped by the TNV requirements in
IEC 60 950 [7].

NOTE - This means that the sum of the DC- and AGage at the STU-R may not exceed 120 V.
The safety standards may for extraordinary cas#slamg lines or regenerators allow higher power
to be supplied from the STU-C. This is left forther study. It is likely that supporting long lines
and/or regenerators may imply floating (not coneddb ground) power feeding circuits.

B.5.3.5 Power Available at the STU-R

The STU-R shall be able to deal with any polaMiith a minimum voltage of 45 V (see NOTE) at
the input of the STU-R, it shall enter a full operyaal state.

NOTE - This value depends on the supply voltageiafor further study.

When remote power feeding is provided by the netwthre STU-R and the side of the SRU
directed towards the STU-C shall enter a high inapeé state within 2 s after interruption of the
remote current fed towards the STU-R or the SRigeetively. This state shall be maintained as
long as the voltage on the line stays below 18 € (DAC peak). In this state the leakage current
shall be less than 10 pA and the capacitance sbajteater than 2 pF. A guard time of at least 2 s
between removing the remote power and applyingtavtdtage is necessary.
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B.5.4 Longitudinal Balance

For devices supporting Annex B functionality, loiigiinal balance shall be specified based on the
methodology of § 11.1 and the limitations of Figdl-2. The following definitions shall be
applied to the quantities in Figure 11-2.

LBuwin = 40dB
fi = 5kHz
fo = foynd2
wherefsym is the symbol rate.

B.5.5 Longitudinal Output Voltage

For devices supporting Annex B functionality, loigiinal output voltage shall be specified based
on the methodology of § 11.2. The measuremegtiéecy range shall be between 100 Hz and
400 kHz.

B.5.6 PMMS Target Margin

If the optional line probe is selected during th8%3.1 session, the receiver shall use the negdtiat
target margin. If worst-case PMMS target margisakected, then the receiver shall assume the
disturbers of Table B-14 to determine if a pari@écuhte can be supported. Reference crosstalk
shall be computed using the cable crosstalk marfe8sB.3.5.2, assuming infinite loop length so
that FEXT components are ignored and NEXT is indepet of loop length. The reference
crosstalk specified in this section may not beespntative of worst-case conditions in all

networks. Differences between crosstalk envirortseray be compensated by adjusting the target
margin.

TABLE B-14
Reference Disturbers Used During PMMS for Worst-Cas Target Margin
Rate (kbit/s) PSD (direction) Reference disturber
all symmetric (US/DS) 49 SHDSL
2048 asymmetric (US) 49 SHDSL-SYM with),=685 333 Hz
2048 asymmetric (DS) 49 SHDSL-SYM with),=685 333 Hz
2304 asymmetric (US) 49 SHDSL-SYM with,=770 667 Hz
2304 asymmetric (DS) 49 SHDSL-SYM with,=770 667 Hz
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ANNEX C

Regional Requirements - Region 3

See G.992.1, Annex H [1] for specifications of segivers for use in networks with existing
TCM-ISDN service (as specified in G.961, AppendIB1]).
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ANNEX D

Signal Regenerator Operation

In order to achieve data transmission over grafistances than are achievable over a single
SHDSL segment, one or more signal regenerators $pRldy be employed. In the optional
two-pair mode, two-pair regenerators may be useehwthis reach extension is required. This
Annex specifies operational characteristics of aigagenerators and the start-up sequence for
SHDSL spans containing signal regenerators. Aduafiexplanatory text is included in
Appendix Il1.

D.1 Reference Diagram

Figure D-1 is a reference diagram of a SHDSL smamaining two regenerators. Up to eight (8)
regenerators per span are supported within the &ftessing scheme (8 9.5.5.5), and no further
limitation is intended herein. Each SRU shall cehef two parts: an SRU-R for interfacing with
the STU-C (or a separate SRU-C), and an SRU-Ohferfacing with the STU-R (or a separate
SRU-R). An internal connection between the SRU-8 8RU-C shall provide the communication
between the two parts during start-up and normataton. An SHDSL span containiXg
regenerators shall conta¥+ 1 separated SHDSL segments, designated TR1 (STAUSRUY),

TR2 (SRU-C to STU-R), and RR(SRU,-C to SRU 11— R, where k n< X-1). Each segment
shall follow the general principles described i6.8, § 6.3 and § 7.2 for the preactivation and
activation procedures. Additional requirements feto spans containing regenerators are
described in this Annex.

STU-R SRY SRU, STU-C
| |
Qx Qo
» DD » 21D >
T T
i) I
| |
| | ‘ | | ‘ | |
| Segment TR2, | Segment RR1 | Segment TR1
<= 5 <« > « = " >
| |
3 SHDSL Span 1
a T154’J‘.630>00
(114701)
FIGURE D-1

Block Diagram of a SHDSL Span with Two Signal Regeasrators

D.2 Startup Procedures

D.2.1 SRU-C

Figure D-2 shows the State Transition Diagram fRRIUSC start-up and operation. The SRU-C
begins in the "Idle" state and, in the case of @R initiated start-up, transitions first to the/ait
for STU-C" state. For an STU-C initiated start-tig SRU-C moves from "Idle" to the "G.994.1
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Session 1" state. An SRU initiated start-up shalkfion identically to an STU-C initiated start-up
from the perspective of the SRU-C.

The SRU-C shall communicate "Capabilities Availdlsiatus and transfer a list of its capabilities
to the SRU-R across the regenerator's internatfage upon entering the "Wait for STU-C" state.
The SRU-C's capabilities list, as transferred 3IRU-R, shall be the intersection of its own
capabilities, the capabilities list it receivedrfrahe STU-R (or SRU-R) in its G.994.1 session, and
the segment capabilities determined by the lind@rd used.

The SRU-C shall receive mode selection informatiom the SRU-R in association with the
"SRU-R Active" indication. In the subsequent G.994ession, the SRU-C shall select the same
mode and parameter settings for the SHDSL session.

The timer &ruc shall be set to 4 minutes. IEduc expires before the SRU-C reaches the "Active"
state, the SRU-C shall return to the "Idle" staté shall indicate link failure to the SRU-R across
the internal interface. The SRU-C shall also inidailure and return to the "Idle" state if a
(G.994.1 initiation is unsuccessful after 30 s

The "Diagnostic Mode" bit, if set in the G.994.1p@hilities Exchange, shall cause an SRU-C to
function as an STU-C if the subsequent segmers fallis implies that an internal failure indication
received while in the "Wait for STU-C" state shadluse the SRU-C to select an operational mode,
initiate a G.994.1 session, and transition to Si&t®94.1 Session 2".

ITU-T G.991.2 (02/2001) — Prepublished version 142



Receive Internal
"Link Initiation" Indication

G.994.1
Failure

Initiate G.994.1 Sessior

G.994.1
Failure

(G.994.1 Session 1

Receive MS
with "Silent Period" = 1

Complete G.994.1 Session
Start Tog e

Internal Failure

not Diagnostic
Wait for STU-R

Mode

G.994.1 Session
Capabilities Exchange
(Line Probe)
(Second G.994.1 Session)
(Capabilities Exchange)
Send MS with "Silent Period" = |l

Start Togye

Receive G.994.1 initiation

Tsruc Timeout
(G.994.1 Session

Capabilities Exchange
(Line Probe)
(Second G.994.1 Session)
(Capabilities Exchange)
end MS with "Silent Period" = 1

Restart Tgc

Receive G.994.1 Initiation

G.994.1 Session
MS with "Silent Period" =

Internal Failure

Indication and
Receive capabilities Exchange Diagnostic Mode

Receive Internal
"SRU-R Active" Indication

Initiate G.994.1 Sessiop

Capabilities Exchange Inltlastgscsii.é)r? 4.1
(Line Probe)
(Second G.994.1 Session)
Capabilities Exchange)
with "Silent Period" = 1
Resta

Send

G.994.1 Session 2

RUC

Disconnect,

Complete G.994.1 Session
Failure, or Retrain

with Mode Selection

Receive Internal
"SRU-R Active" Indication

SHDSL Activation
Initiate G.994.1 Session

T1541640-00
(114701)

FIGURE D-2
SRU-C State Transition Diagram

D.2.2 SRU-R

Figure D-3 shows the State Transition Diagram fRUSR start-up and operation. The SRU-R
begins in the "Idle" state and, in the case of @0-R initiated train, transitions first to the "®4.1
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Session 1" state. For an STU-C initiated train,3RJ-C moves from "ldle" to the "G.994.1
Session 2" state.

The SRU-R shall communicate "Link Initiation" statio the SRU-C across the regenerator's
internal interface upon entering the "Wait for SRUstate. Upon entering the "Active" state, it
shall communicate "SRU-R Active" status to the SRUf plesiochronous operation (Clock
Mode 1; see § 10) is selected, the SRU-R may opifipmdicate its entry into the "Active" state to
the SRU-C prior to the completion of the SHDSL \eatiion sequence. If synchronous or network
referenced plesiochronous clocking is selecteddqiCModes 2, 3a or 3b; see § 10), the SRU-R
shall not indicate entry into the "Active" statetiithe SHDSL activation sequence has been
completed.

The SRU-R shall receive a list of capabilities frdima SRU-C across the regenerator's internal
interface in association with the "Capabilities Aable" indication. The SRU-R's capabilities list,
as indicated in the subsequent G.994.1 sessiolh bghthe intersection of its own capabilities with
the capabilities list it received from the SRU-C.

The SRU-R shall provide mode selection informatmthe SRU-C in association with the "SRU-R
Active" indication, based on the selections it reeived in the G.994.1 session.

The timer &rur Shall be set to 4 minutes. IEdur expires before the SRU-R reaches the "Active"
state, the SRU-R shall return to the "Idle" staté shall indicate link failure to the SRU-C across
the internal interface. The SRU-R shall also inidailure and return to the "Idle" state if a
(G.994.1 initiation is unsuccessful after 30 s

The "Diagnostic Mode" bit, if set in the G.994.1p@hilities Exchange, shall cause an SRU-R to
function as an STU-R if the subsequent segmers fallis implies that an internal failure indication
received while in the "Wait for STU-R" state shadluse the SRU-R to initiate a G.994.1 session
and transition to state "G.994.1 Session 2".
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FIGURE D-3
SRU-R State Transition Diagram

ITU-T G.991.2 (02/2001) — Prepublished version 145



D.2.3 STU-C

In order to support operation with regeneratorshe&l U-C shall support the Regenerator Silent
Period (RSP) bit, as specified in G.994.1. Sectimel STU-C shall not indicate a training failure or
error until it has been forced into "silent” moae &t least 5 consecutive minutes.

D.24 STU-R

In order to support operation with regeneratorshesl U-R shall support the Regenerator Silent
Period (RSP) bit, as specified in G.994.1. The S¥BRhall not indicate a training failure or error
until it has been forced into "silent” mode foledst 5 consecutive minutes.

D.2.5 Segment Failures and Retrains

In the case of a segment failure or a retrain, sagment of the span shall be deactivated, with
each SRU-C and each SRU-R returning to its "Idlates The restart may then be initiated by the
SRU, the STU-R, or the STU-C.

D.3 Symbol Rates

For Annex A operational modes, signal regeneratayg transmit at symbol rates up to and
including 280 ksymbol/s in either two-wire or thetional four-wire mode. This corresponds, for
16-TCPAM, to maximum user data rates (not includnagning overhead) of 832 kbit/s and

1 664 kbit/s for two-wire and four-wire operatioBspectively. Operation at higher symbol rates is
for further study.

For Annex B operational modes, signal regeneratang transmit at symbol rates up to and
including 685.33 ksymbol/s in either two-wire oetbptional four-wire mode. This corresponds, for
16-TCPAM, to maximum user data rates (not includnagning overhead) of 2.048 Mbit/s and
4.096 Mbit/s for two-wire and four-wire operatiaespectively. Operation at higher symbol rates is
for further study.

In either case, each STU and SRU on a span shetlt $be same operational data rate.

D.4 PSD Masks

Any of the PSDs from Annex A or Annex B may be utwdhe TR1 segment (STU-C to SRR),

as appropriate to the given region. All other segimehall employ one of the appropriate
symmetric PSDs, as described in either 8 A.4.1Br481. The selection of PSD shall be limited by
the symbol rate considerations of § D.3.
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ANNEX E
Application-specific TPS-TC Framing

This Annex provides implementation details for #agious types of TPS-TC framing that may be
supported by SHDSL transceivers. The TPS-TC framiogde is selected during preactivation, but
the criteria for selecting a particular TPS-TC made application specific and are beyond the
scope of this Recommendation.

E.1l TPS-TC for Clear Channel Data

In Clear Channel mode, there shall be no speciationship between the structure of the user
data and its positioning within the Payload SubeRkoks bits of contiguous user data shall be
contained within each Sub-Block, as specified B18 The temporal relationship between the user
data stream and the data within the Sub-Blockd bleahaintained such that the order of bits in
time from the user data stream shall match theraftigansmission within the SHDSL Payload
Sub-Blocks. Any additional structure within the udata shall be maintained by an unspecified
higher layer protocol and is outside the scopdisf Recommendation.

In the optional four-wire mode, clear channel daiiabe carried over both pairs using interleaving,
as described in § 8.Rs bits of contiguous user data shall be containgtimia Sub-Block on Pair

1, and the followings bits of contiguous user data shall be containgliwithe corresponding Sub-
Block on Pair 2. As noted above, any additionaldtire within the user data shall be maintained
by an unspecified higher layer protocol and is ioet$he scope of this Recommendation.

E.2 TPS-TC for Clear Channel Byte-Oriented Data

In the byte-oriented clear channel mode, the ifyyte stream shall be aligned within the SHDSL
Payload Sub-Block such that the byte boundariep@served. Each Payload Sub-Block is treated
as containingn 8-bit time slots. Each byte from the input dataatn is mapped LSB-first into the
next available time slot. The first time slot begat the first bit position within the Payload Sub-
Block, followed by time slot 2, time slot 3, ..., slotn. ks bits (orn bytes) of contiguous data
shall be contained within each Sub-Block, as spetih 88.1ks =1 + nx8, and, in this mode,= 0
and 3< n < 36. See Figure E-1 for additional details.
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FIGURE E-1

Clear Channel Byte-Oriented Framing

In the optional four-wire mode, byte-oriented diataarried over both pairs using interleaving, as
described in § 8.2. A total okgbits (h bytes) of byte-oriented data shall be transpqgpted
SHDSL Payload Sub-Blocks =1 + nx8, and, in this mode,= 0 and & n < 36. Only even
numbers of time slots may be supported in four-wiagle. The input byte stream shall be aligned
within the SHDSL Payload Sub-Block such that theelyoundaries are preserved. Each Payload
Sub-Block is treated as containing &bit time slots. Each byte from the input dateam is
mapped LSB-first into the next available time sltte first time slot begins at the first bit positi
within the Payload Sub-Block, followed by time sittime slot 3, ..., time slot. 2k bits (or 2
bytes) of contiguous data shall be contained widlsich Sub-Block, as specified in 8&d=i +

nx8, and, in this mode,= 0 and X n < 36. The bytes from the input data stream shall b
interleaved between Pair 1 and Pair 2, such tleabtld numbered bytes are carried on Pair 1 and
the even numbered bytes are carried on Pair 2Ffgeee E-2 for additional details.
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FIGURE E-2
Four-wire Framing for Byte-Oriented Clear Channel

E.3 TPS-TC for Unaligned DS1 Transport

Much of the data within the North American netw@lstructured as "DS1" data streams, which,
for purposes of this Recommendation, can be desti@ls 1.544 Mbit/s data streams containing
8 kHz framing, with each frame containing 24 8thite slots and one framing bit. Details of DS1
framing and associated data structure can be fou@d704 § 2.1 [B6].

In Unaligned DS1 mode, there shall be no speciiéationship between the DS1 frames and their
positioning within the Payload Sub-Blocks bits of contiguous data shall be contained witrach
Sub-Block, as specified in 8 8K&.=i + nx8, and, in this modey = 24 and = 1. The DS1 framing
clocks shall be synchronized to the SHDSL cloclchgbhat the DS1 frame always appears in the
same position within each SHDSL Payload Sub-Bltckyever, no particular alignment is
specified. The temporal relationship between th& D&a stream and the data within the
Sub-Blocks shall be maintained, such that thabtier of bits in time from the DS1 data stream
shall match the order of transmission within theD&t Payload Sub-Blocks. The optional four-
wire mode will not support Unaligned DS1 transport.
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E.4 TPS-TC for Aligned DS1/Fractional DS1 Transport

As noted in 8§ E.3, "DS1" data streams consist ®44 Mbit/s data streams containing 8 kHz
framing, with each frame containing 24 8-bit tinkets and one framing bit. In some cases,

"Fractional DS1" data streams are used, where E8dds contain less than the normal 24 8-bit
time slots.

In Aligned DS1/Fractional DS1 mode, each DS1 framal be aligned within the SHDSL Payload
Sub-Block such that the DS1 framing bit occupiesfitst bit position within the Payload Sub-
Block, followed by time slot 1, time slot 2, ..., tslotn. ks bits of contiguous data shall be
contained within each Sub-Block, as specified BiBks =i + nx8, and, in this mode,= 1. In DS1
applicationsn = 24, and, in Fractional DS1 applications 8 < 24. The DS1 framing clocks shall
be synchronized to the SHDSL clocks such that t8& Dame always appears in the defined
position within each SHDSL Payload Sub-Block. Segife E-3 for additional details.

Frame| O Payload 0] Payload 0] Payload O] Payload
Sync | H Block H Block H Block H Block Stb
O | N
AN M| | OO0 O A |
X| X| X| X| X| X| X| X| X| X| X[ X
Q| Of O] O Of O] O] O] O] O ©Of ©
ole|L|elelele|e|elelele
N0 NN MO0 A0 Ao
ol ol o & o o & 2| & 2] 2| &
3| 3| 3| 3| 3| 3| 3| 3| 3| 3| 3| =
DDA OOl AO|hl ol alaln
Payload Data, Bits 1
F TS |TS TS,
T1541680-00
(114701)
FIGURE E-3

Aligned DS1/Fractional DS1 Framing

In the optional four-wire mode, DS1 / FractionalD&ata will be carried over both pairs using
interleaving, as described in § 8.2. A total kf2 bits of DS1 / Fractional DS1 data shall be
transported per SHDSL Payload Sub-Bldek= i + nx8, and, in this modeé,= 1. In DS1
applicationsn = 12, and in Fractional DS1 applicationss 8 < 12. Only even numbers of DS1
time slots may be supported in four-wire mode. Ha&8 frame shall be aligned within the SHDSL
Payload Sub-Block such that the DS1 framing biupges the first bit position within the Payload
Sub-Block on both Pair 1 and Pair 2. The time stétthe DS1 frame shall be interleaved between
Pair 1 and Pair 2, such that the odd numberedglots are carried on Pair 1 and the even
numbered time slots are carried on Pair 2. Seer&igw for additional details.
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Aligned

Pairland | prgme| 0| Payload o Payload o Payload | O Payload
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Payload Data, Bitk;+1 to k1
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FIGURE E-4

Four-wire Framing for DS1/Fractional DS1

E.5 TPS-TC for European 2 048 kbit/s Digital Unstretured Leased Line (D2048U)

D2048U data streams contain unstructured 2.048/Mdéta with no specified framing. These data
streams shall be carried using the Clear Chann8HT® described in § E.1.

E.6 TPS-TC for Unaligned European 2 048 kbit/s Digal Structured Leased Line
(D2048S)

Much of the data within the European network isdtired as D2048S data streams, which, for
purposes of this Recommendation, can be describb@dd8 Mbit/s data streams containing 8 kHz

framing, with each frame containing 32 8-bit tinkets. Details of D2048S framing and associated
data structure can be found in G.704 § 2.3 [B6].

In Unaligned D2048S mode, there shall be no spatiielationship between the D2048S frames
and their positioning within the Payload Sub-Bladkdits of contiguous data shall be contained
within each Sub-Block, as specified in § &J=i +nx8, and, in this modey = 32 and = 0. The
D2048S framing clocks shall be synchronized toSR¥®SL clocks such that the D2048S frame
always appears in the same position within each SiHPayload Sub-Block; however, no
particular alignment is specified. The temporaatiehship between the D2048S data stream and
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the data within the Sub-Blocks shall be maintairseath that that the order of bits in time from the
D2048S data stream shall match the order of tressam within the SHDSL Payload Sub-Blocks.
The optional four-wire mode will not support Unaleg D2048S transport.

E.7 TPS-TC for Aligned European 2 048 kbit/s DigitdStructured Leased Line (D2048S)
and Fractional

As noted in § E.6, D2048S data streams consistOdf@2Mbit/s data streams containing 8 kHz
framing, with each frame containing 32 8-bit tinkets. In some cases, Fractional D2048S data
streams are used, where frames contain less tearotimal 32 8-bit time slots.

In the aligned D2048S mode, each D2048S frame bkalligned within the SHDSL Payload Sub-
Block such that the first time slot begins at tinstfbit position within the Payload Sub-Block,
followed by time slot 2, time slot 3, ..., time slotks bits of contiguous data shall be contained
within each Sub-Block, as specified in 8 &J=i +nx8, and, in this mode,= 0. In D2048S
applicationsn = 32, and, in Fractional D2048S applications, 18< 32. The D2048S framing
clocks shall be synchronized to the SHDSL cloclchgbhat the D2048S frame always appears in
the defined position within each SHDSL Payload 8ldck. See Figure E-5 for additional details.

Frame| O Payload 0] Payload 0] Payload 0] Payload
Sync | H Block H Block H Block H Block Stb

O | N
AN | O] O[] O A |
X| X| X| X| X| X| X| X| X| X| XX
Q| Of O] O Of O] O] O] O] O ©Of ©
Kol el e el e el el el e el e
DD DD D0 D D5
ol 9l ol ol ool ol Q| ol o o o
3| 3| 3| 3| 3 3| 3| 3| 3| 3| 3| 5
nnnunnnnnnnnun

Payload Data, Bits 1 g

TS, | TS, TS,

T1541700-00
(114701)

FIGURE E-5
Aligned D2048S/Fractional D2048S Framing

In the optional four-wire mode, D2048S/Fraction@028S data will be carried over both pairs
using interleaving, as described in § 8.2. A tofa2k; bits of D2048S / Fractional D2048S data
shall be transported per SHDSL Payload Sub-Blkgk.i + nx8, and, in this mode,= 0. In
D2048S applications) = 16, and in Fractional DS1 applications 8 < 16. Only even numbers of
D2048S time slots may be supported in four-wire endthe time slots of the D2048S frame shall
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be interleaved between Pair 1 and Pair 2, suchthkeatdd numbered time slots are carried on Pair 1
and the even numbered time slots are carried ar2P8ee Figure E-6 for additional details.

Aligned
Parland | Fragme| 0| Payload 0 Payload 0 Payload | O Payload
Pair 2 Sync | H Block H Block H Block H Block Stb
Frames
O | N

A N[ | WO|O| 00| Of | |
Pair 1 and SIS S5 S| S| S| S| S| S| S| S
Pair 2 3138|883 33 8 8 833

NN OO0 NN MOMNOmMm

ol 0| & & o] | & & & o &) &

3 3| 3| 3| 3| 3| 3| 3| 3| 3| 3| 3

h oo alo|la| ol alda ol dld

Payload Data, Bits 1 tq

Pair 1 TS (TS, L TSha
Pair 2 TS, | TS T TS,

Payload Data, Bitk+1 to &

T1541710-00
(114701)

FIGURE E-6
Four-wire Framing for Aligned D2048S/Fractional D2318S

E.8 TPS-TC for Synchronous ISDN BRA

In this TPS-TC mode, the mapping of the ISDN custodata channels to SHDSL payload

channels is specified for synchronous transpomuwitiple ISDN BRAs using clock mode 3a (see
§10.1).

The ISDN customer data channels are embeddedhetpayload data within the SHDSL frames.
ISDN channels and SHDSL frames (and any other T@$-Dual Bearer mode is utilized — see
8 E.10) are synchronized to the same clock domain.

E.8.1 ISDN BRA over SHDSL Frames

Figure E-7 illustrates typical transport of ISDN B&within the SHDSL frames. The basic
characteristics of this transport are as follows:

. B channels and D channels are mapped on SHDSbazhghannels.
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The ISDN BRA does not need a separate synchriimizaince the SHDSL frames are

synchronized to the same clock domain. Thereftwe]$3DN frame word (12 kbit/s) is not
needed.

The ISDN M-channel transports ISDN line status,dransmission control information as
well as signalling to control the ISDN connecti@nly the ISDN M-channel functions
which are needed to control the interface to tigNSerminal equipment are transported
over a messaging channel (SHDSL EOC or fast sigigadhannel).

E.8.2. Mapping of ISDN B- and D-Channels on SHDSL &/load Channels

The ISDN B- and D- channels are transported withenSHDSL payload sub-blocks. The SHDSL
payload data is structured within the SHDSL frame$ollows:

. Each payload sub-block contains-k+ n x 8 bits ( = 0..7 anch = 3..36)

Each sub-block is ordered in the following wag=-bit timeslots followed by 8-bit
timeslots

1-bit timeslots are referred to as Z-bits, arnoit8imeslots are referred to as{IS TS.

Frame| O Payload o Payload o Payload O Payload Stb

Sync | H Block H Block H Block H Block ¢
O | N
AN IO~ 00| O A Hf
X| X| X| X| X X| X| X| X| X| X[ X
Q| Of O] O Of O] O] O] O] O ©Of ©
o] o] el el el el el el el el el e
QD006 0 50660 0
feliNeol el iNe]lNoliNeol el ol el ol ol o
jun J e |l s Jf e | e | (s  Jgen | pen |} pen § s | s | s |
IR IR IR IR I R I R IR R RN

Payload Data, Bits 1 tiq

Zi |2, | ... |2 Z, | TS|TS, | . | TS| TS,

1|42 n-1| 4n
NN |
D D

ISDN BRA; ISDN BRA,, T1541720-00

(114701)

FIGURE E-7
Mapping of ISDN B- and D- Channels
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The payload sub-blocks are composed of combinatbns 8bit TS timeslots andx 1bit
Z-timeslots:

. n corresponds to the number of 64 kbit/s payloachcbks
. i corresponds to the number of 8 kbit/s channels

This payload structure allows efficient mappind®DN BRA channels on SHDSL frames.

. Data channels (64 kbit/s each, designated B,) are mapped onto 64 kbit/s TS-channels

Signalling channels (16 kbit/s each, designated Dy) are mapped onto two 8 kbit/s
Z-channels each.

A general example of this mapping technique is showFigure E-7.
E.8.3 Multi-ISDN BRASs

The transport of up to 6 ISDN BRAs is describedétail in the next paragraphs. Figure E-8 shows
a mapping example for two ISDN BRASs.

Frame| O Payload o Payload o Payload o Payload
Sync | H|  Block H Block H Block H Block | Sto
O | N
AN IF| OO~ 00| O A A
X| X| X| X| X| X| X| X| X| X| X[ X
Q| Of O] O Of O] Q| O] O] O ©Of O
ololeolee|leee e Qe
D MO Do onononnoonon
BNy =Y =Y <Y IR-YCY Y ICY o) IR e
3| 3| 3| 3| 3 3| 3| 3| 3| 3| 3| =
IR IR IR I NI NI N RO RN
Payload Data, Bits 1
212,23 |2 | TSL|TS, | TS| TS,
Die Dis B B, By B
ISDN BRA; ISDN BRA,,  T1541730-00
(114701)
FIGURE E-8

Framing Example: 2 x ISDN BRA

6 If four or more ISDN BRAs are transported, fou Dhannels are mapped on one 64 kbit/s
B-channel.
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The transport of the customer data channels of KN BRA requires 144 kbit/s bandwidth.
Table E-1 shows the number of required TS- and atnbls.

TABLE E-1
K x ISDN BRA

Number Payload Bit Rate Application TS-Channels Z-Channels
of ISDN . (64 kbit/s) (8 kbit/s)

BRA K x(128 kbit/s+16 .

K kbit/s) n [
1 144 1 ISDN BRA 2 2
2 288 2 ISDN BRA 4 4
3 432 3 ISDN BRA 6 6
4 576 4 ISDN BRA 9 0
5 720 5 ISDN BRA 11 2
6 864 6 ISDN BRA 13 4
E.8.4 ISDN BRA for Lifeline Service

Lifeline service in case of local power failure daanprovided by one ISDN BRA. The lifeline BRA
always is that one which is transported over thst fime slots of each payload sub block (eq. Z
Z;, TS, TS). Remote power feeding is provided by the cemtffide such that the transceiver can
operate in a reduced power mode.

E.8.5 Time Slot Positions of ISDN B- and RB-Channels (EOC Signalling)

If multiple ISDN BRAs are transported over SHDSErtain data channels in the SHDSL payload
blocks must be assigned to each ISDN BRA. Tablet&®able E-5 show the allocation of the
ISDN data channels of up to 4 BRAs. The signalissgansmitted over the SHDSL EOC.

In order to avoid unnecessary shifting of ISDN Dd&- bits, the respective D-bits are transmitted
after their B- bits in the subsequent SHDSL paylsabblock (B-bits ifNth payload subblock and
D-bits inN+1th payload subblock; if the B-bits are transnditite the last payload subblock of an
SHDSL frame, the D-bits are transmitted in thet fo@yload subblock of the next SHDSL frame).

TABLE E-2
Time Slot Allocation for 1 ISDN BRA

ISDN BRA Number

ISDN B, Time Slot

ISDN B, Time Slot

ISDN D Time Slots

1 TS TS Z1t7Z,
TABLE E-3
Time Slot Allocation for 2 ISDN BRAs
ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN D;s Time Slots
1 TS TS Z1+7Z5
2 TS TS ZstZ,
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TABLE E-4
Time Slot Allocation for 3 ISDN BRAS

ISDN BRA Number ISDN B, Time Slot ISDN B, Time Slot ISDN D Time Slots
1 TS TS Z1+2Z,
2 TS TS, Z3+Z,
3 TS TS Zs+Z;

TABLE E-5
Time Slot Allocation for 4 ISDN BRAs

ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN D;s Time Slots
1 TS TS TS, (Bit 1 and 2)
2 TS TS TS, (Bit 3 and 4)
3 TS TS, TS, (Bit 5 and 6)
4 TS TS TS, (Bit 7 and 8)

E.8.5.1 Time Slot Positions of ISDN B- and 3 Channels (EOC Signaling) in 4-Wire Mode

In the optional 4-wire mode, the allocation of oBtISDN BRAs to Time Slots and Z-bits shall be
as shown in Table E-2 to Table E-4. The allocatayt ISDN BRASs is shown in Table E-5A.

TABLE E-5A
Time Slot Allocation for 4 ISDN BRAS

ISDN BRA Number

ISDN B; Time Slot

ISDN B, Time Slot

ISDN Djg Time Slots

1 TS TS, Z1+7,
2 TS TS, Zs+Z,
3 TS TS ZstZs
4 TS TS Z+Zg

The Z-bits and Time Slots shall be interleaved leenvPair 1 and Pair 2, such that the odd
numbered Z-bits and time slots are carried on Paind the even numbered Z-bits and time slots
are carried on Pair 2. See Figure E-8A for addélialetails.
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ISDN BRA, ISDN BRA,
FIGURE E-8A

4-Wire Framing for ISDN BRA

E.8.6 Time Slot Positions of ISDN B- and R-Channels and the Optional Fast Signalling
Channel

The optional 8 kbit/s fast signalling channel iways conveyed in ¥ as shown in Figure E-9. If
this fast signalling channel is used, up to 6 ISBRIA can be transported over SHDSL.

In order to avoid unnecessary shifting of ISDN Dd&- bits, the respective D-bits are transmitted
after their B- bits in the subsequent SHDSL paylsabblock (B-bits ifNth payload subblock and
D-bits inN+1th payload subblock; if the B-bits are transmittedhia last payload subblock of an
SHDSL frame, the D-bits are transmitted in thet fo@yload subblock of the next SHDSL frame).
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Payload Data, Bits 1 tiq
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FIGURE E-9
Mapping of ISDN B- and D-Channels with a Fast Signéing Channel

TABLE E-6
Time Slot Allocation for 1 ISDN BRA using the FastSignalling Channel

Frame| O Payload O] Payload O] Payload 0] Payload Stb

Sync | H Block H Block H Block H Block t
Of | N
AN M| OO0 | |
XM M M| MM M MM M| M|
Q| O Of O Of O O] Of O] O ©O| ©
olololo|lo|lo|lolo ool e
R R R R R R R s
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S| 3| S 3| 3 3 3 3 3 3 3>
IR IR IR IR 2 IR IR 2 IR K2R %)

ISDN BRA Number

ISDN B, Time Slot

ISDN B, Time Slot

ISDN D Time Slots

TS

TS

ZytZ;

TABLE

E-7

Time Slot Allocation for 2 ISDN BRAs using the FasSignalling Channel

ISDN BRA Number

ISDN B; Time Slot

ISDN B, Time Slot

ISDN D;s Time Slots

S

TS

Zy+Z;

TS

TS

ZytZs
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TABLE E-8
Time Slot Allocation for 3 ISDN BRAs using the FasBignalling Channel

ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN Dys Time Slots
1 TS TS, Z+Z;
2 TS TS, Zi+Zs
3 TS TS ZstZ;
TABLE E-9
Time Slot Allocation for 4 ISDN BRAs using the FasSignalling Channel
ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN D;s Time Slots
1 TS TS TS, (Bit 1 and 2)
2 TS TS TS, (Bit 3 and 4)
3 TS TS, TS (Bit 5 and 6)
4 TS TS TS, (Bit 7 and 8)
TABLE E-10
Time Slot Allocation for 5 ISDN BRAs using the FasSignalling Channel
ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN D;s Time Slots
1 TS TS Z+Z;
2 TS TS TS, (Bit 1 and 2)
3 TS TS, TS, (Bit 3 and 4)
4 TS TS TS, (Bit 5 and 6)
5 TS TSu TS, (Bit 7 and 8)
TABLE E-11
Time Slot Allocation for 6 ISDN BRAs using the FasSignalling Channel
ISDN BRA Number ISDN B1 Time Slot ISDN B2 Time Slot | ISDN D16 Time Slots
1 TS TS Z+Z;
2 TS TS Zi+Zs
3 TS TS TS, (Bit 1 and 2)
4 TS TS TS (Bit 3 and 4)
5 TSo TSu TS, (Bit 5 and 6)
6 TS TS5 TS (Bit 7 and 8)
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E.8.6.1 Time Slot Positions of ISDN B- and 3 Channels (Fast Signaling) in 4-Wire Mode

In the optional 4-wire mode, the allocation of oBtISDN BRAs to Time Slots and Z-bits shall be
as shown in Table E-6 to Table E-8. The allocatart to 6 ISDN BRAs is shown in Table E-11A
to Table E-11C.

TABLE E-11A
Time Slot Allocation for 4 ISDN BRASs using the FasBignaling Channel
ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN Dy Time Slots
1 TS TS, Zy+Z;3
2 TS TS, ZytZs
3 TS TS ZgtZ,
4 TS TS ZgtZy
TABLE E-11B
Time Slot Allocation for 5 ISDN BRASs using the FasBignaling Channel
ISDN BRA Number ISDN B; Time Slot ISDN B, Time Slot ISDN Dy Time Slots
1 TS TS, Z+Z;3
2 TS TS, Zy+Zs
3 TS TS ZgtZ,
4 TS TS ZgtZy
5 TS TSio ZiotZa
TABLE E-11C

Time Slot Allocation for 6 ISDN BRAs using the FasBignaling Channel

ISDN BRA Number ISDN B, Time Slot ISDN B, Time Slot ISDN Dy Time Slots
1 TS TS, Z+7Z,

2 TS TS, Zs+75

3 TS TS ZetZ;

4 TS TS Zgt+Zqy

5 TS TS ZigtZq,

6 TS, TSp VAV ATAE

In Fast Signaling mode, the Time Slots and Z-lasie shall be aligned within the SHDSL
Payload Sub-Block such that the Zast Signaling bit occupies the first bit positigithin the
Payload Sub-Block on both Pair 1 and Pair 2. Emeaining Z-bits and Time Slots shall be
interleaved between Pair 1 and Pair 2. The evembeuted Z-bits and the odd numbered time slots
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are carried on Pair 1. The odd numbered Z-bitseseth numbered time slots are carried on Pair 2.
See Figure E-9A for additional details.

Aligned
Pair 1 and Frame O Payload @] Payload (@] Payload @] Payload Sth
Pair 2 Sync | H Block H Block H Block H Block
Frames
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Pair 2 DD D0000 00000
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D)3 3|33 033333035
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Payload Data, Bits 1 tq
Pair 1 Z,|Z, .. .| 4Ly TS| .. .|TS
| | B, B,
Payload Data, Bitk+1 to X,
Pair 2 Zl Zg e Z2n+LTSZ e TSZn
\ . B B
Dy Dy i
ISDN
Fast Signaling \A/
Channel
ISDN BRA, ISDN BRA,
FIGURE E-9A

4-Wire Framing for ISDN BRA

E.8.7 Signalling over the SHDSL EOC or the Fast Si@lling Channel

The ISDN status signalling information can be opdailty transmitted over two different channels:
. SHDSL EOC

. Fast signalling channel

In both cases SHDSL EOC messages with their HDkE{iormat are used to transport the ISDN
message code. The STU-C as well as the STU-R aniimitiate EOC messages. Generally, the
ISDN related EOC messages are transported ov&HIESL EOC. In some applications, it is
necessary to set up an additional fast signalliranpoel with 8 kbit/s bandwidth for these ISDN
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related EOC messages. This is the case when mamddhbr ISDN BRAs are used. It may also be
used when low latency signalling is required or whaother TPS-TC's signalling (e.g., ATM) has
substantially restricted the use of the SHDSL E@énoel.

E.8.7.1 SHDSL EOC messages

The EOC messages number 20 and 148 are used smitahe ISDN maintenance and control
functions as well as the other ISDN EOC messages.

TABLE E-12
ISDN Request — Message ID 20

Octet # Contents Data Type Reference
1 Message ID 20 Message ID
2bits4 -7 ISDN BRA Number| Unsigned char
2 bits0 -3 Unused Set to 0Q00
3 ISDN message code

TABLE E-13

ISDN Response — Message ID 148
Octet # Contents Data Type Reference

1 Message ID 148 Message ID
2 bits4 -7 ISDN BRA Number Unsigned char
2 bits0 -3 Unused Set to 0000
3 ISDN message code

ISDN BRA Number: Each ISDN BRA can be addressed independentlya€h £SDN BRA a four
digit number is assigned (BRA 1 = 0000, ... BRA 6181).
E.8.7.2 ISDN Message Codes

The message codes which are contained as an m¢het BHDSL EOC message "ISDN Requests”
are listed in Table E-14. The message codes whehantained as an octet in the SHDSL EOC
message "ISDN Response" are listed in Table E-15.
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TABLE E-14
ISDN Message Codes Commands

Function Message EOC Message Code Comment
SIA 0001 0000 S-interface activate
S-Bus Control (STU-C - STU-R)
SID 0001 0001 S-interface deactivate
(STU-C - STU-R)
SAl 0001 0010 S-interface activated
(STU-R - STU-C)
SDI 0001 0011 S-interface deactivate
(STU-R - STU-C)
ACT 0000 0001 Readiness for layer 2
ISDN Transceiver Status communication
(STU-C - STU-R)
(STU-R - STU-C)
DEA 0000 0010 Intention to deactivate
(STU-C - STU-R)
CSO 0000 0011 Cold start only
(STU-R - STU-C)
BRA Termination Reset| S reset 0000 0000 Reset of ISDN control

unit at STU-R
(STU-C - STU-R)

ISDN EOC Messages

Operate 2B+D loopbag

k0011 0001

(STU-C - STU-R)

Operate B1-channel |0011 0010 (STU-C - STU-R)
loopback (note)
Operate B2-channel |0011 0011 (STU-C - STU-R)
loopback (note)
Return to normal 0011 1111 (STU-C - STU-R)
Hold state 0011 0000 (STU-C - STU-R)

NOTE - The use of B1 and B2 channel loopbacks i®pal. However, the loopback codes are reser

for these functions.

ved
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TABLE E-15
ISDN Message Codes Responses

Function Message EOC Message Code Comment
SIA 1001 0000 S-interface activated
S-Bus Control SIAF 1101 0000 S-interface activation
failed
SID 1001 0001 S-interface deactivated
SIDF 1101 0001 S-interface deactivation
failed
SAl 1001 0010 S-interface activated
SDI 1001 0011 S-interface deactivated
ACT 1000 0001 Readiness for layer 2
ISDN Transceiver Status communication
DEA 1000 0010 Intention to deactivate
CSO 1000 0011 Cold start only
BRA Termination Reset S reset ack 1000 0000 Reset of ISDN control
unit at STU-R

Operate 2B+D loopback1011 0001

ISDN EOC Messages | (SUCcess)
Operate 2B+D loopback1111 0001
(failure)

Operate B1-channel 1011 0010
loopback (success)

Operate B1-channel 1111 0010
loopback (failure)

Operate B2-channel 1011 0011
loopback (success)

Operate B2-channel 1111 0011
loopback (failure)

Return to normal 1011 1111
(success)

Return to normal 1111 1111
(failure)

Hold state 1011 0000
Unable to comply 1111 0100

acknowledgement

E.8.8 S-Bus Control

The ISDN S-buses which connect the ISDN terminalk the STU-R can be controlled
independently with the respective message codés 8D, SAI, SDI) for each S-bus. The STU-C
side can activate and deactivate the S bus and@ets information. These messages are
transmitted as SHDSL EOC messages.

ITU-T G.991.2 (02/2001) — Prepublished version 165



The S-interfaces of each ISDN BRA can be addressipendently. To each ISDN BRA a four
digit number is (BRA 1 = 0000, ... BRA 6 = 0101ntained in the ISDN related SHDSL EOC
messages.

SIA: In STU-C to STU-R direction this function is usedequest the STU-R to activate the
interface at the S reference point. If the intezfatthe S reference point is to be activated this
message may be sent. In STU-R to STU-C directierr¢bpective responses are SIA (S-interface
activated) or SIAF (S-interface activation failed).

SID: In STU-C to STU-R direction this function is usedequest the STU-R to deactivate the
interface at the S reference point. If the intezfatthe S reference point is to be deactivated thi
message may be sent. In STU-R to STU-C directierrébpective responses are SID (S-interface
deactivated) or SIDF (S-interface deactivationef@)l

SAl: In STU-R to STU-C direction this message is useidhfiorm the STU-C, that the S-interface
and S-bus have been activated.

SDI: In STU-R to STU-C direction this message is useidhfiorm the STU-C, that the S-interface
and S-bus have been deactivated.

TABLE E-16
Flowchart: S Interface
STU-C: activate S-interface EOC S act (SIA» STU-R: activate and send resylt
command

< EOC S act ackn (SIA/SIAF

STU-C: deactivate S-interface | EOC S deact (SID» STU-R: deactivate and send
command result

< EOC S deact ackn

(SID/SIDF)
STU-C: acknowledge < EOC S Actind (SAI) STU-R: indicate activation

EOC S Actind ackn (SAH

STU-C: acknowledge < EOC S DeactlInd (SDI) STU-R: indicate deactivation
EOC S Deactind ackn (SBP

E.8.9 BRA Termination Reset

The status and condition of each ISDN BRA and itst&rface at the STU-R side can be
individually monitored from the STU-C side. If altae or blocking at one ISDN BRA is detected
this situation can be resolved by a reset. "BRAnteation reset” puts the control unit of the
S-interface to its default state (the deactivatatk¥ Other BRAs or other services are not aftecte
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TABLE E-17
Reset Request

Message EOC Message Code Comment
S reset 0000 0000
TABLE E-18
Reset Response
Message EOC Message Code Comment
S reset acknowledge 1000 0000

E.8.10 Transport of ISDN EOC messages over SHDSL ED

Table E-19 shows the six of the eight codes oB®€ functions which are defined in the ISDN
standard. (The two messages concerning the cod@R& are not required).

TABLE E-19

ISDN EOC Message Codes

Origin (0) & destination (d) & transfer

(t)

Message Message code Network STU-R1 REG
Operate 2B+D 0011 0001 o d t/d
loopback

Operate B1-channel |0011 0010 o d t/d
loopback (note)

Operate B2-channel |0011 0011 o d t/d
loopback (note)

Return to normal 0011 1111 o d t/d

Hold state 0011 0000 d/o o/d o/d/t

reserved for these functions.

NOTE - The use of B1 and B2 channel loopbacks i®pal.

However, the loopback codes are

E.9 TPS-TC for ATM Transport

E.9.1 Definitions
ATM Asynchronous Transfer Mode
HEC Header Error Check

E.9.2 Reference Model for ATM Transport

The ATM TC layer for SHDSL is consistent with ITURecommendation 1.432.1 [8]. It shall
provide the following functions, as defined in ITUL432.1.:

. Rate decoupling between ATM layer and the synobug (or plesiochronous) PMS-TC

layer.
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. Insertion/Extractiofiof Idle cells.

. Insertion/Extractionof ATM Header Error Check (HEC) byte.

. Cell payload scrambling / descrambling for SDHsdxh systems.

. Cell delineation in the receive channel.

. Bit timing and ordering (MSB sent first with hkiming synchronous to the STU-C

downstream timing base).
The HEC covers the entire cell header. The codeé fesehis function is capable of either:
» single bit error correction or
* multiple bit error detection.

Error detection shall be implemented as defindd T Recommendation 1.432.1[8] with the
exception that any HEC error shall be considerea msiltiple bit error, and therefore, HEC error
correction shall not be performed.

Figure E-10 shows the logical interface betweenXhkl Layer, the ATM-TC and the SHDSL
PMS-TC function.

ATM Layer

¢

ATM Cell TC

Utopia Level 2

A A A
ATM TPS-TC

Rx Ref* (8 kHz Note 1)
Tx Ref* (8 kHz Note 2)

OAM

Data

Clock
Frame Clock

aorf
Interface

SHDSL PMS-TC and PMD

T1541750-00
(114701)

FIGURE E-10
ATM -TC Logical Interface to PMS-TC and TPS-TC ATM Layer

NOTE 1 - RxRef may be present at the STU-R.
NOTE 2 - TxRef may be present at the STU-C.

An ATM Utopia level 2 interface connects the ATM-T&€the ATM Layer. This interface may also
be realized logically. Byte boundaries, at the AUtpia interface, shall be preserved in the

4 An idle cell inserted at the transmit side habdaextracted at the remote side.
5 A HEC byte inserted at the transmit side has textieacted at the remote side.
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SHDSL payload. Bytes are transmitted MSB firstaacordance with ITU-T recommendation
1.432.1 [8].

E.9.2.1 Framing

The PMS-TC provides a clear channel to the ATM-T@ eells are mapped into the SHDSL
payload on a byte by byte basis. At the STU-C scalé mapped across the logiaahterface

while at the STU-R, cells cross the logiahterface, as identified in § 4.1. At theandf

interface, logical data and clock lines are preséatl alignment to the frame is optional. The ATM
stream shall be aligned within the SHDSL Payloal-Block such that the byte boundaries are
preserved. Each Payload Sub-Block is treated mmitingn 8-bit time slots. Each byte from the
input ATM data stream is mapped MSB-first into tiext available time slot. The first time slot
begins at the first bit position within the Payldaab-Block, followed by time slot 2, time slot 3,

..., time slotn. ks bits (orn bytes) of contiguous data shall be contained wigach Sub-Block, as

specified in 8 8.1ks =i + nx8, and, in this mode,= 0 and X n< 36. See Figure E-10A for
additional details.

Frame O | Payload | O Payload | O Payload | O Payload Stb
Sync | H Block H Block H Block H Block
O N
AN M <ITIODO N0 O
X X X ¥ X XX XX X X X
[SINGINGINGINGINGINGINGINGINOINGINS)
S0 90/9 99099090909
N0 OO0 ononDnonnn
ooooo oL ooo s
jun g e I e e | fun J Jen s e § fen J e § e
N O OO hhhhhh
Payload Data, Bits 1 tq
bm bm+1 . bm+n-1
Bytes from
ATM Stream
FIGURE E-10A
ATM Framing
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In the optional 4-wire mode, ATM data is carrieceoboth pairs using interleaving, as described in
§ 8.2. A total of R bits (2h bytes) of byte-oriented data shall be transpgoerdSHDSL Payload
Sub-Block. ks =i +nx8, and, in this mode,= 0 and ¥ n< 36. Only even numbers of time slots
are supported in 4-wire mode. The input ATM stresdmall be aligned within the SHDSL Payload
Sub-Block such that the byte boundaries are prederizach Payload Sub-Block is treated as
containing 2 8-bit time slots. Each byte from the input ATMaatream is mapped MSB-first into
the next available time slot. The first time dbegins at the first bit position within the Payload
Sub-Block, followed by time slot 2, time slot 3, time slotn. 2 bits (or 21 bytes) of contiguous
data shall be contained within each Sub-Block pesified in 88.1ks =i + nx8, and, in this mode,

i =0 and X n<36. The bytes from the input ATM data strearalldbe interleaved between Pair 1

and Pair 2, such, where byigis carried on Pair 1, byt®., is carried in the corresponding time
slot on Pair 2. See Figure E-10B for additionaads.

Aligned
Pair 1 and Frame O | Payload | O Payload | O Payload | O Payload Stb
Pair 2 Sync | H Block H Block H Block H Block
Frames
O N
AN M T IOO N0 O
i XM MY X M MM M M M NN
Pairland |58 3/8/8 888388383
Pair 2 00|00 QD0 0 D000
lelNeolNeoliolNollollelleoljleollolNolNe)
)33 333333333
NOHOONN N ONNONN
Payload Data, Bits 1 t
Pair 1 By [Bss . o HP
Payload Data, Bitk+1 to X
Pair 2 bm+l bm+3 e bm+2n—l
Bytes from
ATM Stream
FIGURE E-10B

4-Wire Framing for ATM
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E.9.2.2 Timing

STUs shall be operated in either synchronous @igdéronous mode; however, in most
applications synchronous operation is preferreeitimer case, the STU-C frame clock is locked to
network timing.

The provision of Network Timing Reference from ®€U-C to the STU-R for ATM is optional;
however, if an NTR is provided, the SHDSL PMS-T@lsbperate in clock synchronization mode
3a (see § 10.1). The network timing reference di@tin 8 kHz marker from which clocks at other
frequencies could easily be derived. In this clowde, both the frame and symbol clocks at the
STU-C are locked to the NTR. The STU-R may extthetNTR from the received Frame
Synchronization Word (FSW). Referring to Figure &-the TxRef (in the STU-C) lines carries
NTR directly to the PMS-TC, while RxRef (in the STR) carries the NTR to the ATM Layer from
PMS-TC. Synchronization to the NTR shall be as diesd in § 10.4.

E.9.3 Transport Capacity and Flow Control

An STU transporting ATM shall support N x 64 kbitfata rates. The payload data rate shall be:
nx64 +ix8 kbit/s, where 3 n< 36 and = 0. This restriction applies to the data rate payload
block size, as specified in § 7.1.1, 8§ 8.1, and2§ 8

In the optional four-wire mode, the rates specigedll apply per pair.

The ATM-TC shall provide flow control, allowing tH&TU-C and STU-R to control the cell flow
from the ATM layer. This functionality is implemesd through the TX_Cell Handshake and
RX_Cell handshake at the ATM Utopia bus interfaeell may be transferred to the ATM-TC
layer only after the completion of a TX_Cell Handk®. Similarly, a cell may be transferred from
the ATM-TC to the ATM Layer only after the STU hesmpleted an RX_Cell _Handshake. This
functionality is important to avoid cell overflowmd underflow at the TU layer.

E.9.4 Operations and Maintenance

The ATM-TC requires Operation and Maintenance (OAMictionality. The messaging protocol
and format should be handled in accordance withT8 OAM functions notify the OAM entity at
the opposite end of the line upon the status ot#fledelineation process (e.g. Header Error Check
(HEC) anomalies and Loss of Cell Delineation defétCD)). Performance parameters are derived
from anomalies and defects.

E.9.4.1 ATM Data Path Related Near-End Anomalies

Near-end No Cell Delineation (nncd) anomahn nncdanomaly occurs immediately after ATM-
TC start-up, when ATM data is received and the @eliineation process is in HUNT or PRESYNC
state. Once cell delineation is acquired, subsddasses of cell delineation shall be considered
nocdanomalies.

Near-end Out of Cell Delineation (nocd) anomaiy1 nocdanomaly occurs when the cell
delineation process in operation transitions from $YNC state to HUNT state. Acmcdanomaly
terminates when the cell delineation process ttiansirom PRESYNC to SYNC state or wheltd
defect maintenance status is entered.

Near-end Header Error Control (nhec) anoma®n nhecanomaly occurs when an ATM cell
header error control fails.

ITU-T G.991.2 (02/2001) — Prepublished version 171



E.9.4.2 ATM Data Path Related Near-End Defects

Near-end Loss of Cell Delineation (nlcd) defe&tr nlcd defect occurs when at least aradis
present in 9 consecutive SDSL frames antbsw defect (loss of synchronization word) is
detected.

E.9.4.3 ATM Data Path Related Far-End Anomalies

Far-end No Cell Delineation (fncd) anomaln fncdanomaly is amncdanomaly that is reported
from the far end by the NCD indicator in the EOCMTell Status Information message. ftd
anomaly occurs immediately after start-up and teatas if the received NCD indicator is coded 0.

Note that, since the far-end reports the NCD indicanly on request, thimcd anomaly may be
inaccurate for derivation of the far-end NCD faduirherefore, the NCD failure is autonomously
reported from the far-end.

Far-end Out of Cell Delineation (focd) anomalyfocdanomaly is aaocdanomaly, that is

reported from the far end by the OCD indicatoria EOC ATM Cell Status Information message.
The OCD indicator shall be coded 0 to indicatexnodanomaly has occurred since last reporting
and shall be coded 1 to indicate that at leasthmeeanomaly has occurred since last reporting. An
focdanomaly occurs if ntncdanomaly is present and a received OCD indicatoodted 1. An
focdanomaly terminates if a received OCD indicataraded 0.

Far-end Header Error Control (fhec) anomaln fhecanomaly is amhecanomaly, that is

reported from the far end by the HEC indicatornia EOC ATM Cell Status Information message.
The HEC indicator shall be coded 0 to indicatenhecanomaly has occurred since last reporting
and shall be coded 1 to indicate that at leastntieeanomaly has occurred since last reporting. An
fhecanomaly occurs if a received HEC indicator is @b@leAnfhecanomaly terminates if a
received HEC indicator is coded 0.

E.9.4.4 ATM Data Path Related Far-End Defects

Far-end Loss of Cell Delineation: (flcd) defeéin flcd defect is amlcd that is reported from the

far end of the line by the LCD indicator in the E@GTM Cell Status Information message. The
LCD indicator shall be coded 0 to indicatemod defect has occurred since last reporting and shall
be coded 1 to indicate that at least alegl defect has occurred since last reporting flad defect
occurs when the LCD indicator is coded 1. ffal defect terminates when the LCD indicator is
coded 0.

Note that, since the far-end reports the LCD inicanly on request, thiéfcd defect may be
inaccurate for derivation of the far-end LCD faduil herefore, the LCD failure is autonomously
reported from the far-end.

E.9.4.5 ATM Cell Level Protocol Performance Informdion Collection

HEC violation count (hvc)An hvc performance parameter is the count of the numbehec
anomalies modulo 65536.

HEC total count (htc)An htc performance parameter is the count of the totailyver of cells
passed through the cell delineation process, vampérating in the SYNC state, since the last
reporting.

These values shall be counted, such that the Mamaxgfesystem is able to retrieve current counts
on a 15-minutes and 24-hours basis.
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E.9.4.6 Failures and Performance Parameters

nncdfailures andhlcd failures relate to persistenhcdanomalies and persistenitd defects,
respectively. The definitions below are derivedhirtlfU-T Recommendation G.997.1 §7.1.2 [3].
These failures are reported in the ATM Cell Statdisrmation message.

E.9.4.6.1 ATM Data Path Related Near-End Failures

The following near-end failure indications shallfrevided by the STU-C and the STU-R:

E.9.4.6.1.1 Near-End No Cell Delineatiomficd) Failure

An nncdfailure is declared when amncdanomaly persists for more than 2.5 + 0.5 s afterstart
of Data Mode. Amncdfailure terminates when moncdanomaly is present for more than
10 £ 0.5s

E.9.4.6.1.2 Near-End Loss of Cell Delineatiomlcd) failure

An nlcd failure is declared when aricd defect persists for more than 2.5 + 8.Bn nlcd failure
terminates when nolcd defect is present for more than 10 £ 9.5

E.9.4.6.2 ATM Data Path Related Far-End Failures

The following far-end failure indications shall peovided at the STU-C (the STU-R is at the far-
end), and are optional at the STU-R (the STU-Q thafar-end).

E.9.4.6.2.1 Far-End No Cell Delineationficd) Failure

An fncdfailure is declared when dncd anomaly persists for more than 2.5 £ 0.5 s afterstart of
Data Mode. Arfncd failure terminates when rfacdanomaly is present for more than 10 £9.5
E.9.4.6.2.2 Far-End Loss of Cell Delineatiorflcd) Failure

An flcd failure is declared when ditd defect persists for more than 2.5 + 8.8n flcd failure
terminates when nftcd defect is present for more than 10 +9€.5

E.9.4.7 EOC ATM Cell Status Request Message FormatMessage ID 17

The ATM Cell Status Request/Confirmation messageséxi for two purposes. This message is
used as ATM Cell Status Request message to g&TbleR ATM Status. For this purpose the

whole information of EOC ATM Cell Status Informationessage - Message ID 145 shall be sent in
response to this message. If an unexpected remfediM Cell Status message, Message ID 145 is
received including NCD or LCD failure indicatiomis message may be used to confirm the
reception and stop future autonomous transmisditmecATM Cell Status message, Message ID
145 due to the current failure condition.

TABLE E-20
ATM Cell Status Request Information Field
Octet # Information Field Data Type
1 Message ID 17 Message ID
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E.9.4.8 EOC ATM Cell Status Information Message Fanat — Message ID 145

The ATM Cell Status Information message shall e seresponse to the ATM Cell Status
Request message and shall be sent autonomouslythgorcurrence of amcd Failure or amncd
Failure. Table E-21 shows the OAM message bit engoidr an ATM Cell Status Information
message. The HEC Indicator is implicitly definedsasto 1 if the HEC violation count has changed
since last reporting and set to 0 otherwise. rit se&itonomously, Message ID 145 is sent once
every second until a Message ID 17 is received fiteer'STU-C or the failure is cleared.

The NCD, OCD, and LCD Indicator bits shall indicéte state ohncdanomalyhocdanomaly,
andnlcd defect, respectively. NCD Failure and LCD Failbis shall serve as indicationsmicd
failure andnlcd failure, respectively.

TABLE E-21
ATM Cell Status Information message
Octet # Contents Data Type Reference
1 Message ID 145 Message 1D
2, bit7 NCD Indicator (see NOTE) Bit 0 = OK, 1 km@n
2,bit6 OCD Indicator (see NOTE) Bit 0=0K, 1Ramn
2, bit5 LCD Indicator (see NOTE) Bit 0 =0K, 1 kaan
2, bit 4-2 Reserved
2, bitl NCD Failure Bit 0=0K, 1 =alarm
2,bit0 LCD Failure Bit 0=0K, 1 =alarm
3 HEC violation counttvg MS Byte 16-bit counter, modulo 65536
4 HEC violation counth{vo LS Byte 16-bit counter, modulo 65536
NOTE - Only one of the NCD, OCD, and LCD Indicatoes be set to 1 at any time.

E.10 Dual Bearer TPS-TC Mode

The TPS-TC modes in § E.1 through 8§ E.9 are desttrds operating in Single-Bearer Mode;

i.e., the payload is treated as a single datarstraad the TPS-TC uses all of the bits in each
Payload Sub-Block. In some applications, howeas, desirable to split the payload into separate
data streams supporting multiple user interfacediftarent data types. Dual-Bearer Mode provides
support for these cases.

Support for Dual-Bearer Mode is optional, as ispgrpfor each of the Dual-Bearer TPS-TC
combinations specified in Table E-22.

In Dual-Bearer Mode, each Payload Sub-Block ig gliween two separate TPS-TC instances.
The TPS-TC modes are negotiated independently98451, and there is no direct interaction
between them. TPS-T@ assigned the firgt, bits of each Payload Sub-Block, and TPS;TC
assigned the lagty, bits of each Payload Sub-Block (see Figure E-E@).each of the two TPS-
TCs, theks bits assigned to it are treated as if they cauntsiit a complete Payload Sub-Block, and
appropriate framing is applied, as described inpdmagraph (8 E.1 to § E.9) associated with the
selected TPS-TC.
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Payload Data, Bits ltok,,

Payload Data, Bitsplto kg,

Dual-Bearer Mode TPS-TS Framing

T1541760-00
(114701)

FIGURE E-11

Frame| O Payload 0] Payload O] Payload O] Payload
Sync | H Block H Block H Block H Block Stb
O | N
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ol ol o o o] o & 2| & 2] 2| &
3| 3| 3| 3| 3| 3| 3| 3| 3| 3| 3| =
DDA OO AO|nl o hlal o
TPS-TC, TPS-TG,

Figure E-12 shows an example of a Dual-Bearer nmeédich Fractional DS1 is TPS-T@nd

ATM is TPS-TG..
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Frame| O Payload 0] Payload O] Payload O] Payload
Sync | H Block H Block H Block H Block Stb
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TPS-TC, TPS-TG,

Payload Data, Bits_tok,, ~ Payload Data, Bitsltokg,

FalTS1a| TS2a| -+ |TSha|TS1|TSm| ... [TSw

T1541770-00
(114701)

FIGURE E-12
Example of Dual-Bearer Mode TPS-TS Framing

In the optional four-wire mode, the same procedsifellowed for Dual-Bearer Mode. The firsf,
bits on each pair are assigned to TPS; B@d the laskg, bits on each pair are assigned to

TPS-TG. The appropriate four-wire TPS-TC framing is tlagplied, as described in § E.1 through
8 E.O.

E.10.1 Dual Bearer Clock Synchronization

In Dual-Bearer Mode, it is assumed that timingtfee two Bearer Channels is derived from a
common source and that the two data streams thugsehdefinite clocking relationship. As such, no
mechanism is provided within the payload blockstntain synchronization between the Bearer
Channels, regardless of the clock mode that ictlg§ 10.1).

Note that some TPS-TCs have limitations on thekcioodes that are supported. Specifically, ATM
using NTR (8 E.9.2) and Synchronous ISDN BRA (8)a@ only defined for Clock Mode 3a (see
§ 10.1). When either of these TPS-TCs is used d@®pa Dual-Bearer Mode, the system shall
operate in Clock Mode 3a.

E.10.2 Dual Bearer Mode Types

The following three types of dual bearer modessapgported within SHDSL.:
Type 1 - Synchronous ISDN BRA + Broadband

Type 2 - Narrow-band + ATM

Type 3 - Narrow-band + Clear Channel
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For each type of dual bearer mode, separate spa@ifn bits are provided within G.994.1 for the
selection of the two TPS-TCs to be used. Table HsP2the combinations that are supported.
Other supported types are for further study.

TABLE E-22
Supported TPS-TCs in Dual Bearer Mode

Type | Description TPS-TG TPS-TG,
1 Synchronous| Synchronous ISDN BRA (8 E.8) Clear Channel (§ E.1)
ISDN BRA + Clear Channel Byte-Oriented (§ E.2)
Broadband _
Unaligned DS1 (§ E.3)
Aligned DS1/Fractional DS1 (§ E.4%)
Unaligned D2048U (§ E.5)
Unaligned D2048S (§ E.6)
Aligned D2048S/Fractional D2048S
(§ E.7)
ATM (8§ E.9)
2 Narrow-band | Unaligned DS1 (§ E.3) ATM (8§ E.9)
+ATM Aligned DS1/Fractional DS1 (§ E.%)
Unaligned D2048U (§ E.5)
Unaligned D2048S (§ E.6)
Aligned D2048S/Fractional D2048S
(§ E.7¥
3 Narrow-band | Unaligned DS1 (§ E.3) Clear Channel (8§ E.1)
+ Clear Aligned DS1 / Fractional DS1 (§ E.4) Clear Channel Byte-Oriented (§ E.2)
Channel .
Unaligned D2048U (§ E.5)
Unaligned D2048S (§ E.8)
Aligned D2048S/Fractional D2048S
(8 E.7Y
NOTES:

! denotes TPS-TC modes that typically apply onljarth American networks
? denotes TPS-TC modes that typically apply onlgimopean networks
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APPENDIX |

Test Circuit Examples (Informative)

1.1 Example Crosstalk injection test circuit
The following is an example of a high-impedancesstalk injection circuit.

High-impedance

50Q 1.8k
unbalanced balanced 5.1 To test loop
g ‘ é L8R L S o210
NNN——>
J__ 5.1k
— Z=11KQ
Rgec = 135Q

Calibration (Ry = 67.5Q )

T1541780-00
(114701)

FIGURE I-1

Example high-impedance crosstalk injection circuit

1.2 Example Coupling Circuits for Longitudinal Balance and Longitudinal Output
Voltage

Longitudinal balance and longitudinal output voltagay be measured using the coupling circuits
described in ANSI/IEEE Std 455-1985 [B7] and ITUREcommendation O.9 [B8]. The coupling
circuit in Figure 1-2 is based upon the measuremesthod defined in ANSI/IEEE Std 455-1985. In
order to provide sufficient measurement resoluti@resistors must be matched within 0.05 %
tolerance. The coupling circuit in Figure I-3 issbd on the measurement method described in
ITU-T Recommendation O.9. This test circuit usescmion balanced (bifilar wound)
transformers/baluns and does not require precimiatthed resistors. The balun circuit is often
more convenient for high-frequency measurements.
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67.5Q

67.5Q
T1541790-00
(114701)

FIGURE I-2
Example Resistive Coupling Circuit

33.8Q L]
L>25mH 135Q

>
T1541800-00
(114701)

FIGURE I-3
Example Balun Coupling Circuit

1.3 Return loss test circuit

The test circuit in Figure I-4 is based upon tleliional return loss bridge with added components
to accommodate the DC power feed voltage and peavahsformer isolation for the measurement
instrumentation. Transformer isolation of both t@ghal source and meter load prevent
measurement errors from unintentional circuit patinsugh the common ground of the
instrumentation and the DUT power feed circuitnput Viy is connected to a sweeping sine wave
generator (5@ source) and Yyt is connected to a high-impedance frequency se&eubltmeter

(or spectrum analyser). For this test circuit t@im loss is defined as follows:

ZTEST( f) + ZREF|
ZTEST( f ) - ZREF‘

Return Losd) = 20Iog‘
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Precision Balanced
(L > 20 mH)

Zner + 135Q +/- 0.5%

Set 3.3 uF (min)

conl |( Ring

o
Test I\
DC

CurrentG>

Source
/Sink
[

VOUT @
1

I\ Tip
3.3 YUF (min)

SHDSL Device
Under Test
(DUT)

Current sink required for testing STU-C
Current source required for testing STU-R

FIGURE I-4

T1541810-00
(114701)

Example return loss bridge test circuit (ground is¢ated)

1.4 Transmit PSD/total power measurement test circit

The test circuit in Figure 1I-5 is designed to meadotal transmit power and transmit PSD. The test
contains provisions for DC power feed and transfarisolation for the measurement
instrumentation. Transformer isolation of the inatentation input prevents measurement errors

from unintentional circuit paths through the comngpound of the instrumentation and the DUT
power feed circuitry. Yyt is connected to a high-impedance wideband rmsnatéir (or spectrum

analyser).
1:1 3.3pF (min) _
+- 1% \| \ Tip
I \
DC (13Rsitzur“fL°SS SHDSL Device
Vour Current > ‘ reference Under Test

(to high- .D 20 mH 135Q Source ¢ < as per calibration (DUT)
impedanc (min) /Sink ‘ template
load) \| ‘

Il . ‘ Ring

—— 3.3uF (min)
= T1541820-00
(114701)
FIGURE I-5

Example ground-isolated power/PSD measurement tesircuit
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APPENDIX Il

Typical Characteristics of Cables (Informative)

.1  Typical Characteristics of Cables for Annex B

NOTE - For all the tables in this Appendix, theusabf G' is negligible and assumed to be 0.

TABLE II.1

Parameters of PE 04

Frequency | OHz | 10 kHz 20 kHz | 40 kHz |100 kHz 150 kHz200 kHZz400 kHz 500 kHz
R' (Q/km) |268 268 269 271 282 295 312 390 425
L' (uH/km) 680 678 675 669 650 642 635 619 608
C' (nF/km) |45.5 45.5 45.5 45.5 45.5 45.5 45.5 45.945.5

TABLE 1.2
Parameters of PE 05

Frequency | 0Hz | 10 kHz 20 kHz | 40 kHz | 100 kHZz 150 kHz 200 kHz400 kHz 500 kHz
R' (Q/km) |172 172 173 175 190 207 227 302 334
L' (uH/km) | 680 678 675 667 646 637 629 603 592
C' (nF/km) |25 25 25 25 25 25 25 25 25

TABLE 11.3

Parameters of PE 06

Frequency | O0Hz | 10 kHz| 20 kHz | 40 kHz |100 kHZ 150 kHZz200 kHz400 kHz 500 kHz
R' (Q/km) |119 120 121 125 146 167 189 260 288
L' (uH/km) |700 695 693 680 655 641 633 601 590
C' (nF/km) |56 56 56 56 56 56 56 56 56
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TABLE 11.4
Parameters of PE 08

Frequency | OHz | 10 kHz| 20 kHz | 40 kHz |100 kHz 150 kHz200 kHZz400 kHz 500 kHz
R' (Q/km) (67 70 72.5 75.0 91.7 105 117 159 177.9

L' (uH/km) |700 700 687 665 628 609 595 568 543
C' (nF/km) |37.8 37.8 37.8 37.8 37.8 37.8 37.8 37.837.8

TABLE 1.5
Parameters of PVC 032

Frequency | OHz | 10 kHz| 20 kHz | 40 kHz |100 kHZz 150 kHz200 kHZ400 kHz 500 kHz
R' (Q/km) |419 419 419 419 427 453 493 679 750

L' (uH/km) 650 650 650 650 647 635 621 577 560
C' (nF/km) | 120 120 120 120 120 120 120 120 120

TABLE I1.6
Parameters of PVC 04

Frequency | OHz | 10 kHz| 20 kHz | 40 kHz |100 kHZz 150 kHz200 kHZz400 kHz 500 kHz
R' (Q/km) |268 268 268 268 281 295 311 391 426

L' (uH/km) 650 650 650 650 635 627 619 592 579
C' (nF/km) | 120 120 120 120 120 120 120 120 120

TABLE I1.7
Parameters of PVC 063

Frequency | OHz | 10 kHz| 20 kHz | 40 kHz |100 kHZz 150 kHz200 kHZz400 kHz 500 kHz
R' (Q/km) [108 108 108 111 141 173 207 319 361

L' (uH/km) 635 635 |635 | 630 | 604 | 584 | 560 | 492| 469

C' (nF/km) | 120 120 120 120 120 120 120 120 120
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APPENDIX IlI

Signal Regenerator Startup Description (Informative

This appendix describes the startup sequence usspams employing regenerators. The sequence
applies to spans with an arbitrary number of reggnes (up to 8), but for simplicity, the

description here assumes a two-regenerator link.uBe of line probing is optional, but its use is
assumed for the purpose of this description.

The basic premise is that capability lists and pnebe results propagate from the STU-R toward
the STU-C and that the SHDSL training begins atSfhe&-C and propagates in the direction toward
the STU-R. The Regenerator Silent Period (RSPnIE.994.1 is used to hold off segments while
the startup process propagates across the span.

The block diagram in Figure IlI-1 shows a typicédl[3SL span with two regenerators as a reference
for the startup sequences described below.

STU-R SRY SRU, STU-C
| |
Qx Q
» DD » DD >
XX X
i) ol
| |
| | ‘ | | ‘ | |
| Segment TR2| | Segment RR1 | Segment TR1
<= -5 «= - > «~ = " >
| |
J SHDSL Span 1
a Tl;“»1830>00
(114701)
FIGURE llI-1

Block Diagram of a SHDSL Span with Two Signal Regearators

.1  STU-R Initiated Startup

In most typical SHDSL installations, the STU-R dsnexpected to initiate the startup process. The
proposed SHDSL startup process for STU-R initiatsodescribed in the text below and shown
graphically in Table 1lI-1.

In this mode, the STU-R triggers the startup predssinitiating a G.994.1 session with the
regenerator closest to it (over segment TR2). Thd-B and the SREIC then exchange

capabilities and optionally perform a line probel ansecond capabilities exchange. The units do

not have enough information to begin SHDSL actoatit this point, so the SRAC issues an MS

with the RSP bit set to hold off the STU-R while tstartup process propagates across the span. The
(G.994.1 session terminates normally, and the SThédRns its waiting period.

Next, the SRC conveys the capabilities from Segment TR2 ta3R&,-R across the
regenerator's internal interface. The SHRJthen initiates a G.994.1 session with the $RlAnd
performs the same capabilities exchange and liokipg sequence described above for the first
segment. The capabilities expressed by the SRdre the intersection of its own capabilitieshwit
the capabilities it has received for Segment TR Uinits still do not have sufficient information
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to begin SHDSL activation, so, again, the SHRJissues an MS with the RSP bit set. The G.994.1
session terminates normally, and the $SfRbegins its waiting period.

As before, the SRHC then conveys the capabilities from Segment RRAyding the information
from Segment TR2) to the SRR across the regenerator's internal interface. JRE;-R initiates

a G.994.1 session with the STU-C and performs alifipes exchange. Optionally, a line probe
and a second capabilities exchange may be useoefAse, the capabilities expressed by the
SRU-R are the intersection of its own capabilitieshvtlte capabilities it has received for Segments
RR1 and TR2. At this point, the STU-C possessesfdhie required information to select the span's
operational parameters. The data rate and othammders are selected, just as in a normal (non-
regenerator) preactivation sequence and then tixS&Hctivation begins for Segment TR1.

When the STU-C / SRER link (over Segment TR1) has completed the SHR&ivation

sequence (or the G.994.1 session, if clock modestlected), the SRUR communicates the
selected operational parameters to the SRlacross the regenerator's internal interfacehiat
point, the SRY-C initiates a G.994.1 session with the SHRJover Segment RR1. Parameters are
selected -- there should be no need for another-CLRxchange at this point -- and the units
perform the normal SHDSL activation. If clock mablés selected (classic plesiochronous) there is
no need to lock symbol timing to a network clocterence. In this case, the SRO / SRU-R
(G.994.1 session and activation should begin as asdhe STU-C / SRR G.994.1 sessions
completes. In clock modes 2, 3a, and 3b, suchvaamktor data clock reference is necessary for
establishing symbol timing. In these modes, the SRWill delay the initiation of its G.994.1
session until the STU-C / SRR activation is complete. In this way, the reqgdireference clock
will be available for symbol timing on the SRQ / SRUY-R segment.

When the SRYC / SRU-R link (over Segment RR1) has completed the SHB&Llvation

sequence (or the G.994.1 session, if clock modestlected), the SRUR communicates the

selected operational parameters to the SRlacross the regenerator's internal interface. The
SRU-C initiates a G.994.1 session with the STU-R @&egment TR2. Parameters are selected and
the units perform the normal SHDSL activation. Witlgis activation sequence is complete, the
span can become fully operational.
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TABLE IlI-1
STU-R Initiated Startup Sequence

Segment TR2 Segment RR1 Segment TR1
(STU-R/SRUY-C) (SRU-R/SRU-C) (SRU-R/STU-C)

G.994.1 Start-

Capabilities
exchange
Line probe
Capabilities
exchange
~ MS (RSP)
G.994.1 Start
Capabilities
exchange
Line probe
Capabilities
exchange
« MS (RSP)
(G.994.1 Starts
Capabilities
exchange
Line probe
Capabilities
exchange

Mode Selection
SHDSL activation
~ (G.994.1 Start
Mode Selection
SHDSL activation
~ (G.994.1 Start
Mode Selection
SHDSL activation

1.2  STU-C Initiated Startup

In some cases, it may be desirable for the STU-@itiate the startup process. The proposed
SHDSL startup process for STU-C initiation is désad in the text below and shown graphically in
Table IlI-2.

In this mode, the STU-C triggers the startup predssinitiating a G.994.1 session with the
regenerator closest to it (over segment TR1). TRESC issues an MS with the RSP bit set to hold
off the STU-C while the startup process propagatesss the span. The G.994.1 session terminates
normally, and the STU-C begins its wait period. tféxe SRY-C initiates a G.994.1 session with

the SRU-R, which, again is terminated following an MS froine SRY-R with the RSP bit set.

The SRU-C next initiates a G.994.1 session with the STURM this point on, the start sequence
is as described in § Ill.1 for the STU-R initiatetdrtup.
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TABLE I11-2
STU-C Initiated Startup Sequence

Segment TR2 Segment RR1 Segment TR1
(STU-R/SRUY-C) (SRU-R/SRU-C) (SRU-R/STU-C)
~ G.994.1 Start

MS (RSP)-
~ G.994.1 Start
MS (RSP)-
~ G.994.1 Start
Capabilities
exchange
Line probe
Capabilities
exchange
— MS (RSP)
G.994.1 Start-
Capabilities
exchange
Line probe
Capabilities
exchange
< MS (RSP)
G.994.1 Start-
Capabilities
exchange
Line probe
Capabilities
exchange

Mode Selection
SHDSL activation
~ G.994.1 Start
Mode Selection
SHDSL activation
~ (G.994.1 Start
Mode Selection
SHDSL activation

1.3 SRU Initiated Startup

In some limited applications (including some mairatece and retrain scenarios), it may be
desirable for a regenerator to initiate the staguence. In this mode, the SRU will initiate treartr

in the downstream direction — i.e., toward the SR the same manner that it would have for the
corresponding segment of the STU-C Startup Proee@s described in § [11.2). The STU-R will
then initiate the capabilities exchange and lirabprg procedure toward the STU-C, as in a normal

ITU-T G.991.2 (02/2001) — Prepublished version 186



STU-C initiated startup. The startup sequence lsegith the initiating SRU-C and propagating
toward the STU-R.

1.4 Collisions and Retrains

Collisions (equivalent to "glare" conditions in geiapplications) can occur in cases where both the
STU-C and the STU-R attempt to initiate connectisinsultaneously. Using the process described
above, these collisions are resolved by speciftfiag) R-to-C capabilities exchanges and probes
will always take precedence over C-to-R train retg1eG.994.1 sessions inherently resolve
collisions on individual segments.

In G.994.1, the RSP timeout is specified as appnakely 1 minute. For spans with no more than
one regenerator, this is ideal. For multi-regermegrapans, however, an STU may time out and
initiate a new G.994.1 session before the SRUapaned to begin the next phase of the train. In
such cases, the SRU should respond to the G.99i#idtion and issue an MS message with the
RSP bit set to hold off the STU once again. Fopés, the SRU should implement an internal
timer and should not consider a startup to havedaintil that timer has expired. The timer should
be started when the SRU receives a RSP bit in amig&age and should not expire for at least 4
minutes.

If any segment must retrain due to line conditionsther causes, each segment of the span shall be
deactivated and the full startup procedure shatebetiated.

1.5 Diagnostic Mode Activation

If a segment fails, the startup procedure will dkbfor the entire span. This would normally be
characterized at the STU by being told to enteleatsinterval via the RSP bit and never receiving
another G.994.1 request. Without some diagnosfiznmation, the service provider would have no
easy way to test the integrity of the various segse

This concern is resolved by the use of the "Diagoddode” in G.994.1 to trigger a diagnostic
training mode. This bit, when set, causes an SRihected to a failed segment to act as an STU
and allow the startup procedure to finish. In th&y, all of the segments before the failed segment
may be tested using loopbacks and EOC-initiated,talowing network operators to quickly
isolate the segment where the failure has occurred.
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