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ITU-T RECOMMENDATION G.991.1

HIGH BIT RATE DIGITAL SUBSCRIBER LINE (HDSL) TRANSC EIVERS

Summary

This Recommendation specifies a High bit rate RIgiubscriber Line (HDSL) which is a
bidirectional and symmetrical transmission systhat allows the transport of signals with a bit rate
of 1544 kbit/s or 2048 kbit/s on the copper twispaikrs of an access network. The basic work has
been carried out in the ANSI T1 committee for 1%it/s signals. The results of this work were
taken by TM6 of ETSI and adopted for 2048 kbitgnsis in a technical specification, which built
the basis for this Recommendation.

The HDSL system uses echo cancellation techniquetie separation of the directions of
transmission, so that one twisted pair can carith loirections. Two different options for the line
code are recommended, the Pulse Amplitude Modul&i1Q and the Carrierless Amplitude/Phase
Modulation CAP. CAP is applicable for 2048 kbitfslyg while for 2B1Q two different frames for
1544 kbit/s and 2048 kbit/s are defined.

The 2B1Q for 2048 kbit/s caters for both duplexnsraission on a single pair and parallel
transmission on two or three-pairs. This allowstha distribution of the signal to several pairgl an
for reduction of the symbol rate and an increasehef line length. CAP is defined for one- or
two-pairs only and the 1544 kbit/s 2B1Q for twospanly.

Source

ITU-T Recommendation G.991.1 was prepared by IT@tlidy Group 15 (1997-2000) and was
approved under the WTSC Resolution No. 1 procedarine 13th of October 1998.

Recommendation G.991.1 (10/98) [



FOREWORD

ITU (International Telecommunication Union) is thiited Nations Specialized Agency in the field of
telecommunications. The ITU Telecommunication Ssadzation Sector (ITU-T) is a permanent organ of
the ITU. The ITU-T is responsible for studying tadcal, operating and tariff questions and issuing
Recommendations on them with a view to standargitefecommunications on a worldwide basis.

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

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

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

NOTE

In this Recommendation the tenmacognized operating agency (ROiAgludes any individual, company,
corporation or governmental organization that ofsraa public correspondence service. The terms
Administration, ROAandpublic correspondencare defined in th€onstitution of the ITU (Geneva, 1992)

INTELLECTUAL PROPERTY RIGHTS

The ITU draws attention to the possibility that firactice or implementation of this Recommendatiay
involve the use of a claimed Intellectual PropdRight. The ITU takes no position concerning thedewice,
validity or applicability of claimed Intellectualr®erty Rights, whether asserted by ITU memberstioers
outside of the Recommendation development process.

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

© ITU 1999

All rights reserved. No part of this publication yrlae reproduced or utilized in any form or by angams,
electronic or mechanical, including photocopying amcrofilm, without permission in writing from tH&U.
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Recommendation G.991.1

HIGH BIT RATE DIGITAL SUBSCRIBER LINE (HDSL) TRANSC EIVERS
(Geneva, 1998)

1 Scope

This Recommendation describes a transmission tggancalled High bit rate Digital Subscriber
Line (HDSL), as a means for the transportation efvesal types of applications. This
Recommendation defines the requirements for thevichehl HDSL transmission system, the
transmission performance, the HDSL maintenanceir@gents and procedures.

An individual HDSL transceiver system is a two-wh#&lirectional transceiver for metallic wires
using the echo cancellation method. Three systems e utilized, one transporting a bit rate of
784 kbit/s over each of two or three-pairs useghamallel, a second with an increased bit rate of
1168 kbit/s and two-pairs in parallel only, andhimd with a more increased bit rate of 2320 klutis
one-pair only.

The line code of systems specified in this Recondagan is 2B1Q and CAP. The implementor
may choose one or the other of these alternatioely, one line code has to be realized in a
transmission system.

In the main body of this Recommendation, systemhwB1Q for 2048 kbit/s applications are
described. In Annex A, the Committee T1 recommendator the frame structure of 1544 kbit/s
applications on two-pairs is described. SystemsguaiCAP line code are covered in Annex B.

This Recommendation defines the common circuitryctombining and controlling one, two or three
HDSL transceiver systems, depending on the bit ohthe transceiver system used. The common
circuitry and the necessary number of HDSL transresystems form the HDSL core, which is
independent from the possible applications.

This Recommendation does not specify all the requents for the implementation of NTU, LTU or
REG. It serves only to describe the functional#gded.

Examples for applications of HDSL are given in Apgi .

2 References

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

reference in this text, constitute provisions a§ tRecommendation. At the time of publication, the
editions indicated were valid. All Recommendatiamnsl 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 regularly published.

[1] ITU-T Recommendation G.962 (1993)ccess digital section for ISDN primary rate at

2048 kbit/s.
[2] ITU-T Recommendation G.960 (1993)¢cess digital section for ISDN basic rate access.
[3] ITU-T Recommendation 1.431 (1993Frimary rate user-network interface; Layer 1
specification.

[4] CCITT Fascicle 1.3 (1988)erms and definitions.
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[5] IEC 60721-3 (1984)Classification of environmental conditions. Part Glassification of
groups of environmental parameters and their séestilntroduction.

[6] IEC 60950 (1991)Safety of information technology equipment.

[7] CCITT Recommendation K.17 (1998)ests on power-fed repeaters using solid-state
devices in order to check the arrangement for mtod@ from external interference.

[8] ITU-T Recommendation K.20 (1996)Resistibility of telecommunication switching

equipment to overvoltages and overcurrents.

[9] ITU-T Recommendation K.21 (1996Resistibility of subscriber's terminal to overvagjés
and overcurrents.

[10] CISPR 22 (1997)nformation technology — Radio disturbance charastes — Limits and
methods of measurement.

3 Abbreviations

This Recommendation uses the following abbreviation

2B1Q two binary one quaternary line code

AIS Alarm Indication Signal

BER Bit Error Ratio

BERTS Bit Error Ratio Test Set

BT Bridged Tap, an unterminated twisted pair sechiodged across the line

CAP Carrierless Amplitude/Phase modulation

CRC Cyclic Redundancy Check

DC Direct Current

DLL Digital Local Line

EMC Electromagnetic Compatibility

eoc Embedded Operation Channel

ETS European Telecommunication Standard

ETSI European Telecommunication Standards Institute

HDSL High bit rate Digital Subscriber Line

HOH HDSL Overhead

ISDN-BA Integrated Services Digital Network — Bagiccess

ISDN-PRA Integrated Services Digital Network Prim&ate Access

ITU-T International Telecommunication Union — Tedetmunication Standardization
Sector

IUT Item Under Test

LCL Longitudinal Conversion Loss

LFA Loss of Frame Alignment

LOS Loss Of Signal

LSB Least Significant Bit
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LTU Line Termination Unit

MSB Most Significant Bit

MTIE Maximum Time Interval Error
NEXT Near-End crosstalk

NNI Network Node Interface

NTU Network Termination Unit

OAM Operation And Maintenance
PRBS Pseudo-Random Bit Sequence
PSD Power Spectral Density

PSL Power Sum Loss

r.m.s. Root mean square

REG Regenerator

REG-C NTU side of the regenerator
REG-R LTU side of the regenerator
SDH Synchronous Digital Hierarchy
TMN Telecommunication Management Network
TS Time slot

TU-12 Tributary Unit-12

Ul Unit Interval

UNI User Network Interface

UTC Unable to comply

VC-12 Virtual Container-12

4 Reference configuration and functional descriptia

An access digital section which uses HDSL technoltan be considered as a number of functional
blocks, see Figure 1. Depending upon the HDSL teimer (H) transmission rate, a fully equipped
HDSL core consists of one 2320 kbit/s, two 1168/kbor two or three 784 kbit/s HDSL transceiver
pairs connected by Digital Local Lines (DLLs) [whiare linked by some common circuitry (C)].
The HDSL core is application independent. Operatuith a non-fully equipped HDSL core is also
permitted.

If enhanced transmission range is required the HB®& may contain optional regenerators (REGS).
The overall insertion loss of the HDSL core witlgererator shall be less than 1.8 times the value Y
of the non-regenerated HDSL core. The regenera&y lve inserted at any convenient intermediate
point in the HDSL core with the limitation that thesertion loss of each part-DLL shall be less than
0.9 times Y. In addition there may be further riestins in line length due to power feeding.

An application is defined by the interface (I) andpping and maintenance (M) functionalities.

Recommendation G.991.1 (10/98) 3



The functionalities at the exchange side constithee Line Termination Unit (LTU) and act as
master to the (slave) customer side functionalitidsch collectively form the Network Termination
Unit (NTU) and the REGs where applicable.

Access digital section

\4

A

g HDSL Core R
Application N > o
interface DLL DLL Application
H REG H interface
Customer side o o -
Y ci‘__'_{iiij'__'li C M| I
-——1 =1
(Note)
> D — T1528820-98
NTU LTU
(Network Termination Unit) (Line Termination Unit)

Description of functional blocks:

C Common circuitry
H HDSL transceiver
I Interface
M Mapping

REG Regenerator
DLL Digital Local Line

NOTE - A fully equipped HDSL core consists of otveg or three H, REG and DLL combinations dependingdDSL transceiver
data transmission rate. REGs are optional.

Figure 1/G.991.1 — Access digital section employindDSL technology
(simplified configuration)

It should be noted that throughout this Recommeodateference is made to the terms REG-C,
REG-R and individual HDSL transmission systems. REG@lentifies functionalities located at the
LTU side of the regenerator, REG-C identifies fumaalities located at the NTU side of the
regenerator.

Figure 2 describes the maintenance and other comation functionalities more clearly.
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Access digital section
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v

P HDSL core R
Application transparent to core frame payload Application
interface Clock and synchronization information Interface
Common t HDSL | | REG — HDSL || common™
Mappin circuitry |[transceive _ ransceiver ... . =  Mappin
i linter pping . Main- . circuitry pping Inter| | |
T |face |- Main- tenance Main- -| face [ 1
. Main- tenance tenanceg||| Main- .
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‘ tenance tenance
Maintenance (Note) (Note) (Note)
Maintenance channel Maintenance
(Reference 144 byte (Reference
Point)  Core frame NTU p LTU Point)
Digital Local

Lines (DLLs) Network side

.y . . . T1528830-98
— Bidirectional transmission

I:l Functional block

NOTE — A fully equipped HDSL core consists of oheo or three H, REG, DLL combinations dependingHiDSL
transceiver data transmission rate. REGs are ogdtion

Figure 2/G.991.1 — Access digital section employindDSL technology
(detailed configuration)

The information transmitted between the NTU sideves side) and LTU side (master side) is
handled as follows:

At the application interface (1), the data flowgi®uped in application framés.g. 32 time slot ISDN
primary rate frames, as specified in Recommenda#@1i [3]).

For 2048 kbit/s applications the mapping functipar{ of the M functional block) then takes the

application frame and inserts it into a 144 byteedoame. (In some applications not all data bytes
will contain valid information and may be set tdeighatterns.) For 1544 kbit/s applications only the
framing bit is provided twice.

The core frame is then given to the common cirgyi@) where it is combined with any necessary
alignment bits, maintenance bits and overhead ibitsrder to be sent transparently in HDSL frames
over the DLLs. The use of REGs is optional.

At the receiving side, data within the HDSL fram&snultiplexed by the common circuitry to again
form the core frame, which is passed to the mapfingtion where it is mapped into the application
frame and transmitted over the application interféy

An overview of the different framing procedures tenfound in Figure 3.
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interface Clock and Synchronization information HDSL core
l HDSL
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|_ Maintenance
Maintenance Maintenancp
Maintenance (Note)

channel
Maintenance Maintenance
(Reference (Reference

point) point)
Application frame Core frame HDSL frame (pair 1)

T1528840-98

144 byte payload

—— Bidirectional transmission ) . ) )
In a HDSL core fully equipped with n pairs, each $iDframe contains:

I:l Functional block 1/n core frame payload plus frame alignment andchteaance bits.

NOTE — A fully equipped HDSL core consists of otveg or three H, REG, DLL combinations dependingHidSL transceiver data
transmission rate. REGs are optional.

Figure 3/G.991.1 — An overview of framing procedure

In addition, there may be maintenance and/or pdeeding functions associated with the HDSL
core for the support of failure identification, &ization and HDSL start-up control, however the
presentation of this information at the maintenaneference point is outside the scope of this
Recommendation.

The specification of the HDSL core is aimed at roperability of two equipments from different
vendors.

5 HDSL core specification

51 Functions

The functions listed below are necessary for threecb operation of the HDSL core.

Functions related to the HDSL core LTU NTU/REG
Transparent transport of core frames (144 byte2@d8 kbit/s applications) o
Stuffing and destuffing -
CRC-6 procedures and transmission error detection o
Error reporting -
Failure detection o
Failure reporting -
Bit timing o
Frame alignment -
HDSL transceiver autonomous start-up control .
Loopback control and coordination -
Mapping of core frames into HDSL frames o
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Functions related to the HDSL core LTU NTU/REG

Control of maintenance channel -
Synchronization and coordination of HDSL transcesve -
Identification of pairs (available only for 2048i{b applications) -
Correction of pair identification Note

NOTE — Correction of pairs is a function of the NTU

Functions related to power feeding LTU NTU/REG
Remote power feeding (optional) -
Wetting current (optional) -

5.1.1 Transparent transport of core frames

This function provides for the bidirectional transeion of the core frames (e.g. with 144 bytes for
2048 kbit/s applications) over one, two or threeafpel HDSL transceiver systems connected by
separate pairs.

5.1.2 Stuffing and destuffing

This function provides for the synchronization loé tapplication data clock to the HDSL transceiver
system clock, by means of adding zero or two stgffjuats per HDSL frame.

5.1.3 CRC-6 procedures and transmission error det&on

This function provides for error performance monitg of the HDSL transceiver systems in each
HDSL frame.

5.1.4 Error reporting
This function provides for the reporting of errdetected by means of CRC-6 procedure.

5.1.5 Failure detection
This function provides for the detection of failsii@ the HDSL transceiver system.

5.1.6 Failure reporting

This function provides for the reporting of failareletected in the HDSL transceiver systems by
means of messages in the maintenance channekrgales by HDSL frame overhead bits.

5.1.7 Bittiming

This function provides bit (signal element) timitagenable the HDSL transceiver systems to recover
information from the aggregate bit stream.

5.1.8 Frame alignment

This function provides information to enable the $iDtransceiver systems to recover the HDSL
frame and the HDSL frame overhead.

5.1.9 HDSL transceiver autonomous start-up control

This function provides for the recovering of theeggdional state after first powering or breakdown
of the HDSL transceiver systems.
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5.1.10 Loopback control and coordination

This function provides for the activation and rekeaf loopbacks in the LTU, the REG and the
NTU.

5.1.11 Mapping between core frames and HDSL frames

This function provides for the mapping between ¢hee frame (e.g. with 144 bytes for 2048 kbit/s
applications) and the HDSL frame(s).

5.1.12 Control of the maintenance channel

This function provides for the control of the maimance channel formed by the HDSL frame
overhead bits.

5.1.13 Synchronization and coordination of HDSL trasceivers

This function provides for the synchronization loé tHDSL transceiver systems, the equalization of
different signal delays on the pairs and the cosequence of the signals coming from the separate
pairs.

5.1.14 Identification of pairs

This function provides for the marking of the patghe LTU/NTU (e.g. for 2048 kbit/s applications
using 2B1Q or CAP line code) by means of two oe¢hZ bits per pair to enable the correct
identification of the pairs.

5.1.15 Correction of pair identification

This function provides for the realignment of thaentification of pairs if an unintentional
interchange of pairs has occurred and was detégtdte NTU.

5.1.16 Remote power feeding

This optional function provides for remote powegdang of either the NTU — if no REG is provided
— or the REG from the LTU via the pairs.

5.1.17 Wetting current

This optional function provides for feeding of av@urrent on the pairs to mitigate the effect of
corrosion of contacts.

5.2 Transmission medium

5.2.1 Description

The transmission medium over which the digital $raission system is expected to operate is the
local line distribution network.

A local line distribution network employs cablespaiirs to provide services to customers.
In a local line distribution network, customers aoenected to the local exchange via local lines.

A metallic local line is able to simultaneously ryabidirectional digital information in the
appropriate HDSL format.

To simplify the provision of HDSL, a digital trangsion system must be capable of satisfactory
operation over the majority of metallic local lineghout requirement of any special conditioniny. |
order to permit the use of HDSL transmission systemthe maximum possible number of local
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lines, the restrictions imposed by HDSL requirerseate kept to the minimum necessary to
guarantee acceptable operation.

5.2.2 Minimum Digital Local Line (DLL) requirements for HDSL applications
- no loading coils;

- only twisted pair or quad cable;

- no additional shielding necessary;

- when bridged taps are present, the maximum nustial be limited to 2 and the length of
each to 500 m.

5.2.3 DLL physical characteristics
A DLL is constructed of one or more cable sectitirad are spliced or interconnected together.
The distribution or main cable is structured atofes:

- cascade of cable sections of different diametedslengths;

- up to two bridged taps (BTs) may exist at varipasnts in installation and distribution
cables.

A general description of the DLL physical modesi®own in Figure 4 and typical examples of cable
characteristics based on Recommendation G.960¢2jigen in Table 1.

Installation Distribution Main cable Exchange

HDSL cable cable cable HDSL
NTU SDP CCP MDF LTU

T1528850-98
SDP Subscriber Distribution Point
CCP Cross Connect Point
MDF Main Distribution Frame

Figure 4/G.991.1 — DLL physical model

Table 1/G.991.1 — Cable characteristics

Exchange cable Main cable Distribution Installation
cable cable
Wire diameter 0.5;0.6;0.32; 0.4 0.3-1.4 0.3-1.4 0.4; 0.5;
(mm) 0.6; 0.8;
0.9; 0.63
Structure SQ (B)or TP (L) SQ (B)or TP (L SQ@TP (L) | SQorTP or UP
Maximum number 1200 2400 (0.4 mm) 600 (0.4 mm) 2 (aerial)
of pairs 4800 (0.32 mm) 600 (in house)
Installation underground underground aerial (drop)
in ducts or aerial in ducts (in house)
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Table 1/G.991.1 — Cable characteristic&koncluded)

Exchange cable Main cable Distribution Installation
cable cable

Capacitance 55...120 25 ... 60 25 ... 60 35...120
(nF/km at 800 Hz)
Wire insulation PVC, FRPE PE, paper pulp paper, &, PE PE, PVC
TP  Twisted Pairs PE Polyethylene
SQ Star Quads PVC Polyvinylchloride
UP  Untwisted Pairs Pulp Pulp of paper
L Layer Cell PE Cellular Foam Polyethylene
B Bundles (units) FRPE Fire Resistant PE
NOTE - This table is intended to describe the captesently installed in the local loop. Not alltioé
above cable types are suitable for HDSL systems.

5.2.4 DLL electrical characteristics

The transmitted signal will suffer from impairmenige to crosstalk, impulsive noise and the non-
linear variation with frequency of DLL characteigst These impairments are described in more
detail in the following subclauses.

5.2.4.1 Principal characteristics

The principal electrical characteristics varyingilwearly with frequency are:
- insertion loss;

- group delay;

- characteristic impedance, comprising real andjinaay parts.

The maximum value for insertion loss specified FDSL transmission systems is defined in
clause 6, for the one, two- and three-pair systems.

NOTE — The term group delay is defined in Fasdidg4].

5.2.4.2 Differences in physical transmission chargaristics between pairs in the DLL

Between the LTU and NTU the characteristics ofghres may differ. This difference may be in wire
diameter, insulation type, length, number and lergftbridged taps and exposure to impairments.
These differences in transmission characterist@g change with time.

The common circuitry shall compensate for any ddifees in the transmission time due to these pair
differences. (See clause 6).

It is recommended that the difference of signaidfer delay between each of the two or three-pairs
is limited to a maximum of 50 ps at 150 kHz, copasding to about 10 km difference in line length
between LTU and NTU.

5.2.4.3 Crosstalk characteristics

Crosstalk noise in general results due to finiteptiog loss between pairs sharing the same cable,
especially those pairs that are physically adjadénite coupling loss between pairs causes agesti
of the signal flowing on one DLL (disturber DLL) tme coupled into an adjacent DLL (disturbed
DLL). This vestige is known as crosstalk noise.
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Near-end crosstalk (NEXT) is assumed to be the dantitype of crosstalk.

Intersystem NEXT results when pairs carrying déferdigital transmission systems interfere with
each other.

Intrasystem NEXT or self-NEXT results when all gainterfering with each other in a cable are
carrying the same digital transmission system.aystem NEXT noise coupled into a disturbed
DLL from a number of DLL disturbers can be repréednas being due to an equivalent single
disturber DLL with a coupling loss versus frequeraharacteristics known as Power Sum Loss
(PSL). Values for 1% worst case NEXT loss vary fréhdB to 70 dB at 150 kHz depending upon
the cable type, number of disturbers and environmen

For testing HDSL systems the NEXT is representedrbgrtificial noise as defined in clause 6.

5.2.4.4 Unbalance about earth

The DLL will have finite balance about earth. Urdrade about earth is described in terms of
Longitudinal Conversion Loss (LCL). The expectedrstocase value is 42.5 dB at 150 kHz
decreasing with frequency by 5 dB/decade.

5.2.4.5 Impulse noise

The DLL will have impulse noise resulting from othsystems sharing the same cables as well as
from other sources. The requirement for toleranaenpulse noise is described in detail in clause 6.

5.2.4.6  Micro interruptions

A micro interruption is a temporary line interrugtidue to external mechanical action on the copper
wires constituting the transmission path, for exempt a cable splice. Splices can be hand-made
wire-to-wire junctions, and during cable life oximen phenomena and mechanical vibrations can
induce micro interruptions at these critical points

The effect of a micro interruption on the transnoisssystem can be a failure of the digital
transmission link, together with a failure of thewer feeding (if provided) for the duration of the
micro interruption.

The objective is, that in the presence of a mioterruption of specified maximum length the system
should not reset, and the system should automigtresictivate with a complete start-up procedure if
a reset occurs due to an interruption. The requrgsfor tolerance to micro interruptions, together
with guidelines for a laboratory susceptibilityttest are given in clause 6.

5.3 Transmission method

5.3.1 General

The transmission system provides for duplex trassion on 2-wire metallic local lines. Duplex
transmission shall be achieved through the usa &cho Cancellation Hybrid (ECH). With the echo
cancellation method, illustrated in Figure 5, treh& Canceller (EC) produces a replica of the echo
of the transmitted signal that is subtracted fréwm total received signal. The echo is the result of
imperfect balance of the hybrid and impedance discoities, caused e.g. by splicing different kind
of cables.
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HDSL Transceiver HDSL Transceiver
of the NTU of the LTU
TX Transmitter T1528860-98

RCV Receiver
EC Echo Canceller
HB  Hybrid

Figure 5/G.991.1 — Functional diagram of the echaancellation method

5.3.2 Transmission on three-pairs

Transmission on three DLLs is provided by threealp@r HDSL transceivers, each operating at
784 kbit/s and using 2B1Q line code.

5.3.3 Transmission on two-pairs

Transmission on two DLLs is provided by two pardal#DSL transceivers, each operating at
1168 kbit/s using 2B1Q or CAP line code for 204&/kapplications or 784 kbit/s using 2B1Q line
code for 1544 kbit/s applications.

5.3.4 Transmission on one-pair

Transmission on one DLL is provided by one HDSIn$@eiver operating at 2320 kbit/s and using
2B1Q or CAP line code.

5.3.5 Transmission on four-pairs

The transmission of the complete core frame on-pairs is not excluded, but is not at present
treated here.

5.3.6 Line code

The line code described in the main part of thisdRemendation is 2B1Q (two binary, one
guaternary). A detailed description of CAP is giweinnex B.

Before transmission the bit stream in each HDShscaiver of Figure 1, except the synchronization
word which has a fixed pattern, shall be groupéd pairs of bits which are converted to quaternary
symbols (quats) as specified in Table 2. At theira, the inverse operations are performed.
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Table 2/G.991.1 — 2B1Q coding

First bit Second bit Quaternary
(Sign) (Magnitude) Symbol
1 0 +3
1 1 +1
0 1 -1
0 0 -3

5.3.7 Line symbol rate

The symbol rate of the HDSL transceiver shall be:

- 392 kbaud: 32 ppm for a three-pair system;

- 584 kbaud: 32 ppm for a two-pair system; and
- 1160 kbaud: 32 ppm for a one-pair system.

54 Frame structure

541 Core frame

Inside the mapping functional block, as indicatadthe reference configuration in Figure 3, the
application dependent frame containing the payl®adhserted into a 500 ps long core frame
containing 144 bytes as shown in Figure 6. Diffenerapping options depending on the special
applications exist, as shown in Figure 6. The tetdimapping procedures for different applications
are described in Appendix I. The core frames wid bytes/500 ps form a continuous bit stream
with a bit rate of 2304 kbit/s which in two- or #&-pair systems are split on a byte per byte basis
into parallel HDSL frames which are transmittectach one of the HDSL transceiver systems.
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0 us Byte 1 R Byte 1

Byte 2 R

Bytes 3-35 32 bytes
R
Byte 36 Y
Byte 37 R
R

Bytes 38-71 32 bytes

(Note)

R
Byte 72 Y
R
R

Bytes 73-107 32 bytes
R
Byte 108 Y
R
R

Bytes 109-143 32 bytes
R

500 ps Byte 144 Y Byte 144
T1528870-98
a) Byte # of core frame b) Asynchronous mapping ¢) $¢ghronous mapping

R, Y Fixed Stuffing

NOTE - The core frame and the payload are synchedniThe details of the application dependent shatallocatiol
are given in the relevant subclauses of clause 7.

Figure 6/G.991.1 — Core frame

5.4.2 2B1Q HDSL frame

This subclause describes the proposed HDSL fraraetste in the binary format before scrambling
and encoding. This structure is valid during norimaération after symbol timing synchronization,
frame alignment and after all internal transceigeefficients have been stabilized sufficiently to
permit a reliable transport of the signals throtlghHDSL transceiver systems.

- The nominal HDSL frame length is 6 ms.

- The mean length of the HDSL frame for the thrag-pystem is 2352 quats (equivalent to
4704 bits) in 6 ms. Each individual frame contaitber O or 2 stuffing quats which gives a

real length of 2351 quats Bi— %92 ms or 2353 quats i6+}é92 ms.
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The mean length of the HDSL frame for the twa-sgistem is 3504 quats (equivalent to
7008 bits) in 6 ms. Each individual frame contaeitber O or 2 stuffing quats which gives a

real length of 3503 quats Bi— %84 ms or 3505 quats i6+%84 ms.

The mean length of the HDSL frame for the one-pgstem is 6960 quats (equivalent to
13 920 bits) in 6 ms. Each individual frame corgagither O or 2 stuffing quats which gives
a real length of 6959 quats 81—%16( ms or 6961 quats i6+%16( ms.

The bit assignment in each HDSL frame in eachction of transmission for all pairs is
shown in Tables 3, 4 and 5.

The HDSL transceiver systems shall each indepeglydeccommodate differences in the bit
timing of the two directions of transmission or thfe application data and the HDSL
transceiver system by including none or two stgfijuats at the end of the HDSL frame.

In the LTU the frame rate on the different painsll be derived from the same source. The
location of the synchronization word, i.e. the stdrthe HDSL frames in the different pairs
shall be synchronized to each other. The maximulaydeetween the start of the frames
shall be less than one symbol period, measurduedinte side of each HDSL transceiver.

The insertion of stuffing quats, if necessaryldtmidentical for all pairs.

Table 3/G.991.1 — HDSL frame structure for the thre-pair system

Time Frame HOH Abrv. Full name Notes
Bit # Bit # name

0 ms 1-14 1-14 SW 1-14 Sync word Double Barker Code

15 15 losd loss of input signal at the
far end application
interface
16 16 febe far end block error
17-1180 - B01-B12 payload block 1-12 HDSL payloaduding
Zmi-Zmi2
1181 17 eocO1 eoc address
1182 18 eoc02 eoc address
1183 19 eoc03 eoc data/opcode
1184 20 eoc04 eoc odd/even byte
1185 21 crcl cyclic redundancy check CRC-6
1186 22 crc2 cyclic redundancy check CRC-6
1187 23 psl NTU power status bit INTU - LTU only
1188 24 ps2 NTU power status bit P’NTU - LTU only
1189 25 bpv bipolar violation
1190 26 eoc05 eoc unspecified
1191-2354 | — B13-B24 Payload blocks 13-24 HDSL paglincluding
ZmizZm24

2355 27 eoc06 eoc-message bit 1
2356 28 eoc07 eoc-message bit 2
2357 29 eoc08 eoc-message bit 3
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Table 3/G.991.1 — HDSL frame structure for the thre-pair system(concluded)

Time Frame HOH Abrv. Full name Notes
Bit # Bit # name
2358 30 eoc09 eoc-message bit 4
2359 31 crc3 cyclic redundancy check CRC-6
2360 32 crcd cyclic redundancy check CRC-6
2361 33 hrp regenerator present |LTU - REG - NTU
2362 34 rrbe regenerator remote blpckU — REG - NTU
error
2363 35 rcbe regenerator central blptfU —~ REG -~ NTU
error
2364 36 rega regenerator alarm LTU « REG- NTU
2365-3528 | — B25-B3§ payload blocks 25-36 HDSL paglincluding
Zm25Zm36
3529 37 eocl0 eoc-message bit 5
3530 38 eocll eoc-message bit 6
3531 39 eocl2 eoc-message bit 7
3532 40 eocl3 eoc-message bit 8
3533 41 crch cyclic redundancy check CRC-6
3534 42 crc6 cyclic redundancy check CRC-6
3535 43 rta remote terminal alarm{ NTU - LTU only
3536 44 indc/indr| ready to receive indc =LTU - NTU
indr =NTU - LTU
3537 45 uib unspecified indicator it
3538 46 uib unspecified indicator it
6—%92 ms |3539-4702 | — B37-B49 payload blocks 37-48 HDSL Paglimcluding
Zm37Zmas
4703 47 stqls stuff quat 1 sign Frame stuffing
6 ms nominal | 4704 48 stglm stuff quat 1 magnitude ramié stuffing
4705 49 stg2s stuff quat 2 sign Frame stuffing
6+%92 ms |4706 50 stg2m stuff quat 2 magnituds Frame stuffing

16
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Table 4/G.991.1 — HDSL frame structure for the twgpair system

Time Frame HOH Abrv. Full name Notes
Bit # Bit # name
0ms 1-14 1-14 SW 1-14 Sync word Double Barker Code
15 15 losd loss of input signal at
the far end application
interface
16 16 febe far end block error
17-1756 - B01-B12 payload block 1-12 HDSL payloaduding
Zm1-Zmi2
1757 17 eoc01 eoc address
1758 18 eoc02 eoc address
1759 19 eoc03 eoc data/opcode
1760 20 eoc04 eoc odd/even byte
1761 21 crcl cyclic redundancy checkRC-6
1762 22 crc2 cyclic redundancy checkRC-6
1763 23 psl NTU power status bitINTU - LTU only
1764 24 ps2 NTU power status bit ZNTU - LTU only
1765 25 bpv bipolar violation
1766 26 eoc05 eoc unspecified
1767-3506 - B13-B24 payload blocks 13-24 HDSL pagllincluding
Zm13Zm24
3507 27 eoc06 eoc-message bit 1
3508 28 eocQ7 eoc-message bit 2
3509 29 eoc08 eoc-message bit 3
3510 30 eoc09 eoc-message bit 4
3511 31 crc3 cyclic redundancy checkRC-6
3512 32 crcd cyclic redundancy checkRC-6
3513 33 hrp regenerator present |LTU - REG - NTU
3514 34 rrbe regenerator remote |(LTU —~ REG - NTU
block error
3515 35 rche regenerator central |LTU — REG - NTU
block error
3516 36 rega regenerator alarm LTU « REG - NTU
3517-5256 - B25-B36 payload blocks 25-36 HDSL pagllincluding
Zm25Zm36
5257 37 eocl0 eoc-message bit 5
5258 38 eocll eoc-message bit 6
5259 39 eocl2 eoc-message bit 7
5260 40 eocl3 eoc-message bit 8
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Table 4/G.991.1 — HDSL frame structure for the twagpair system(concluded)

Time Frame HOH Abrv. Full name Notes
Bit # Bit # name
5261 41 crch cyclic redundancy checkRC-6
5262 42 crcé cyclic redundancy checkRC-6
5263 43 rta remote terminal alarm| NTU - LTU only
5264 44 indc/indr| ready to receive indc =LTU - NTU
indr = NTU - LTU
5265 45 uib unspecified indicator hit
5266 46 uib unspecified indicator hit
6"%84 ms | 5267-7006 - B37-B48 payload blocks 37-48 HDSL pagllmcluding
Zm37Zmas
7007 47 stqls stuff quat 1 sign Frame stuffing
6 ms nominal| 7008 48 stglm stuff quat 1 magnituderamié stuffing
7009 49 stg2s stuff quat 2 sign Frame stuffing
6+ g, ms 7010 50 stg2m stuff quat 2 magnitud¢  Frame stuffing
Table 5/G.991.1 — HDSL frame structure for the onggair system
Time Frame HOH Abr. Full name Notes
Bit # Bit # name
0 ms 1-14 1-14 SW 1-14Sync word
15 15 losd loss of input signal at
the far end application
interface
16 16 febe far end block error
17-3484 - BO1-B12payload blocks 1-12 HDSL payload including
Z1-7212
3485 17 eocO1 eoc address
3486 18 eoc02 eoc address
3487 19 eoc03 eoc data/opcode
3488 20 eoc04 eoc odd/even Byte
3489 21 crcl cyclic redundancy che€kRC-6
3490 22 crc2 cyclic redundancy che€kRC-6
3491 23 psl NTU power status bitf NTU - LTU only
3492 24 ps2 NTU power status bitf NTU - LTU only
3493 25 bpv bipolar violation
3494 26 eoc05 eoc unspecified
3495-6962 — B13-B24payload blocks 13-24 HDSL payload including
Z13-724
18 Recommendation G.991.1 (10/98)



Table 5/G.991.1 — HDSL frame structure for the ongair system(concluded)

Time Frame HOH Abr. Full name Notes
Bit # Bit # name
6963 27 eoc06 eoc-message bit 1
6964 28 eocQ7 eoc-message bit 2
6965 29 eoc08 eoc-message bit 3
6966 30 eoc09 eoc-message bit 4
6967 31 crc3 cyclic redundancy che€kRC-6
6968 32 crc4 cyclic redundancy che€kRC-6
6969 33 hrp regenerator present |LTU - REG - NTU
6970 34 rrbe regenerator remote |(LTU — REG - NTU
block error
6971 35 rche regenerator central |LTU « REG - NTU
block error
6972 36 rega regenerator alarm LTU « REG- NTU
6973-10440 | - B25-B3ppayload blocks 25-36 HDSL payload including
725-736
10 441 37 eocl0 eoc-message bit 5
10 442 38 eocll eoc-message bit 6
10 443 39 eocl2 eoc-message bit 7
10 444 40 eocl3 eoc-message bit 8
10 445 41 crch cyclic redundancy che@RC-6
10 446 42 crcé cyclic redundancy che@RC-6
10 447 43 rta remote terminal alarmfNTU - LTU only
10 448 44 indc/indfready to receive indc =LTU -~ NTU
indr=NTU - LTU
10 449 45 uib unspecified indicator bit
10 450 46 uib unspecified indicator bit
6- ¥ 16c Ms 10 451-13 918 - B37-B4®ayload blocks 37-48 23I—;Dzséllépayload including
13919 47 stqls stuff quat 1 sign Frame stuffing
6 ms nominal | 13 920 48 stglm stuff quat 1 magnituglerame stuffing
13921 49 stg2s stuff quat 2 sign Frame stuffing
6+ Y g ms 13 922 50 stg2m stuff quat 2 magnitude  Frame styiffi
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5.4.2.1 2B1Q HDSL frame structure

5.4.2.1.1 Frame structure of the three-pair system

Figure 7 illustrates the HDSL frame structure cosgub of quaternary symbols (quats) and the
mapping of the core frame bytes to it. The framsubdivided into four groups. The first group of
the frame starts with the seven symbols long syrthation word followed by one HDSL overhead
guat and twelve blocks of HDSL payload, each cdimgjsof 48.5 quats, equivalent to 97 bits,
containing one overhead-bit,Z and twelve bytes of the core frame. Thg.,-Bits (m=1... 3
indicates one of the three-pairs; n = 1 ... 4&ésrunning number of the HDSL payload block in the
frame) provide an additional overhead channelwhich forty eight bits per frame of each HDSL
transceiver system at a capacity of 8 kbit/s aelavie.

The first eight Z-bits (41 ... Zng) are reserved for core applications. Bitg Z. Zy3 are used for pair
identification (see 6.2), whereagZ.. Zng are reserved for future use and are presentlp SeNE.

The Z-bits No.9 ... 48 % ... Znag) are application dependent and are transparergthsported
through the HDSL core. The use of these bits shalldescribed in the application specific
requirements. Unused bits shall be set to ONE.

The three groups following the first group have emjual structure. Each consists of five HDSL
overhead quats and twelve HDSL payload blocks asriteed above. So one frame contains a
synchronization word, 16 HDSL overhead quats, 48tZ-and 576 bytes of the core frame.

At the end of the frame the possibility of 2 stnffiquats is foreseen. These quats are used always
together, this means either none or two stuffingtgj@are inserted, depending on the relation of the

timing. The length of the HDSL frame is either 23§@ats, which equal§+%92 ms for the

nominal HDSL clock frequency, or 2351 quats coroesiing to6—%92 ms and the average will

tend to 2352 quats or 6 ms. The receiver is ableveduate the length of an incoming frame by
detection of the sync word in the following franredao adjust the demultiplexing of the data stream.
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(6—%92) or (6+%92) ms

b 2351 or 2353 quats 4 "
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Pair 3 ]
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9% gams T1528880-98
HDSL Payload Block (48 per HDSL Frame)
Symbol Name, function
BO1 to B48 HDSL system payload blocks
Byte n Byte n from core frame (n =1 ... 144)
HOH HDSL overhead (sw, eoc, crc, ...)
quat Quaternary symbol
SQ1, SQ2 Stuff quats
Sync word 7-symbol Barker codes, "double Barl~ 14 bits
Zon Additional overhead bits (Z-bits)
m Indicating corresponding pair(m=1 ... 3)

n

Indicating number of payload block (n =1 ..) 48

Figure 7/G.991.1 — Frame structure of the three-paisystem
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5.4.2.1.2 Frame structure of the two-pair system

Figure 8 illustrates the HDSL frame structure cosgmb of quaternary symbols (quats) and the
mapping of the core frame bytes to it. The framesubdivided into four groups. The first group of
the frame starts with the seven symbols long syghation word followed by one HDSL overhead
quat and twelve blocks of HDSL payload, each cdimgisof 72.5 quats, equivalent to 145 bits,
containing one overhead-bit,£ and eighteen bytes of the core frame. Thg-ldts (m = 1, 2
indicates one of the two-pairs; n = 1 ... 48 istimening number of the HDSL payload block in the
frame) provide an additional overhead channelwbich forty-eight bits per frame of each HDSL
transceiver system at a capacity of 8 kbit/s aegl@vle.

The first eight Z-bits (41 ... Zng) are reserved for core applications. Bits,ZZn, are used for pair
identification (see 6.2), whereag .. Zng are reserved for future use and are presentlp SeNE.

The Z-bits No. 9 ... 48 (&% ... Znag) are application dependent and are transparerghsported
through the HDSL core. The use of these bits shalldescribed in the application specific
requirements. Unused bits shall be set to ONE.

The three groups following the first group have emjual structure. Each consists of five HDSL
overhead quats and twelve HDSL payload blocks asribeed above. So one frame contains a
synchronization word, 16 HDSL overhead quats, 48tZ-and 864 bytes of the core frame.

At the end of the frame the possibility of 2 staffiquats is foreseen. These quats are used always
together; this means either none or two stuffingtgare inserted, depending on the relation of the

timing. The length of the HDSL frame is either 35@&ats, which equal$+ %84 ms for the

nominal HDSL clock frequency, or 3503 quats coroesjing to 6—%84 ms and the average will

tend to 3504 quats or 6 ms. The receiver is ableveduate the length of an incoming frame by
detection of the sync word in the following framredao adjust the demultiplexing of the data stream.
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(6—%84) or(6+}g84) ms

) 3503 or 3505 quats g i
7q |ldi2x7212=870f5d 870q |5 8709 |50 8709 |oi2q
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145 bits, 72 1/2 quats >!
14 7 168MS T1528890-98
HDSL Payload Block (48 per HDSL Frame)
Symbol Name, Function
BO1 to B48 HDSL system payload blocks
Byte n Byte n from core frame (n =1 ... 144)
HOH HDSL overhead (sw, eoc, crc, ...)
quat Quaternay symbol
SQ1, SQ2 Stuff quats
Sync word 7-symbol Barker codes, "double Bark— 14 bits
Zon Additional overhead bits (Z-bits)
m Indicating corresponding pair(m=1... 2)
n Indicating number of payload block (n =1 ..) 48

Figure 8/G.991.1 — Frame structure of the two-paisystem

5.4.2.1.3 Frame structure of the one-pair system

Figure 9 illustrates the HDSL frame structure cosgub of quaternary symbols (quats) and the
mapping of the core frame bytes to it. The framsubdivided into four groups. The first group of
the frame starts with the seven symbols long sythation word followed by one HDSL overhead
guat and twelve blocks of HDSL payload, each cdimgjsof 144.5 quats, equivalent to 289 bits,
containing one overhead-bit, And thirty-six bytes of the core frame. Thebts (n=1 ... 48 is the
running number of the HDSL payload block in therieg provide an additional overhead channel,
for which forty-eight bits of the HDSL frame at apacity of 8 kbit/s are available.

The first eight Z-bits (Z... Zg) are reserved for future core applications andgrdy set to ONE.

The Z-bits No. 9 ... 48 (Z.. Zg) are application dependent and are transpareatigported through
the HDSL core. The use of these bits shall be desitrin the application specific requirements.
Unused bits shall be set to ONE.
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The three groups following the first group have exjual structure. Each consists of five HDSL
overhead quats and twelve HDSL payload blocks asribeed above. So one frame contains a
synchronization word, 16 HDSL overhead quats, 48tZand 1728 bytes of the core frame.

At the end of the frame the possibility of 2 stnffiquats is foreseen. These quats are used always
together, this means either none or two stuffingtgj@are inserted, depending on the relation of the

timing. The length of the HDSL frame is either 69§dats, which equal§+%16( ms for the

nominal HDSL clock frequency, or 6959 quats coroesiing to6—%16( ms and the average will

tend to 6960 quats or 6 ms. The receiver is ableveduate the length of an incoming frame by
detection of the sync word in the following framredao adjust the demultiplexing of the data stream.

(6_%16() or (6+ 116() ms

6959 or 6961 quats W
7q |idzxwaave=17345q  1734q |5d 1734q |sq 17349  |0/2q
TTTT N N
I I I I
iS1S sync |7 B[B|B| [B|H|B B|H|B B|H|B leslsynC
QIQ word 1010 [00] 1oL | - 2|02 ~- 3lo|3]| - 41QiQi word
1112 H{1|2|3 2|H|3 4|H|5 6|H|7 812
I I
0 ms (6— ()
%16 ms (6+%16() ms
- |
|
Pair 1 ‘ 21| |Byte 2 | Byte 3| Byte 4| Byte 5| Byte 6| ..... |Byte 31| Byte 32{ Byte 34 Byte 34 Byte 348yte 36{
289 bits, 144 1/2 quats
28 .
%320 ms T1528900-98
Symbol Name, function
BO1 to B48 HDSL system payload blocks
Byte n Byte n from core frame (n =1 ... 144)
HOH HDSL overhead (sw, eoc, crc, ...)
quat Quaternary symbol
SQ1, SQ2 Stuff quats
Sync word 7-symbol Barker codes, "double Bar.z2 14 bits
Z, Additional overhead bits (Z-bits)
n Indicating number of payload block (n =1 ..) 48

Figure 9/G.991.1 — Frame structure of the one-pasystem

5.4.2.2 Frame bit assignments

In Tables 3, 4 and 5 the bit sequence of the HD@mé prior to scrambling at the transmit side and
after descrambling at the receive side is presemM#idle the frame structures are identical in both
directions of transmission, the functional assignte@f individual bits in the direction LTU-to-
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NTU or NTU-to-LTU are different. Unused bits inlegtr direction are set to ONE. For example the
proposed NTU power status bits are defined oniheframe transmitted towards the LTU and the
corresponding bit positions in the reverse direct@ve no assignment. The bit assignments are
identical in each of the pairs.

The following gives a short description of the eutty defined overhead bits.

- Sync word

The synchronization words (sync words) enableHB&L receivers to acquire quat and bit
timing so that the incoming signals can be decadeal their original binary forms. The
synchronization words shall be seven-quat Barkde&equences as shown in Table 6. The
same sequence is used in both directions on a.pai

The coding in Table 6 will preserve the 2.50 Vdguair) or 2.64 V (two and three-pair)
peak symbol levels for the sync words on the line.

Table 6/G.991.1 — Seven-quat Barker code
synchronization word sequence

Quat # sequence
01 +3
02 +3
03 +3
04 -3
05 -3
06 +3
07 -3

- losd-bit (loss of signal)

If there is no signal from the application intedathe losd-bit shall be set to ZERO in the
next frame towards the far end. Under normal caommlt this bit shall be set to ONE.

- febe-bit (far end block error)

The febe-bit shall be set to ZERO in the followirgme towards the far end, when the local
receiver detects a CRC error in the HDSL frame. Nihere is no febe bit value ready (due
to different frame lengths in the two directions) o failure has been detected in the
previous frame, the febe bit shall be set to ONE.

- eoc-bits (embedded operations channel)

13 bits (eoc01 ... eoc13) are provided as a sparaintenance channel. For a description of
codes and the procedures used in this channéeb,.See

— crc-bits
The HDSL frame shall have six bits assigned tyei€Redundancy Check (CRC) code on
both directions for each pair.

The CRC code block is calculated for the previdsSL frame in the given direction except
for the fourteen sync word bits, the six crc-bitsl @any stuff quat bits.

The six crc-bits transmitted in the i)™ frame shall be determined as follows:

1) All bits of the N' frame except the fourteen sync word bits, thecsixbits and any
stuffing bits, for a total of m bits (m equals 4682 the three-pair system, 6986 for the
two-pair system and 13 888 for the one-pair systane) used, in order of occurrence, to
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construct a polynomial in "X" such that the bit '@&'the N" frame is the coefficient of
the term X" and bit m-1 of the N frame is the coefficient of the ternf.X

2) The polynomial is multiplied by the factof ¥and the result is divided, modulo 2, by the
generator polynomial X X 1. The coefficients of the remainder polynohaiee used, in
order of occurrence, as the ordered set of chesk diic1 through crc6, for the €)™
frame. The ordering is such that the coefficienttloé term X in the remainder
polynomial is check bit crcl and the coefficient the term X in the remainder
polynomial is check bit crc6.

3) The check bits, crcl through crc6, contained iftfame are those associated with the
content of the preceding frame. When there is nmedhiately preceding frame, the
check bits may be assigned any value.

psl-, ps2-bit (power supply bits)

The power supply bits psl and ps2 are used tccatelithe status of the primary and
secondary power supply in the NTU. The power sthtutunction definitions are shown in
Table 7.

Table 7/G.991.1 — Coding of power status

NTU power status psl ps2
All power normal 1 1
Secondary power out 1 0
Primary power out 0 1
Power loss 0 O

On loss of power at the NTU, there shall be enqumher left to communicate three "Power
Loss" messages towards the LTU.

bpv-bit (bipolar violation)
Whenever during one HDSL frame period, a line ogdviolation is detected at the

application interface, the bpv-bit is set to ZER(he following frame towards the far end.
Under normal conditions, this bit shall be set t6ED

hrp-bit (HDSL regenerator present)

If a regenerator is present, the hrp-bit shallské to ZERO by the regenerator in both
directions towards the NTU and the LTU. The NTU &inel LTU set the hrp bit to ONE in
the outgoing frames.

rrbe-bit (regenerator remote block error)

The rrbe-bit shall be set to ZERO by the regeperawards the LTU and NTU in the next
outgoing frame, when a CRC error has been detégtdie receiver located at the LTU-side
in the regenerator. If no failure has been detedtasl bit shall be set to ONE.

rcbe-bit (regenerator central block error)

The rcbe-bit shall be set to ZERO by the regepetatvards the LTU and NTU in the next
outgoing frame, when a CRC error has been detdwgtdige receiver located at the NTU-side
in the regenerator. If no failure has been detedtasl bit shall be set to ONE.

rta-bit (remote terminal alarm)

The rta-bit is set to ZERO by the NTU to signdkemal alarm conditions to the LTU. The
LTU, after detecting the rta-bit, may read the usategister of the NTU and evaluate the
reason for the failure condition. With no alarm gieg in the NTU, the rta-bit is set to ONE.
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rega-bit (internal alarm in the regenerator)

The rega-bit is set by the REG to signal intealatm conditions. The LTU, after detecting
the rega-bit, may read the status register of th& Rnd evaluate the reason for the failure
condition. With no alarm pending in the REG, thgarbit is set to ONE.

uib-bits (unspecified indicator bits)

These bits are reserved for future use. They bleadlet to ONE.

stq (stuffing quats)

(stglm, stgls, stg2m, stg2s)

These quats are always used together. Either wonsvo stuffing quats are inserted,
depending on the relation of the timing betweentth@ transmit directions. The values of
the stuffing quats used are left as a choice toinbdevidual vendors. Stuffing bits are not
scrambled.

indc- and indr-bit (ready to receive indicator &etLTU and NTU resp.)

These bits are set to ZERO by the respective HD&hsceiver to indicate to the distant
HDSL transceiver that it is ready to receive datall other conditions the indc-and indr-bit
will be set to ONE.

NOTE — The indc- and indr-bit in the HDSL frame dwead are different and not to be confused
with the status indicators INDC and INDR used iestle HDSL transceivers during the start-up
procedure as described in 5.6.

5.4.3 Scrambling method

The HDSL transceiver systems use the same selhsymzing scrambling procedure as the 2B1Q
transmission system for ISDN-BA as defined in An#é¢&.960 [2]. The data stream with exception
of the 14 bits of the sync word and the stuffing s scrambled by means of d“a&der polynomial
prior to encoding.

For the direction NTU- LTU the polynomial shall be & O x™8 O 1, where the sighl
stands for modulo 2 summation.

For the direction LTU- NTU the polynomial shall be ¥ 0 x> O 1.

The binary data stream is recovered in the recdily applying the same polynomial to the
scrambled data. Figure 10 illustrates block diagréonthe scramblers and descramblers.
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Figure 10/G.991.1 — Scramblers and descramblers
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55 HDSL embedded operations channel (eoc)

This subclause specifies the requirements for thbeelded operations channel. Thirteen of the
available 50 HDSL overhead bits (HOH) as shown @mblés 3, 4 and 5 are used for the
eoc-application and present a complete eoc-framehsgnized to the corresponding HDSL frame.
The structure of each single eoc-frame is as showiable 8 and discussed below.

Table 8/G.991.1 — HDSL eoc frame structure

Bit position No. of bits Description Remarks

1,2 2 Address Can address four locations
3 1 Data (ZERO)/ message (ONE) indicatoy

4 1 Odd (ONE)/even (ZERO) byte Multibyte transnossi

5 1 Unused

6-13 (Note) 8 Information field 256 opcodes, 8 hitda
NOTE - eoc06 contains the MSB and eoc13 the LSfBebpcode/data as described in Tables 9 to 11.

1) The address field

The first two bits (eoc0O1 and eoc02) allow forgue addressing of four network elements.
This Recommendation specifies requirements for thilye locations, NTU, REG and LTU.

The LTU address is "11" and can be considereesac-master.

The NTU and REG (if present) addresses are "00™'a0" (eoc01, eoc02) respectively, and
can be considered as the addresses of the slaves.

The address in a return echo should be set t@flibé responding unit.
2) The data/message indicator bit

The data/message indicator bit shall be set to @Re&n the information field contains the
operation code for an HDSL eoc-message.

The data/message indicator bit shall be set to @E¥en the information field contains
data, either binary or ASCII.

3) Odd/even Byte
The "Odd Byte"/"Even Byte" field is used as follew

For the first byte of data to be either read aittem, the eoc04 bit is set to ONE to indicate
"Odd Byte", for the next byte eoc04 is set to ZERQindicate "Even Byte" and so on,

alternately. This field is used to speed up datal rend write by eliminating the need for
intermediate codes to indicate to the far endtti@previous byte was successfully received.

4) Unused bit
Set to ONE.
5) Information field

Up to 256 different messages or 8 bit of binaryASCIl data may be encoded in the
information field.
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5.5.1 Functions of the HDSL eoc

The LTU (master) sends commands to the NTU/REG/é3lto perform certain functions. Some of
these functions require the slave to activate cbsmg the circuitry (e.g. to either loopback orden
crc bits that are corrupted). Other functions cannvoked to read from and write to data registers
located in the slave.

Some of these commands are "latching”, meaningahatbsequent command will be required to
release from this state. Thus multiple HDSL eotated actions can be in effect simultaneously. A
separate command "Return to Normal" together viaghatppropriate address shall be used to unlatch
all latched states in the REG or the NTU. If no sag® is pending for both the NTU and the REG
(idle state), the "Return to Normal" message dimakent by the LTU together with the NTU-address
"00". If no opcode has to be sent during a latcdtate the LTU may send the "Hold State" message.

The NTU, if not properly addressed, shall insed thlold State” message with the NTU-address
"00" in the direction NTU- LTU. Normally if the REG has been addressed ascedc-unit is
working properly, this NTU message will be overtait in the REG. In the case, the eoc-unit in the
REG is unable to react (due to improper functioegeiving the "Hold State" message from the NTU
indicates to the LTU, that the REG is not workingperly, although the messages are transported
over the whole link down to the NTU.

The regenerator REG is transparent to all messagdele direction LTU - NTU, including
messages addressing the regenerator itself. Indtfleetion NTU — LTU the regenerator is
transparent as long as no messages addressirggtreerator, are received. In this case, any message
from the NTU in the direction NTU. LTU is overwritten, depending on the action regdiby the
eoc-message for the regenerator.

The complete set of commands is listed in Tabled®described in 5.5.5.

Table 9/G.991.1 — eoc opcode messages

Hex-code Opcode description
06 Unable to Comply (UTC)
07 Return to Normal

08 Loopback of application frame at NTU (Note 1)

10 Hold State

19 Analogue Loopback in REG (Note 1 and Note 2)

20 Request Corrupted CRC NTU/REG-R (Note 1 and 1Spte
22 Request Corrupted CRC REG-C (Note 1)

28 Request End of Corrupted CRC NTU/REG-R (Note 3)
29 Request End of Corrupted CRC REG-C

3F Notify Corrupted CRC NTU/REG-R (Note 1 and N8je
50 Notify Corrupted CRC REG-C (Note 1)

5F Notify End of Corrupted CRC NTU/REG-R (Note 3)
60 Notify End of Corrupted CRC REG-C

oF End of Data

AF Next Byte

30 Recommendation G.991.1 (10/98)



Table 9/G.991.1 — eoc opcode messagemcluded)

Hex-code Opcode description

DO-DF | Write Data Register (numbers 0 to F) NTU/R@ste 3)
EO-EF Read Data Register (numbers 0 to F) NTU/REGH 3)
FO-F3 Vendor defined
NOTE 1 - Latching; this means that a release messagquired to cancel the function.

NOTE 2 — Due to the used transmission system, aaphropbacks for each pair have to be set upein th
regenerator. The OAM unit in the LTU has to assbe the individual loopback is closed, before
acknowledging the proper operation to the appliceinterface.

NOTE 3 — This opcode is used for messages congethénNTU or the REG. A distinction between bdth
is possible by the address contained in the message

NOTE 4 — No need has been identified for the maessa§, 30, 38, 6F, 7F in Europe. They may be usged
by network operators outside Europe, e.g. in NArtierica as defined in the Committee T1 Technical
Report [B3]. All other messages are reserved faréuapplications.

5.5.2 HDSL eoc acknowledgement protocol

The LTU is the master of the HDSL eoc and alwagsas the commands. The slave responds to the
properly addressed messages by acknowledging tomihster that the message was received
correctly. Thus, the HDSL eoc protocol operatesaisommand/response mode with the master
issuing the command and the slave responding.

Pair-specific messages shall be transmitted andoadkdged on the addressed pair only. In the
slave (NTU/REG) the evaluation and the acknowledgni carried out separately for each HDSL
transceiver system (subsystem), i.e. every submysthoes the received eoc-message independently
of the code on the other subsystems.

This subsystem oriented handling of the eoc-prdtaltows for a regenerator implementation based
on independent modules for each pair. This genpraiciple is also provided in the NTU,
i.e. messages which require an action on a sirgjtg(@.g. all CRC functions, read noise margin) are
executed only on those pairs, where the messadgeceasreceived correctly.

Global messages, not addressing functions of despayr, like loopback in the NTU, may be sent
over all pairs in parallel or over one single pas,selected by the LTU. The NTU will evaluate the
message on one single pair only, which may be t®eldzy monitoring the eoc for a valid global

message or by any performance monitoring. The Nafter receiving three consecutive valid

messages on the selected pair, enters the cordisgostate and performs the appropriate action.
The acknowledgment of the received messages shalebt over all pairs in parallel and the LTU

evaluates the acknowledgment on one single pay. &d the LTU and the NTU may evaluate the
messages on different pairs. In the REG, due tpéairespecific implementation, no difference exists
between global and pair-specific messages. The hdsJto take care, that all individual loopbacks
are activated before indicating an active loopkdbgk

Three types of responses are allowed from the st thus, there are three protocol states allowed
on the HDSL eoc. At any time the HDSL eoc will lmeane of the three protocol states, and can
switch from one state to another during a message.
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The three protocol states are:

1) message/echo-response protocol state;
2) message/unable to comply (UTC)-response prokiate;
3) message/data-response protocol state.

5.5.2.1 Message/echo-response protocol state

To acknowledge a properly addressed message fremltt, the slave (NTU or REG) responds to a
received HDSL eoc-message by returning identicalSHCeoc frames back to the LTU. This
response procedure is termed "echoing" the HDSLneegsage. The combination of the LTU
sending the HDSL eoc frame and the slave echoiagrime back comprises the message/echo-
response protocol state.

To assure the validity of the message, the slav&t neceive three identical, and consecutive HDSL
eoc frames before activating the requested funchtiothis way, the transmitted HDSL eoc-messages
received by the slave can be assumed to be ceoviachigh probability.

For the LTU to confirm correct reception of the wege by the slave, the message is repeated until
the LTU receives three identical and consecutivees. This serves as an implicit acknowledgment
to the LTU that the slave has correctly receivesl tlansmitted message and is acting on it. This
completes the command/response protocol mode.

In summary, the HDSL eoc-protocol requires thatltiie) transmits a message continuously until it
receives three identical and consecutive echo#eedfiIDSL eoc frame originally transmitted.

The LTU cannot start sending a new message toldle sintil the previous message on the HDSL
eoc is acknowledged and the command/response ptdtocthat message is completed. This "one
message outstanding” rule automatically elimin&BsSL eoc contention problems that may occur
between NTU and REG.

A HDSL core divides the payload between two orehpairs. The rules stated previously, requiring
three consecutive identical receptions of a messagm acknowledgment, apply to a single pair.
That is, the message or acknowledgment must bé/eecthree times consecutively and identically
over the same pair.

Thus the following requirements apply:

1) Only one message, under the control of the L9HaJl be outstanding (not yet acknowledged
and confirmed) on the HDSL eoc at any time.
2) In order to cause the desired action in theeslthe LTU shall continue to send the message

until it receives at least three identical conseeuHDSL eoc frames from the slave over
one-pair. This shall constitute an acknowledgenterthe LTU that the slave received the
transmitted message correctly.

3) For non-latching conditions the LTU shall aftiére receipt of the three valid echoes
continuously send the activating message or, atmely, it shall switch to sending the
"Hold State" message.

4) The slave shall initiate action when, and onlgew, three identical, consecutive, and
properly addressed HDSL eoc frames, that contamessage recognized by the slave, have
been received over the one-pair.

5) The slave shall respond to all properly addksseeived messages. The response shall be
an echo of the received HDSL eoc frame toward4 Thé

6) Any reply or echoed HDSL eoc frame shall be sefthe next available returning HDSL eoc
frame.
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7) The loopback (in the NTU/REG) and request/notibrrupted CRC commands shall be
latching, permitting multiple HDSL eoc-initiatedtenms to be in effect simultaneously.

8) To unlatch all latched conditions, the messdgettirn to Normal" shall be transmitted by
the LTU. When the slave correctly receives the tiReto Normal" message from the LTU
(three times identically and consecutively), it Islmlatch all currently latched conditions
initiated by prior HDSL eoc-messages.

9) The slave shall not send autonomous messages.

5.5.2.2 Unable to comply mode of operation

When the slave does not support a properly additesssssage that it has received three times
identically and consecutively over the active p#ir slave responds with the UTC HDSL eoc
response message instead of a third identical ansecutive echo. The slave shall then switch over
to the message/UTC-response protocol state.

The slave also enters the message/UTC-respons®icstatie, if a message has been received that is
not applicable in the current status of the comnasgdonse mode of operation, e.g. if a "Next Byte"
message is detected without having received a "Resal Register" opcode.

An error in transmission could corrupt the UTC sge. This would make the LTU conclude that it
was a proper message and was acknowledged. Toerdueiprobability of this happening, the UTC
code is selected to have a Hamming distance efat two from all other codes except the idle code.

Thus, the following requirements apply:

1) If the NTU/REG does not support the message properly addressed HDSL eoc frame, it
shall return the UTC message with its own addrafiser than echo on the third and all
subsequent consecutive reception of that sameatigreeldressed HDSL eoc frame.

2) The sending by the NTU/REG and the subsequeeipeby the LTU of three identical,
consecutive, properly addressed UTC messagescsimdtitute notification to the LTU that
the NTU/REG does not support the requested functibwhich time the LTU may abandon
its attempt.

The LTU may, of course, abandon the attempt at tang before the UTC is received
(for example, if the "Return to Normal" or "Holda" message is sent by the LTU).

3) The NTU/REG exits the UTC mode of operation oafter receiving three consecutive
"Return to Normal " messages from the LTU.

5.5.3 The HDSL eoc data read/write mode

For data transmission, bit three and bit four aseduin combination. Bit three will be set to data
(ZERO) only when data (rather than an opcode) amesiitted. Bit four makes multibyte data
transmission more efficient. It will denote whetliee data byte being transmitted is an "Odd Byte"
or "Even Byte". As described in the next subclauséth this procedure there is a

message/echo-response state to access the registefpllowing that one byte of data can be
transferred for each message/data-response stetd.TlU can either write data into the NTU/REG

memory, or read data from the NTU/REG.

5.5.3.1 Data read protocol

If the LTU is reading data from the NTU/REG it wskknd an appropriate read opcode message to the
NTU/REG that specifies the register to be readeifeceiving three identical and consecutive
acknowledgments, the LTU will request for the fiogte to be sent from the NTU/REG by sending
"Next Byte" messages with bit four set to ONE imdicg a request for an "Odd Byte". The
NTU/REG will respond to these "Next Byte" messagggchoing them until it has received three
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such messages consecutively and identically. Beggnmith the third such reception, the NTU/REG
will respond by sending the first byte of the régign an HDSL eoc data frame with bit four set to
ONE to indicate "Odd Byte". (A data frame that @n$ data in the information fields is

distinguished from a frame containing an opcodedtying bit three to ZERO.) The LTU continues
to send the "Next Byte" message byte with bit feetr to "Odd Byte", and the NTU/REG continues
to respond with a data frame containing the figgelof data and bit four equal to "Odd Byte", until
the LTU has received three consecutive and iddrdeta frames with bit four set to "Odd Byte".

If there is more data to be read, the LTU requtstssecond byte of data by sending "Next Byte"
messages with bit four set to ZERO ("Even Byte'he INTU/REG echoes all messages received
until three such "Next Byte" messages have beerivied, and on the third consecutive and identical
"Next Byte" message, the NTU/REG starts sending fl@mes containing the second byte of the
register with bit four set to ZERO. The LTU contasuto send the "Next Byte" message with bit four
set to "Even Byte", and the NTU/REG continues g&posd with a data frame containing the second
byte with bit four set to "Even Byte", until the UThas received three consecutive and identical data
frames with bit four set to "Even Byte". Note tlaice the NTU/REG is in the Data Read mode, to
continue reading data, the only message that théikTallowed to send is the "Next Byte" message
with bit four toggling.

If the LTU wants to end the data read mode (eitftegmally or abnormally), it shall send the "Hold
State"” or "Return to Normal" message depending ufpibve LTU wants to retain any latched state or
not. If the NTU/REG receives any other messageethimes consecutively and identically, it shall
go into the UTC mode.

The process continues for the third and all subsetgoytes with the value of bit four toggling from
"Odd Byte" to "Even Byte" or vice versa, on eachcaeding byte. Each time bit four is toggled, the
NTU/REG echoes for two correct frames, and statglisig the data frame on the third reception.
The process ends only when all data in the regmtee been read. If the LTU continues to send the
"Next Byte" message, with the fourth bit togglelden the NTU/REG will send an "End of Data"
message. It is assumed that the LTU knows how rbgtes of data to expect, but this is a safety
measure to end the process. Thus, each time abgimas received satisfactorily by the LTU, the
LTU will send a "Next Byte" code with bit four seppropriately until it is satisfied that it has
received all the bytes, or, until it has receivédeé identical and consecutive "End of Data"
messages with bit three set to ONE indicating opcddhus, it is possible to accommodate data of
many bytes.

The data read mode ends, and the NTU/REG relelasaggister, when the LTU switches over to a
known state with the "Hold State" message or "RetarNormal” message depending on whether it
wants the latched conditions held or not.

5.5.3.2 HDSL eoc data read mode requirements

The protocol state sequence for the data read isadefollows:
1) message/echo-response protocol state

a) The HDSL eoc shall enter the data read mod@efadion when the LTU sends a "Read
Data" message for a specific register.

b) The response to this message shall be the eshonse.
2) message/data-response protocol state

a) Upon receiving three identical and consecutst@eesponses that match the register-
specific "Read Data" message, the LTU shall seed"iNext Byte" message. At this
time, bit three shall be set to ONE to indicateopnode message, and bit four shall be
set to ONE to indicate "Odd Byte".
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b) On receiving the "Next Byte" message, the NTUZR&hall echo the message until it
receives it three times consecutively and iderticaDn the third identical and
consecutive reception, the NTU/REG response shalhge from the echo response to
an HDSL eoc data frame containing the data byteestgd. For this frame, bit three
shall be set to ZERO to indicate that the inforomatiield contains data, and bit four
shall be set to ONE.

c) If the data requested by the LTU is retrievenifra one byte register, when the LTU has
received three identical and consecutive HDSL exta tfames containing the data byte,
the "Return to Normal" message or "Hold State" mgsshall end the data read mode.

d) If the data requested by the LTU is contained megister two or more bytes long, the
LTU shall initiate additional HDSL eoc protocol &s. It shall continue sending the
"Next Byte" message with bit three set to ONE, buitfour will be toggled between
ZERO and ONE as each byte of data is successfabeived (three identical,
consecutive echoes). Each time there is a chanbé four the NTU/REG shall start
echoing the message, while remaining in the datd neode. On the third identical and
consecutive reception, the NTU/REG shall switcls¢ading a data frame with the next
byte of data in the information field.

3) message/echo-response protocol state

When the LTU has completed its requirements fadireg data, it shall start sending the
"Hold State" message or "Return to Normal" messagad the data read mode.

5.5.3.3 Data write protocol

If the LTU wants to write data into the NTU/REG'&mory, it will send a "Write Data" message to
the NTU/REG that identifies the required register lhe written to. When the NTU/REG
acknowledges with an echo message, three timesiddliyn and consecutively, the LTU will send
the first byte of data. The NTU/REG will acknowledthe receipt of the byte with an echo of the
message. After the LTU is satisfied with three taeh and consecutive correct echo responses, it
will start sending the next byte of data. Each titme LTU receives three identical and consecutive
correct data echo responses, it will switch to sendhe next byte of data. It will also toggle the
odd/even bit accordingly. There is no need for sentNext Byte" messages in the write mode. The
LTU will end the write mode with the "End of Datailessage indicating to the NTU/REG to release
the register and to end the data write mode.

The contents of the addressed register in the NEG/Rare overwritten only, if the number of
transmitted bytes equals the size of the addressgidter and if the data write mode has been
properly finished by sending the "End of Data" naggsby the LTU.

In any other case, i.e. if the number of transmitigtes is higher or lower than defined, or if tiada
write mode is not properly finished, the NTU/REGera the UTC mode and the content of the
corresponding register remains unchanged.

If the LTU abnormally wants to end the data writeds, it shall send the "Hold State" or "Return to
Normal" message, depending on if the LTU wantstain any latched state or not. If the NTU/REG
receives any other message, three times consdgudive identically, it shall enter the UTC mode.
5.5.3.4 HDSL eoc data write mode requirements

The protocol state for the data write mode is abvaessage/echo-response. The message field can
contain a command or data.
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1) message (command)/echo (command)-response pretatel

a) The HDSL eoc shall enter the data write modepdration when the LTU sends a
"Write Data" message for a specific register.

b) The response by the NTU/REG to this messagéshdhe echo response.

c) This protocol state shall be repeated until thdJ receives three identical and
consecutive HDSL eoc frames containing the coeebb response.

2) message (Data)/echo (Data)-response protocol state

a) Upon receiving three identical consecutive ecbkgponses that match the register-
specific "Write Data" message, the LTU shall sendata frame with the first byte of
data and with bit three set to ZERO (indicating tihe information field contains data)
and bit four set to ONE (indicating "Odd Byte").

b) The NTU/REG shall respond to this transmissidah whe echo response.

c) The data byte shall be written by the NTU/RE@& upon receiving the data byte three
times identically and consecutively.

d) This protocol state shall be repeated until thieJ receives three identical and
consecutive HDSL eoc frames containing the coeebb response.

e) Ifthe LTU is writing to a one byte registerettiata write mode shall be completed upon
the LTU receiving three identical and consecutiahoes of the data byte it had
transmitted.

f) If the LTU is writing to a multibyte registerhé LTU shall continue sending additional
bytes of data, while toggling bit four for eachdoglf data sent successfully.

g) When the LTU has no more bytes of data to wtfte,LTU shall send a "End of Data"
message to release the NTU/REG from the data witcol state.

5.5.4 HDSL eoc-message list

The HDSL eoc protocol uses various messages listdéble 9 for activating various functions at
the NTU/REG. The "Read Data" and "Write Data" comdscan support up to 16 registers each.
The commands and the corresponding encoding useithisn Recommendation, are shown in
Tables 10 and 11. The register that a "Read Dat&Moite Data" message operates on is specified
as a subfield of the "Read Data" or "Write Datatage. Additional message opcodes have been
reserved for future standardization.

Some actions initiated in the NTU/REG by HDSL eoessages, such as loopbacks, and intentional
corrupted CRC are latching. Latching means thatfferdnt message is required to cancel the
function. This permits the HDSL eoc to exercise tiplé functions simultaneously, in spite of the
"one message outstanding" rule. All latched fumdimay be unlatched with the "Return to Normal”
HDSL eoc-message. The "Return to Normal” messaggense the NTU/REG to a known state.
Repetition of this message continues to hold th&REG in this known state. Hence, the "Return
to Normal" message is also defined as the "idletéa the NTU/REG. On the other hand, if all the
latched functions were to be maintained in thegHad state, the "Hold State" command is sent.

1) The LTU shall continuously send the activatingssage after the receipt of the three valid
echoes or, alternatively, it shall switch to segdihe "Hold State" message if it wants to
maintain latched conditions.

2) The "Loopback” and "Request/Notify corrupted CREmmands shall be latching,
permitting multiple HDSL eoc-initiated actions te m effect simultaneously.
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3)

5.5.5

To release all latched conditions, a separassage "Return to Normal" shall be transmitted
by the LTU. When the NTU/REG correctly receives tReturn to Normal" message from
the LTU (three times identically and consecutively)shall unlatch all currently latched
conditions initiated by prior HDSL eoc-messages.

HDSL eoc-message set requirements

The HDSL eoc-message set is shown in Table 9. Thena taken by the NTU/REG and LTU in
response to correctly received HDSL eoc-messagdktshas follows:

1)

2)

3)

4)

5)

6)

6a)

Unable to Comply (UTC)

The NTU/REG shall send this message when it resein HDSL eoc-message (three times
consecutively and identically) that the NTU/REG mainperform, either because it does not
recognize or has not implemented the command, cause the command is unexpected
given the current state of the HDSL eoc operati@g. the command indicates that the
information field contains data, but the commandswat preceded by a "Write Data"
command).

Return to Normal

This message shall release all outstanding latcbeditions at the NTU/REG initiated by
prior HDSL eoc-messages. The function of the "RetarNormal” message may be used as
an eoc reset function for the NTU/REG. Therefone, proper evaluation of this message in

a single NTU/REG subsystem results in a resetlgbeaiding functions in this subsystem.
This code sent with the NTU address "00" shall &lssent during idle states.

Loopback of application frame at NTU

This message shall direct the NTU to loopbackapglication bit stream toward the LTU
until cancelled by a "Return to Normal" message.

Hold state

This message shall be sent by the LTU to mairtteerNTU/REG HDSL eoc-processor and
any active HDSL eoc controlled operations in tipeesent state.

Analogue Loopback 1A in REG

This function directs the REG to loopback the tdaa bit stream toward the LTU. This is a

transparent loopback. Since this is a functionaafheindividual subsystem REG, the LTU
must take care, that these messages are acknowlbggach individual subsystem.

Request Corrupted CR@lote 1)

Sometimes the appearance of error free transmissay result because the CRC circuit is
not functioning properly. Hence, when the perforoemonitoring circuit is suspected of
malfunction, corrupted CRCs can be sent to testOR€ logic as well as the circuits that
collect, process and store performance data.

Request Corrupted CRC NTNote 2)
— No REG Present

Corrupted CRCs are requested to be sent from e td test the CRC checking circuit at
the LTU until cancelled with the "Request End ofr@pted CRC NTU" message.

— REG Present

Corrupted CRCs are requested to be sent from e td test the CRC checking circuit at
the REG-C until cancelled with the "Request EndCofrupted CRC NTU" message. This
results in the transmission of an active rcbe-pithe REG towards the LTU and NTU as
soon as corrupted CRCs are detected.
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6b)

6C)

7a)

7b)

7¢C)

8a)

8b)

8c)

9a)

38

Request Corrupted CRC REGHRote 2)

Corrupted CRCs are requested to be sent from E@ ®wards the LTU to test the CRC
checking circuit at the LTU until cancelled withetiRequest End of Corrupted CRC
REG-R" message.

Request Corrupted CRC REG-C

Corrupted CRCs are requested to be sent from H@ ®wards the NTU to test the CRC
checking circuit at the NTU until cancelled withettiRequest End of Corrupted CRC
REG-C" message. This results in the transmissiandctive febe-bit by the NTU towards
the LTU as soon as corrupted CRCs are detected.

Request End of Corrupted CRC N{Nbte 2)

This message shall request the NTU to stop sermbmyipted CRCs towards the REG or
LTU as applicable.

Request End of Corrupted CRC REGN®te 2)

This message shall request the REG to stop seodmngpted CRCs towards the LTU.
Request End of Corrupted CRC REG-C

This message shall request the REG to stop seodimngpted CRCs towards the NTU.
Notify Corrupted CRC NT(Note 2)

— No REG Present

This message shall notify the NTU that intentibnabrrupted CRCs will be sent towards
the NTU by the LTU. This message shall be usetienNTU to disable any alarm indication

circuitry activated by the detection of corrupteB@s. The febe-bit towards the LTU shall
be still active however.

— REG Present

This message shall notify the NTU that intentibnabrrupted CRCs will be sent towards
the NTU by the REG. This message shall be useaeiNITU to disable any alarm indication
circuitry activated by the detection of corrupteB@s. The febe-bit towards the LTU shall
be still active however.

Notify Corrupted CRC REG-fRlote 2)

This message shall notify the REG that intentilynedrrupted CRCs will be sent towards
the REG by the LTU. This message shall be usedarREG to disable the transmission of
an active rrbe-bit towards the NTU, as soon asupbed CRCs are detected from the LTU.
The rrbe-bit towards the LTU shall be still activawever.

Notify Corrupted CRC REG-C

This message shall notify the REG that intentilynedrrupted CRCs will be sent towards
the REG by the NTU. This message shall be usedeREG to disable the transmission of
an active rcbe-bit towards the NTU, as soon asupted CRCs are detected from the NTU.
The rcbe-bit towards the LTU shall be still acth@vever.

Notify End of Corrupted CRC NTlote 2)

This message shall notify the NTU that the LTUREG has stopped sending intentionally
corrupted CRCs and that the NTU may enable agairakmm circuitry detecting corrupted
CRCs.
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9b) Notify End of Corrupted CRC REG{Rote 2)

This message shall notify the REG that the LTUgtapped sending intentionally corrupted
CRCs and that the REG may enable again the trasgmisf a valid rrbe-bit towards the
NTU when detecting corrupted CRCs from the LTU.

9c) Notify End of Corrupted CRC REG-C

This message shall notify the REG that the NTUgtapped sending intentionally corrupted
CRCs and that the REG may enable again the trasemisf a valid rcbe-bit towards the
NTU when detecting corrupted CRCs from the NTU.

10) End of Data

This message shall be sent by the LTU after itvirdtsen all bytes of data to the NTU/REG
and by the NTU/REG when the LTU requests more bytes1 are available in the
NTU/REG register during a data read procedure.

11) Next Byte

This message shall be sent by the LTU in the ded@ mode after the NTU/REG has
acknowledged the previously sent "Read Data" congim@his message shall be continually
sent by the LTU when it is in the Data Read modgl @i data have been read. This
message, coupled with the toggling of bit fourpal multi-byte data to be read.

12) Write Data (Register No.)

This message shall be sent by the LTU to set the/REG in a mode to receive data in the

register specified. The number of the registerhat NTU/REG that shall receive data is

encoded in the command itself. After receiving timessage correctly, the NTU/REG shall

enter the data write mode, ready to receive the dattained in the data messages to follow,
and store the data in the register number encadtéeticommand.

13) Read Data (Register No.)

This message shall be sent by the LTU to set {id/REG in a mode to read the data in the
register specified. The number of the registehatNTU/REG from which the data are to be
read is encoded in the command itself. After rangithis message correctly, the NTU/REG
shall enter in the data read mode and transmit ttata the register encoded in the
command, one byte at a time, in response to suvee$dext Byte" messages (with changes
in bit four) from the LTU.

NOTE 1 — No specific algorithm for the corruptiantd be defined.

NOTE 2 — For the messages signed by indices apptite same opcode is used. The equipment concerned
indicated by the address contained in the message.

5.5.6 Data registers in the NTU and in regenerators

The NTU and the regenerator each contain 16 regisiéese registers can be used for read only or
for read and write operations. The registers ussillé Europe are defined in Tables 10 and 11. The
registers Nos.1 to 9 may be used by network operaiotside Europe, e.g. in North America as
defined in the Committee T1 Technical Report [BRje register F is not used at present. Only the
registers E in the NTU and C, D and E in the RE& iadividual for each transceiver of a two or
three-pair system. All other registers contain poént relevant data and are available over alkpair
in parallel. Individual registers (register D) &etREG are required for equipment identification
when separate regenerators are used in each pair.
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Table 10/G.991.1 — eoc data registers for the NTU

Reg No. Use Length Name Description
(Hex)
A R Note NTU status NTU status information bits
B R/W Note NTU configuration NTU configuration bits
D R Note Equipment
identification
E R 1 byte Noise margin

R Read Data
W  Write Data

NOTE — The number of bytes and the contents ofdbester, as well as the encoding of the diffetsts,
is left to the individual network operator.

Table 11/G.991.1 — eoc data registers for regenecas

Reg No. Use Length Name Description
(Hex)
A R Note REG-status REG status information bits
C R 1 byte noise margin REG-C
D R Note Equipment identificatior]
E R 1 byte Noise margin REG-R
NOTE - The number of bytes and the contents ofdbister, as well as the encoding of the diffetsts,
is left to the individual network operators.

5.5.7 Noise margin

55.7.1 General

For the evaluation of the noise margin a Gauss@senis assumed. The noise value is calculated
based on a sample taken each second for each qmarasely. The evaluating range is between
+27 dB and-5 dB, where 0 dB indicates the noise margin forolvhd BER of 10 for each pair is
expected. The accuracy of the values shall be ihdi#e range betweerb dB and-5 dB.

5.5.7.2 Coding of the noise margin values

The coding shall use a logarithmic law and havenarement of 0.5 dB. It uses one byte from which
the first bit (MSB) and the second bit are iderterad indicate the sign. The remaining six bits are
used for the value of the noise margin, as showiralrie 12.
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Table 12/G.991.1 — Coding of noise margin values

Noise margin MSB LSB Remark
1234 5678
+31.5dB 0011 1111
Not relevant
+27.5 dB 0011 0111
+27.0 dB 0011 0110
Expected BER <10
+0.5dB 0000 0001
0dB 0000 0000 Expected BER 10
-0.5dB 1111 1111
Expected BER >10
-5.0dB 1111 0110
-5.5dB 1111 0101
Not relevant
-31.5dB 1100 0001

5.6 Start-up procedure
5.6.1 General

5.6.1.1 Start-up

The start-up procedure is designed as a local guvedor each pair, it is a process characterized b
a sequence of signals produced by the NTU, the lafld the REG. Start-up results in an
establishment of two-way transmission (if possiblbgtween the application interfaces,
i.e. synchronization of the receivers, traininglod echo cancellers and training of the equalizers
the point that the requirements for reliable comitations are met. Also, tip-ring polarity reversal
and pair interchanges are automatically detectedcampensated at the NTU. It is the task of the
operation and maintenance block to detect whestdre up procedure for all pairs is completed and
to initiate a transparent transmission of user.data

5.6.1.2 Activation of HDSL transceiver pairs

Activation is the process for the establishmentoplex communication over a single pair. This
process is established between the HDSL transseatehe LTU and the NTU, or between the LTU
and the REG-R and the REG-C and the NTU respeytivel

5.6.1.3 Transparency

Prior to the completion of activation the transn@sgs not transparent, the signals that are ptesten
the line interfaces of the HDSL transceivers arecsp start-up patterns generated by the HDSL
transceivers. Each HDSL transceiver shall providegparent transmission of data to the core
function after completion of the individual activat procedure. The output signal of receivers that
have not yet entered the Active-Rx State as defim&d6.5 and 5.6.6 shall be set to all ONEs.

The operational status is determined by the appmica

NOTE — Transceivers in a REG are at no time futgnsparent in so far as some HOH-bits will be
overwritten.
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5.6.1.4 Noise margin

The noise margin is estimated at the receiversTad,LNTU and REG (if provided). This value is
used to estimate the Bit Error Ratio (BER) of theeived data.

For applications according to this Recommendatio noise margin is compared to a value of
-5 dB during the start-up procedure.

NOTE — This value does not allow data transmissiornis chosen to be in compliance with existing
equipment using the noise margin as a criteristant-up.

5.6.2 Control and status signals

The following virtual control and status signale amvolved in the activation procedure. They are
related to the operation of the individual HDSLnseeiver.

5.6.2.1 Control signals

5.6.2.1.1 QUIET

QUIET = ONE will cause a transition of the HDSLrsaeiver from any state (except the Inactive
State) to the Deactivated State, where no energycept remote powering — is transmitted to the
line. The QUIET = ONE command will not cause anwraye if the HDSL transceiver is in the
Inactive State.

5.6.2.1.2 ACTREQ

Activation Request (ACTREQ) defaults to ONE at powp. The HDSL transceiver at the LTU will
begin the activation process only if ACTREQ is ddaaONE.

5.6.2.2  Status signals
All of the following status signals are defined peir.

5.6.2.2.1 LOSW

The absence of the Loss of Sync Waidnal (LOSW = ZERO) indicates that HDSL frame
synchronization is completed. When LOSW = ONE tleeeiver has not yet acquired frame
synchronization, or it has lost it (see Figures143and 15).

5.6.2.2.2 LOSWT

LOSWT = ONE indicates that the frame synchronizatias been lost for more than 2.

5.6.2.2.3 LOS

The Loss of Signal signal (LOS = ONE) in the NTUWlicates that no signal is detected on the line
from the LTU. LOS = ZERO indicates that a signahfrthe LTU has been detected.

5.6.2.24 LOST

The LOST = ONE in the LTU indicates that no sigisadletected on the line from the NTU for more
than 1.

5.6.2.25 INDC

When an HDSL transceiver at the LTU is ready toernex data the indicator INDC is set
(INDC = ONE). The condition for INDC = ONE is:

[(LOSW = ZERO) and (noise margin=5 dB)] or [(LOSW = ZERO) and (T-Act expired)]
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Because of the low noise margin defined for appbos referring to this Recommendation the noise
margin condition is met in any case, which resulthe simple condition:

INDC = ONE is effectively identical to LOSW = ZERO.

The reason for keeping the above-mentioned mulioledition is to achieve compatibility with
existing circuits.

5.6.2.2.6 INDR

When an HDSL transceiver at the NTU is ready toeirec data the indicator INDR is set
(INDR = ONE). The condition for INDR = ONE is:

[(LOSW = ZERO) andnoise margin >5 dB)] or [(LOSW = ZERO) and (T-Act expired)]

Because of the low noise margin defined for appbos referring to this Recommendation the noise
margin condition is met in any case, which resialthe simple condition:

INDR = ONE is effectively identical to LOSW = ZERO.

The reason for keeping the above-mentioned multpledition is to achieve compatibility with
existing circuits.

NOTE — The internal status indicators INDC and INRFe different from the indc- and indr-bit in the
overhead channel as defined in Tables 3, 4 and 5.

5.6.3 Transmitted signals
The following is the description of the transmitgnals during activation:

5.6.3.1 Silent

No signal is transmitted to the line.

5.6.3.2 SO signal

The SO signal is a two-level signal including tlyacsword and stuff symbols. The polarity of the
stuff quats is arbitrary. The sequence of the stgfsteps is also arbitrary. However, not more than
four consecutive frames with the same (plus or s)istuffing shall be used. The remainder of the
two level signal are derived from scrambling an@NEs sequence and only the sign bit is used to
select the level of the signal. The scrambler isragpng at the line bit rate and is disabled duthrey
transmission of the HDSL frame sync word and thdfiag bits. The transmitted levels of all
symbols (including the stuff quats) in the SO sigma+3 and-3.

5.6.3.3 S1signal

The S1 signal shall be a framed four-level scranhisignal. The frame shall consist of the HDSL
frame sync word, the stuffing bits, the HOH and tfe/load blocks. The payload blocks shall
contain an all ONEs signal replacing the Z-bit #mel payload. The scrambler is operating at the full
bit rate and is disabled during the transmissiothefsync word and the stuffing bits. The transditt
levels aret3, +1, -1 and-3. All HOH-bits transmitted by the LTU and the N'BUall be valid. The
REGs shall insert only those HOH-bits originatedtifimselves, all other HOH-bits shall be set to
ONE, until the REG-R enters the Active-R State &GRC the Active-C State, as defined in 5.6.6,
but as long as the REGs are in its Active-R respalgtActive-C State they shall be transparent for
these HOH-bits.
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5.6.3.4 2B1Q data

The 2B1Q data signal shall be a framed and scrahfble-level signal. The frame shall consist of
the HDSL frame sync word, the stuffing bits, théid/ddOH bits and payload blocks. The payload
blocks shall contain valid Z-bits and the payloatijch is however application and implementation
dependant until the start-up procedure is complétedall used transceiver pairs and the pair
identification procedure is completed. The scramlsdeoperating at the full bit rate and is disabled
during the transmission of the sync word and théfisg bits. The transmitted levels at8, +1, -1
and-3.

5.6.4 Timers

The following timers are involved in the activatiprocedure of the HDSL transceivers. The timeline
of the activation sequence is given in Figure 1d #re timer values are given in Table 13. The
precise role of the timers in the start-up procedsiidescribed in 5.6.5.

5641 T1

T1 is the duration which the HDSL transceiver & ETU continues to transmit a SO signal after it
has detected a SO signal from the NTU.

5642 T2

T2 is the duration between the time that the HD@Indceiver at the NTU detects signal from the
HDSL transceiver at the LTU and the time thatartst to transmit the SO signal.

5643 T3

T3 is the duration between the time that the HD@hgceiver at the NTU detects the S1 signal from
the HDSL transceiver at the LTU and the time thatarts to transmit the S1 signal.

5644 T4

T4 is the duration between the time that the HD@Ih<ceiver at the NTU starts to transmit the SO
signal and guaranteed stable timing.

5.6.45 T-Act

The activation time for the HDSL transceivers (TAis the time in which the activation procedure
in the HDSL transceivers at the LTU, the REG orXi&J should have successfully been completed,
starting from the point in time where the HDSL seeiver at the LTU, the REG or the NTU starts to
transmit the SO signal.
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5.6.4.6 Timer values
The timer values are listed in Table 13.

Table 13/G.991.1 — Timer values

Lower Timer Upper
bound bound
5s < T1 < 10 s

19s < T2 < 21s
T3 < 4s
T4 < 4s
27 < T-Act < 31ls

5.6.5 Activation state diagrams

The following subclauses describe the activatiometine, see Figure 11, and the state diagrams for
the HDSL transceivers at the LTU and the NTU, segures 13 and 14 respectively. The flow
diagram of Figure 12 describes the complete stasaquence of the link between LTU and NTU
without a regenerator.

< T-Act »
«— >
Restart
LTU S0 S1/DATA 8
« 11 >L T3
« d
NTU SO S1/DATA 8

T1528920-98

Figure 11/G.991.1 — Activation timeline
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Active-Tx/Rx data
- INDR T-Act
(Note 3) data v data
data Active-Tx/Rx
v T-Act
T1528930-98
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NOTE 1 — After having detected the status indicH{®C, the LTU starts to evaluate the indr- and-hitp If an hrp-bit set to ONE
is received no regenerator is present.

NOTE 2 — If the indc = 0 has been received six simensecutively, the NTU becomes transparent fglopd blocks.
NOTE 3 — If the indr = 0 has been received six sroensecutively, the LTU becomes transparent fglopal blocks.
NOTE 4 — Timer T-Act is restarted after receptidrs0 from the NTU.

NOTE 5 — Timer T4 is an NTU internal timer and #fere it is not shown in this Figure.

Figure 12/G.991.1 — Flow diagram for start-up

5.6.5.1 HDSL transceiver states at the NTU

Figure 13 shows a state diagram for the activatibthe NTU. When powered on, the NTU is
initially in the Inactive State, where its transi@itis silent. When signal power is detected fromn t
LTU, the NTU proceeds to the Activating State ardoeites the timeline shown in Figure 11.

It waits T2 = 2 s while transmitting no signal ahen starts the timer T-Act and the transmission of
S0 and monitors the received signal for S1. Witidns from beginning of transmission the timing
within the NTU should have reached a stable tinphgse. When the NTU detects a valid framed
four level data signal it sets LOSW = ZERO, stap®et T-Act and starts timer T3. Before expiry of
T3 it has to begin transmitting S1 signal. If tiredr T-Act expires before synchronization has been
achieved the unit will cease transmission and ntowbee Deactivated State.
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When the receiver in the NTU is ready to acceptQHRihta, it sets the indicator INDR = ONE and
moves to the Active-Rx State. The condition for RIB: ONE is, as described in 5.6.2.2.6, that
synchronization is reached (LOSW = ZERO), becahsenbise margin condition is for applications

according to this Recommendation met in any case,td the low value of5 dB defined for the
noise threshold.

Inactive
State
Tx: Silent

< Power on

Deactivated
State

Tx: Silent

T-Act expired

Activating
State
Tx: Silent, SO,
orS1

Pending
Deactivation

Active-Rx
State
Tx: S1
Rx: ready

LOSW =0 INDC =1 or
T-Act expired

/ Active-Tx

State A

\ Tx:2BlQ data /

——————————————————————— ‘. Rx: not ready,’
INDR = 1 or N o

T-Act expired

Active-Tx/Rx
State

Tx: 2B1Q data

Rx: 2B1Q datg

T1528940-98

Figure 13/G.991.1 — NTU activation state diagram

When the overhead channel in the transmitted Siaklgecomes available in the preceding start-up
procedure, the status INDR = ONE is conveyed toLifld by setting the indicator bit indr = 0. In
the LTU an identical process takes place and indt is received by the NTU in the overhead
channel if the LTU has reached its Active-Rx Stabel is ready to receive 2B1Q data. After the
reception of six consecutive indicator bits ind©® the status indicator INDC is set to ONE and the

NTU moves to the Active-Tx/Rx state, where it iflyfactive, both transmitting and receiving 2B1Q
data.

If it does not detect INDC = ONE before timer T-Aotpires, then it will move to the Active-Tx/Rx
State anyway, whether synchronization is still gemaintained or not. If the NTU has lost
synchronization and LOSW = ONE, the system willgeed to the Pending Deactivation State. On
the other hand, if synchronization is present & lemds and the LTU has not failed the timeline and
not reached its Deactivated State, the timer atiieé will promptly force that unit into its Active-
Tx/Rx State and set INDC = ONE. When INDC = ONHKl&ected at the NTU, the system will be
operational in the Active-Tx/Rx State. If the LTWab not have synchronization, it will move to its
Pending Deactivation State and ultimately to thaddigated State, where it will go to Silent. Atghi
point the NTU will lose synchronization and movatown Pending Deactivation State.
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Once in the Active-Tx/Rx State, the unit will remdhere unless synchronization is lost, or the unit
is signalled to go to the QUIET mode or is powes#dIf the unit is signalled to go to QUIET mode,
it will go to the Deactivated State. If synchroriaa is lost (LOSW = ONE), the unit will move to
the Pending Deactivation State. While in the Pegpddeactivation State, the unit attempts to regain
synchronization for nominally 2 s. If synchronizatiis regained in this time (LOSW = ZERO), the
unit returns to the Active-Tx/Rx State. If not, L@S is set to ONE and the unit enters the
Deactivated State.

After entering the Deactivated State, either dueatoperiod of synchronization word loss
(LOSW = ONE), or due to expiration of the timer TtAthe transmitter in the NTU goes silent and
the NTU begins to look for a loss of signal poweoni the LTU. When a loss of signal

(LOS = ONE) is detected, the unit moves immediatelyhe Inactive State. When signal power is
detected from the LTU (LOS = ZERO), the unit willopeed once again to the Activating State,
where another attempt is made at the start-up psoce

For applications outside the scope of this Reconaaon, which will use a more sensitive noise
margin during the start-up procedure, a more carafgd procedure will be necessary, which is
nevertheless compatible with the simplified methodording to this Recommendation.

Firstly, the unit can set INDR = ONE even if thefided noise margin is not reached, when it is
synchronized and timer T-Act has expired. The psepof using this condition is straightforward.
The units will indicate the receivers are readydata when they are synchronized and the timers for
completing start-up have expired, to allow the st pass data as best they can, even when
normally desired reliability limits are not achielyen support of applications that can use a less
reliable channel and for diagnostics. (The overhelaahnel contains an indication of the system
margin, so that an individual application can deiee whether the margin achieved is suitable for
its own use or not.)

Secondly, a parallel way, indicated in Figure 13 dgtted lines, is possible to reach the
Active-Tx/Rx State. If the NTU detects INDC = ONBmn the LTU before it sets INDR = ONE it
will move to the Active-Tx State. In this state lieceiver is not ready to receive data, but it hedo
transmit 2B1Q data in direction to the LTU, which neady to receive it. When the NTU sets
INDR = ONE it moves from the Active-Tx State to tAetive-Tx/Rx State. From the Active-Tx
State the only way the NTU can fail to set INDR NBis to lose synchronization, but in this case
the expiration of timer T-Act forces it to move the Active-Tx/Rx State anyway and with
LOSW = ONE the NTU will move immediately to the ey Deactivation State.

5.6.5.2 HDSL transceiver states at the LTU

Figure 14 shows a state diagram for the activatbhe LTU. When powered on, the LTU is
initially in the Inactive State, where its transtaitis silent. If the activation request signal ARHQ

is set to ONE, which is normally the default wheawgring on, the LTU proceeds immediately to
the Activating State and executes the timeline shmwFigure 11.
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T-Act expired -——-
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Active-Tx/Rx
State

Tx: 2B1Q data

Rx: 2B1Q data

Figure 14/G.991.1 — LTU activation state diagram

It starts the timer T-Act and the transmission 6fé&d monitors the receive line for signal power
from the NTU. When it detects signal power it ®dimer T1 and restarts timer T-Act. On expiry of
T1 it begins to transmit S1 and to wait for thenfel four level signal S1 from the NTU to gain
synchronization. If synchronization is detected MD& set to ZERO. If timer T-Act expires before
synchronization is achieved LOSW is set to ONE #@r&dunit moves to the Deactivated State and
ceases transmission. The NTU will therefore alsddbeed to the Deactivated State, as described
above, and LOST = ONE will appear after a period af and the Inactive State will be entered. If
ACTREQ is still set to ONE the start-up procedurk be reinitiated.

When the receiver in the LTU is ready to acceptQRihta, it sets the indicator INDC = ONE and
moves to the Active-Rx State. The condition for IBIB- ONE is, as described in 5.6.2.2.5, that
synchronization is reached (LOSW = ZERO), becahsebise margin condition is for applications
according to this Recommendation met in any case,td the low value of5 dB defined for the
noise threshold.

When the overhead channel in the transmitted Siaklgecomes available in the preceding start-up
procedure, the status INDC = ONE is conveyed toNfe by setting the indicator bit indc = 0. In
the NTU an identical process takes place, as de=stabove, and indr = 0 is received by the LTU in
the overhead channel if the NTU has reached its/&dx State and is ready to receive 2B1Q data.
After reception of six consecutive indicator bitlin= O the status indicator INDR is set to ONE and
the LTU moves to the Active-Tx/Rx state, wheresitfully active, both transmitting and receiving
2B1Q data.
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If it does not detect INDR = ONE before timer T-Aotpires, then it will move to the Active-Tx/Rx
State anyway where either synchronization is B&lhg maintained or it is not. If the LTU has lost
synchronization and LOSW = ONE, the system willgeed to the Pending Deactivation State. On
the other hand, if synchronization is present &t lemds and the NTU has not failed the timeline and
not reached its Deactivated State, the timer aNthig will promptly force that unit into its Active-
Tx/Rx State and set INDR = ONE. When INDR = ONHietected at the LTU, the system will be
operational in the Active-Tx/Rx State. If the NTda$ not have synchronization, it will move to its
Pending Deactivation State and ultimately to thaddigated State, where it will go to Silent. Atghi
point the LTU will lose synchronization and movetown Pending Deactivation State.

Once in the Active-Tx/Rx State, the unit will remahere unless synchronization is lost or the wsnit
signalled to go to the QUIET mode or is powered Ibthe unit is signalled to go to QUIET mode, it
will go to the Deactivated State. If synchronizatie lost (LOSW = ONE), the unit will move to the
Pending Deactivation State. While in the Pendingdiigation State, the unit attempts to regain
synchronization for nominally 2 s. If synchronizatiis regained in this time (LOSW = ZERO), the
unit returns to the Active-Tx/Rx State. If not, L@ is set to ONE and the unit enters the
Deactivated State.

After entering the Deactivated State, either dueatoperiod of synchronization word loss

(LOSW = ONE) or due to expiration of the timer TtAthe transmitter in the LTU goes silent and
the LTU begins to look for a loss of signal poweonhi the NTU. When a loss of signal

(LOS = ONE) is detected for 1 s, LOST is set to Oii the unit moves immediately to the Inactive
State. When ACTREQ is set again to ONE, the urlitpvoceed once again to the Activating State,
where another attempt is made at the start-up psoce

For applications outside the scope of this Reconaaon, which will use a more sensitive noise
margin during the start-up procedure, a more caratgd procedure will be necessary, which is
nevertheless compatible with the simplified methodording to this Recommendation.

Firstly, the unit can set INDC = ONE even if thefided noise margin is not reached, when it is
synchronized and timer T-Act has expired. The psepof using this condition is straightforward.
The units will indicate that the receivers are yefmd data when they are synchronized and the smer
for completing start-up have expired, to allow timats to pass data as best they can, even when
normally desired reliability limits are not achielyen support of applications that can use a less
reliable channel and for diagnostics. (The overhelaahnel contains an indication of the system
margin, so that an individual application can deiee whether the margin achieved is suitable for
its own use or not).

Secondly, a parallel way, indicated in Figure 14dwojted lines, is possible to reach the Active-
Tx/Rx State. If the LTU detects INDR = ONE from thE'U before it sets INDC = ONE it will
move to the Active-Tx State. In this state its reeeis not ready to receive data, but it begins to
transmit 2B1Q data in direction to the NTU, whislready to receive it. When the LTU sets INDC =
ONE it moves from the Active-Tx State to the Actile/Rx State. From the Active-Tx State the
only way the LTU can fail to set INDC = ONE is tosk synchronization, but in this case the
expiration of timer T-Act forces it to move to th&ctive-Tx/Rx State anyway and with
LOSW = ONE the LTU will move immediately to the F¥mg Deactivation State.

5.6.5.3 The HDSL synchronization state machine

The HDSL synchronization state machine is showrrigure 15. When the HDSL transceiver is
powered on and is initially detecting SO signamdren it loses synchronization during one of the
Active-Tx/Rx States as shown in Figures 13 anditldnters the Out of Sync State. In this state it
sets LOSW = ONE and searches for the sync worlamrdceived signal. If it detects the sync word
for the first time, it moves to State 0. If the symord is discovered again in the next frame at the
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correct position, the HDSL transceiver is deemeldetgynchronized, the In Sync State is entered and
LOSW = ZERQO; if not, the HDSL transceiver moveslkbtcthe Out of Sync State.

Out of Sync
State
LOSW =1

no sync

no sync

T1528960-98

no sync no sync no sync no sync

Figure 15/G.991.1 — HDSL synchronization state maate

To move from the In Sync State to the Out of SytateSthe HDSL transceiver has to pass through
five intermediate states, named State 1 to Stalé&.transition to higher numbered state occurs if
the sync word is again not discovered in a sucogefftame. So the sync word has to be lost six
times in series before loss of synchronizationasmed and the Out of Sync State is entered. If
however in one of the five intermediate states s$lgac word is discovered, then the HDSL
transceiver moves back to the In Sync State imnelglia

5.6.6 Regenerator related procedures

In order to achieve data transmission over distatitat are greater than can be achieved by a single
HDSL system, a regenerator (REG) is necessary.

A separate REG shall be provided for each pair. RS consists of two parts, REG-R for
interfacing with the LTU, and REG-C for interfacimgth the NTU. An internal connection between
the REG-R and REG-C provides the communication éetwthe two parts during start-up and
normal operation.

A connection which uses a regenerator has two aggghHDSL links which roughly follow the start-
up principles described above for the LTU/NTU stat procedure. The difference is that the
regenerator does not evaluate and insert the mutefiits and also does not perform the path
identification procedure based on the Z-bits.

The link between the LTU and the REG is the fissbe activated. After completion of the start-up
procedure of this link the second link betweenRIiS and the NTU will be activated.

The flow diagram of Figure 16 and the regenerattivation state diagram of Figure 17 explain the
complete start-up sequences for the link betweeh.TJ and the NTU containing a regenerator.
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NOTE 1 — After having detected the status indic#tinC, the LTU starts to evaluate the indr- and-hitp If an hrp-bit set to
ONE is received no regenerator is present.

NOTE 2 — If the indc = 0 has been received six simensecutively, the NTU becomes transparent fglopd blocks.
NOTE 3 — If the indr = 0 has been received six §raensecutively, the LTU becomes transparent fgiopal blocks.

NOTE 4 — Transceivers provide an all-ONE signahia payload block and HOH to the succeeding cirgais long as
their receivers have not entered the active state.

NOTE 5 — Timer T-Act is restarted after receptiérs0 from the NTU, or REG-R, respectively.
NOTE 6 — Timer T4 is an NTU/REG internal timer aadherefore not shown in this diagram.

NOTE 7 — HOH indicates that all HOH-bits are actiwhile HOH-R and HOH-C indicate that only those H®its are
active, which are originated by the REG-R or RE@§pectively, all others are set to ONE.

Figure 16/G.991.1 — Flow diagram for start-up withregenerator
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NOTE 1 — The REG-R entering the Deactivated-R States the REG-C to enter the Deactivated-C Siftiee REG-C is in one of the states ActivatingActive-C or Pending Deactivation-C.
NOTE 2 — The REG-C entering the Deactivated-C States the REG-R to enter the Deactivated-R Siftiee REG-R is in one of the states ActivatingARtive-R or Pending Deactivation-R.
NOTE 3 — As long as the REG-C transceiver has nt&red the Active-C State, only REG specific ovarhbits are transmitted to the LTU. All other tnauitsed bits are ONE.

Figure 17/G.991.1 — REG activation state diagra




5.6.6.1 Activation state diagrams for the REG

The activation procedures with regenerators follbessame principles as described for the LTU and
NTU only. As the indc/indr-bits reflect the statfsthe LTU- and NTU-receiver only, the evaluation
and insertion of these bits in the REG, howeveg, reot necessary. This results in a less complex
state diagram for the REG-C and REG-R side in tB&Rs shown in Figure 17. When the system is
powered on, the REG-C as well as the REG-R ernteigactive State, after completing self-tests.

5.6.6.1.1 HDSL transceiver states at the REG-R

During the Inactive-R State the HDSL transceiveth®t REG-R is silent, LOSW-R = ONE and
LOS-R =ONE. Upon the detection of a signal frome thIDSL transceiver at the LTU
(LOS-R = ZERO) it changes to the Activating-R Statel follows the timeline shown in Figure 11
for the NTU.

It waits T2 = 2 s while transmitting no signal thetarts the timer T-Act and the transmission of SO
and monitors the received signal for S1. When tEB&6HR detects a valid framed four level data
signal from the LTU it sets LOSW-R = ZERO, stainsdr T3 and proceeds to the Active-R State. If
the synchronization fails, this means if T-Act e®gi before LOSW-R = ZERO, the REG-R moves
to the Deactivated-R State, ceases transmissiofioaces REG-C into the Deactivated-C State. The
further behaviour is described below.

On expiry of T3 the REG-R begins to transmit Shalg

Upon entering the Active-R State the T-Act timerdsactivated and an activation request signal
ACTREQ = ONE is sent to the REG-C. In this state téceiver is fully synchronized and in the
direction REG- LTU, the REG-specific overhead bits (eoc, rrbgaréhrp, crc) are active, all other
overhead bits, as well as the payload data, aresfeaed transparently. This finally results in
transparent transmission of both the overhead dmi$ the payload data in the REG-R in the
directions REG-R-» REG-C and REG-R» LTU, except the REG specific overhead bits which a
handled as described in 5.7.

If the REG-R loses synchronization (LOSW-R = ONEStarts a 2 s timer and moves to the Pending
Deactivation-R State, where the signal as receingd the REG-C transceiver is transmitted. If the
synchronization is regained before the 2 s timepires, then LOSW-R is set to ZERO and the
HDSL transceiver at the REG-R returns to the Aci/8tate. If however the 2 s timer expires, then
LOSWT-R is set to ONE and the HDSL transceiverh&t REG-R changes to the Deactivated-R
State.

During the Deactivated-R State, the HDSL transceatethe REG-R is silent and looks for signal
power from the HDSL transceiver at the LTU. When poawer is detected (LOS-R = ONE) it

changes to the Inactive State. Entering the Deatetil*R State results in forcing the REG-C to the
Deactivated-C state, if the REG-C is in one of #iates Activating-C, Active-C or Pending

Deactivation-C.

5.6.6.1.2 HDSL transceiver states at the REG-C

During the Inactive-C State the HDSL transceivahatREG-C is silent and LOSW-C = ONE. If the
ACTREQ = ONE command from the REG-R transceiveicags that the REG-R has entered the
Active-R state it moves to the Activating-C Statel dollows the timeline shown in Figure 11 for the
LTU.

When the HDSL transceiver at the REG-C entersdfaite from the Inactive-C State, it starts timer
T-Act and transmission of the SO signal. During tfEsmission of the SO signal, when it detects
signal power from the HDSL transceiver at the NTstarts timer T1 and restarts timer T-Act.
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When the T1 timer expires the HDSL transceivehatREG-C starts to transmit the S1 signal. The
data transmitted in the payload and the overheaddoring the Activating-C State are ONE, in both

directions REG-C- NTU and REG-C- REG-R. During the transmission of the S1 signalatts

for the framed S1 signal to gain synchronizatibthé HDSL frame synchronization is detected then
LOSW-C = ZERO and the REG-C enters the Active-GeStad deactivates the timer T-Act. If the

T-Act timer expires before LOSW-C becomes ZERO, HR¥SL transceiver at the REG-C changes
to the Deactivated-C State, ceases transmissiofioaces the REG-R into the Deactivated-R State.
The further behaviour is as described below.

During the Active-C State both the overhead andgaalydata are transmitted transparently in both
directions REG-C- NTU and REG-C- REG-R except the regenerator specific overheas] bit
which are handled inside the REG. If the HDSL frasyachronization is lost LOSW-C is set to
ONE and the HDSL transceiver at the REG-C changéiset Pending Deactivated-C State and a 2 s
timer is started.

During the Pending Deactivation-C State the sigramismitted is the same as received from REG-R.
If synchronization is regained then LOSW-C is 8eZERO and the HDSL transceiver at the REG-C
returns to the Active-C State. If the 2 s timerie@ without synchronization, then LOSWT-C is set
to ONE and the HDSL transceiver at the REG-C chahgé¢he Deactivated-C State.

During the Deactivated-C State, the HDSL transceatethe REG-C is silent and looks for signal
power from the HDSL transceiver at the NTU. Entgitine Deactivated-C State results in forcing the
REG-R to the Deactivated-R State. When no powedeiscted (LOS-C = ONE) a 1 s timer is started
and after this timer expires (LOST-C = ONE) the HDansceiver at the REG-C changes to the
Inactive-C State.

5.7 Operation and maintenance

This subclause deals with operation and maintendocetransmission systems using HDSL
technique. The OAM aspects for such systems ararap between the OAM functions of the
HDSL core and those supported by the applications.

The following subclauses are divided with respecthe applications supported. Commands and
responses of the system can either be transmhtedgh the application interfaces or via external
OAM interfaces at maintenance reference pointshatNTU and LTU as appropriate. Only the

functionality of these OAM reference points will seecified in this Recommendation.

The support of partial operation in a failure sitoila and of fractional installation shall be pos$sias
an option.

5.7.1 Functions at the LTU external OAM reference pint

These OAM functions requested by an external OAMtenare originated within the OAM
functional block (maintenance) at the LTU. The ratwelements addressed by these commands are
identified in Table 14.
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Table 14/G.991.1 — Control functions at the exterd@DAM interface

Function HDSL transceiver pair | Addressed network ekment
(Note 2)
Loopback control All LTU/REG
Loopback control of application frame Note 5 NTUofi 3)
Start-up control All LTU
Reset control All LTU/NTU/REG
CRC error reporting on each pair All LTU/NTU/REGdte 1)
Set corrupted CRC on each pair All LTU/NTU/REG
Response from each pair for corrupted CRC Al LTOINREG
Request for transmission quality on each pail LTU/NTU/REG
(Note 7)
Response for transmission quality from eaglll LTU/NTU/REG
pair (Note 7)
Set configuration Note 5 LTU/NTU (interface block)
Read configuration Note 5 LTU/NTU (interface blpck
Status report Note 6 LTU/NTU/REG
Excessive error ratio on each pair All LTU/NTU/RE@terface
block) (Note 4)

Identification of equipment Note 5 LTU/NTU/REG
Other failure indications All LTU/NTU/REG
NOTE 1 — The calculation of these parameters isdhas the CRC-6 procedure inside each subsystem.
NOTE 2 — The use of a regenerator is optional.
NOTE 3 — The location of the loopback of the apgtiien frame shall be as near as possible to the
application interface. The loopback shall be coneple
NOTE 4 — The excessive error rate indication magdiaf 150 errored frames out of 166 frames (4re)
detected.
NOTE 5 — This function is transported transparetittpugh the HDSL core. This Note is not relevéuat
regenerator is addressed.
NOTE 6 — The status report of network elementsiwithe access digital section shall reflect théustaf
the HDSL core and the application.
NOTE 7 — Transmission quality is represented bgaaonargin as defined in 5.5.7 or by signal qualgty
defined in Annex B.

5.7.2 Functions at the NTU external OAM reference @int

The NTU external OAM reference point may be implated as an option and is not completely
specified in this Recommendation.

Only the use of visible indications towards thetooger are dealt with. The use of a data interface
for reporting to/from the customer is not foreseAncess to the operators TMN system via this
reference point shall not be possible.
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Examples of reporting towards the customer at the kay be:
- indication of power;

- indication of severe failures;

- indication of testing from the network side.

5.7.3 OAM messages and functions supported by theltSL core

In this subclause, messages are described whickoaneeyed inside the HDSL frame for OAM
purposes. In addition OAM functions are defined akhhave to be located inside the HDSL core.
These messages and functions are listed in Table 15

Table 15/G.991.1 — OAM messages and functions supfea by the HDSL core

Messages/functions OAM| Local | Core [Available HOH- bit eoc- Addressed
core related | oneach | [additional message element
function pair OH-bits in L|{R| N
payload] TIE| T
u| G| U
Reset control - * y n *
Start-up control - * y n *
Pair identification detection - * y y * *
Loopback control for LTU - * y n *
line side
Loopback control for REG - y n * *
Loopback control for - n n * *
application frame
CRC error detected at LTU - * y y *
CRC error detected at REG-R y y rrbe *
CRC error detected at REG-C  — y y rche *
CRC error detected at NTU - y y febe *
Corrupted CRC at LTU - * y y *
Corrupted CRC at REG-R - y y * *
Corrupted CRC at REG-C - y y * *
Corrupted CRC at NTU - y y * *
LOS/LFA at LTU line side - * y y *
(Note 1)
LOS/LFA at REG-R (Note 1) y y *
LOS/LFA at REG-C (Note 1) y y *
LOS/LFA at line side of NTU - y y *
(Note 1)
Pair identification for two-pai - y y [Z11 .. Z33] *
systems and three-pair systems [Zz11 .. Z22]
Request transmission quality) - * y y *
LTU
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Table 15/G.991.1 — OAM messages and functions supfeal by the HDSL core(continued)

Messages/functions OAM| Local | Core [Available HOH- bit eoc- Addressed
core related | oneach | [additional message element
function pair OH-bits in L|{R| N
payload] TIE| T
Uu| G| U
Request transmission quality - y y * *
REG-R (REG-C)
Request transmission quality - y y * *
NTU
Transmission quality LTU - * y y *
Transmission quality REG-R - * *
(REG-C)
Transmission quality NTU - y y * *
Request status REG - y y * *
Request status NTU - y n * *
REG status (Note 2) - y y * *
NTU status (Note 2) - y n * *
Read NTU configuration - n n * *
(Note 3)
Write NTU configuration - n n * *
(Note 3)
NTU configuration - n n * *
Request equipment N y y * *
identification REG
Request equipment N n n * *
identification NTU
Equipment identification REG n * *
Equipment identification NTU n * *
Internal alarm in NTU - y n rta *
(Note 4)
Internal alarm in REG - y y rega *
(Note 4)
LOS at the application N n n losd *
interface of the LTU (Note 5) (LTU - NTU)
LOS at the application - n n losd *
interface of the NTU (Note 5 (NTU - LTU)
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Table 15/G.991.1 — OAM messages and functions supianl by the HDSL core (concluded)

Messages/functions OAM| Local | Core [Available HOH- bit eoc- Addressed
core related | oneach | [additional message element
function pair OH-bits in L{R| N
payload] TIE| T
Uu| G| U
Bipolar violation at the - n n bpv *
application interface of the (LTU - NTU)
LTU (Note 6)
Bipolar violation at the - n n bpv *
application interface of the (NTU - LTU)
NTU (Note 6)

NOTE 1 — LOS or LFA at the line side of the LTU, N'Dr REG leads to a deactivation of the respeqiath after
2 s and therefore always results in an LOS medsagethe HDSL core to the OAM functional block metLTU. The
LTU OAM unit cannot determine however the locatafrihe fault.

NOTE 2 — The status register contains single kiisasenting the current status of the equipmens. iliformation
can be used to get detailed information, e.g. aftegiving internal alarm bits rta or rega.

NOTE 3 — The configuration register of the NTU @in$ dedicated bits which allow for remote confagion of the
equipment by the LTU. Examples are transparentfraorsparent mode, masking of alarms, equipmentviaira
during fault conditions (e.g. transmitting of AlS).

NOTE 4 — The internal alarm bits are used for dlgpequipment internal failure conditions, whiake not covered
by separate indicator bits. Possible events are:

— Loss of internal clock sources

— Max delay difference between pairs exceeded

— ROM/RAM test negative

NOTE 5 — The use of this function is applicatiopeedent.

NOTE 6 — The general need for this function hasoean identified. It is left to the network operatto request this
functions for particular applications.

5.7.4 Power feeding related OAM functions

Table 16/G.991.1 — Power feeding related functions

Function OAM P | Local HOH-bits eoc-messages Location
LTU REG
NTU
NTU power source 1 failure - psi
NTU power source 2 failure - ps2

5.7.5 Regenerator behaviour

5.75.1 Response to LOS/LFA

A regenerator shall respond to LOS/LFA. When LO®LE recognized the behaviour of the REG
shall be as follows:

Both sides of the REG shall be deactivated autonsigdy the REG when LOS/LFA is detected on
any HDSL line interface. The conditions for detegtLOS/LFA are described in 5.6.

Recommendation G.991.1 (10/98) 59



NOTE — This will finally result in deactivation tofie subsystem after detection of LOS/LFA anywherthe
subsystem and both LTU and NTU will identify LOSAFor this subsystem. The LOS/LFA detection is a
function of the individual HDSL transceivers.

5.7.5.2 Operation of loopback 1A

The activation of loopback 1A in any subsystemha transceiver is initiated by the LTU by the
appropriate eoc-message as described in 5.5. Tpbdck request may be started simultaneously
with the beginning of the start-up procedure oiirtyan already active HDSL link.

In the first case, the loopback request may besindted toward the REG as soon as signal S1
according to 5.6 is transmitted in the directionlLT> NTU. After the eoc-message has been
detected in the REG the loopback is closed accghdin

In the second case of an already active link, tdmgrol unit in the REG closes the loop as soorhas t
eoc-message has been detected. The detailed preacddeaching the synchronous loopback state is
up to the vendor. (It may be necessary to reseRE@-C transceiver, so that its equalizer and echo
canceller coefficients may converge under the lacglronditions).

A successfully closed loopback may be detectethénLiTU by evaluating the valid received Z-bits
used for path identification. The loopback is tgarent, i.e. the looped back signal is also
transmitted toward the NTU.

During an active loopback 1A the operation of tH2SH overhead bits shall be as follows:

- The eoc channel is not looped back but is fullgrating between the LTU and the REG as
described in 5.5 as long as the messages senteblyTid contain the REG address "10".
When detecting any other address the REG inse#t$Hbld State" message with its own
address in the direction REG LTU.

- All indicator bits, except the REG specific bitig, rega, rrbe and rcbe which are operating
normally, are looped back.

To deactivate loopback 1A the LTU transmits the tlRe to Normal" message together with the
address "10" in the eoc channel. After detecting thessage the REG control unit deactivates
autonomously the REG-C transceiver and cancell®tpback operation.

If the HDSL link between the LTU and the REG idlsdctive the REG control unit immediately

starts to activate the link between the REG and Nf#&J, as described in 5.6. The successful
completion of the start-up procedure may be detelbiethe LTU by evaluating the Z-bits used for
path identification.

5.8 Electrical characteristics of a single 2B1Q tnasceiver

5.8.1 General
This subclause describes the electrical charatitsrisf a single HDSL transceiver.

The electrical characteristics of a HDSL transceisieall be such as to enable the performance
requirements of appropriate applications (for wheslamples are listed in Appendix I) to be met. In
addition, the following specific electrical charagstics are required.

Means should be provided in order to enable thinte®f the electrical characteristics of a single
2B1Q transceiver.

5.8.2 Transmitter/receiver impedance and return los
The nominal driving point impedance at the lineesifl an HDSL transceiver shall be 135 ohms.
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The minimum return loss with respect to 135 ohmar@/frequency band of 1 kHz to 1 MHz shall
be:

- 16 dB from 40 kHz to 196 kHz as shown in Figu8ddr 392 kbaud systems;
- 16 dB from 40 kHz to 292 kHz as shown in Figueedr 584 kbaud systems; and
- 16 dB from 80 kHz to 485 kHz as shown in Figudd@ 1160 kbaud systems;

with a slope of 20 dB/decade below respectivelywalibese frequencies.
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Figure 18/G.991.1 — Minimum return loss of a 392 kiud system
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Figure 19/G.991.1 — Minimum return loss of a 584 kiud system
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Figure 20/G.991.1 — Minimum return loss of a 1160baud system

5.8.3 Transceiver reference clock
The reference clock shall be:

- for one-pair 2320 kHz 32 ppm;
- for two-pair 1168 kHz 32 ppm;
- for three-pair 784 kHz 32 ppm.

5.8.4 Transmitter output characteristics

Unless otherwise indicated, the following speciima applies with a resistive load impedance
corresponding to the nominal.

5.8.4.1 Pulse amplitude

The nominal peak of the largest pulse shall be ¥.6dr the three- and two-pair system and 2.50 V
for the one-pair system.

5.8.4.2 Pulse shape

The transmitted pulse shall have the shape spegiii€&igure 21 for the three- and two-pair system
and in Figure 22 for the one-pair system.

The pulse mask for the four quaternary symbols| df@lobtained by multiplying the normalized
pulse mask shown in Figure 21 by 2.64 V, 0.88-¥.88 V or-2.64 V and in Figure 22 by 2.50 V,
0.833 V,-0.833 V and-2.50 V.
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Normalized Quaternary symbols

level +3 +1 -1 -3
0.01] 0.0264 V| 0.0088 V —0.0088 V| —0.0264 V
1.07| 2.8248V 0.9416 V —-0.9416 V—2.8248 V
1.00] 2.6400V_0.8800 V| —0.8800 V| —2.6400 V
0.93 2.4552\ 0.8184V -0.8184 \V —2.4552 V
0.03 0.0792 | 0.0264 V —0.0264 \/—0.0792 V

—0.01—-0.0264 V/ -0.0088 \V/_0.0088 V. 0.0264 V

—0.16-0.4224 \/ —0.1408 \_0.1408 V| 0.4224 \

—0.05=0.1320.\/=0.0440 \/_0.0440\_0.1320.\

T = 2.55Hs at 784 kbit/s
T =1.71Hs at 1168 kbit/s

I ®mmo:on|w >

1.25T

!

G=-0.16
06T 05T 14T 50T T1529020-98

Figure 21/G.991.1 — Transmit pulse for two- and thee-pair systems;
normalized pulse mask

Normalized Quaternary symbols
level +3 +1 -1 -3
0.01 0.0250 Vv 0.0083 \\—0.0083 V|—0.0250 V
1.07 2.6750V, 0.8917 \[-0.8917 V|—-2.6750 V|
1.00 2.5000V, 0.8333\-0.8333 V| —2.5000 V|
0.93 2.3250V 0.7750 V{—0.7750 V|-2.3250 V
0.04 0.1000V 0.0333 V-—0.0333 V|-0.1000 V
—0.01-0.0250 \/ —0.0083 \V_0.0083 V| 0.0250 V|
—=0.20=0.5000V =0.1667 \/_0.1667 V| _0.5000 V|
—0.05-0.1250 M =0.0417 \/_0.0417 V| 0.1250\

T = 0.862Ms at 2320 kbit/s

I OmMmmoonw>

1.25T

& T E= 0.04

4§ 44
- —A= 0.01
| T B

o | T —_ :
\7’%0

-06T 05T 14T 50T T1529030-98

Figure 22/G.991.1 — Transmit pulse for a one-pairystem;
normalized pulse mask
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5.8.4.3 Power spectral density

5.8.4.3.1 Power spectral density for 392 kbaud sygshs

The upper bound of the average power spectral tyensithe signal transmitted by the HDSL
transmitter shall be as shown in Figure 23.

— -37 dBm/Hz from 0 Hz to 196 kHz;
- —-80 dB/decade fall frora37 dBm/Hz at 196 kHz te117 dBm/Hz at 1.96 MHz;
- -117 dBm/Hz above 1.96 MHz.

dBm/Hz
-20

—37 dBm/Hz

-100

Floor at =117 dBm/Hg

|
120 [ L LT

1 1 1 196 1 196 4 Hz

e3 e4 e5 eb e6 eb e6
T1529040-98

Figure 23/G.991.1 — Upper bound of the average powspectral density
of a 392 kbaud system

5.8.4.3.2 Power spectral density for 584 kbaud syshs

The upper bound of the average power spectral tyensithe signal transmitted by the HDSL
transmitter shall be as shown in Figure 24.

- -39 dBm/Hz from 0 Hz to 292 kHz;
- —-80 dB/decade fall frora39 dBm/Hz at 292 kHz t6119 dBm/Hz at 2.92 MHz;
- -119 dBm/Hz above 2.92 MHz.
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Figure 24/G.991.1 — Upper bound of the average powspectral density
of a 584 kbaud system

5.8.4.3.3 Power spectral density for 1160 kbaud ggss

The upper bound of the average power spectral tyensithe signal transmitted by the HDSL
transmitter shall be as shown in Figure 25.

- -41.5 dBm/Hz from 0 Hz to 485 kHz;
- —80 dB/decade fall frorr41.5 dBm/Hz at 485 kHz t6121.5 dBm/Hz at 4.85 MHz;
- -121.5 dBm/Hz above 4.85 MHz.

dBm/Hz
-20

—41.5 dBm/Hz

-100

N

Floor at —121.5 dBm/Hz N
120 | T 111
1 1 1 4.85 1 4.85 1Hz

e3 e4 e5 e5 e6 e6 e7
T1529060-98

Figure 25/G.991.1 — Upper bound of the average powspectral density
of a 1160 kbaud system
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5.8.4.4 Total power

The average power of a signal — excluding remoteepdeeding — consisting of a framed sequence
of symbols with a frame word and equiprobable syl all other positions should be between
13.0 dBm and 14.0 dBm over the frequency band fdddz to 784 kHz for 392 kbaud systems, from
0 Hz to 1168 kHz for 584 kbaud systems and fronzQd+2320 kHz for 1160 kbaud systems.

5.8.5 Unbalance about earth

5.8.5.1 Longitudinal conversion loss
The longitudinal conversion loss is given by:
LCL = 20 log (g/en) [dB]

where ¢ is the applied longitudinal voltage referencedht® building ground and,gs the resultant
metallic voltage appearing across a 135 ohms textnoim

The longitudinal conversion loss of the systemlginakt the requirement of:

- 50 dB between 5 kHz and 196 kHz for a 392 kbastem as shown in Figure 26;

- 50 dB between 5 kHz and 292 kHz for a 584 kbastesn as shown in Figure 27; and
- 50 dB between 5 kHz and 485 kHz for a 1160 kisystem as shown in Figure 28.

This requirement ensures that the overall LCL issignificantly worse than that of the DLLs alone.
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Figure 26/G.991.1 — Minimum longitudinal conversioross for a 392 kbaud system
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Figure 27/G.991.1 — Minimum longitudinal conversioross for a 584 kbaud system
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Figure 28/G.991.1 — Minimum longitudinal conversioross for a 1160 kbaud system

Figure 29 defines a measurement method for lonigidicconversion loss. For direct use of this
configuration, measurement should be performed whe IUT powered up but inactive
(no transmitted signal; driving 0 V).
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(well balanced) ?

T1529100-98

a)

These resistors have to be matched: R1 = R2 2188hs and R1/R2 =1 +0.1%

b) For LTU test only if remote power feeding is supgl

© For NTU test only if remote power feeding is reqdi

NOTE — During regenerator test (where required) edoh on the side which is not under test has

to be connected to ground by a terminating impeddrawving the value of 135/2 ohms in series with
a capacitance of 0.38.

Figure 29/G.991.1 — Measurement method for longitudal conversion loss

5.8.5.2 Longitudinal output voltage

The longitudinal component of the output signallidmave an r.m.s. voltage, in any 4 kHz equivalent
bandwidth averaged in any second perioe58 dBV over the frequency range 100 Hz to 400 kHz.
Compliance with this limitation is required withl@angitudinal termination having an impedance of
100 ohms in series with 0.15 pF nominal. Note thatEMC requirements of 9.4 must also be met.

Figure 30 defines a measurement method for longiaidbutput voltage. For direct use of this test
configuration, the IUT should be able to generasegaal in the absence of a signal from the far end

The ground reference for these measurements shietbuilding ground.

R1
¢ 1 @) _T_ c)
uT b) P Vbe
[
il N
100 ohm Spectrum
analyser
150 n

T1529110-98
a)
b)

These resistors have to be matched: R1 = R2 2188hs and R1/R2 =1 £ 0.1%

For LTU test only if remote power feeding is suegl

© For NTU test only if remote power feeding is reqdi

NOTE — During regenerator test (where requiredhegire on the side which is not under test hasetoonnected to
ground by a terminating impedance having the vafuk85/2 ohms in series with a capacitance of LB3

Figure 30/G.991.1 — Measurement method for longitudal output voltage
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59 Performance of individual HDSL transceivers

5.9.1 Performance requirements

Performance limits for the overall system are defifor the specific applications of which examples
are given in Appendix |. The performance of theividal HDSL transceivers must be such that
these overall performance limits are met. As theatyi signal of the individual transceivers is not
available at an external interface for testings ihot considered feasible to test the performanice
the individual HDSL transceivers. For the purpoeamformance, each HDSL system is required to
have an individual performance such that the oleyaplication performance for the appropriate
application is met.

5.9.2 DLL physical models (test loops)

Some representative models of DLLs (test loopskf@luating the performance of transceivers for
transmission systems are defined in Figure 32.

5.9.3 Jitter and wander

5.9.3.1

The jitter and performance limits specified for eqpiate applications (see Appendix 1) shall be
supported by the jitter limits of the individual KD transmission systems. However, due to the
bidirectional transmission on the two-wire line athgk to severe intersymbol interference no well
defined signal transitions are available on the-wire signal. It will therefore be necessary to
provide clock interfaces to enable the followingjugements to be tested. The jitter limits given
below must be satisfied regardless of the lengttheflocal line and the inclusion of regenerators,
provided that they are covered by the transmissiedia characteristics of 6.3. The limits must be
met regardless of the transmitted signal. In thisckuse, jitter is specified in terms of Unit ivtals
(UD) of the nominal line baud rate which is 392 da(2.55 us) for the three-pair system and
584 kbaud (1.71 ps) for the two-pair system andXKi&ud (0.862 ps) for the one-pair system.

General

5.9.3.2

The NTU shall meet the performance objectives d$igeci for appropriate applications
(see Appendix I) with wander/jitter sinusoidal caeristics as indicated in Figure 31, and with
values as defined in Table 17 below for singlejjifrequencies in the range of 0.1 Hz to 100 kHz
superimposed on the test clock source, and withrélceived signal baud rate in the range of
+32 ppm.

Input jitter tolerance at the HDSL transcever at the NTU

Table 17/G.991.1 — Values for wander/jitter charadristics

Al

A2

fo

f1

f2

f3

0.15 Uy

0.015 U},

0.1 Hz

0.5Hz

5Hz

100 kHz

Recommendation G.991.1

(10/98)

69



Jitter (Uly,)

Al|
/20 dB/decade
A2
0 1o f1 f2 f3

Jitter frequency (Log scale) o008

NOTE — Unit Interval (Ul) = 2.55 us for 392 kbaugsgem:
— Unit Interval (Ul) = 1.71 ps for 58%aud systems
— Unit Interval (Ul) = 0.862 ps for 1 Bbaud systems

Figure 31/G.991.1 — Range of permissible sinusoidalput jitter

5.9.3.3 Output jitter limitations at the HDSL transceiver at the NTU

The jitter on the transmitted 2B1Q signal of theWNibwards the LTU in the absence of input jitter
shall be less than A2 when measured with a bansl figes having a 20 dB/decade roll off with cut
off frequencies at f2 and {3 .

The maximum (peak) departure of the phase of thpubsignal from its average phase measured
over 1/f0 seconds shall not exceed Al.
5.9.3.4 Input jitter tolerance at the HDSL transcever at the LTU

The LTU shall meet the performance objectives deci for appropriate applications
(see Appendix I) with wander/jitter of A2 for simgijitter frequencies in the range of fO to f3
superimposed on the test clock source, and witlsitiveal baud rate in the rang82 ppm.

5.9.3.5 Output jitter limitation of the HDSL transceiver at the LTU

The jitter on the transmitted 2B1Q signal of thelLiowards the NTU shall be less than A2 when
measured with a band pass filter having a 20 dBfkecoll off with cut off frequencies at f2 and f3.

6 Common circuitry specification

6.1 Delay difference buffer

In order to compensate for any difference in totmhsmission time of the HDSL frames on different
pairs, due to the pair differences described 4522 as well as to delays due to signal processing
the HDSL transceivers in the LTU, NTU and possiREG, a delay difference buffer shall be
implemented in the common circuitry. The functidntlnis delay difference buffer is to align the
HDSL frames so that the core frames can be coyreztissembled. This buffer should be capable of
absorbing a maximum delay difference of 60 ps.
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6.2 The pair identification mechanism

The pair identification procedure provides for tberect information of the NTU on the pair
numbers selected by the LTU in a two- or three-pgitem. It is based on the use of the Z-bits and i
therefore only available for 2048 kbit/s applicaso The following is a definition of a pair
identification mechanism that has to be completecefch installed pair separately, and agrees with
the local procedures for activation. The pair idferation procedure is operated only between the
LTU and the NTU, the optional REG transfers thated information transparently.

6.2.1 Pair identification initial values

At the beginning of the start-up procedure, eactfSHBDransceiver in the LTU is assigned with a pair
identification number, which may be 1, 2 or 3 foree-pair systems, or 1 or 2 for two-pair systems.
The HDSL transceivers in the NTU are not assigbetidefined by the received Z-bits according to
Tables 18 and 19. When an HDSL transceiver at fhe teaches the Active-Tx/Rx State in the
activation procedure, as described in 5.6.5 thencomcircuitry sets the indicator bit$,Z Zm2 and
Zmn3 for three-pair systems orZand Z,, for two-pair systems according to Tables 18 andusthg

the pair identification number it was assigned.

Table 18/G.991.1 — Pair identification bit assignnm for the three-pair system

Pair Number [m] Zmi Zm2 Zm3
1 Z11=1 Z12=0 Z13=0
2 £21=0 Z2=1 Z3=0
3 Z31=0 Z5,=0 Zs=1

Table 19/G.991.1 — Pair identification bit assignnm for the two-pair system

Pair Number [m] Zm1 Zm2
1 Z11=1 Z2=0
2 Z,1=0 L2=1

6.2.2 Pair identification at the NTU

Prior to the completion of the evaluation procefsthe individual pair, the transmitted Z-bits aet s

to ONE. When the HDSL transceiver at the NTU entdes Active-Tx/Rx State the common
circuitry starts to look at the Z-bits. If it deteca valid pattern according to Tables 18 or 19
respectively in six consecutive HDSL frames andghme pattern has not been detected on another
pair before, then the evaluation process is cora@lsticcessfully for this pair and the outgoing pair
identification Z-bits are set to equal the recogdiZ-bits for the whole actual activation period.
When the common circuitry detects a complete valatrix according to Tables 18 or 19 it can
achieve the correct data assignment and beconmespéngent for the core frame data.

6.2.3 Pair identification at the LTU

After starting the transmission of the Z-bits tleenenon circuitry starts to look at the received &bi
Initially, it should detect that all the pair idémation Z-bits are ONE. When the HDSL transceiver
at the NTU reflects the received Z-bits the comnuincuitry at the LTU will detect the pair
identification number. When it finds its own vapdttern in six consecutive HDSL frames, the NTU
has acknowledged the pair identification for tmdividual pair. If the Z-bits for all installed pai
are acknowledged the common circuitry becomes paesit for the core frame data.
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The identification procedure introduces a delaybleast 12 frames (72 ms) between transition to
the Active-Tx/Rx State and transparent data trandfecause valid patterns are required for six
consecutive frames at each side.

6.3 Laboratory performance measurements

6.3.1 General

The performance requirements have been specifiethegothe HDSL transceivers are tolerant to
NEXT, impulsive noise and shaped noise, and natoped for only one operating condition.

The laboratory performance measurement of a péatiddDSL transmission system requires the
following preparations:

- definition of a number of DLL models to repres@htysical and electrical characteristics
encountered in local line distribution networks;

- simulation of the electrical environment caused itmpulse noise and finite crosstalk
coupling loss to other pairs in the same cable;

- specification of laboratory performance testsddfy that the performance limits necessary
for different applications will be met.

Some representative models of DLLs (test loopskef@luating the performance of transceivers for
transmission systems are defined in Figure 32,bthsic test cable characteristics are given in
Appendix .
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NTU LTU

Customer 0dB Exchange
1
Y
2
0.4 mm PE
0.5Y 0.25Y 0.25Y 0.25Y
0.4 mm PE 0.6 mm PE 0.5 mm PE 0.4 mm PE
0.25Y 0.5Y 0.25Y
4 0.6 mm PE 0.4 mm PE 0.5 mm PE
100 m 0.8Y 100 m
5
0.4 mm PVC 0.8 mm PE 0.4 mm PVC
500 m BT 500 m BT
0.4 mm PE 0.4 mm PE
om 0.2Y 0.5Y
6 | 0.4 mm PE 0.4 mm PE
Note 5
300 m 0.2Y 0.6 (0.55)Y 50 m
7

0.6 mm PVC 0.5 mm PE 0.4 mm PE 0.3 mm PVC

0.45Y CRrTE Lo 0.45Y
8 Insertion circuit
0.4 mm PE (Note 6) 0.4 mm PE

<3 dB loss at 150 kHz

T1529130-98

NOTE 1 — The value for Y (insertion loss in dB &0XkHz) is to be found in Table 2

NOTE 2 — Due to mismatches and bridged taps (Bies}dtal DLL attenuation differs from the sum oé thitenuation of the pal
Appendix Il provides theoretical values for thensmission parameters of the above loops.

NOTE 3 — Attenuation of separate sections is meabwith a 135 ohms terminatis

NOTE 4 — These test loops and artificial cable peat@rs include worst case examples as well as those typical of a loci
network. They are chosen to provide the wide rafgéfferent echoes and distortions which may odnUEuropean networks.

NOTE 5 —The value in brackets is valid for one-pggistems only. The reduction is necessary to cosgterthe higher attenuat
of the fixed sections.

NOTE 6 — See Figure :

Figure 32/G.991.1 — DLL physical models for laboradry testing

6.3.2 Test configuration

It is assumed that the various applications shadrate over a number of pairs each connected to an
individual 784 kbit/s, 1168 kbit/s or 2320 kbit/8 ) duplex HDSL transmission system. For
various applications and bit rates different nursbef pairs may be required. Performance
requirements should relate to the integrity of daga at the application interface when individual
transmission systems are subjected to synthesizgaiiments. In this way access is not required to
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the raw data transported by the individual transarsi Data errors can therefore be measured at the
application interface, avoiding the need for teskeas to the individual data channels.

A representative test arrangement is shown in Eigdr

The Bit Error Ratio Test Set (BERTS) applies'a2 Pseudo-Random Bit Sequence (PRBS) test
signal to the transmitter in the direction undet & the bit rate required by the applicationriiaiee.
Impairments (when required by the test) are inpecé# the input of the appropriate HDSL
transceivers at the receiver end of the path, lamdeiconstructed data is then returned to the BERTS
The transmitter in the opposing direction shallfed with a similar PRBS signal, although the
reconstructed signal in this path need not be rocedt

The test performance of the HDSL transceiver shallsuch that the bit error ratio (BER) on the
disturbed system is less than (1@ivided by the number of pairs) while transmittiagpseudo-
random bit sequence. The BER should be measuredaafieast 10bits have been transmitted.

The tests are carried out with zero margin, i.¢hwb additional attenuation added to the testspair
It is expected that network operators will calcalliteir own margins for planning purposes based on
a knowledge of the relationship between this stethtkst set and their network characteristics.

It is considered sufficient to use a representatmmbination of test pairs for performance testing.
The test pairs should be adjusted to achieve theireel sinewave insertion loss of the individual

sections when measured at 150 kHz. (It is not cdened reliable to measure the overall sinewave
attenuation, as impedance discontinuities cantr@subon-linear effects in the frequency resporfse o

some pairs.)

Two distinct classes of added disturbance are tejecShaped test noise (specified in 6.3.3) and
Impulses (defined in 6.3.4). A further test (spedfin 6.3.5) tests the common mode rejection
capability of the system under test, and a testiéermining the susceptibility to micro-interrugts

is given in 6.3.6.

Test sequences are shown in Table 20.

Table 20/G.991.1 — Test sequence for performancestiag

N | Test path Direction Comments
1 |#1 Forward Y =0 dB; Test noise of 6.3.3 with N1 = 300 pMz and
(Note 1) N2 = 30 pV#/Hz;

2 |#2 Forward Y = Y1 (Note 2); Test noise of 6.3.3 with N1 = J00/VHz and
N2 =10 uV#/Hz;

3 |#3 Forward Y = Y1; Test noise of 6.3.3 with N1 = 100 wW\Hz and
N2 =10 uV#/Hz;

4 | #3 Reverse Y = Y1; Test noise of 6.3.3 with N1 = 100 wW\Hz and
N2 =10 uV#/Hz;

5 |#4 Forward Y = Y1; Test noise of 6.3.3 with N1 = 100 w4z and
N2 =10 uV#/Hz;

6 |#4 Reverse Y = Y1; Test noise of 6.3.3 with N1 = 100 w4z and
N2 =10 uV#/Hz;

7 |#5 Forward Y = Y1; Test noise of 6.3.3 with N1 = 100 wW\Hz and
N2 =10 uV#/Hz;
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Table 20/G.991.1 — Test sequence for performancestig (concluded)

Test path Direction Comments
#6 Forward Y = Y1, Test noise of 6.3.3 with N1 = 100 Wz and
N2 = 10 uV#/Hz;
9 |#6 Reverse Y = Y1; Test noise of 6.3.3 with N1 = 100 wW\Hz and
N2 =10 uV#/Hz;
10 | #7 Forward Y = Y1; Test noise of 6.3.3 with N1 = 100 w4z and
N2 =10 uV#A#/Hz;
11 | #7 Reverse Y = Y1; Test noise of 6.3.3 with N1 = 100 w\Hz and
N2 =10 uV#/Hz;
12 | #8 Forward Y = Y1; Common mode rejection te5.8f5
13 | Note 3 Forward and |Y = Y2; Test noise of 6.3.3 with N1 = 300 w\Hz and
reverse N2 = 30 uV#/Hz; Worst path of tests 1 to 11
14 | Note 3 Note 3 Y = Y3; No added impairment; Worst pathests 1 to 11; BER < 18
15 [ #2 Forward Y = Y1, Impulse test as describe@. &4
16 [ As 6.3.6 |Forward Micro interruption test as described in®.3

NOTE 1 — Test Path = #1 means that the path uedeshall be connected with test loop #1 as defimeqd
Figure 32. The path(s) not under test shall be ected with a dummy loop, normally loop #1.

NOTE 2 — Y1 = 22 dB for the one-pair system, 27fdBthe two-pair system and 31 dB for the three-p

system.

Y2=Y1-10dBand Y3=Y1 + 3 dB.

NOTE 3 — The tests are carried out on the worst pathe worst direction from tests 1 to 11, witimany
loop(s) for the remaining path(s). If there aresn@rs, then loop #2 forward for path A is takerdafult.

NOTE 4 — The tests 1 to 15 shall be carried owlbpairs. In the case of fractionally installed SD
system, the tests shall be carried out only onrtsialled pair(s).

Vo
—
o ‘mm ° |y
o] .- - ---- QO i t
550 550 550 550
ohms ohms ohms ohms
0.33 uFT 0.33 uFT T 0.33 uF T 0.33 uF

T1529140-98

NOTE 1 — The minimum return loss of the terminatest insertion circuit shall be better than theimimm return loss of the syste

NOTE 2 — The minimum longitudinal conversion 1026 Jog (Vy/V,)] of the test insertion circuit shall be betteartt80 dB at 50 Hz,
decreasing with 20 dB/decade up to 1 kHz (abovelA tkansversal voltage is negligible compared whihtest noise).

Figure 33/G.991.1 — Common mode insertion test cud
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Transmit pattern

2 Mbit/s Measurement
Equipment (BERTS)

Receive pattern

2 Mbit/s Pattern

Generator
Ha Path A Ha
Hg Path B Hg
He Path C He
NTU/LTU Direction under test >
(Note 1)

a) Test configuration

Path under test

High impedance
insertion circuit

D@C Test loop #N

Impulse
generator

Test noise
generator

AN
i

NTULTU  (Note 1)
Transceiver under test

Path(s) not under test

Test loop #1 M

LTU test, Forward loop

LTU test, Reverse loop

b) Details of paths A, B and C

NTU test, Forward loop | BER

NTU test, Reverse loop BER

|6

Lo [feeR

= Impairments

?
|
i} e
|

NTU ‘
6R |
NTU
|
NTU ?
|
6R |
NTU ?

LTU
‘ LTU

T1529150-98

c) Example illustrating test permutations

NOTE 1 — Some tests are carried out in both thedod and reverse direction.
NOTE 2 — Paths B and C are not used for all HD@ltesns or applications.

Figure 34/G.991.1 — Configuration for performance ¢sts of an access digital section
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6.3.3 Test procedure with shaped noise

6.3.3.1 General

The noise in the local network lines can be repreeskby an artificial noise source as described
below. This artificial noise offers a worst casetteondition for intersystem and intrasystem

crosstalk for all presently known disturbers.

The characteristics of the noise are as follows:

a) The PSD of the noise is given by the formulaweind shown in Figure 35:
— N1 between 320 Hz and 1 kHz;
— N2 between 10 kHz and 1.5 MHz
— (The signal falls off between 1 kHz and 10 kH2@&idB/decade);

— Noise PSD;
- V/Hz.
N1
N2
Frequency
(kHz)
0.32 1 10 1500 kHz

T1529160-98

Figure 35/G.991.1 — Test noise characteristics

b) The values N1 and N2 differ for "Standard Noiaet "Increased Noise".
— Standard Noise: N1 =100 V/Hz
N2 =10 V/Hz
These levels correspond to a 53 dB NEXT at 158. kH
— Increased Noise: N1 =300 V/Hz
N2 =30 V/Hz
These levels correspond to a 41 dB NEXT at 150.kH

C) The "Standard Noise" has an r.m.s. voltage oml3in the frequency band up to 1.5 MHz
when measured with the injection circuitry desalibelow.

6.3.3.2 Generation

The artificial noise shall be constructed usingdite sinewaves with frequencies of f x 820 Hz
in the range 320 Hz to 1.5 MHz. The level of thdiwidual sinewaves is: (320 HX)n (n = N1 or
N2 as appropriate).

The phase relationships of the different sinewasggven as th&hapiro-Rudin Phaseas an article
by Stephen Boyd [B4Multitone Signals with Low Crest Factor IEEE Transactions on Circuits
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and Systems vol CAS-33 No. 10; October 1986. Thit give a signal with a crest factor of
about 2.8.

NOTE — Noise with a crest factor of 2.8 is not resegily representative of crosstalk found in typaacess
networks where crosstalk has been measured to dalistribution which is close to Gaussian to a ftcres
factor in excess of 4.5. Low crest factor noisesdeewever provide for rapid and repeatable systests.
This discrepancy is subject to further study.

6.3.3.3 Injection

The injection circuit should have a Thevenin outpnpedance of at least 4 kOhms. The shaped
noise voltage density should be measured at theubof the shunt injection circuit of Figure 34,
with the test loop replaced by a 67.5 ohms resetdrno terminal equipment connected.

6.3.3.4 Tolerances and calibration

Note that the accuracy of performance margins ddpend on the measurement accuracy, in
particular the tolerance of the noise source aaddbp simulator.

6.3.3.4.1 0 dB level calibration

The noise source may be calibrated so that theagegdrsummation of the noise power spectral
density over the bandwidth of interest (usually thensmit spectrum of the system under test)
conforms with the specification above. This avedageise power shall be accurate to withihdB

of that specified. If the setting of the noise seuis changed by this calibration the new valudl sha
be used as the 0 dB level.

Noise sources from different manufacturers may ealightly different noise power despite correct
calibration and lead to differing measurement tssul

6.3.3.4.2 Test loop tolerances
The frequency response of the simulated test loopsdeviate from the ideal given in Appendix Il.

This fact may lead to differing measurement resutspecially when simulators from different
manufacturers are used, and no calibration proeadiknown to compensate for this difference.

6.3.4 Test procedure for impulse noise

6.3.4.1 Impulse noise test waveform

The impulse noise waveform V(t) (hereafter called ttest impulse" and also known as the "Cook
pulse”) is defined as:

V(t) = +KIt* (> 0)
V()= 0 (t=0)
V(t) = K|t (t<0)

where t is time given in units of seconds (s) and K constant defined numerically in Table 21.
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Table 21/G.991.1 — Performance requirements for imgse noise test

Peak-to-peak amplitude (\pp) of K Bit error ratio upper limit when
the test impulse when sampled a measured at the application
2 Msamples/s (Note 1) interface (Note 2)

320 mV (0 dB level) 1775% 10°° (9/N)x 10°*
160 mV 6 dB level) 8875x 107’ (12/N)x 10°°
80 mV (<12 dB level) 44375x 107 (14/N)x 10°°

o

NOTE 1 — The peak-to-peak amplitude will vary wsdmpling rate and may be easily calculate]

from the following expression for sampling ratelastthan 2 Msamples/s. If the sampling rate id

1/T samples/s thenpy = 2K|T/2[3/4.

NOTE 2 — N = 1 for a 2320 kbit/s one-pair systens Rifor a 1168 kbit/s two-pair system and
N = 3 for a 784 kbit/s three-pair system.

A sampled version of the test impulse should be ugéh samples at t = (2A 1)T/2. The sampling
rate (1/T) should be at least twice the baud ratthe® system under test. A minimum number of
8 ksamples (i.ex4 ksamples) is required with an amplitude accuratyt least 12 bits. It is
important to note that there is no sample at t A @indow on the sampled test impulse is shown in
Figure 36.

1.0

0.5

Relative amplitude

-10 -5 0 5 10

T1529170-98
time/us

Figure 36/G.991.1 — Time domain representation ohe test impulse sampled
at 2 Msamples/s with 12 bit accuracy

6.3.4.2 Impulse noise test measurement

The test impulse shall be applied to the systeneutest at a rate of 10 Hz. The test period shall b
at least 10 s (i.e. >100 impulses should be applied

The test configuration shall be as described in26.%ith the bit error ratio test set (BERTS)
configured to display bit error ratio.
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The test impulse waveform shall be transformer tmmigo the line via a well balanced shunt
injection circuit. The injection circuit should a4 kohms Thevenin impedance to present minimal
loading to the transmission line.

6.3.4.3 Impulse noise test performance requirements

The maximum bit error ratio for the three levelsrmpulse noise is given in Table 21. The peak-to-
peak amplitude of the test impulse noise is givemV (and in dB relative to a reference level of
320 mV) measured at the output of the shunt imaatircuit, loaded with a 67.5 ohms resistor.

The minimum value of Y (attenuation of the testrpaidB at 150 kHz) to be used for the impulse
noise measurement for various applications is Y22=dB for the one-pair system, Y1 = 27 dB for
the two-pair system and Y1 = 31 dB for the threg-pgstem.

6.3.5 Common mode rejection test

This procedure is intended to test the common megetion capability of an implementation. Test
Loop 8 shall be used with a common mode triangjaaiof 50 Hz with a voltage of 15 V r.m.s. for
the first harmonic (25.5 Vp). The 2harmonic (1050 Hz) shall be 53 to 56 dB belowléwel of the
first harmonic. The measured BER shall be less {tiéd) x 107, where N is the number of pairs
used.

The circuit for common mode insertion is shown igure 33.

6.3.6  Micro interruption test
The configuration for micro interruption suscegttpitest is shown in Figure 37.

In this arrangement a periodic trigger signal $nstates a micro-relay device inducing periodic

micro-interruptions on one of the pairs forming trensmission link. Using the test arrangement as
described in Figure 32, each HDSL transceiver siatllbe reset by a micro interruption of at least
t = 10 ms when stimulated with a signal of period % s.

NTU [ — |qu
R =810 0ohms Impulse generator
— )
s
" _I1 [1
1 T
C>330nF

T1529180-98

NOTE - The test shall be carried out for each taiver pair constituting the transmission |

Figure 37/G.991.1 — Micro interruption test circuit
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7 Power feeding

7.1 General

This clause deals with remote power feeding of megmor or NTU and wetting current
requirements.

Remote power feeding of the NTU is only requirecsame applications. Remote power feeding of
optional regenerators is a requirement. Howeveetailéd specification of a regenerator is outside
the scope of this Recommendation.

The case where regenerator and NTU are both reyneteered is excluded since it is considered
not feasible within the limited power budget avlaiéa

Due to the:

- different national safety requirements;

- different DLL planning rules;

- the optional use of regenerators; and

- the application dependant requirement to poweNfhU,

no detailed power feeding requirement is providadtead general guidelines are provided for the
situations where remote powering is required.

7.2 Wetting current

Wetting current may be used to prevent corrosionamitacts. In the case of remote power feeding
the feeding current is enough to fulfil the wettmgrent requirements.

Figure 38 gives the basic concept for the provisibwetting current.

Wetting
current
source

T1529190-98

NTU LTU

Figure 38/G.991.1 — Basic method for provision of @iting current

The wetting current shall be less than 20 mA.

7.3 Remote power feeding aspects

Parallel power feeding is recommended as the bagthod of power feeding for all HDSL
applications and configurations

The NTU/REG shall be able to deal with polarityeesal.

Figure 39 shows the basic circuit for parallel pofeeding.
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NTU LTU

Power
source

Power
sink

T1529200-98

Figure 39/G.991.1 — Parallel power feeding

7.3.1 Remote power feeding aspects at the LTU

If the LTU provides remote power this power is gthover all the available pairs. This should
prevent the majority of the power from being traorsgd over the pair with the lowest resistance.

7.3.2 Remote power feeding aspects at the NTU

Power will be delivered to the NTU via each HDSlirp@he total power (derived from all available
pairs) can be used to operate the NTU. HDSL tramsewhich are not active may be placed in a
low power consumption mode or switched off.

7.3.3 Remote power feeding aspects at the regenerat
Remote power feeding of a regenerator shall be dareeper pair basis.

The regenerator shall, if required, also providdtiwg current towards the NTU. The amount of
wetting current which can be provided may be depehdn the available power budget.

Figure 40 shows the basic circuit for remote pofgeding of a regenerator and provision of wetting

current.
NTU

8 Environmental requirements

LTU

source

|
|
|
T
|
|
|
|
|
|
: Power
|
|
|
|
|
|
|
|

T1529210-98

Figure 40/G.991.1 — Basic concept to power a regeator and
to provide wetting current

8.1 Climatic conditions

Climatograms which may be applicable to the opematf HDSL equipment can be found in
IEC 60721-3 [5]. The choice of classes is undeionat responsibility.
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8.2 Safety
No safety requirements are specified under thisoRetendation.

NOTE - IEC 60950 [6] may be applicable.
8.3 Overvoltage protection
No overvoltage protection requirements are spetifieder this Recommendation.

NOTE - Dependent on the equipment NTU, LTU or RR&commendations K.21 [9], K.20 [8] or K.17 [7]
may be applicable.

8.4 Electromagnetic compatibility (EMC)

The EMC requirement values are outside the scoglifRecommendation. CISPR 22 [10] and
national regulations may be applicable.

ANNEX A

Transmission system for 1544 kbit/s two-pair systerapplication

For the transport of 1544 kbit/s based applicatianglifferent transmission system is used. A
description has been published in ANSI Committed @thnical Report No. 28 [B3].

Only two-pair systems are proposed in this repdot.pair identification mechanism as described in
6.2 for 2048 kbit/s based applications is possibth this transmission systems.

Al Frame structure of the two-pair system for 784bit/s

Figure A.1 illustrates the HDSL frame structure pmsed of quaternary symbols (quats) and the
mapping of the core frame bytes to it. The framesubdivided into four groups. The first group of
the frame starts with the seven symbols long syghation word followed by one HDSL overhead
quat and twelve blocks of HDSL payload, each cdimgjsof 48.5 quats, equivalent to 97 bits,
containing the framing bit F and twelve bytes @& #épplication frame.
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9%84 ms T1529220-98
HDSL Payload Block (48 per HDSL Frame)
Symbol Name, Function
BO1 to B48 HDSL system payload blocks
Byte n Byte n from application frame (n=1..)24
F Framing bit of application frame
HOH HDSL overhead (sw, eoc, crc, ...)
quat Quaternary symbol
SQ1, SQ2 Stuff quats
Sync word 7-symbol Barker codes, "double Bar~. 14 bits

Figure A.1/G.991.1 — Frame structure of the two-paisystem for 784 kbit/s

The three groups following the first group have exjual structure. Each consists of five HDSL
overhead quats and twelve HDSL payload blocks asribeed above. So one frame contains a
synchronization word, 16 HDSL overhead quats, 48t&-and 576 bytes of the application frame
payload.

At the end of the frame the possibility of two $ituf) quats is foreseen. These quats are always used
together; this means either none or two stuffingtgare inserted, depending on the relation of the

timing. The length of the HDSL frame is either 23§@ats, which equal§+}é92 ms for the

nominal HDSL clock frequency, or 2351 quats coroesiing to6—}é92 ms and the average will
tend to 2352 quats or 6 ms. The receiver is abévatuate the length of an incoming frame by
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detection of the sync word in the following framredao adjust the demultiplexing of the data stream.

Table A.1/G.991.1 — HDSL frame structure for the two-pair system for 784 kbit/s

Time Frame Bit | HOH Abrv. Full name Notes
# Bit # name
0ms 1-14 1-14 SW 1-14 Sync word Double Barker Code
15 15 losd loss of input signal at the
far end application interface
16 16 febe far end block error
17-1180 - B01-B12 payload block 1-12 HDSL payload
1181 17 eoc01 eoc address
1182 18 eoc02 eoc address
1183 19 eoc03 eoc data/opcode
1184 20 eoc04 eoc odd/even Byte
1185 21 crcl cyclic redundancy check CRC-6
1186 22 crc2 cyclic redundancy check CRC-6
1187 23 psl NTU power status bit1 | NTU - LTU only
1188 24 ps2 NTU power status bit2 | NTU - LTU only
1189 25 bpv bipolar violation
1190 26 eoc05 eoc unspecified
1191-2354| - B13-B24 payload blocks 13-24 HDSL pagll
2355 27 eoc06 eoc message bit 1
2356 28 eocQ7 eoc message bit 2
2357 29 eoc08 eoc message bit 3
2358 30 eoc09 eoc message bit 4
2359 31 crc3 cyclic redundancy check CRC-6
2360 32 crc4 cyclic redundancy check CRC-6
2361 33 hrp regenerator present LTU « REG - NTU
2362 34 uib unspecified indicator bit
2363 35 uib unspecified indicator bit
2364 36 uib unspecified indicator bit
2365-3528 | — B25-B36 payload blocks 25-36 HDSL pagll
3529 37 eocl0 eoc message bit 5
3530 38 eocll eoc message bit 6
3531 39 eocl2 eoc message bit 7
3532 40 eocl3 eoc message bit 8
3533 41 crcs cyclic redundancy check CRC-6
3534 42 crcé cyclic redundancy check CRC-6
3535 43 uib unspecified indicator bit
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Table A.1/G.991.1 — HDSL frame structure for the two-pair system for 784 kbit/s(concluded)

Time Frame Bit | HOH Abrv. Full name Notes
# Bit # name
3536 44 indc/indr ready to receive indc =LTU - NTU
indr = NTU - LTU
3537 45 uib unspecified indicator bit
3538 46 uib unspecified indicator bit
6— % g; MS 3539-4702 | - B37-B48 | payload blocks 37-48 HDSL paglo
4703 47 stqls stuff quat 1 sign Frame stuffing
6 ms nominall 4704 48 stqlm stuff quat 1 magnitude Frame stuffing
4705 49 stg2s stuff quat 2 sign Frame stuffing
6+ % gz MS 4706 50 stg2m stuff quat 2 magnitude Frame stuffing
ANNEX B

High bit rate Digital Subscriber Line (HDSL) CAP based system

B.1 Scope and general information

B.1.1 Scope

This annex describes HDSL systems using Carrierfgaplitude Phase modulation (CAP) for
metallic local lines that provide transport for tb@me applications discussed in the body of this
Recommendation. Individual systems transport netrdies of 1168 kbit/s or 2320 kbit/s. Two
1168 kbit/s systems are used for the support ofdiés at the 2048 kbit/s hierarchical level for
different types of applications associated witls thit rate. Common circuitry for combining and
controlling two 1168 kbit/s HDSL systems is desedbOne 2320 kbit/s system supports bit rates at
the 2048 kbit/s hierarchical level.

The requirements for the individual HDSL transnossisystem, the transmission medium, the
transmission performance and the HDSL maintenandepeocedures are defined in this annex. The
common circuitry and the HDSL transceivers thatnfothe common core, are defined in this
Recommendation. The core is generally independeapications.

The scope of this annex is in general the samehasstope, clause 1, of the body of this
Recommendation. Many provisions in this Recommeaodatre line-code independent. Such
provisions are not repeated in this annex, onlgfarence to the corresponding provisions in the
body of this Recommendation is included.

B.2 References
See clause 2 for references.

B.3 Abbreviations
See clause 3 for abbreviations.
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B.4 Reference configuration and functional descripon

See clause 4 for the reference configuration andtional description. However, this annex focuses
on HDSL transmission systems that use only oneoipairs.

The provisions in this annex are aimed at interalpiéty of equipment from different vendors.

B.5 HDSL core specification

B.5.1 Functions
See 5.1 for functions necessary for the correctatjom of the HDSL core.

B.5.2 Transmission medium

See 5.2 for descriptions of the transmission mediuroluding noise and micro interruptions.
However, for testing CAP-based HDSL systems, aoldkli artificial noise that simulates NEXT is
defined in B.6 as are requirements for CAP-base@®&HBystems, concerning performance in the
presence of, or concerning, the susceptibility he various impairments associated with the
transmission medium.

B.5.3 Transmission method

B.5.3.1 General
See 5.3.1 for a general description of the transonsmethod.

B.5.3.2 Transmission on one-pair

Transmission on one DLL is provided by HDSL tramsees operating at 2320 kbit/s and using the
CAP line code in accordance with Figure 4 and FguB.2, B.3 and B.4 and associated description.

B.5.3.3 Transmission on two-pairs

Transmission on two DLLs is provided by two pardall#DSL transceivers, each operating at
1168 kbit/s and using the CAP line code in accordamith Figure 4 and Figures B.2, B.3 and B.4
and associated description.

B.5.3.4 Transmission on three or four-pairs

The transmission of the complete core frame oretbrefour-pairs is not excluded, but is not treated
in this annex.

B.5.3.5 Line code

The line code shall be trellis-coded Carrierlessphimde Phase modulation (CAP) with Tomlinson
precoding [B3]. Trellis-coded 64-CAP and 128-CARilklbe used for 1168 kbit/s and 2320 kbit/s
transceivers, respectively. An uncoded 64-CAP sigaastellation (signal space diagram) is shown
in Figure B.1 (the LSB is received first). The uded mode is used during "start up" as described in
B.5.6. The 2D (2 dimensional) 8-state trellis cgB&] (without the differential feature) shall be
used. Of the 6 bit/symbol of 64-CAP and the 7 fitol of 128-CAP, all bits except one are
information bits. One bit of redundancy is addedtbg 2D 8-state code. Coded 64-CAP and
128-CAP signal constellations (signal space diagjaare shown in Figure B.3 a) and Figure B.3 b),
respectively. For each system, the scrambled datans to be transmitted is divided into groups, the
LSB of which is the first to be received.

The bit stream entering each "H" (HDSL transceindock of Figure 1 or 2, shall be scrambled as
defined in B.5.3.4.2.
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Figure B.1/G.991.1 — Uncoded 64-CAP signal constsilon
(code point designations are Z0 ... Z5)

B.5.3.5.1 Trellis encoding/decoding

B.5.3.5.1.1 64 point constellation — two-pair syste

The scrambled data stream to be transmitted isdeliviinto groups of five consecutive bits
(LSB received first) each to be transmitted in misgl. As shown in Figure B.2, the first two bits of
a group, I} and 12, where n designates the sequence number of thgp gnod 13 is the LSB are
tegates redundant bit ¥OThis redundant bit, Y)
and the bits I3, through 15 become bits designated Zthrough Z5. These bits are fed into the
64-state, bit-to-symbol mapping function. Each groof bits maps to a point in the signal

input to a systematic convolutional encoder. |

constellation shown in Figure B.3 a). The trels
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T Symbol interval or (1/233 80 kbit/s) 4.2

Figure B.2/G.991.1 — 2D 8-state trellis encoder

B.5.3.5.1.2 128 point constellation — one-pair sysh

The scrambled data stream to be transmitted iglelivinto groups of six consecutive bits (LSB
received first) each to be transmitted in a symBal.shown in Figure B.2, the first two bits of a
group, 1% and 12, where n designates the sequence number of th grad 1} is the LSB are input
to a systematic convolutional encoder. It genersgdsindant bit YQ This redundant bit, Y0 and
the bits 13, through 1§ become bits designated Zthrough Z§. These bits are fed into the
128-state, bit-to-symbol mapping function. Eachugroof bits map to a point in the signal
constellation shown in Figure B.3 b). The trelisshown in Figure B.4.
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a) Coded 64-AP constellation (code point designatis are Z5 ... Z0)
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b) Coded 128-CAP constellation (code point desigriahs are Z6 ... Z0)

Figure B.3/G.991.1 — Signal constellations with Tiks coding
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Current State Next State

Subset W1n W2n W3n Win+1W2n+1W3n+1
ABDC 000 ' 000
DCAB 001 001
HGFE 010 010
EFGH 011 011
BACD 100 100
CDBA 101 101
GHEF 110 110
FEHG 111 7 111

T1529270-98

Figure B.4/G.991.1 — Trellis diagram of 2D 8-stateode

B.5.3.5.2 Scrambling method

The scrambler/descrambler, included in each trawvesgeshall be different in both directions of
transmission. The generating polynomials shalld®bows:

Customer premises transceiver (NTU) 8 X0 x22
Exchange transceiver (LTU) =[1 x> 0 x %%

The scramblers and descramblers are shown in FBi&r@s they operate during start up: the self-
synchronizing mode. At the transmitter, the scrankhall effectively divide (modulo 2) the bits

sequence by the generating polynomial. The coefitsi of the quotients of this division, taken in
descending order, form the data sequence that eppedhe output of the data scrambler. At the
receiver, the received bit sequence shall be ntietigmodulo 2) by the polynomial to recover the
original bit stream.
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d) NTU receive descrambler

Figure B.5/G.991.1 — CAP HDSL scrambler/descramblestart-up mode

During data transfer the scramblers are lockedthadscrambled sequence is added (modulo 2) at
the transmitter and subtracted (modulo 2) at teiver as indicated in Figure B.6. As explained in
B.5.6.5.4, the transfer from the self-synchronizingde to the locked mode occurs with the transmit
data being all ONEs, and the transfer to lockederdbmks not require synchronization of the transfer
at both ends.

Note that all bits in the HDSL frame, including ovead, sync word and stuffing bits, are scrambled.
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Figure B.6/G.991.1 — CAP HDSL scrambler/descrambler data mode

B.5.3.6 Line symbol rate

The symbol rate shall be in the range of:

- 1168 kbit/s transceiver: 233.60 kbatd10 ppm
- 2320 kbit/s transceiver: 386.667 kbaud0 ppm.

B.5.4 Frame structure

B.5.4.1 Core frame
See 5.4.1 for a description of the core frame.

Recommendation G.991.1 (10/98)

T1529290-98

93



B.5.4.2 HDSL frame

This subclause describes the proposed HDSL fraroetste in the binary format before scrambling
and encoding. This structure is valid during norimaération after symbol timing synchronization,
frame alignment and after all internal transces@efficients have stabilized sufficiently to perrait
reliable transport of the signals through the HO&insceiver systems. Except for the provision of
stuffing bits and the 14 bit sync word, the framéhie same as described in 5.4.2.

The nominal HDSL frame length is 6 ms.

- The mean length of the HDSL frame for the twa-ggstem is 7008 bits in 6 ms. But each
individual frame contains either 0, 1 or 2 stuffibg pairs, which gives a real length of

7006 bits in6—%84 ms, 7008 bits in 6 ms, or 7010 bits6r %84 ms.

- The mean length of the HDSL frame for the one-pgstem is 13 920 bits in 6 ms. But each
individual frame contains either 0, 1, or 2 stuffibit pairs, which gives a real length of

13 918 bits in6— 2/232( ms or 13 922 hits i+ 2/232( ms.

- The bit assignment in each HDSL frame in eachction of transmission for all pairs is
shown in Table B.1 and Table 4.

- The HDSL transceiver systems shall each indepelydeccommodate differences in the bit
timing of the two directions of transmission, or thie application data and the HDSL
transceiver system by including none, one or twdfiagy bit pairs at the end of the HDSL
frame.

- In the LTU, the clock rate of the two differenDHL frames shall be derived from the same
source. The location of the sync word, i.e. thet sththe HDSL frames in the different pairs
shall be synchronized to each other. The maximdfardntial delay between the start of the
frames shall be less than one symbol period, medsair the line interface of each HDSL
transceiver.

- The inclusion of stuffing bit pairs, if necessaiyr a two-pair system, shall be identical for
both pairs.

B.5.4.2.1 HDSL frame structure

B.5.4.2.1.1 Frame structure for two-pair system

Figure B.7 illustrates the HDSL frame structureti@o-pair systems, which is composed of framing
bits and bytes and the mapping of the core frantesbyo it. The frame is subdivided into four
groups. The first group of the frame starts witd 4 bits long synchronization word followed by
two HDSL overhead bits and twelve blocks of HDSLylpad, each consisting of 145 bits,
containing one overhead-bit,£ and eighteen bytes of the core frame. Theg-ldts (m = 1.2
indicates bits on one of the two-pairs; n = 18.iglthe running number of the HDSL payload block
in the frame) provide an additional overhead chhrine which forty-eight bits per frame of each
HDSL transceiver system at a capacity of 8 kbitésavailable.
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Symbol Name, Function
BO1 to B48 HDSL system payload blocks
Byte n, (n = 1...144) Byte n from core frame
HOH HDSL overhead (sw, eoc, crc, ...)
SBP duff Bit Pair
Sync Word 7-symbol Barker codes, "double Bark— 14 bits
Z, Additional overhead bits (Z-bits)
(n=1...48) indicating number of payload block

Figure B.7/G.991.1 — HDSL two-pair system frame strcture

The first eight Z-bits (4 ... Zng) are reserved for core applications and preseetlyo ONE.

The Z-bits No. 9 ... 48 (% ... Znag) are application dependent and are transparerghsported
through the core. The use of these bits shall Iserdeed in the application specific requirements.
Unused bits shall be set to ONE.

The three groups following the first group have eqjual structure. Each consists of ten HDSL
overhead bits and twelve HDSL payload blocks asriesd above. So one frame contains a
synchronization word, 32 HDSL overhead bits, 48it8-and 864 bytes of the core frame.

Provision is included at the end of the frame har possibility of 4 stuffing bits. One stuffing Ipiair

is normally included. This bit pair may be deletecdne additional stuffing bit pair may be inserted
depending on the relation of the timing. The aldon for determining whether to add or delete
stuffing bit pairs shall provide a window of at & unit intervals (at the 2048 kbit/s rate), e t
relative phase of the HDSL and 2048 kbit/s sequeneghin which the stuffing bits will neither be
added nor deleted. The length of the HDSL frameomsinally 7008 bits or 6 ms (for the nominal
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HDSL clock frequency), or either 7010 bits, whiduals 6 + %166 ms or 7006 bits corresponding

to 6- 2116E ms. The receiver is able to evaluate the lengdmahcoming frame by detection of the
sync word in the following frame and to adjust teemultiplexing of the data stream.

B.5.4.2.1.2 Frame structure for one-pair system

Figure B.8 illustrates the HDSL frame structure ahdws the mapping of the core frame bytes to it.
As for the two-pair structure, the frame is subdied into four groups. The first group of the frame
starts with the 14 bits long synchronization wootlowed by two HDSL overhead bits and twelve
blocks of HDSL payload, each consisting of 289, stmtaining one overhead bit Znd thirty six
bytes of the core frame. The-Bits (n = 1 ... 48 is the running number of the$1Dpayload block in
the frame) provide an additional overhead charfoelvhich forty-eight bits of each HDSL frame, a
capacity of 8 kbit/s, are available.

13 922bits,( m%_32() ms

_ 13 920 bits, 6 ms o
l3918bits,(6—%32a ms
14 12| 3468 110 3468 |10 3468 10 3468 212
TTTT T “TTT™
:S:SSHCHBBB B|H|B B|H|B B|H|B B|3i 5!
ipip| et lolofolo]. 1[of1] ... 210(2| ... .. 3lo[3| ... 4|pipl
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1112 112}
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(6 432() ms 6+%232 ms
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HDSL Payload Block (48 per HDSL Frame) ‘

7, | Byte 1] Byte 2| Byte 3 Byte 4 Byte 5| Byte 6| - ... |Byte 31Byte 33Byte 33Byte 34 Byte 33Byte 36
|
289 bhits N
T1529310-98
Symbol Name, Function
BO1 to B48 HDSL system payload blocks
Byte n Byte n from core frame (n =1 ... 144)
HOH HDSL overhead (sw, eoc, crc, ...)
SBP stuff bit pair
Sync Word 7-symbol Barker codes, "double Bark ~ 14bits
Zn Additional overhead bits (Z-bits)
(n=1...48) indicating number of payload block

Figure B.8/G.991.1 — HDSL one-pair system frame sicture

The first eight Z-bits (Z... Z) are reserved for core applications and presesetlyo ONE.

The Z-bits No. 9 ... 48 £.. Zg) are application dependent and are transpareatigported through
the core. The use of these bits shall be desciibtdgk application specific requirements. Unusesd bi
shall be set to ONE.
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The three groups, following the first group, have exjual structure. Each consists of ten HDSL
overhead bits and twelve HDSL payload blocks asriesd above. So one frame contains a
synchronization word, 32 HDSL overhead bits, 48t&-and 1728 bytes of the core frame.

Provision is included at the end of the frame Fa possibility of four stuffing bits. One stuffirnt

pair is normally included. This bit pair may be eted or one additional stuffing bit pair may be
inserteddepending on the relation of the phase of the ibgugtream and the transceiver clock. The
algorithm for determining whether to add or delstigffing bit pairs shall provide a window of at
least 2 unit intervals (at the 2048 kbit/s rate)the relative phase of the HDSL and 2048 kbit/s
sequences, within which the stuffing bits will ieit be added nor deleted. The length of the HDSL
frame is nominally 13 920 bits or 6 ms (for the moamh HDSL clock frequency), or either

13 922 bits, which equalé+ 2/232( ms or 13 918 bits correspondingGe %32( ms. The receiver

is able to evaluate the length of an incoming frdyeletection of the sync word in the following
frame and to adjust the demultiplexing of the dditaam.

B.5.4.2.2 HDSL frame bit assignments

Table B.1 and Table 2 present the bit sequencabeoHDSL frames prior to scrambling at the
transmit and after descrambling at the receive. dideile the frame structures are identical in both
directions of transmission, the functional assignte®f individual bits in the direction LTU-to-NTU

or NTU-to-LTU are different. Unused bits in eithdirection are set to ONE. For example, the
proposed NTU power status bits are defined onlhéframe transmitted towards the LTU and the
corresponding bit positions in the reverse directimve no assignment. The bit assignments are
identical for each of the pairs. The bit assignmmémiTable B.1 are nearly the same as in Tabled4 an
most of the bit descriptions given in 5.4.2.2 grpliable.

Table B.1/G.991.1 — HDSL two-pair system frame strzture

Time Frame Bit#| HOH Abrv. Full name Notes
Bit # name
0 ms 1-14 1-14 SW 1-14| sync word Double Barker Code
15 15 losd loss of input signal at the
far end applications
interface
16 16 febe far end block error
17-1756 - BO1-B12| payload block 1-12 HDSL payload
including Zm-Zmy»
1757 17 eocO1 eoc address
1758 18 eoc02 eoc address
1759 19 eoc03 eoc data/opcode
1760 20 eoc04 eoc odd/even byte
1761 21 crcl cyclic redundancy check  CRC-6
1762 22 crc 2 cyclic redundancy check  CRC-6
1763 23 psl NTU power status bit 1| NTU - LTU only
1764 24 ps2 NTU power status bit 2| NTU - LTU only
1765 25 bpv bipolar violation
1766 26 eoc05 eoc unspecified
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Table B.1/G.991.1 — HDSL two-pair system frame strture (concluded)

Time Frame Bit # | HOH Abrv. Full name Notes
Bit # name
1767-3506 - B13-B24| payload blocks 13-24 HDSL eayl
including Zms-Zmo4
3507 27 eoc06 eoc message bit 1
3508 28 eocQ7 eoc message bit 2
3509 29 eoc08 eoc message bit 3
3510 30 eoc09 eoc message bit 4
3511 31 crc3 cyclic redundancy check  CRC-6
3512 32 crc4 cyclic redundancy check  CRC-6
3513 33 hrp regenerator present LTU « REG- NTU
3514 34 rrbe regenerator remote blo¢. TU — REG -~ NTU
error
3515 35 rcbe regenerator central blo¢gk. TU — REG - NTU
error
3516 36 repa regenerator alarm
3517-5256 | — B25-B36| payload blocks 25-36 HDSL pagll
including ZmsZmsg
5257 37 eocl0 eoc message bit 5
5258 38 eocll eoc message bit 6
5259 39 eocl2 eoc message bit 7
5260 40 eocl3 eoc message bit 8
5261 41 crcs cyclic redundancy check  CRC-6
5262 42 crcé cyclic redundancy check  CRC-6
5263 43 rta remote terminal alarm | NTU - LTU only
5264 44 indc/indr | ready to receive indc =LTU - NTU
indr = NTU - LTU
5265 45 uib unspecified indicator bit
5266 46 uib unspecified indicator bit
6-21 16 MS 5267-7006 | - B37-B48| payload blocks 37-48 _ HI_DSL paglo
including Zmy7Zmys
7007 47 stbla stuff bit 1a frame stuffing
6 ms nominal| 7008 48 stblb stuff bit 1b frame sngff
7009 49 stb2a stuff bit 2a frame stuffing
6+, 16 MS 7010 50 stb2b stuff bit 2b frame stuffing
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Table B.2/G.991.1 — HDSL one-pair system frame stoture

Time Frame Bit # | HOH Abrv. Full name Notes
Bit # name
0ms 1-14 1-14 SW 1-14| sync word Double Barker Cog
15 15 losd loss of input signal at the
far end applications
interface
16 16 febe far end block error
17-3484 - B01-B12| payload block 1-12 HDSL payload
including Zm-Zmy»
3485 17 eoc01 eoc address
3486 18 eoc02 eoc address
3487 19 eoc03 eoc data/opcode
3488 20 eoc04 eoc odd/even byte
3489 21 crcl cyclic redundancy check  CRC-6
3490 22 crc 2 cyclic redundancy check  CRC-6
3491 23 psl NTU power status bit 1| NTU - LTU only
3492 24 ps2 NTU power status bit 2| NTU - LTU only
3493 25 bpv bipolar violation
3494 26 eoc05 eoc unspecified
3495-6962 - B13-B24| payload blocks 13-24 HDSL pagll
including Zms-Zmo4
6963 27 eoc06 eoc message bit 1
6964 28 eocQ7 eoc message bit 2
6965 29 eoc08 eoc message bit 3
6966 30 eoc09 eoc message bit 4
6967 31 crc3 cyclic redundancy check  CRC-6
6968 32 crc4 cyclic redundancy check  CRC-6
6969 33 hrp regenerator present LTU « REG- NTU
6970 34 rrbe regenerator remote blo¢{. TU -~ REG -~ NTU
error
6971 35 rcbe regenerator central blo¢gk. TU — REG - NTU
error
6972 36 repa regenerator alarm
6973-10 440, - B25-B36| payload blocks 25-36 HD Syl qeed
including ZmsZmsg
10 441 37 eocl0 eoc message bit 5
10 442 38 eocll eoc message bit 6
10 443 39 eocl2 eoc message bit 7
10 444 40 eocl3 eoc message bit 8
10 445 41 crch cyclic redundancy check  CRC-6
10 446 42 crcé cyclic redundancy check  CRC-6

Recommendation G.991.1

(10/98)

99



Table B.2/G.991.1 — HDSL one-pair system frame stoiure (concluded)

Time Frame Bit # | HOH Abrv. Full name Notes
Bit # name
10 447 43 rta remote terminal alarm | NTU - LTU only
10 448 44 indc/indr | ready to receive indc =LTU - NTU
indr = NTU - LTU

10 449 45 uib unspecified indicator bit
10 450 46 uib unspecified indicator bit

6— % 3p( MS 10 451- - B37-B48 | payload blocks 37-48 _ HD_SL payload
13918 including Zmy7Zmag
13919 a7 stbla stuff bit 1a frame stuffing

6 ms nominal| 13 920 48 stblb stuff bit 1b framdfistg
13921 49 stb2a stuff bit 2a frame stuffing

6+%32c ms | 13922 50 stb2b stuff bit 2b frame stuffing

The following are brief descriptions of the curtgrdefined overhead bits that are different from
those defined in 5.4.2.2:

stb (stuffing bit pairs; stk sthy and stb,, sthy)

These bits are always used in pairs. This meahsraitone, two (sth 19 or four (sth, 1pand stbs,

op) Stuffing bits are inserted, depending on theti@taof the phase of the input bit stream and the b
clock synchronized to the transceiver(s). Thereughbe a relative phase range# bit intervals
during which two stuffing bits (sth 11 are transmitted.

B.5.5 HDSL embedded operations channel (eoc)

See 5.5 for requirements for the embedded opematadrannel. The only departure from the
description in 5.5 is the use of the term "signalgy” (SQ) in this annex instead of "noise margin
see 5.5.7. SQ more accurately describes the measatrénvolved.

B.5.5.1 Signal quality

The requirements in this subclause are the sanme®5.7 except that the measurement referred to
here is Signal Quality (SQ). The purpose of Sésdame as that for noise margin in 5.5.7.

B.5.6 Start-up procedure
B.5.6.1 General

B.5.6.1.1 Start-up
See 5.6.1.1 for a description of start-up.

B.5.6.1.2 Activation of HDSL transceiver pairs
See 5.6.1.2 for activation of HDSL transceiver pair
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B.5.6.1.3 Transparency

Prior to the completion of activation, transmissiemot transparent, the signals that are predent a
the line interfaces of the HDSL transceivers arecsp start-up patterns generated by the HDSL
transceivers. Each HDSL transceiver shall providegparent transmission of data to the core
function after the termination of the individualtigation procedure. The output signal of receivers
that have not yet entered the Active-Rx State edimeld in B.5.6.7.1 and B.5.6.7.2, shall be setlto
ONEs.

The operational status is determined by the appmita

NOTE — Transceivers in a REG are at no time futgnsparent in so far as some HOH-bits will be
overwritten.

B.5.6.1.4 Signal Quality (SQ)

The signal quality is estimated at the receiver& T, NTU and REG (if provided). This value is
used to estimate the bit error ratio (BER) of theeived data. It takes into account the signal to
interference ratio (SIR), where interference inelsidoise and residual echo and distortion.

SQ has the same significance as "noise marginhelefin 5.6.1.4.

B.5.6.2 Control and status signals

See 5.6.2 for definitions of virtual control andatsts signals involved in the loop activation
procedure. Departures from these definitions afelbsvs:

- For LOSW refer to Figure B.20.

- For INDC and INDR, the term noise margin showddéplaced by signal quality.

B.5.6.3 Transmitted signals
The following is the description of the transmitgdnals during loop activation.

B.5.6.3.1 Silent
No signal is transmitted to the line during thistst

B.5.6.3.2 SO signal

The SO signal is used by the LTU for transceivertaig (“wake up") and a time stamp sequence. It
is used by the NTU transceivers for indicating tiat NTU transceiver has detected SO and is ready
to proceed with start up. SO transmitted from tA&JLis referred to as CS0O and as RSO from the
NTU. Both CSO and RSO are 3150 symbols in length.isSa 2-point, in-phase, pseudo-noise
sequence. The sequence uses the generating poiindmil x> O x° seeded with bits

[0, 1, 2, 3,4,5] = 000001; i.e. the sequenceniated with all stages of the pseudo random
sequence generator set to ZERO except the mosticaguh stage which is set to ONE. The sequence
generator is driven with all ONEs. The sequendeaissmitted at the corresponding symbol rate used
in the data mode (233.60 kbaud for 1168 kbit/s staivers and 386.667 kbaud for 2320 kbit/s
transceivers). The bit-to-symbol mapping for thesS@iven in Table B.3.
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Table B.3/G.991.1 — SO bit-to-symbol in-phase mapm

Bit Symbol
0 -A
1 +A

NOTE — A is the amplitude corresponding to the nefutransmit power (see B.5.6.5.1 and B.5.8.4.1).

B.5.6.3.3 S1 signal

The S1 signal is an uncoded 64-CAP signal tranedhitit full power. It uses the generating
polynomial 10 x>0 x 22 in the direction from LTU to the NTU is referred &s CS1. It uses the
generating polynomial T x*2 0 x*3in the direction from the NTU to the LTU and i$ewed to as
RS1. The generating polynomials are implementedguthie self synchronizing scrambler mode
illustrated in Figure B.6 with an all ONEs inputhd uncoded CAP signal constellation is shown in
Figure B.1.

B.5.6.3.4 S2 signal

The S2 signal is a coded 64-CAP signal transmitiedull power (see B.5.8.4.1). It uses the
generating polynomial T x> O x® in the direction from the LTU to the NTU is refedrto as
CS2. It uses the generating polynomial X *® 0 x 2% in the direction from the NTU to the LTU and
is referred to as RS2. The generating polynomiedgsimplemented using the self synchronizing
scramblers mode illustrated in Figure B.5 with dh @QNEs input. The coded CAP signal
constellations are shown in Figure B.3.

B.5.6.3.5 S3signal

The S3 signal is a coded 64-CAP signal that indudeming and is transmitted at full power. It uses
the generating polynomial @ x> 0 x 2% in the direction from the LTU to the NTU is refedrto as
CS3. It uses the generating polynomial X8 0 x 2% in the direction from the NTU to the LTU and
is referred to as RS3. The generating polynomiasraplemented using the locked scrambler mode
illustrated in Figure B.6.

B.5.6.4 Timers

The following timers are involved in the loop aetidon procedure of the HDSL transceiver. The
timer values are indicated in Table B.4. The timelof the loop activation sequence is given in
Figure B.9.
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Table B.4/G.991.1 — Timer values for start-up

System Lower bound (T) Timer Upper bound (T) LTU/NTU
number

1P and 2P 2 250 < T1 3200 NTU and NTU
2P 8 000 < T2 LTU

1P and 2P 4 000 < T3 6 000 NTU

1P and 2P T4 < 500 LTU

1P and 2P 1000 < T5 NTU

1P and 2P T6 < 500 NTU

1P and 2P T7 < 1000 NTU
1P 35000 £ T8 36 000 LTU
2P 27 000 £ T8 28 000 LTU

1P and 2P 575 000 < T9 585 000 LTU

1P and 2P T10 < 1000 NTU

1P and 2P 240 000 < T11 250 000 LTU

1P and 2P 240 000 < T12 250 000 NTU

1P and 2P T-Act | k2.5x10° (2P, 10.7 s and 1R, LTU and NTU

6.59)

NOTE — For 1168 kbit/s transceivers (2P): 1 divided by (1168 kbit/s divided by 5 bit/syntjpo
= 4.281pus/symbol and, for 2320 kbit/s transceivers (4P, 1 divided by (2320 kbit/s divided by

6 bit/symbol) = 2.5863s/symbol
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B.5641 T1

T1 is the duration of time that an LTU transceiweits, after the transmission of CSO0 for the receip
of RSO from the corresponding transceiver in an Nb&fore, for a two-pair transceiver, it initiates
the transmission of CSO to the NTU transceiver ba second channel and, for a one-pair
transceiver, it retransmits CSO.

B.5.642 T2

T2 is the duration of time that a two-pair LTU vgibefore it reverts to the single pair mode of
operation, for an RSO "I'm alerted" response framttansceiver in the NTU after it has sent the CSO
alerting signal to the transceiver, and when it px@viously received an RSO "I'm alerted" response
from the other transceiver in the NTU (see Figur@) BNote that it does not revert to the single pai
mode of operation unless such mode of operatienabled.

B.5.643 T3

T3 is the duration of time that a two-pair NTU vgaibefore it reverts to preparation for the single
pair mode of operation, for a CS0 alerting sigona transceiver after it has sent an RSO "I'mediért
signal from its other transceiver. Note that thegka pair mode of operation is not establishedamle
such mode of operation of the LTU is enabled.

B.5644 T4

T4 is the maximum time that an LTU waits, after theeipt of RSO from the NTU indicating that it
has been alerted, before it initiates the trangomssf CS1. [Note that in normal dual channel
operation, the timer applies after both transcsiwverthe NTU have sent RSO but, in single channel
operation (fall-back mode), the timer applies aftex transceiver on the channel of interest has sen
RSO.]

B.5.6.45 T5

T5 is the time an NTU waits for the detection ofiIC8s appropriate, after transmitting RSO, before
it reverts to the initial alerting mode. For a twaik system, T5 is started only after RSO is
transmitted in response to CSO in the second chamibe alerted.

B.5.6.46 T6

T6 is the maximum time that a transceiver in an NiEduires to detect CS1 and initiate the
transmission of RS1 when it first enters the atesiate.

B.5.6.4.7 T7

T7 is the maximum time that an NTU continues tods8ient after it detects the end of the CS1
ideal reference sequence.

B.5.6.4.8 T8

T8 is the time that an LTU transceiver sends Sitelibwing the termination of its transmission of
the ideal reference sequence and its detectiorSafffom the NTU transceiver before it initiates the
transmission of CS1. The NTU transceiver traingaiso canceller during this interval.

B.5649 T9

T9 is the duration of time that a transceiver irL@k) transmits CS1 after the time it detects th®RS
time stamp signal from the transceiver in the NTéfobe it initiates the Tomlinson coefficient
exchange.
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B.5.6.4.10 T10

T10 is the maximum time that an NTU transceiver ckahay after receiving the Tomlinson
coefficients from the LTU transceiver before ittiaies transmission of Tomlinson coefficients te th
LTU transceiver.

B.5.6.4.11 T11

T11 is the time that an LTU transceiver shall dedétgr receiving the Tomlinson coefficients from
the NTU transceiver before it may lock its descriemb

B.5.6.4.12 T12

T12 is the time that an NTU transceiver shall de#dter completing the transmission of its
Tomlinson coefficients before it may lock its desubler.

B.5.6.4.13 T-Act

The activation timer for the HDSL transceivers (€tAis the length of time in which the loop
activation procedure in the HDSL transceiver in tiéJ or HDSL transceiver in the NTU should
have successfully ended, starting from the poirtinte where the transceiver at the NTU starts to
transmit the S1 signal. At the NTU, T-Act startsemhtransmission of RS1 is initiated and, in the
LTU, T-Act starts when the RS1 is detected.

B.5.6.4.14 Timer values
The timer values (in symbol intervalg) are listed in Table B.4.

B.5.6.5 HDSL transceiver activation

The CAP HDSL transceiver start-up procedure is rilesd in this subclause. The complete start-up
sequence (for the dual channel mode) is shownguar€iB.9.

B.5.6.5.1 Alerting
B.5.6.5.1.1 Two-pair system alerting sequence

B.5.6.5.1.1.1  Alerting in normal dual channel mode
The alerting ("wake up") sequence for both chanAedsd B is shown in Figure B.10.

Alerting is initiated by the HDSL transceiver irethTU transmitting the CSO sequence on channel
A to alert the corresponding transceiver in the NTte HDSL transceiver in the LTU then
transmits Silent and monitors for a reply from ti€U. Upon detection of the CS0O sequence, the
HDSL transceiver in the NTU replies by transmittithg sequence (RSO0). Following the receipt of
RSO in channel A, the LTU transmits CSO in charBel'he receipt of the sequence RSO from the
NTU transceiver on channel B indicates that the Ni&$ been alerted and start-up procedure
continues. Upon the transmission of CSO in chaByghe NTU starts timer T5 and waits for the
receipt of CS1 from the LTU in both channels.

As shown in Figure B.10, if no NTU reply is recaidvim response to the transmission of an CSO
sequence for a period of T1 symbols, the LTU traiveér repeats the transmission of the CSO
sequence on the other channel in an attempt tod thlerassociated NTU transceiver. The LTU
transceiver alternately transmits the CSO sequandeSilent, alternatively polling first on chanrel
and then on channel B, until replies are receivechfooth transceivers in the NTU.

If a reply is received from one of the transceivierdhe NTU, the LTU continues to alternately
transmit the CSO sequence and Silent to the trargsaen the other channel until it replies or T-Act
expires. The LTU proceeds as described in B.5.6Th2 single-channel mode may then be enabled
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for the channel that replied and alerting wouldceexl as described in B.5.6.5.1.1.2. Note that, as
explained in B.5.6.7, alerting by the LTU is infgd only if ACTREQ is equal to ONE.

When the NTU completes the transmission of the RIS0O alerted" sequence from the first
transceiver alerted, it starts timer T3. If thertahg SO sequence is received from the LTU by the
second NTU transceiver before the timer expires NffU continues the alerting process for the dual
channel mode. The alternative is described in B55L6L.2.

T;I| ‘ ‘ T]l
L8 [ e - “cso
NTU-B RSO |
+— Start T2 ‘4—- Start TS5
LTU-A CS0 |——— ——L_Cs0 »
NTU-A RSO
“— Start T3
Low power CD detect Low power CD detect
« for channel A ale for channel B .
¢ < » T1529330-98

Figure B.10/G.991.1 — Alerting sequence for both emnels of
two-pair HDSL transceiver

After receiving an RSO response, the LTU shall sdra corresponding CSO poll on the other
channel as described above.

The LTU continuously polls the NTU transceiversiluam RSO reply is received on both channels or
T-Act expires.

The power of the SO sequences from both the LTUNiR shall be-1.5 dBmz+ 1 dB or nominally
15 dB below the high transmit power specified i6.B.4.1.

B.5.6.5.1.1.2  Alerting in single-channel mode

In the single-channel mode of a two-pair systera,LfliU transceiver on the channel to be activated
transmits alternately the CSO sequence and Siletiit itireceives a reply from the corresponding
NTU transceiver. The sequence is shown in Figuid B.

‘I Tll‘ ‘I T2 ,‘ T4

I / ———————————————— / cst

NTU-A/B RSO [~———=—~=—~ RSO
L—»T?’ ‘ L— Start TS

T1529340-98

Figure B.11/G.991.1 — Alerting sequence for singlehannel mode

After the NTU finishes the transmission of the R&@ alerted"” reply, it starts a timer, T3. If n6CG
alerting signal is received by the second transre¥the NTU before this timer expires, the
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NTU reverts to activating in the single-channel m@aohd transmits RS0 a second time. In this way,
the NTU automatically adopts the single-channel enadhen such a mode is enabled at the LTU.
Note that activation is completed only if the LTntinues the process by transmitting CS1.

When the LTU receives an RSO "I'm alerted" repyrirthe transceiver of the NTU, the LTU starts a

timer T2. If the second RSO is received prior t® filme-out of T2 and the LTU wishes to activate the
channel in the single-channel mode, it continuesatttivation process as indicated in Figure B.tL1. |

delays the initiation of CS1 on the channel undlunit intervals after the second RSO are received.
If the second RSO is not received before timer ilvie$ out, it may initiate a second attempt to

activate the channel by transmitting CSO.

The LTU will activate either channel A or B if teengle-channel mode of operation is enabled.

B.5.6.5.1.2 One-pair transceiver alerting sequence

The alerting sequence for single pair transceiversssentially the same as for transceivers of
two-pair systems in the single-channel mode. Thyuesece is shown in Figure B.12. The LTU
transceiver transmits alternately the CSO sequeamck Silent until it receives a reply from the
corresponding NTU transceiver.

After the NTU finishes the transmission of the RB® alerted"” reply, it starts a timer, T5 and gait
for CS1 from the LTU. Upon receiving RSO from th&W the LTU transmits CS1.

) <
truas —cso b _cso ] 2 Cest
NTU-A/B ééa |‘““

L_ Start T5

T1529350-98

Figure B.12/G.991.1 — Alerting sequence for one-paransceiver

B.5.6.5.2 Transmit power mode selection

During alerting, the LTU and NTU transceivers meaghe received level of the SO sequences and
choose either the high transmit power (HP) or the transmit power (LP) mode, which are
specified in Table B.5 (see also B.5.8.4.1). (Nibtg the use of the lower transmit power on short
lines reduces the required linear range of theivecg¢ The chosen transmit power modes are
maintained during and after activation and arel "fdwer" for the installation. As described in
B.5.6.5.6, receivers are informed of the transnoivg modes of far end transmitters during the
Tomlinson coefficient exchange.

Table B.5/G.991.1 — Transmit power mode selectiomiteria

Power mode Line loss for SO in dB
HP >9
HP or LP 6to9
LP <6
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B.5.6.5.3 Front-end training

Front-end training is initiated after the succeksfumpletion of the alerting process. The primary
purpose of the front-end training phase is to afigg automatic gain control function at the receive

that is ahead of the A/D conversion function. Tgostion of the start-up sequence is shown in Figure
B.13.

LTU-B The same as
LTU-A
NTU-B The same as . o ____
NTU-A
TF 1100 KT = 1 kT .
LTU-A cs1 S0 cs1

NTU-A

RS1 — e T1529360-98

\
\

|
,T6,  3300T+100T \

Wake-up completed

Figure B.13/G.991.1 — Start-up sequence — analogirent end training

The LTU transceivers start transmitting CS1 withihsymbols after the NTU RSO alert indication is
completed. Transmission continues for a period1ff0lkT = 1 kT. Upon receiving this signal, the

NTU transceivers initiate transmission of RS1 fqresiod of 3300 B 100 T. The NTU must detect

and initiate the transmission of RS1 within an rimé¢ of T6 symbols. During the period when a
transceiver is transmitting and receiving signigésfront end AGC is trained.

B.5.6.5.4 Timing recovery, echo canceller and equzér training

This portion of the start-up sequence is shown igue B.14. After an NTU transceiver stops
transmitting RS1, it initiates timing recovery fralme CS1 signal received from the LTU transceiver
and the LTU transceiver initiates training of ithe canceller.

585000 T
390 | +100T
__________ - "
LTU Cs1 S0 Cs1
__________ | A
13+2T
L. E—
gﬁ
Reset
T scrambler
NTU RS1 RS1

T1529370-98

Figure B.14/G.991.1 — NTU ideal reference trainingequence
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Following the transmission of CS1, each LTU transsretransmit CSO (at full power) as a time
stamp signal for a duration of 290 symbols to dighe start of the ideal reference sequence. This
alerts the associated NTU transceivers that arn r@éarence sequence is about to be transmitted.
The ideal reference is initiated by resetting tbeusibler 13+ 1 symbols after CSO is completed.
(Note that the initiation of CS1 may be delayedluhe ideal reference signal is initiated or ityna
be initiated immediately after the completion of(C& shown in the figures.) The ideal reference
sequence is CS1 synchronized with the symbol diock defined way; thereby providing a defined
pseudo random sequence of symbols. The ideal refer€S1 sequence is initiated with the
generator seeded with bits [0, 1, 2, 3, -, 23] 8@0; i.e. the sequence is initiated with all stage

the pseudo random sequence generator set to ZER®gdnerator is driven with all ONEs. The
sequence starts with a symbol and the time stargpesee identifies this starting point at the
receiver. The sequence is continued for a peridgB6f000+ 100 symbols.

Upon receiving the ideal reference sequence, thd Mansceivers initiate training of its equalizer.

Note that the receiver knows the sequence traresngthd the synchronization of the sequence with
its symbol clock and therefore it knows the poimttihe 64-CAP constellation of each received
symbol.

After the LTU transceiver completes transmissiorC&1, the NTU transceiver transmits RS1 (but
not as an ideal reference) for a period of 128 D@00 symbols. The LTU transceiver is silent for a
period T8 symbol intervals. During this period, lghthe NTU transceiver is transmitting in the
absence of a received signal, the NTU trains it®@a@anceller. This portion of the start-up sequence
is shown in Figure B.15. As shown in Figure B.1& LTU transceiver initiates transmission of CS1
after T8 silent interval.

LTU Cs1
T8 . TTTTTTTTTTTTTTTTTTTTTT
f 128000500 T 290 T ‘
NTU RS1 SO RS1
- - T1529380-98
L13+2T

Reset
scrambler

Figure B.15/G.991.1 — LTU ideal reference sequentmining

Once the NTU transceiver has completed transmisgi®®51, the NTU transceiver transmits SO, for
a period of 290 symbols at full power, as a timemgt signal. This signals the beginning of the
transmission of the ideal reference sequence biNiié transceiver having all of the characteristics
described above. (Note that, as described abovbédrTU, the initiation of the CS1 sequence may
immediately follow the transmission of CSO for 28finbols, as shown in the figures, or it may be
delayed until the scrambler is reset). While ireseiving the ideal reference sequence, the LTU
transceiver trains its equalizer.

Note that the NTU transceiver must maintain timswgh that it is in synchronization after the
interval during which the LTU transceiver is silent
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B.5.6.5.5 Tomlinson coefficient exchange

After the LTU transceiver has received RS1 for @terival T9, the LTU transceiver transmits the
decision feedback equalizer coefficients for thenlioson precoder for a period of 650 symbols as
indicated in Figure B.16. Once the LTU transceilias completed transmission of the Tomlinson
coefficients, it continues the transmission of C&fter the NTU transceiver completes the reception
of the Tomlinson coefficients, it transmits its ffagents for a period of 510 symbols. The NTU

transceiver may delay transmission of its coeffitseby up to T10 symbols. The Tomlinson

coefficients are the coefficients of the feedbalt&rfin the Tomlinson precoder [B2].

650+3T _ T11 85000+ 100 T

|
al al

v

h 4

Lock
descrambler (LD)

LTU cs1 4 CAP Tomlinso cs1 cs2 cs3
Exchange

________ 4 CAP Tomlinson -

Nt RS1 Exchange RS2 RS:E o
T10 510+3T T12 LD

< > > > > T1529390-98

Figure B.16/G.991.1 — Start-up sequence — Tomlins@oefficients exchange

The data transfer is done by switching to the 4 Gighal structure shown in Figure B.17. This
provides reliable transmission without coding, whig enabled after the transfer is completed.
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T1529400-98

Figure B.17/G.991.1 — 4 CAP signal structure — Tonmson coefficient exchange

The data frame structure used to transmit the icosfits is shown in Figure B.18. The data frame
starts with 128 symbol (4 point) long repetition ABAB (see Figure B.17) for synchronization or
identification of the start of coefficient datarira. This is followed with a data block marker which
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is CD (shown in Figure B.18) for an HDSL one-paistem and channel A of a two-pair system and
which is DC for channel B of a two-pair system. described in B.5.6.7, these data block markers
also provide for pair identification.

4 point CAP Tomlinson exchange frame

128 T
DP-C/R-A/B ABAB cD data LSB-MSB 16 bits
_ checksum
. —_— \
o - h T
8 bits |64 bit$16 bits 16 bitg 16 bits|16 bits| 16 bitg 16 bitg 16 bits{ 16 bits 16 bitg 16 bits| 16 bitg 16 bitg|
size lcontrol 10/A | 11/A | _ _ | 18/A |QO/A [ QI/A| _ _ 1 Q8/Al10/B | 1IL/B | _ |1 18B|1Q0/B| Q1/B| __ |Q8/B

Data block

»|
>

T1529410-98

Figure B.18/G.991.1 — Tomlinson coefficient frametsicture

The unscrambled data block words are transmittetl point symbols as shown in Figure B.17 and
Table B.6. For two-pair transceivers, there areghase and 9 quadrature coefficients. Note that the
coefficients for both channels A and B are sentata frames on both channels. For one-pair
transceivers, there are 12 inphase and 12 quadretefficients. The last 16 bits of a data frame is
checksum equal to the 2's complement of the datkidum.

Table B.6/G.991.1 — Tomlinson coefficient data bl&owvords

Data block words

Type Size — bits Notes
Block size 8 Frame size bits
Control field 64 See B.5.6.5.6
I[0-N-1J/A 16x N N in-phase coefficients
Q[O-N-1J/A 16x N N quadrature coefficients
I[0-(N-1)]/B 16x N N in-phase coefficients
Q[0-(N-1)]/B 16x N N quadrature coefficients
NOTE — N is 9 for two-pair transceivers and 12doe-pair transceiver.

Data frames for the A and B channels are transthditeultaneously.

As shown in Figure B.18, the first 8 bits of a dakack defines the size of the data block. The #4-b
control block bit assignments are specified in 8 &6.

The reserved bits of the data block are followedLBybit words, defining the inphase coefficients
and the quadrature coefficients, nine words for-pao transceivers and 12 words for one-pair
transceivers. As indicated in Figure B.18, the ldBach coefficient is transmitted first.
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After the Tomlinson coefficients have been transedit both the LTU and NTU transceivers again
transmit the uncoded 64-CAP sequence. The NTU deawers transmit this sequence for T10
symbols.

Following this transmission, the LTU and NTU trasisers initiate transmission of S3, a sequence
that includes framing and is trellis coded.

B.5.6.5.6 Control field bit assignments

The assignment of bits in the 64-bit control figeidhe data block of the Tomlinson exchange frame
(see Figure B.18) are specified in this subclatlike.field is broken into four 16 bit words. The two
least significant bits of the third 16-bit word used to send the transmit power identifiers of the
transceivers. For a two-pair system, the firsisfior channel A and the second bit is for charihel
For a one-pair system, the first bit is the trangpower identifier and the second bit is resen/ed.
ZERO indicates the low transmit power mode. A ON#gates the high transmit power mode. Note
that the transmit power mode is determined, asudssd in B.5.6.5.2, during alerting. The third and
fourth bits of the third 16-bit word are reserved future standardization and the fifth bit is used
identify a regenerator. A ONE indicates the trangreis in a regenerator while a ZERO indicates
that it is not in a regenerator.

The remaining 11 bits of the third 16-bit word aeserved for future standardization. Reserved bits
shall be set to ZERO.

The first and the second 16-bit word are resereeduture requirements, the fourth 16-bit word is
reserved for vendor-specific applications.

B.5.6.5.7 Transition to data mode

After the Tomlinson coefficients have been trantaditthe NTU transceiver shall transmit the coded
64-CAP sequence RS2. After the LTU transceiver detap the reception of the coefficients, it shall
initiate the transmission of the framed sequenc2 &%l lock its descrambler. However, it shall wait
for an interval T11 before initiating the transnmssof CS2, which it shall continue for a period of
nominally 3000 symbols. During this nominally 308¢mbol period it shall lock its descrambler.
Following this period, the LTU shall initiate theahsmission of CS3, a sequence that includes
framing and is trellis coded. The required sequénstown in Figure B.16

Following the transmission of its Tomlinson coeatfiats, the NTU transceiver shall initiate the
transmission of RS2. It shall continue the transmars of RS2 for an interval of T12 plus nominally
3000 symbols. It locks its descrambler during thenimally 3000 symbol interval. Following this
interval, it shall initiate the transmission of RS3

Both the LTU and NTU transceivers shall lock tresiramblers prior to initiating the transmission of
S3 but after the Tomlinson coefficient exchangeoté\that scramblers must be locked during the
time when the scramblers are being driven withioowus ONES.)

With both transceivers transmitting S3, the trangas are in the data mode.

B.5.6.6 Retrain procedure

Retrain can be initiated by either the LTU trangeeior the NTU transceiver. To initiate retrain an
NTU sends Silent. The LTU transceiver, upon detgcthe absence of received signal for period of
1 s, initiates the transmission of SO and retraocgeds as above with the alerting sequence. LTU
transceiver initiates retrain by sending Silent fos followed by the transmission of the alerting
sequence using SO as shown in Figure B.10. Upoagn&ion of the sequence by the NTU
transceiver, retrain proceeds as for initial tmagni Criteria (conditions — SQ, performance or
synchronization) for the initiation of retrain aret specified.
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Note that retrain will be initiated, assuming ACTRE ONE, when either the NTU or the LTU goes
to the "Inactive State" as implied by the statgydhans discussed in B.5.6.7.

B.5.6.7 Loop activation state diagrams

The following subclauses describe the LTU and NTalesdiagrams, as illustrated in Figures B.19
and B.20.

Inactive

State Power on

(ACTREQ = 1)

A

Tx: Silent

Deactivated
State

Tx: Silent

T-Act expired

LOSWT =1

Activating
State

Tx: Silent, SO
S1, S2 or S3

Pending
Deactivation
State

Active-Rx
State

Tx: S3
Rx: ready

Tx: data

LOSW =0 INDC =1or
T-Act expired

Active-Tx
State

Active-Tx/Rx
State

Tx: S3, data
Rx: data

Tx: S3
Rx: not ready

INDR =1 or
T-Act expired

T1529420-98

Figure B.19/G.991.1 — HDSL transceiver at the NTWobp activation state diagram
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Inactive
State Power on

(ACTREQ)

Tx: Silent

Deactivated
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Tx: Silent
ACTREQ =1

T-Act expired

LOSWT =1
Activating
State

Tx: Silent, SO
S1, S2 or S3

Pending
Deactivation
State

Active-Rx
State

Tx: S3
Rx: ready

LOSW =0 INDR = 1 or
T-Act expired

Active-Tx
State

Tx: S3
Rx: not ready

Active-Tx/Rx
State

INDC =1or

Tx: S3, data _
T-Act expired

Rx: S3, data

T1529430-98

Figure B.20/G.991.1 — HDSL transceiver at the LTUdop activation state diagram

B.5.6.7.1 HDSL transceiver states at the NTU

The command QUIET at any state (except the Inac8vate) will cause a transition to the
Deactivated State. The command QUIET, at the Imac®tate, will not cause any transition. When
the system is powered on, it enters the InactiageSifter it completes all the self tests.

Some of the transitions in the state diagrams dkmenthe detection of the INDC = ONE status
arriving in the incoming data. The LTU transceiweitl determine that INDC = ONE only if it
detects this condition in six consecutive HDSL fesm

B.5.6.7.1.1 Inactive State

During the Inactive State the transmitters in NTidnsceivers are silent, LOSW = ONE and
LOS = ONE. The NTU transceivers wait for the datecof signal (SO) from the LTU transceiver.
Upon detection of this signal the NTU changes ®Aktivating State (LOS = ZERO).

B.5.6.7.1.2 Activating State

During the Activating State the transmitted sigcah be either SO, S1, S2, S3, or Silent. When the
transceiver at the NTU enters this state from tiaetive State, it starts the T-Act timer and staots
transmit the RSO signal from the transceiver ond@nnel on which it received CS0. LTU/NTU
activation proceeds as described in B.5.6.5. WhenNTU transmits the RS3 signal and the sync
word (CS3) is detected, LOSW = ZERO. If INDR = ONBEg transceiver at the NTU changes to the
Active-Rx State. If the NTU senses from CS3 argviftom the transceiver at the LTU with
INDC = ONE, the transceiver at the NTU changesh®Active-Tx State. If the T-Act timer expires
before CS3 is detected, the transceiver at the bides to the Deactivated State.
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B.5.6.7.1.3 Active-Rx State

During the Active-Rx State INDC = ZERO, INDR = ON#nhd the transceiver at the NTU is
transmitting the S3 signal. At the same time thdJN3 ready to receive data from the LTU. If the
NTU senses from S3 arriving from the LTU that INBGONE, or if the T-Act timer expires, the
NTU changes to the Active-Tx/Rx State. If framesyas not been established, the NTU continues
to monitor for the frame sync according to Figuré®B

B.5.6.7.1.4 Active-Tx State

During the Active-Tx State INDC = ONE, INDR = ZER&Nd the NTU is transmitting RS3. At the

same time the transceiver at the NTU is receiving €S3. When frame sync is established,
INDR = ONE, or when the T-Act timer expires, the BiThanges to the Active-Tx/Rx State. The
NTU continues to monitor the frame sync, if it & established, according to Figure B.19.

B.5.6.7.1.5 Active-Tx/Rx State

Upon entering the Active-Tx/Rx State the T-Act tmedeactivated. The transmitted signal is S3 or
data.

If HDSL frame synchronization is lost (LOSW = ONEjhe NTU changes to the Pending
Deactivation state.

B.5.6.7.1.6 Pending Deactivation State

During the Pending Deactivation State LOSW = ONt#f] the transmitted signal is S3 (data). When
the NTU enters this state a 2 s timer is startethel HDSL frame synchronization is regained then
LOSW = ZERO and the NTU returns to the Active-Tx/Bxate. If the 2 s timer expires, then
LOSWT = ONE and the NTI changes to the Deactiv&ide.

B.5.6.7.1.7 Deactivated State

During the Deactivated State, no energy is trariethito the line (i.e. Silent) and LOSW = ZERO.
When the NTU enters this state it looks for sigmalver from the LTU. When no power is detected
(LOS = ONE) the NTU changes to the Inactive State.

B.5.6.7.2 HDSL transceiver states at LTU

The command QUIET at any state (except the Inac8vate) will cause a transition to the
Deactivated State. The command QUIET at the Ina@tate will not cause any transition. When the
system is powered on, it enters the Inactive Stz it completes all the self tests.

Some of the transitions in the state diagrams dkmenthe detection of the INDR = ONE status
arriving in the incoming S3 (data). The LTU willdéde that INDR = ONE, only if it detects this
condition in six consecutive HDSL frames.

B.5.6.7.2.1 Inactive State

During the Inactive State the LTU transmitters sitent and LOSW = ONE. The LTU waits for the
ACTREQ = ONE command, and then moves to the Adtigebtate.

B.5.6.7.2.2 Activating State

During the Activating State the transmitted sigoah be either SO, S1, S2 or S3. When the LTU
enters this state from the Inactive State, it stirttransmit the SO signal. When an LTU transceive
senses for the first time the SO signal from the&JNIT starts the T-Act timer and activation proceed
as described in B.5.6.4. During the transmissiothefS3 signal, if the HDSL frame synchronization
is detected then LOSW = ZERO. If the LTU sensemftbe data arriving from the NTU that

116 Recommendation G.991.1 (10/98)



INDR = ONE, the LTU changes to the Active-Tx StdfelNDC = ONE the LTU changes to the
Active-Rx State. If the T-Act timer expires, the U Thanges to the Deactivated State.

B.5.6.7.2.3 Active-Rx State

During the Active-Rx State INDC = ONE, INDR = ZERSDd the LTU transceiver is transmitting
S3. At the same time the LTU is ready to receivia fimm the NTU. When the LTU senses from S3
arriving from the NTU that INDR = ONE, or when theAct timer expires, the LTU changes to the
Active-Tx/Rx State. The LTU continues to monitoe tihame sync according to Figure B.20.

B.5.6.7.2.4 Active-Tx State

During the Active-Tx State INDC = ZERO, INDR = ON#ad the LTU is transmitting S3. At the
same time the LTU is receiving S3 from the HDSIns@eivers at the NTU. When INDC = ONE or
when the T-Act timer expires, the LTU changes t® Mttive-Tx/Rx State. The LTU continues to
monitor for frame sync according to Figure B.20.

B.5.6.7.2.5 Active State

Upon entering the Active-Tx/Rx State the T-Act tmie deactivated. The transmitted signal is S3
(data).

If the HDSL frame synchronization is lost (LOSW =NB), the LTU changes to the Pending
Deactivation State.

B.5.6.7.2.6 Pending Deactivation State

During the Pending Deactivation State LOSW = ON#] the transmitted signal is S3 (data). When
the LTU enters this state, a 2 s timer is starfeithe HDSL frame synchronization is regained then
LOSW = ZERO and the LTU returns to the Active-Tx/Bxate. If the 2 s timer expires, then
LOSWT = ONE and the LTU changes to the Deactiv&ide.

B.5.6.7.2.7 Deactivated State

During the Deactivated State, no energy is trartethito the line (i.e. Silent) and LOSW = ONE.
When the LTU enters this state it looks for sigoaver from the NTU. When no power is detected
(LOS = ONE), a 1 s timer is started. When this timepires (LOST = ONE), the LTU changes to
the Inactive State.

B.5.6.7.3 The HDSL synchronization state machine
See 5.6.5.3 for a description of the HDSL Synclration State machine.

B.5.6.8 Regenerator related procedures

In order to achieve data transmission over distatitat are greater than can be achieved by a single
HDSL link, a regenerator (REG) is necessary. A Ria@ability is required to be supported where
the 2D 8-state trellis code is employed only.

A separate REG has to be provided for each paie REG consists of two parts, REG-R for
interfacing with the LTU, and REG-C for interfacimgth the NTU. An internal connection between
the REG-R and REG-C provides communication betwden REG-R and REG-C provides
communicant between the two parts during startagpreormal operation.

The flow diagram in Figure B.21 shows the startseguence for the link between the LTU and the
NTU. Note that, while the flow diagram indicateg tinansmission of CS0 from the REG in response
to the detection of CSO from the LTU, the transimisof CSO may be delayed until the recovered
timing from the LTU is stabilized.
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NOTE — The transmission of indc through to the Ndrly occurs after both the remote and the netwarklanks
are active. Since one link may complete start-efote the other, the transmission of indc througthe NTU
may be delayed at the REG or it may occur as sedhearemote link is active.

Figure B.21/G.991.1 — Start-up procedure with regesrator

B.5.6.9 The pair identification mechanism for two-@ir system

The pair (path) identification procedure for CAP-8IDis based on loop identification contained in
the messages used to send Tomlinson coefficientssagssed in B.5.6.5.5. The NTU transceivers
adopt the identification received from the LTU dhgithis start-up phase. The multiplexing
(demultiplexing) of the HDSL frames into (from) tleere frame at the NTU adapts to this pair
identification.

B.5.7 Operation and maintenance

See 5.7, 5.7.1, 5.7.2, 5.7.3 and 5.7.4 for requergs concerning operation and maintenance,
including the description of the messages to b@aued by the core. The only exception concerns
pair identification. The pair identification mechsm for a two-pair system is described in B.5.6.9.

B.5.7.1 Regenerator behaviour

B.5.7.1.1 Response to LOS/LFA
See 5.7.5.1 for the required regenerator respanis@$/LFA.

B.5.7.1.2 Operation of loopback 1A

The activation of loopback 1A in any subsystemhaf transceiver is initiated by the LTU using the
appropriate eoc message as described in 5.5. TOpbdck request may be initiated only after the
HDSL link is active.
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The loopback request may be transmitted towardrtB€ as soon as signal S3 according to B.5.6 is
transmitted in the direction LTW. NTU. After the eoc message has been detecteceiREG the
loopback is closed accordingly.

If the link is already active, the control unittile REG closes the loop as soon as the eoc message
has been detected. The detailed procedure forirgathe synchronous loopback state is up to the
vendor. (It may be necessary to reset the REG1tS¢rmver, so that its equalizer and echo canceller
coefficients may converge under the loopback camuit) A successfully closed loopback may be
detected in the LTU by evaluating the valid recdi¥ebits or by other means.

The loopback is transparent, i.e. the looped baptatis also transmitted toward the NTU.

During an active loopback 1A, the operation of HH2SL overhead bits shall be as follows:

- The eoc channel is not looped back but is fullgrating between the LTU and the REG as
described in B.5.5, as long as the messages sehelylU contain the REG address "10".
When detecting any other address, the REG indegtSHold State" message with its own
address in the direction REG LTU.

- All indicator bits, except the REG specific b, rega, rrbe, which are operating normally,
are looped back.

To deactivate loopback 1A, the LTU transmits thettRn to Normal" message together with the
address "10" in the eoc channel. After detecting thessage, the REG control unit deactivates
automatically the REG-C transceiver and cancelsabyigback operation.

If the HDSL link between the LTU and the REG idlsdctive, the REG control unit immediately
starts to activate the link between the REG and\fhig as described in B.5.6.

The successful completion of the start-up procecuag be detected at the LTU by receipt of indr or
by other means.

B.5.8 Electrical characteristics of CAP-based transivers

B.5.8.1 General
This subclause describes the electrical charatitarisf a single HDSL transceiver.

The electrical characteristics of the HDSL trangees shall assure that the performance
requirements of the various applications are metaddition, the following specific electrical
characteristics are required.

Means should be provided to enable the testingeoetectrical characteristics of a single transareiv

B.5.8.2 Transmitter/receiver impedance and returndss
The nominal driving point impedance of the trangeeline interface shall be 135 ohms.

The minimum return loss with respect 285 ohms, over the frequency band of 1 kHz to 1 MHz
shall be as shown in Figure B.22 (16 dB from fX¥2owith 20 dB/decade rise at lower frequencies
and a 20 dB/decade drop at higher frequenciesrimanum of 0 dB).
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Figure B.22/G.991.1 — Minimum return loss of transeiver

B.5.8.3 Transceiver reference clock

B.5.8.3.1 One-pair system clock

The reference clock for transceiver for one-pastams shall assure a symbol rate in the range of
386.667 kbaud 90 ppm.

B.5.8.3.2 Two-pair system clock

The reference clock for transceivers for two-pgstams shall assure a symbol rate in the range of
233.60 kbaud £ 110 ppm.

B.5.8.4 Transmitter output characteristics

Unless otherwise specified, the following speciiimas apply with a resistive load impedance of
135 ohms.

B.5.8.4.1 Total power

B.5.8.4.1.1 Two-pair system total power

The average transmit power at the transmitter dufexcluding remote power feeding) shall be
either 13 to 14 dBm (high power mode) or 6 to 8 dBow power mode) into a 135 ohms
termination. The selection of the high and low pomwedes is described in B.5.6.5.2.

B.5.8.4.1.2 One-pair system total power

The average transmit power at the transmitter dufexcluding remote power feeding) shall be
either 15 to 16 dBm (high power mode) or 8 to 10ndBow power mode) into a 135 ohms
termination. The selection of the high and low pomwedes is described in B.5.6.5.2.

B.5.8.4.2 Power spectral density

Figure B.23 is a template for the CAP HDSL transeignal spectrum. The template gives the
nominal passband power spectral density (PSD)re&juencies below f3 and above f4, as indicated
by the dashed line, the template is accurate anthieacritical frequencies indicated. The nominal
shape of the transmit signal spectrum is the squerteof a raised cosine with a nominal 15 percent
excess bandwidth. The nominal 3 dB points on tleetspm are f2 and f5. This is referred to as the
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passband in this specification. The spectra ofstaiver for one- and two-pair systems are centered
around frequencies of 226.33 kHz and 138.30 kHspeetively.

Transmit power spectral density —
relative (dB/Hz)

ok
_10\\\
-20 \\ &
op an \
-30 (unacceptable reglon§
see Figure B.24) \\
\\ \§
fl f2f3 f415f6 7
Frequency (kHz) T1529460-98
Key fl f2 f3 f4 5 f6 7
Two-pair system 3.98 | 21.50| 39.02 | 237.58| 255.10| 272.62| 297
One-pair system 4.00 | 33.00!| 62.00 | 390.67| 419.67 | 448.67 | 489.02

Figure B.23/G.991.1 — CAP HDSL transmit power specdl density

The signal power spectral density in the frequdranyd below f1 shall be at least 17 dB below the
nominal signal power density in the passband. Tdreaspower spectral density at frequencies above
f7 shall conform to the requirements shown in Fegiar24.

Maximum transmit power
spectral density (dBm/Hz)
I
<o}
i

100 f7 417 4000 10 000
T1529470-98

Frequency (kHz)

Figure B.24/G.991.1 — Maximum out-of-band signal peer

Within the band between the frequencies of f3 atdtlie spectral density (dBm/Hz) at any
frequency shall be withigl dB of the average density within the band (thsans that, for the
two-pair transceivers, the power/Hz must be inrdmge of~40+ 1.5 dBm). In addition, for one-pair
transceivers, the maximum spectral density at seguency shall not exceed —40 dBm/Hz.

The spectral density at f2 and f5 shall 48+ 1 dB relative to the average spectral densityhan t
band of f3 to f4. The spectral density at f1 andliéll be-20+ 3.0 dB relative the average spectral
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density in band of f3 to f4. In addition, the spant shall comply with the limitations given in
Figure B.24.

B.5.8.5 Unbalance about earth
B.5.8.5.1 Longitudinal conversion loss (LCL)
The LCL is given by:
LCL =20 log (¢dey) dB

where eis the applied longitudinal voltage referencedht® building ground, and.@as the resultant
metallic (transverse mode) voltage appearing a@ds3s ohms termination.

The LCL of the system shall meet the requiremeatwshin Figure B.25.
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1 10 f1 100 f2 1000
Frequency (kHz) T1529480-98

Key fi| f2

One-pair system 33 | 420

Two-pair system 21.5| 255

Figure B.25/G.991.1 — Minimum longitudinal conversin loss (LCL)

See Figure 29 for a description of a measuremetttaddor longitudinal conversion loss. For direct
use of this test configuration, measurement steafdrformed with the LTU powered up but inactive
(no transmitted signal).

B.5.8.5.2 Longitudinal output voltage

The longitudinal component of the output signallldave an r.m.s. voltage, in any 4 kHz equivalent
bandwidth averaged over any 1 s perioe58 dBV over the frequency range of f1 to f2 spedifin
Figure B.25. Compliance with this limitation is teged with a longitudinal termination having an
impedance of 100 ohms in series with 0.15 uF nom{Rar EMC requirements see 8.4).

See Figure 25 for a description of a measuremettioddor longitudinal output voltage. For direct
use of this test configuration, the IUT (LTU, NTWREG) should be able to generate a signal in the
absence of a signal from the far end.

The ground reference for these measurements shiietbuilding ground.

122 Recommendation G.991.1 (10/98)



B.5.9 Performance of individual HDSL transceivers

B.5.9.1 Performance requirements

Performance limits for the overall system are defifor specific applications of which examples are
given in Appendix I. The performance of the indivadl HDSL transceivers must be such that these
overall performance limits are met. As neither 1468 kbit/s or 2320 kbit/s signal of the individual
transceivers is available at an external interfaceesting, it is not considered feasible to tist
performance of the individual HDSL transceiversr [Bwe purpose of conformance, each HDSL
system is required to have an individual perforneasiech that the overall application performance
requirements for the appropriate application is.met

B.5.9.2 DLL physical models for laboratory testing

Some representative models of DLLs (test loopskf@luating the performance of transceivers for
transmission systems are defined in B.6.2.

B.5.9.3 Jitter and wander

B.5.9.3.1 General

The HDSL transmission system jitter and performadimoés are specified for specific applications
(see Appendix I) at the application interfacesdpecific applications. The limits specified here ar
intended to ensure compatibility of LTUs and NTWsni different manufacturers, i.e. ensure that
system performance limits are met by systems empumoy.TUs and NTUs from different
manufacturers.

The following limitations apply at transmissiondiimnterfaces of transceivers. However, due to the
bidirectional transmission on the two-wire line ahek to severe intersymbol interference, no well
defined signal transitions are available on the-tvu@ signal. It is therefore necessary to provide
reference clock outputs to enable the followinguresments to be tested.

The jitter limits given below must be satisfied aedjess of the length of the local line, providedtt

it is covered by the transmission media charadiesi®f B.5.2. The scrambler specified in B.5.3.4
assures that, if the limits are met for one biusege, they will be met for all possible transncitiét
sequences. In this subclause, jitter is specifieterms of unit intervals (Ul), which are equal to
symbol intervals, at the nominal line symbol rafése symbols rates and Uls are:

- transceiver for one-pair system: 386.667 kbawbdn= 2.586us
- transceiver for two-pair system: 233.600 kbaudi dh= 4.281us

B.5.9.3.2 Input jitter tolerance at the HDSL transeiver at the NTU

The NTU shall meet the performance objectives $jgelcior specific applications (see Appendix I),
with the following wander/jitter superimposed or ttiock of the test signal source of the received
signal, and with the received signal symbol ratarat rate in the permitted transceiver clock range
specified in B.5.8.3 but with a variation of up#85 ppm. The wander/jitter shall have sinusoidal
characteristics at the maximum amplitudes definedrigure B.26 with the values specified in
Table B.7 for single frequencies in the range @ftdz to f3.
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Figure B.26/G.991.1 — Single frequency jitter and ander limitation

Peak-to-peak jitter (Ul)

Table B.7/G.991.1 — Single frequency jitter/wandeparameters
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Slope equivalent to
20 dB/decade

e

fo f1

f2

Jitter frequency (log scale)

T1529490-98

Peak amplitude Frequency
Al A2 fo fl f2 f3
NTU input 0.25 Ul 0.005 Upp 0.10 Hz 0.20 Hz 20 Hz 20 kHz
LTU input 0.005 Uy 20 Hz 20 kHz

B.5.9.3.3 Output jitter limitations of an HDSL transceiver in an NTU

With NTU transceiver received signal having the mmaxm wander/jitter at individual single
frequencies given in Figure B.26, wander/jitter te transmitted signal of the NTU towards the
LTU shall conform to the following. [Note that withe add/delete function specified in B.5.4, the
jitter superimposed on the NTU input (applicationterface) signal does not impact the NTU
transceiver output signal jitter.]

The maximum NTU output signal jitter shall be equoabr less than that indicated in Table B.8. B1
is measured with a bandpass filter having a lowgroff frequency of f1 and an upper cut-off
frequency of f2. B2 is measured with a similarefilivhere the cut-off frequencies are f2 and f3.
Bandpass filters shall have rolloffs above and Wwedat-off frequencies of nominally 6 dB/octave.

The maximum (peak) departure of the phase of the Mansceiver output signal from its nominal
difference (long-term average) from the phase efNfiU transceiver input (from the LTU) shall not

exceed 0.2 Ul. That is:

where:
q)inst.

CDave rage

= instantaneous phase of NTU transmitted signative to the average phase

ma)*q)inst. - averaglzS 02Ul

of the NTU received signal

= long-term average phase difference between Nansmitted and received

signals
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Table B.8/G.991.1 — Maximum output jitter/wander

Maximum jitter Measurement filter parameters

Bl =f1-f2 B2 =f2-f3 fl f2 f3
NTU 0.25 Uy 0.005 Uy 0.2 Hz 2Hz 20 kHz
LTU 0.25 Uy 0.005 Uy 0.2 Hz 2Hz 20 kHz

B.5.9.3.4

The LTU shall meet the performance objectives sgetcfor specific applications (see Appendix I),
with wander/jitter as follows superimposed on theck of the test signal source of the received
signal, and with the received signal symbol ratarat rate in the permitted transceiver clock range
specified in B.5.8.3 with a variation of up #25 ppm. The wander/jitter shall have sinusoidal
characteristics at the maximum amplitudes definedrigure B.26 with the values specified in
Table B.7 for single frequencies in the range &fHz to f3. (Note that the wander in the input sign
is limited to the wander in the LTU output by tleguirement in B.5.9.3.3 that the NTU output track
the NTU input within 0.2 UL.)

Input jitter tolerance at the HDSL transeiver at the LTU

B.5.9.3.5

The maximum jitter and wander on the transmittgphal of the LTU towards the NTU shall be as
indicated in Table B.8. (Note that the transmitbédstream is synchronized to a local clock in the
LTU transceiver and therefore the wander is deteechiby the stability of the clock and the jitter is
determined by countdown circuit used to derivesyrabol rate clock.)

Output jitter limitation of the HDSL tran sceiver at the LTU

B.6 Common circuitry specification

B.6.1 Delay difference buffer

In order to compensate for any difference in tohsmission time of the HDSL frames on different
pairs, due to the pair differences described 4522 as well as to delays due to signal procedsing
the HDSL transceivers in the LTU and NTU and pdssBREG, a delay difference buffer shall be
implemented in the common circuitry. The functidntiois delay difference buffer is to align the
HDSL frames so that the core frames can be coyreztissembled. This buffer should be capable of
absorbing a maximum delay difference ofi 80

B.6.2 Laboratory performance measurement tests

B.6.2.1 General

See 6.3.1 for general requirements. Figure 32 asvelg the defined models of DLLs (test loops).
The value Y (insertion loss in dB at 150 kHz) foklZsystems is to be found in Table B.9.
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Table B.9/G.991.1 — Test sequence

N Loop Direction Comment
1 | #1 (Note 1)] Forward | Y = 0 dB; Test noise of B.6.2.3.1 with N1 = 300/vHz and
N2 = 30uV/VHz
2 | #2 Forward | Y =Y1; (Note 2) Test Noise of B.6.2.and of B.6.2.3.1 with
N1 = 100uV/vHz and N2 = 1QuV/VHz
3 | #3 Forward | Y =Y1,; Test Noise of B.6.2.3.2 and3d.2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
4 | #3 Reverse Y = Y1, Test Noise of B.6.2.3.2 an8.6£2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
5 | #4 Forward | Y =Y1,; Test Noise of B.6.2.3.2 andd.2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
6 | #4 Reverse Y = Y1, Test Noise of B.6.2.3.2 an8.6£2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
7 | #5 Forward | Y =Y1,; Test Noise of B.6.2.3.2 andd.2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
8 | #6 Forward | Y =Y1,; Test Noise of B.6.2.3.2 andd.2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
9 | #6 Reverse Y = Y1, Test Noise of B.6.2.3.2 an8.6£2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
10 | #7 Forward | Y =Y1; Test Noise of B.6.2.3.2 ah®®.2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
11 | #7 Reverse Y = Y1, Test Noise of B.6.2.3.2 anB.6.2.3.1 with N1 = 100
UV/VHz and N2 = 1QuV/VHz
12 | #8 Forward | Y =Y1; Common mode rejection tesB@.2.5
13 | Note 3 Forward | Y = Y2; Test noise of B.6.2.3.1 with N1 = 30¥/vHz and
and N2 = 30uV/VHz
Reverse | Worst path of tests 1 to 11
14 | Note 3 Note 3 |Y =Y3; No added impairment; Worst path of tests 11, BER < 10°
15 | #2 Forward | Y =Y1; Impulse test as describeH.th2.4.4
16 | AsB.6.2.6 | Forward Micro interruption test asatéed in B.6.2.6
NOTE 1 — Test loop = #1 means that the path uretgrshall be connected with test loop #1 as defime)
Figure 32. The path not under test shall be comdewstth a dummy loop, hormally loop #1.
NOTE 2 — Y1 = 23 dB for the one-pair system and=Y31 dB for the two-pair system, except that, for
determining performance in the presence of trumc&aussian noise (B.6.2.3.2), in which case, Y1l sh
be reduced by 1 dB. Y2=Y1-10dB and Y3 = Y1dB3
NOTE 3 — The tests are carried out on the worst pathe worst direction from tests 1 to 11, with a
dummy loop for the remaining path. If there areenrs, then loop #2 forward for path A is taken as
default.
NOTE 4 — The tests 1 to 15 shall be carried outlbpairs. In the case of a fractionally instaltea-pair
HDSL system, the tests shall be carried out onlyherinstalled pair.
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B.6.2.2 Test configuration
See 6.3.2 and Figure 34 for a representative testgement.
The proposed test sequence for the HDSL systehvoisrsin Table B.9.

Note that two distinct classes of added disturbameenjected: Test noise (specified in B.6.2.3\d a
B.6.2.3.2) and Impulses (defined in 6.3.4.1). Alar test (specified in 6.3.6) tests the immunity o
the system under test to micro interruptions.

B.6.2.3 Test procedure with random noise source

Most noise on local network lines can be represebyean artificial noise source as described below.
Tests shall be as indicated in Table B.9. Testl Bhacarried out with the injection circuit dedmd

in 6.3.3.3 and noise source and test loop caldmaghall be as specified in 6.3.3.4.

B.6.2.3.1 Low crest factor noise

This artificial noise is intended to represent isgstem and intrasystem crosstalk. It is defined to
assure that essentially the same performance sitldbained in laboratory measurements using noise
sources from different test set vendors.

See 6.3.3 1 and 6.3.3.2 for a description of thedcest factor shaped noise.

B.6.2.3.2 Truncated Gaussian noise

Truncated Gaussian noise is defined to have a raipiGaussian amplitude distribution. Noise
having a Gaussian amplitude distribution is reprege/e of worst case crosstalk. However, the
amplitude distribution may be truncated at a ciastbor of 5.0.

The noise density shall be 1¥/YHz and nominally flat from 10 to 240 kHz. Testsngsthe noise
source described in 6.3.3 is adequate for evalyatire effects of an increased magnitude at
frequencies below 10 kHz.

B.6.2.4 Test procedure for impulse noise

B.6.2.4.1 Impulse noise test waveform
See 6.3.4.1 for the specification of impulse noise.

B.6.2.4.2 Impulse noise test measurement

The test impulse shall be applied to the systemeunest as specified in 6.3.4.3 using the test
configuration described in 6.3.4.2. The performarncieria for transceivers for one-pair and

two-pair systems shall be as specified in TableeRdept that the value of Y shall be 23 dB and
31 dB, respectively.

B.6.2.4.3 Impulse noise test performance requiremén

Table 21 gives the maximum bit error ratio for theee levels of impulse noise. The peak-to-peak
amplitude of the test impulse noise is given in rifand in dB relative to a reference level of
320 mV) measured at the output of the shunt imjaatircuit, loaded with a 67.5 Ohms resistor.

B.6.2.5 Common mode rejection test
See 6.3.5 for common mode rejection requirements.

B.6.2.6 Micro interruption test
See 6.3.6.
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B.7 Power feeding
See clause 7 for power feeding requirements.

B.8 Environmental requirements
See clause 8 for environmental requirements.

APPENDIX |

Application specific examples

1.1 Application specific requirements for ISDN PRAwith 2048 kbit/s

I.1.1  Mapping of 2048 kbit/s to HDSL

As described in 5.4 (Frame Structure) the 2048klsipplication data has to be mapped into a core
frame with 144 bytes and 500 ps length. The datahat application interfaces T and V3
(see Figures 1 and 2 and Recommendation G.962Zcghfain only 128 bytes per 500 us and the
unused bytes have to be filled up with 16 stuffiyges, called Y- and R-bytes and containing all
binary ONEs, as shown in Figure 6 b). The use efstiuffing bytes for other purposes, e.g. forward
error correction is for further study. To achiewtat decoupling of the HDSL frame from the core
frame and a minimum signal delay the location wietislot O within the core frame is arbitrary. This
means that, with exception of the location occugigdhe Y- and R-stuffing bytes, the first bit of
time slot 0 may occur anywhere in the frame. Initaoid loss of frame alignment at the application
interfaces T and V3 does not lead to a resynchatioiz of the HDSL transceivers, because the core
frame is transmitted totally transparent throughHDSL transceiver systems.

The bits 4 to Zmagin the HDSL frame are unused and set to ONE.

1.1.2  Mapping of HDSL maintenance functions to thenterface

The application dependent maintenance functiores définition of the function elements (FE) for
the signalling across the application interfaces #re coding of the FE, using the E-, A-, Sa5- and
Sab-bits of time slot 0 in the application frames, defined in clause 9/G.962 [1] for the V3 refeen
point and in Table 1/1.431 [3] for the T referemuant. All these functions have to be performed in
the interface blocks according to Figure 1 by eatahg frame alignment, signal patterns and CRC-4
error detection.

For the detection of the states "Normal operatiothe DS", "LOS/LFA at line side of the NT1" and
"LOS at the line side of the LT" the maintenancections "LOS/LFA at line side of the NTU" and
"Active indication (INDR)", which are created byethcommon core at the NTU, respectively
"LOS/LFA at LTU line side" and Active indicationNDC)", which are created by the common core
at the LTU, have to be taken into account.

The access digital section shall be consideredatipeal when all the transceiver pairs have
indicated completion of the activation procedure(5.6 or B.5.6) and correct pair identificatios ha
been achieved in the core frame, as described2imi6B.5.6.9, and no further failure condition is
detected. If one of the transceiver pairs is inthcanon-operational condition or incorrect pair
identification, the access digital section shaltbasidered non-operational.

The only maintenance function of this applicationieh has to be achieved by the common core is
"Loopback 1 command" as described in Table I.1.
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Table 1.1/G.991.1 — Loopback

Function Localization Controlled by Requested via

Loopback 1 As near as possible to the line  OAMlatbM in LTU V3 interface
(Note)

NOTE — When loopback 1 is requested via V3 intexfacomplete and transparent loopback shall be
activated in all HDSL transceivers at the line sfi¢he LTU. These loopbacks are managed by an OAM
function inside the functional block M in the LTU.

[.1.3 Performance

1.1.3.1 Performance specification

The overall performance must be such that the pednce limits given in Recommendation
(G.826 [B9] can be met. For the purpose of confoceaan HDSL transmission system is required to
meet the specific laboratory performance testsaratlefined in 6.3 or B.6.2.

1.1.3.2  Signal transfer delay

The one-way signal transfer delay, which is the mealue of the delay time in both directions of
transmission between the T and V3 reference pamdefined in Recommendation G.962 [1], shall
not exceed 1250 us, the allocation for a 2B1Q HB®item shall be as follows:

LTU < 450 ps
NTU <450 us
REG <200 ps
Line <150 us

1.1.3.3  Clock specification for external interfaces

1.1.3.3.1  NTU clock tolerance
The frequency of the free running NTU clock is 2@4& with a maximum toleranceb0 ppm.

1.1.3.3.2  LTU clock tolerance
The frequency of the free running LTU clock is 204& with a maximum toleranceb0 ppm.

1.1.3.3.3  Jitter specification

The tolerance to input jitter as well as the jitiemsfer limitation are defined in terms of amyudi¢

and frequency of sinusoidal input jitter which, whaodulating a -1 pseudo-random bit sequence
within time slots 1 to 31 of the bit stream, shootat cause bit errors in the transmission system or
jitter at the relevant output which is in excesdiwiits defined below. This test method is used for
convenience of testing and is not, in itself, inked to be representative of the type of jitter ¢o b
found in practical applications.

The tolerable input jitter is given in Figure l.JIthvthe values of Table 1.2. The output jitter ltmi
given in Table I.3 shall be met when applying tbkerable jitter to the relevant input, where Bl is
measured with a bandpass having a upper cut-afti&necy of f4 and a lower cut-off frequency of f1,
whilst B2 is measured with the same high cut-offgfrency but with a low cut-off frequency
increased to f3.
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Figure 1.1/G.991.1 — Lower limit of maximum toleralde input jitter and wander

Table 1.2/G.991.1 — Parameter values for input jiter tolerance at inputs

Interface Peak-to-peak amplitude Frequency
Parameter AO Al A2 fo f1 f2 f3 f4
At T input Value - 1.1 0.11 - - 40 0.4 100
At V3input | Value 20.5 0.9 0.18 12 20 3600 18 10
Units Ulpp Ulpp Ulpp uHz Hz Hz kHz kHz

NOTE 1 — U}, = Unit Interval peak-peak. 1 p}= %045 kHz = 488 ns for the ISDN PRA application.

NOTE 2 — The values for the T-interface input alesth from Recommendation 1.431 [3] as required b
Recommendation G.962 [1].

NOTE 3 — The values for the V3-interface input taeen from Recommendation 1.431 [3], but reduce
by 10% margin for jitter accumulation in the HDShnsmission system.

S

Table 1.3/G.991.1 — Maximum permitted values of oytdut jitter

Interface Maximum permissible Measurement bandpass
jitter parameters (high pass part has
first order slope)
Parameter B1; (f1-f4) B2; (f3-f4) f1 f3 f4
At T output Value 1.0 0.2 20 18 000 100
At V3 output Value 1.2 0.2 20 700 100
Units Ulpp Ulpp Hz Hz kHz

NOTE 1 — The values for the output at T-interfacetaken from Recommendation 1.431 [3].

NOTE 2 — The values for the output at V3-interface taken from Recommendation 1.431 [3], but
increased by 10% for jitter accumulation in the HDf&nsmission system in lower frequency area an
based on high Q transmission network following.
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1.1.3.3.4  Wander specification

The maximum wander that may be experienced at tipud of an HDSL system, expressed in
MTIE, shall not exceed the values given in Table The resultant overall specification is illuséeht
in Figure 1.2.

Table 1.4/G.991.1 — Maximum permitted values of oygut wander

MTIE Observation Interval
732 ns 0.05<1t<100s
13fr| - 568 ns 100 € <200 s
2000 ns 200 <t <2000 s
433> +0,01t| ns 1>2000 s
10 00
’,‘\7‘
Pl
>—<’Ay‘7‘>
/
w 1000 /
E O O O e S R S W o —, of
100
0.01 0.1 1 10 100 1000 10 000 100 000

Observation interval (s) T1529520-98

Figure 1.2/G.991.1 — Maximum permitted values of otput wander expressed in MTIE

The timing reference for the MTIE measurement shallthe same as used as a reference for the
2048 Mbit/s pseudo random test sequence generBier.pseudo random test sequence shall be
2'°-1 according to Recommendation O.151.

NOTE 1 — Transmission systems designed accordimglitions 1 to 3 of ETR 152 may cause higher values
for wander and will therefore not be suited for laggtions that are sensitive to wander.

NOTE 2 — In order to determine the maximum wandepldaude produced by a HDSL system, the network
clock frequency at the input of the system hasetodried in the range ab0 ppm. It is recommended to use
a clock offset resolution afl ppm to measure the wander accurately.

NOTE 3 — This value shall also be met in the presedi a regenerator.

1.1.3.4  Laboratory performance measurement

It is assumed that the performance can be evalaatidd application interface. The test arrangement
and procedures of 6.3 or B.6.2 shall be used.
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1.2 Application specific requirements for the European 2048 kbit/s digital unstructured
leased line (D2048U)

1.2.1  Application interfaces

1.2.1.1  Application interface at the customer side

The application interface at the customer sidelshal according to ETS 300 418 [B6] and
ETS 300 247 [B5].

1.2.1.2  Application interface at the network side

The application interface at the network side 2048 kbit/s interface according to Recommendation
G.703 [B10].

1.2.2  Mapping of the D2048U signal to HDSL

As described in 5.4 the application data havingominal bit rate of 2048 kbit/s with maximum
tolerance oft50 ppm shall be mapped bit sequence independentyai core frame with 144 bytes
and 500 ps length. The data at the applicationfade at the customer side contain only 128 bytes
per 500 us. The unused bytes shall be filled u W@ stuffing bytes called Y- and R-bytes and
contain all binary ONEs, as shown in Figure 6 e Tise of the stuffing bytes for other purposes,
e.g. forward error correction is for further study.

The bits Z to Zmasin the HDSL frame are unused and shall be seiNE.O

1.2.3  Mapping of HDSL maintenance functions to thenterface

The access digital section shall be consideredatipeal when all of the transceiver pairs have
indicated completion of the activation proceduree($.6 or B.5.6), correct pair identification has
been achieved in the core frame, as described2im6B.5.6.9, and no further failure condition is
detected. If one of the transceiver pairs is inttiganon-operational condition or incorrect pair
identification, the access digital section shalcbasidered non-operational.

The fact that the D2048U signal is unstructured esak impossible for the HDSL core to map any
operation and maintenance information into or duhe payload because the HDSL system does not
have any information about the contents or thematiestructure of the transmitted data.

The only information the core can get is "LOS & #pplication interface of LTU" and "LOS at the
application interface of NTU". When LOS at the apgion interface of NTU or LTU is detected, an
"All ONEs" signal shall be transmitted to the fadeof the HDSL system. At the same time bit 15 of
the HDSL frame ("losd") shall be set to ZERO asvatha Table I.5.

Table 1.5/G.991.1 — LOS at the application interfae of LTU and NTU

Leased line input condition Action
LOS at the application interface of LTU losd = (HOH (LTU/NTU)
LOS at the application interface of NTU losd = HOH (NTU/LTU)

The mapping of LOS/LFA at the line side of LTU, N;Tahd both sides of REG to the application
interface is shown in Table I.6.

132 Recommendation G.991.1 (10/98)



Table 1.6/G.991.1 — Mapping of maintenance functionto the application interfaces

Condition on one (or more) Message towards the application interface of
pair(s) NTU LTU
LOS/LFA at LTU line side Note AIS
LOS/LFA at NTU line side Note AIS
LOS/LFA at REG-R Note AIS
LOS/LFA at REG-C Note AIS

NOTE — As long as the HDSL system is not in thédpkrating state, i.e. not all of the HDSL
transceivers are in the Active-Rx/Tx state, th@aigowards the application interface of the NTU i
not defined.

.2.4 Performance

1.2.4.1  Performance specification

The overall performance shall be such that theoperince limits defined in Recommendation
(G.826 [B9] can be met.

1.2.4.2  Signal transfer delay

The one-way signal transfer delay between the egpdin interfaces shall not exceed 1250 ps. This
shall be calculated as the mean delay for botltcilmes. The allocation for a 2B1Q HDSL system
shall be as follows:

LTU <450 upus
NTU <450 pus
REG <200upus
Line <150 pus

1.2.4.3  Clock specification for external interfaces

.2.4.3.1 NTU clock tolerance

The frequency of the free running NTU clock shadl 2048 kHz with a maximum tolerance of
+50 ppm.

.2.4.3.2 LTU clock tolerance

The frequency of the free running LTU clock shadl 048 kHz with a maximum tolerance of
+ 50 ppm.

1.2.4.3.3  Jitter specification

The tolerance to input jitter as well as the jitteansfer limitation are defined in terms of the
amplitude and frequency of sinusoidal input jittétich, when modulating a'21 pseudo random
test sequence of the 2048 kbit/s bit stream antmeinal rate and with tolerances 60 ppm and
=50 ppm, shall not cause bit errors in the trandomnssystem or jitter at the relevant output in essce
of the limits defined below. This test method igdifor convenience of testing and is not, in itself
intended to be representative of the type of jitbdoe found in practice.

The tolerable input jitter is given in Figure 14e¢ 1.1.3.3.3) with the values of Table I.7. Thgat
jitter limits given in Table 1.8 shall be met whapplying the tolerable jitter to the relevant input

Recommendation G.991.1 (10/98) 133



Table 1.7/G.991.1 — Parameter values for input jiter tolerance at inputs

Application Peak-to-peak amplitude Frequency
interface

Parameter A0 Al A2 fo f1 f2 3 4
At NTU Value - 11 0.11 - - 4 0.04 100
(input)
AtLTU Value - 1.35 0.18 - 20 240( 18 10
(input)

Units - Ulpp Ulpp - Hz Hz kHz kHz
NOTE 1 — U}, = Unit Interval peak-peak. 1 p}= %045 kHz = 488 ns for the D2048U application.
NOTE 2 — The values for the NTU input are takemfieTS 300 247 [B5].
NOTE 3 — The values for the LTU input are takemfi@ecommendation G.823 but reduced by 10%
margin for jitter accumulation in the HDSL transsie system.

Table 1.8 G.991.1 — Maximum permitted values of oyut jitter

Application Maximum permissible Measurement bandpass
interface jitter parameters (high pass part has
first order slope)
Parameter B1; (f1-f4) B2; (f3-f4) f1 f3 f4
At NTU output | Value 15 0.2 20 18 000 100
At LTU output | Value 0.3 0.15 20 700 100
Units Ulpp Ulpp Hz Hz kHz
NOTE 1 — The values for the NTU output are takemfiETS 300 247 [B5].
NOTE 2 — The values for the LTU output are basetherinput at NTU, but increased for jitter
accumulation in the HDSL transmission system inltheer frequency area and based on high Q
transmission network following.

1.2.4.4

It is assumed that the performance can be evalaatidd application interface. The test arrangement
and procedures of 6.3 or B.6.2 shall be used.

Laboratory performance measurements

1.3 Application specific requirements for the European 2048 kbit/s digital structured
leased line (D2048S)

1.3.1  Application interfaces

1.3.1.1  Application interface at the customer side

The application interface at the customer side |lsbal according to ETS 300 418 [B6] and
ETS 300 419 [B7], 5.1.7.2.

1.3.1.2

The application interface at the network side 2048 kbit/s interface according to Recommendation
G.703 [B10]. If the structure information is hardilen the NTU and/or LTU then the relevant
function shall be implemented as defined in Recondagons G.704 [B11] and G.706 [B12].

Application interface at the network side
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1.3.2  Mapping of the D2048S signal to HDSL

As described in 5.4, the application data havingominal bit rate of 2048 kbit/s with maximum
tolerance oft50 ppm shall be mapped bit sequence independentyai core frame with 144 bytes
and 500 ps length. The data at the applicationfade at the customer side contain only 128 bytes
per 500 us. The unused bytes shall be filled u W@ stuffing bytes called Y- and R-bytes and
containing all binary ONES, as shown in Figure 6Titje use of the stuffing bytes for other purposes
e.g. forward error correction is for further study.

The bits Z9 to Zmasin the HDSL frame are unused and shall be seiNE.O

1.3.3 Mapping of HDSL maintenance functions to thenterface

The access digital section shall be consideredatipeal when all of the transceiver pairs have
indicated completion of the activation proceduree($.6 or B.5.6), correct pair identification has
been achieved in the core frame, as described2im6B.5.6.9, and no further failure condition is
detected. If one of the transceiver pairs is inttiganon-operational condition or incorrect pair
identification, the access digital section shaltbasidered non-operational.

The mapping of LOS/LFA at the line side of LTU, NTdnd both sides of the REG to the
application interface is shown in Table 1.9.

Table 1.9/G.991.1 — Mapping of maintenance functionto the application interfaces

Condition on one (or more) Message towards the application interface of
pair(s) NTU LTU
LOS/LFA at LTU line side Note 1 Note 2
LOS/LFA at NTU line side Note 1 Note 2
LOS/LFA at REG-R Note 1 Note 2
LOS/LFA at REG-C Note 1 Note 2

NOTE 1 — As long as the HDSL system is not in thledperating state, i.e. not all of the HDSL
transceivers are in the Active-Rx/Tx state, th@aigowards the application interface of the NT Wag
defined.

NOTE 2 — The message sent towards the applicatienface of the LTU shall either be AIS or AUXP
dependent on the requirement of the network operato

Table .10 shows how to achieve a complete andpaent loopback in the LTU.

Table 1.10/G.991.1 — Loopback in the LTU

Function Localization Controlled by Requested via
Loopback 1 As close as possible t@AM in block M in LTU | The application interface
the line of LTU

NOTE 1 — The use of this loopback is network depaihd

NOTE 2 — When the loopback 1 is requested via ppdi@ation interface of the LTU a complete and
transparent loopback shall be activated in all HIx@hsceivers on the line side of the LTU. These
loopbacks are managed by an OAM function insidduhetional block M in the LTU.
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.3.4 Performance

1.3.4.1 Performance specification

The overall performance shall be such that the opedince limits defined in
Recommendation G.826 [B9] can be met.

1.3.4.2  Signal transfer delay

The one-way signal transfer delay between the egpdin interfaces shall not exceed 1250 ps. This
shall be calculated as the mean delay for botlcilmes. The allocation for a 2B1Q HDSL system
shall be as follows:

LTU <450 upus
NTU <450 pus
REG <200upus
Line <150 pus

1.3.4.3  Clock specification for external interfaces

.3.4.3.1 NTU clock tolerance

The frequency of the free running NTU clock shadl B048 kHz with a maximum tolerance
of £50 ppm.

.3.4.3.2 LTU clock tolerance

The frequency of the free running LTU clock sha# B048 kHz with a maximum tolerance
of £50 ppm.

1.3.4.3.3  Jitter specification

The tolerance to input jitter as well as the jitteansfer limitation are defined in terms of the
amplitude and frequency of sinusoidal input jittdtich, when modulating a'21 pseudo random
test sequence within time slots 1 to 31 of the 2Kl4i8s bit stream at the nominal bit rate and with
tolerances oft50 ppm and-50 ppm, shall not cause bit errors in the transonssystem or jitter at
the relevant output in excess of the limits defibetbw. This test method is used for convenience of
testing and is not, in itself, intended to be repraative of the type of jitter to be found in piee.

The tolerable input jitter is given in Figure l.4e€ 1.1.3.3.3) with the values of Table I.11. The
output jitter limits given in Table 1.12 shall beetrwhen applying the tolerable jitter to the relgva
input.
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Table 1.11/G.991.1 — Parameter values for input jter tolerance at inputs

Application Peak-to-peak amplitude Frequency
interface

Parameter A0 Al A2 fo f1 f2 3 4
at NTU Value - 11 0.11 - - 4 0.04 100
(input)
atLTU Value - 1.35 0.18 - 20 240( 18 100
(input)

Units - Ulpp Ulpp - Hz Hz kHz kHz
NOTE 1 — U}, = Unit Interval peak-peak. 1 p}= %045 kHz = 488 ns for the D2048S application.
NOTE 2 — The values for the NTU input are takemfieTS 300 419 [B7].
NOTE 3 — The values for the LTU input are takemfi@ecommendation G.823 but reduced by 10%
margin for jitter accumulation in the HDSL transsie system.

Table 1.12/G.991.1 — Maximum permitted values of dput jitter

Application Maximum permissible Measurement bandpass parameterg

interface jitter (high pass part has first order slope)
Parameter B1; (f1-f4) B2; (f3-f4) f1 f3 f4

at NTU output | Value 15 0.2 20 18 00( 100

at LTU output Value 0.3 0.15 20 700 100
Units Ulpp Ulpp Hz Hz kHz

NOTE 1 — The values for the NTU output are takemfiETS 300 419 [B7].

NOTE 2 — The values for the LTU output are basetherinput at NTU, but increased for jitter
accumulation in the HDSL transmission system inltheer frequency area and based on high Q
transmission network following.

1.3.4.4  Laboratory performance measurements

It is assumed that the performance can be evalaatibe application interface, avoiding the nead fo
test access to the individual data channels. T$teateangement and procedures of 6.3 or B.6.2 shall
be used.

1.4 Application specific requirements for fractiona installation
1.4.1  Mapping of fractional services to HDSL

1.4.1.1  Overview of mapping procedure
The fractional installation application interfasebased on Recommendation G.704 [B11].

The fractional installation application of HDSL prdes reduced access capability for the case where
not all HDSL transceivers are equipped. The camé of 144 bytes and 500 ps length, described in
5.4 (frame structure) is mapped onto one, two weelparallel HDSL frames, depending on the bit
rate (784 kbit/s or 1168 kbit/s) and number of ¢égeipped HDSL transceivers. If mapping option
according to Figure 6 c) is implemented, in whiecb HDSL core frame is synchronized to the
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application frame, with TSO being inserted in thstfpayload position in the HDSL frame, then the
possibility exists for transparent transmissioradfactionally filled application frame, and alsur f
partial operation of the system in the case otifaibf transmission on one or more of the pairs.

An external data interface (for example, ISO 21B03]) and pre-processing functions may accept
data at an aggregate bit rate of164) kbit/s and map it into the 2048 kbit/s apgima interface
frame. An optional time slot interchange block akothe implementation of complex applications
such as point-to-multipoint operation or the traissmon of contiguous blocks of channels on each
HDSL pair. (These functions are outside the scdpki® Recommendation).

The mapping of the core frame into the HDSL fram#ofvs in the normal fashion, with the
exception that not all the pairs need be equippéé mapping process is illustrated in Figures 1.3
and 1.4.

Note that with this mapping, partial operation dfactionally installed three-pair system is poksib

Optional Functions I Interface I Mapping and I Common I HDSL
(Outside the scope of this TS) | ) | Maintenance | Circuitry | Transceivers
(M) ©) (H)
I I I I
I I I I
I I I I
Three-pai
(n % 64) kbit/s I I I (Three-palr) I
data interface | | | Core _> ...........
------- : | | | frame
v | | | — —y ...........
xgq o [T Application HDSL
" i Optional I | |frame | frames —> ...........
---i TimeSlot ' o — —m —m —m — — — — -
A . iv . Interchange I Partially I> Core —I-
- Applieation | filea | e | | Core _,
frame : | appiication | R frame H
............ P frame
Partially filled I I I T
application frame | | | frames I
I
| I I (Two-pair) . T1529530-98

Figure 1.3/G.991.1 — Mapping process for fractionainstallation
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NOTE —Time slots of the 2048 kbit/s application frame filled as follows:
TSO is filled according to ETS 300 167 [B15]
TS16 is reserved for the accommodation, if requicéa 64 kbit/s signalling channel
- if 2 n 15, TS1 to TSn are filled with’h64 kbit/s data a)
- if 15 <n 30, TS1to TS15 and TS17 to TS(n +r&)fdled with n* 64 kbit/s data b)
- Remaining time slots are filled with all-ONEs @ldata.

Figure 1.4/G.991.1 — lllustration of the fractionalinstallation mapping
into 2048 kbit/s application frame

1.4.1.2  Details of mapping of the application inteface from the HDSL core frame

The mapping process for 784 kbit/s transceivehsas in Figures 1.5 and 1.6, and for 1168 kbit/s
transceivers in Figure 1.7. The application integfaframe described in ETS 300 167 [20] is
synchronously mapped bytewise into the core framith, the application frame occupying a defined
position within the HDSL frame. Unused bytes haneA#S signal (all-ONES) inserted.
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Figure 1.5/G.991.1 — Mapping procedure for fractioral installation of
two out of three-pairs of a three-pair 784 kbit/s HDSL system
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Figure 1.6/G.991.1 — Mapping procedure for fractioral installation of

one out of three-pairs of a three-pair 784 kbit/s ®SL system
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T1529570-98
AlS All-ONEs data
UDn User data time slot n

Figure 1.7/G.991.1 — Fractional installation mappirg onto one-pair of a two-pair system

1.4.1.3 Details of HDSL core frame mapping into HD& frame

The mapping from core frame to HDSL transmissi@mie takes place in exactly the same way as
for the other applications, as can be seen fromregyl.5, 1.6 and I.7. The pre-processing involired
mapping the application into the core frame is oesjble for defining the final mapping onto the
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HDSL pairs. No additional processing is requiredhia core-to-HDSL mapping. The pairs carrying
only AIS signal do not need to be equipped, the Béfhg reinserted at the receiver. The CRC-4
checking in the application frame thus appearssparent through the system, i.e. from the point of
view of the CRC-4 checking, the system behaved #weie were error free transmission on those
channels (containing AlS) which were terminatethattransmitter and reintroduced at the receiver.

1.4.1.4  Optional external mappings into the applicéon frame

Additional mappings from external data interfacet® ithe application frame may be implemented
externally in order to facilitate applications su@s point-to-multipoint operation, multiple

(n x 64) kbit/s data streams, creation of high and powrity data streams (in the case of partial
operation) and the mapping of contiguous blockdiroke slots onto a specific HDSL pair. The
definition of such mappings is, however, outside thope of this Recommendation.

1.4.2  Mapping of HDSL maintenance functions to thenterface

A fractionally installed system shall be considef@ty operational when all the installed transegiv
pairs have indicated completion of the activatioocpdure as described in 5.6 or B.5.6, correct pair
identification has been achieved in the core fraagedescribed in 6.2 or B.5.6.9, and no further
failure condition is detected. If one of the inkadltransceiver pairs is indicating non-operational
condition or incorrect pair identification, the déteonally installed system shall be considered non-
operational.

The mapping of LOS/LFA at the line side of LTU, N'Hdd both sides of the REG to the application
interface is shown in Table 1.13, and Table I.1dvet how a complete and transparent loopback is
achieved.

Table 1.13/G.991.1 — Mapping of maintenance functits to the application interface

Condition on one (or more) Message towards the application interface of
pair(s) NTU LTU
LOS/LFA at LTU line side Note 1 Note 2
LOS/LFA at NTU line side Note 1 Note 2
LOS/LFA at REG-R Note 1 Note 2
LOS/LFA at REG-C Note 1 Note 2

NOTE 1 — As long as the selected transceiver(gpisn the full operating state, the signal towattds
application interface of the NTU is not defined.

NOTE 2 — The message sent towards the applicattenface of the LTU shall either be AIS or AUXP
dependent on the requirements of the network operat

Table 1.14/G.991.1 — Loopback in LTU

Function Localization Controlled by Requested via
Loopback 1 As close as possible @AM in block M in LTU | The application
the line (Note) interface of LTU

NOTE — When the loopback 1 is requested via thdicgijpn interface of the LTU a complete and
transparent loopback shall be activated in all HD@hsceivers on the line side of the LTU. These
loopbacks are managed by an OAM function insidéuhetional block M in LTU.
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.4.3 Performance

1.4.3.1 Performance specification

The overall performance must be such that the pedoce limits given in
Recommendation G.826 [B9] can be met. For the mapad conformance, an HDSL transmission
system is required to meet the specific laboraperjormance tests that are defined in the following
subclauses.

The performance requirements have been specifiethagothe HDSL transceivers are tolerant to
near-end crosstalk (NEXT), impulsive noise and sldapoise, and not optimized for only one
operating condition.

The one way signal transfer delay shall be as défin 1.1.3.2.
1.4.3.2  Clock specification for external interfaces

.4.3.2.1 Clock tolerance
The clock tolerance shall be as defined in 1.113a%d 1.1.3.3.2.

1.4.3.2.2  Jitter and wander specifications

The jitter specifications of 1.1.3.3.3 shall be bgxqh to the application interface. The specificataf
jitter and wander at the output of the externaladaiterface is outside the scope of this
Recommendation.

1.4.3.3 Laboratory performance measurements

It is assumed that performance can be evaluatdteapplication interface, avoiding the need for
test access to the individual data channels. T$teateangement and procedures of 6.3 or B.6.2 shall
be used.

1.5 Application specific requirements for partial operation

1.5.1 Mapping of the application frame for partial operation application

As described in 5.4 (frame structure) the 2048/&application data is mapped into a core frame
with 144 bytes and 500 ps length. If the mappingoopin Figure 6 c) is implemented, then the
possibility exists for partial operation of the &y® in the case of failure of transmission on one o
more of the pairs. This mapping is shown in moraitiéor the case of partial operation in Figui@ .
(three-pair system) and Figure 1.9 (two-pair sygtefihese mappings allow ISDN PRA or
ETS 300 167 [B15] framed operation in normal opematbut permit reduced capacity operation if
one or two-pairs fail. It is also possible to haaetial operation in the case of partial failureaof
fractionally installed three-pair system.

In the case of partial operation, the output magpior the non-corrupted channels shall be
unchanged, and missing channel time slots shdilled with all-ONEs data (AlS). In addition, the
necessary modification of the embedded maintenamions (TS0 and TS16) shall be carried out
in accordance with 1.5.2.
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Figure 1.8/G.991.1 — Core frame mapping — Synchrons mapping onto three-pairs
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Figure 1.9/G.991.1 — Core frame mapping — Synchrongs mapping onto two-pairs
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1.5.2  Mapping of HDSL maintenance functions to thenterface

The HDSL embedded operations channel (eoc) is rirditesl in parallel over all the HDSL pairs
(5.5.2). Thus, in the event of a failure of ondlef HDSL pairs, all the functions of the eoc willls

be available on the remaining pairs. In the evdna @air failure, there will be some means of
communicating the failure to the HDSL mapping fumetso that the mapping function may take the
appropriate actions, such as time slot reallocafibrequired) and insertion of AIS into the non-
supportable time slots. The mapping and maintenafak shall continually monitor the status of
all pairs and in particular, that of any failedng). When a failure condition has been clearegl Mh
block may then reallocate the previously unsuppdetime slots to the reactivated pair.

The access digital section shall be consideredatipeal, when all of the transceiver pairs have
indicated completion of the activation procedui@yect pair identification has been achieved in the
core frame, as described in 5.6, and no furthéuriaicondition is detected. If one of the transeeiv
pairs is indicating non-operational condition, oicarrect pair identification, the access digital
section shall be considered non-operational. Whenng operation a transceiver becomes
inoperable, the transport in the other loops i sperating. The mapping of LOS/LFA at the line
side of LTU, NTU and both sides of the REG to thpleation interface is shown in Table 1.15, and
Table 1.16 shows how a complete transparent lodpisaachieved.

Table 1.15/G.991.1 — Mapping of maintenance functits to the application interface

Condition on one (or more) Message towards the application interface of
pair(s) NTU LTU
LOS/LFA at LTU line side Note Note
LOS/LFA at NTU line side Note Note
LOS/LFA at REG-R Note Note
LOS/LFA at REG-C Note Note
NOTE — AIS in the time slots of the inoperable I(p

Table 1.16/G.991.1 — Loopback in the LTU

Function Localization Controlled by Requested via
Loopback 1 As close as possible t@AM in block M in LTU | The application
the line (Note) interface of LTU

NOTE — When the loopback 1 is requested via théiggifn interface of the LTU, a complete and
transparent loopback shall be activated in all HD@hsceivers on the line side of the LTU. These
loopbacks are managed by an OAM function insid€uhetional block M in LTU.

.5.3 Performance

The overall performance must be such that the pedoce limits given in
Recommendation G.826 [B9] can be met, for eithex tdomplete transmission system, or the
individual data channels supported during partparation.

The performance specification for the ISDN PRA aation as described in 1.1.3 shall be applied. It
IS not necessary to test the performance for pag@ration separately.
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The partial operation functionality shall be tesbsdinterrupting each loop in turn, and confirming
that the system continues to operate correctlipenpartial operation mode, and that the performance
of the remaining channels is acceptable.

1.5.4 Remote power feeding

It should be noted that in HDSL systems which sslely on remote power feeding the NTU may
not work in the event of a pair failure due to thet that the NTU may consume more power than
can be supplied over a single pair, especially et@wps with high DC resistances are involved. For
such systems, locally powered NTUs may be apprigpria

[.5.5 Partial failure criteria

The criteria for detection of partial failure shouiot be based solely on LOSW (loss of sync word)
because this could be generated by a trivial efggt noise event ) and should not be interpresed a
a line failure.

Activation flags should be used to indicate paif@@jure (e.g. LOS, LOST) to the mapping and
maintenance functional block.

1.5.6  Action following partial failure

The transceiver which has flagged a failure torttapping and maintenance functional block shall
automatically initiate start-up procedures indemamly of the other transceivers in the system and
continue to do so until it is able to reactivate timk. Once this has been achieved, the pairriilu
flag should be cleared. The mapping and maintenfumeetion may then reallocate this additional
capacity to the transmission of application data.

1.5.7  Time slot prioritization/reallocation

In some applications, there may be a need to agsignties to time slots so that, if any of tharpa
fail, the time slots with the highest priority ongre transmitted on the remaining pair(s). This
implies that, in the event of a pair failure, dynameallocation of the high priority time slots tioe
remaining pairs is required, along with a meanagvéeing the reallocation details between the LTU
and the NTU. Since the LTU is the master as faDA#/1 functions are concerned, the time slot
reallocation strategy is to be determined at th& l&hd of the system. The reallocation may be
performed at various points in the transmissioth patr example:

a) time slot interchanger at the application irsteef

b) core frame mapping;

C) pair mapping.

Option a) assumes that the application interfadedath the LTU and the NTU contain the
functionality required to interchange time slotsldan deal appropriately with signalling and error
correction bits in the application frame, so tHa application frame can be reconstructed at both

application interfaces. This option allows the carel frame mapping at the LTU and the NTU to
stay the same following a pair failure.

NOTE — High Priority TSs will be in the new appliican frames, and Low Priority TSs will not and caint
instead AlS.

UNI and NNI non-HDSL equipment would need to knotatss of pairs, because they could not
otherwise distinguish between pair failure and albinfo which both are indicated by AIS.

Option b) requires a mechanism for informing thelNdore frame mapping function of the changes
to the LTU core frame mapping, so that the NTU ieglicate the changes.
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Option c¢) requires a mechanism for informing thelINHHDSL frame mapping function of the
changes to the LTU HDSL frame mapping, so thaiNfiel can replicate the changes.

1.6 Application specific requirements for the 204&bit/s mapped into TU-12 structure

I.6.1 Reference Configuration

The amended access section for the HDSL transmissgistem with TU-12 structured signals is
shown in Figure 1.10. At the NTU mapping part agohal VC-12 and TU-12 functions are inserted.
The LTU is part of a SDH equipment.

Access digital section

A
v

HDSL core
o < transparent to core frame payload >
Application N .
interface Clock and synchronization information
Mapping Common||{HDSL | | REG | :i|HDSL Common—  Mapping
circuitry || transceivef; . transceivey|circuitry ——
Inter- Core Main- Core SDH-
HHface ||lve-|Tu- _ |_ _ Main- tenance Main- _ -| __|ITu|i|core
12| 12 ||| Main- Main- tenance tenancei||| Main- Main- || 12
tenance ‘ tenance tenance tenance
_ Maintenance  Note Note Note _
Maintenance channel Maintenance VC-12
(reference 144 byt Digital Local (reference  reference
point) - yte NTU i.Lines (DLLs) || LTU point) point
core frame ;
Customer side Network side
S . equipment
— Bidirectional transmission
I:l Functional Block T1529600-98

NOTE — A fully equipped HDSL core consists of oheo or three H, REG, DLL combinations dependingHIDSL transceiver
data transmission rate. REGs are optional.

Figure 1.10/G.991.1 — Access Section for TU-12 traport employing HDSL technology

1.6.2  Application Interfaces

1.6.2.1  Application interface at the customer side

The application interface at the customer sidel $leak 2048 kbit/s digital unstructured leased line
interface according to ETS 300 418 [B6] and ETS 2400 [B5].

1.6.2.2  Application interface at the network side

No application interface exists at the network sidely a VC-12 reference point internal to the
network side equipment between the LTU and the $bxd is defined.

1.6.3 Mapping of application frame into HDSL usingTU-12 structure
The data at the application frame are mapped tolHDree steps.
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1.6.3.1  Mapping of application frame into VC-12 stucture

The data at the application interface are mappetb iWC-12 structure according to
10.1.4/G.707 [B14]. All mapping modes as descrilpeithis Recommendation shall be supported.
1.6.3.2 Mapping of VC-12 into TU-12

The VC-12 are mapped into the TU-12 structure atingrto 8.3/G.707 [B14].

1.6.3.3  Mapping of TU-12 into HDSL

As described in 5.4 the TU-12 structured data lpaiit rate of 2304 kbit/s shall be mapped into a
core frame with 144 bytes and 500 us length. Potee V1 shall be located in byte 144 of the core
frame. The bits 4 t0 Zn4s are unused and shall be set to ONE.

The mapping process into three and two-pairs isveho Figures 1.11 and 1.12.
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Core frame
according to
Figure 6 ¢)

Byte 1

Byte 2

Byte 35

Byte 36

Byte 37

Byte 70

core

Byte 71

frame
mapping

Byte 72

Byte 109

Byte 107

Byte 108

Byte 144

Core frame
filled with
TU-12 data

105

139

V2

34

V3

35

69

V4

70

104

V1

three
pair
mapping

HDSL HDSL HDSL

pair 1 pair 2 pair 3
105 106 107
138 139 V2

0 1 2

33 34 V3
35 36 37
68 69 V4
70 71 72
103 104 Vi

T1529610-98

NOTE - V1, V2 and V3 are TU-12 pointers 1, 2 an®¥3;is set to ONE. These bytes are part of the PU-1

and terminated at a pointer processor.

Figure 1.11/G.991.1 — Core frame mapping of TU-12paiion —
Synchronous mapping into three-pairs
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Core frame Core frame
according to filled with Hgi)rsi_ H[.)Sé‘
Figure 6 ¢) TU-12 data P pair
Byte 1 105
Byte 2 105 106
Byte 35
m 139 139 V2
Byte 36 V2
Byte 37 0
0 1
Byte 70 core 34 two 34 V3
frame i
Byte 71 maDDin Va3 pair
Byte 72 pping s mapping
35 36
Byte 109 69 69 -
Byte 107 V4
Byte 108 70
70 71
104 104 V1
Byte 144 V1

T1529620-98

NOTE - V1, V2 and V3 are TU-12 pointers 1, 2 an®/3;is set to ONE. These bytes are part of the PU-1
and terminated at a pointer processor.

Figure 1.12/G.991.1 — Core frame mapping of TU-12paiion —
Synchronous mapping into two-pairs
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1.6.4  Mapping of HDSL maintenance functions to thenterface

The access digital section shall be consideredatipeal when all of the transceiver pairs have
indicated completion of the activation proceduree($.6 or B.5.6), correct pair identification has
been achieved in the core frame, as described2imi6B.5.6.9, and no further failure condition is
detected. If one of the transceiver pairs is inthcanon-operational condition or incorrect pair
identification, the access digital section shalcbasidered non-operational.

The fact that the D2048U signal is unstructured esak impossible for the HDSL core to map any
operation and maintenance information into or duhe payload because the HDSL system does not
have any information about the contents or thematiestructure of the transmitted data.

The only information the core can get is "LOS & #pplication interface of LTU" and "LOS at the
application interface of NTU". When LOS at the apgion interface of NTU or LTU is detected, an
"All ONEs" signal shall be transmitted to the fadeof the HDSL system. At the same time bit 15 of
the HDSL frame ("losd") shall be set to ZERO asmhan Table 1.17.

Table 1.17/G.991.1 — LOS at the application interfae of LTU and NTU

Leased line input condition Action
LOS at the application interface of LTU losd = CHOH (LTU/NTU)
LOS at the application interface of NTU losd = HOH (NTU/LTU)

The mapping of LOS/LFA at the line side of LTU, NTahd both sides of REG to the application
interface is shown in Table 1.18.

Table 1.18/G.991.1 — Mapping of maintenance functits to the application interfaces

Condition on one (or more) Message towards the application interface of
pair(s) NTU LTU
LOS/LFA at LTU line side Note AIS
LOS/LFA at NTU line side Note AIS
LOS/LFA at REG-R Note AIS
LOS/LFA at REG-C Note AIS

NOTE — As long as the HDSL system is not in thédpkrating state, i.e. not all of the HDSL
transceivers are in the Active-Rx/Tx state, th@aigowards the application interface of the NTU i
not defined.

.6.5 Performance

1.6.5.1 Performance specification

The overall performance shall be such that the opedince limits defined in
Recommendation G.826 [B9] can be met.

Recommendation G.991.1 (10/98) 153



1.6.5.2  Signal transfer delay

The one-way signal transfer delay between the egiobn interface at the NTU and the TU-12
reference point at the LTU shall not exceed 1250Tjhss shall be calculated as the mean delay for
both directions. The allocation for a 2B1Q HDSLteys shall be as follows:

LTU <450 upus
NTU <450 pus
REG <200upus
Line <150 pus

1.6.5.3  Clock specification

1.6.5.3.1  Clock synchronization at the NTU

The TU-12 signal towards the network shall useTtel2 timing of the incoming direction from the
network side as timing reference.

The NTU timing towards the application interfaceyrba derived from:
- the received VC-12 signal,
- the received TU-12 signal, with an additionahfeabuffer inserted in the receive direction.

1.6.5.3.2  Jitter specification

The tolerance to input jitter as well as the jitteainsfer limitation are defined in terms of the
amplitude and frequency of sinusoidal input jittdtich, when modulating a'2-1 pseudo random
test sequence of the 2048 kbit/s bit stream anhtdminal rate and with tolerances &0 ppm and
=50 ppm, shall not cause bit errors in the trandomssystem or jitter at the relevant output in essce
of the limits defined below. This test method igdigor convenience of testing and is not, in itself
intended to be representative of the type of jitbdoe found in practice.

The tolerable input jitter is given in Figure l.4e€ 1.1.3.3.3) with the values of Table 1.19. The
output jitter limits given in Table 1.20 shall beetrwhen applying the tolerable jitter to the relava
input.

Table 1.19/G.991.1 — Parameter values for input jier tolerance at inputs

Application Peak-to-peak amplitude Frequency
Interface

Parameter A0 Al A2 0 f1 f2 3 f4
At NTU Value - 1.1 0.11 - - 4 0.04 10¢
(input)
AtLTU Value - 1.35 0.18 - 20 240( 18 100
(input)

Units - Ulpp Ulpp - Hz Hz kHz kHz
NOTE 1 — U} = Unit Interval peak-peak. 1 pjj= %045 kHz = 488 ns for the D2048U application.
NOTE 2 — The values for the NTU input are takemfeTS 300 247 [B5].
NOTE 3 — The values for the LTU input are takemfi@ecommendation G.823 but reduced by 10%
margin for jitter accumulation in the HDSL transgii system.
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Table 1.20/G.991.1 — Maximum permitted values of dput jitter

Application Maximum permissible Measurement bandpass parameterg
Interface jitter (high pass part has first order slope)
Parameter B1; (f1-f4) B2; (f3-f4) fl 3 f4
At NTU output | Value 15 0.2 20 18 00Q 100
At LTU output | Value 0.3 0.15 20 700 100
Units Ulpp Ulpp Hz Hz kHz

NOTE 1 — The values for the NTU output are takemfETS 300 247 [B5].

NOTE 2 — The values for the LTU output are basetherinput at NTU, but increased for jitter
accumulation in the HDSL transmission system inlofineer frequency area and based on high
Q transmission network following.

1.6.5.4

The test arrangement and procedures of 6.3 or BbBall be used. The performance shall be
evaluated between the application interface atNfiel and the VC-12 reference point in the LTU

between the mapping functionality and the SDH cdkespecial adaptor will be used for the

connection of the measuring equipment to the ialeviC-12 reference point.

Laboratory performance measurement

APPENDIX Il

Detailed definition of cable characteristics and tst loops

.1  Typical characteristics of cables

This appendix contains tables of typical parametérsables, together with calculated values of the
expected test loop behaviour. Practical measurenmntables or test loops will not necessarily be
identical to the values in these tables. Additiomérmation on cables and test loops (including
graphical representations) can be found in Ann&x. @50 [2]

Table 11.1/G.991.1 — Parameters of 0.4 mm PE cables

Frequency| OHz | 10 kHz | 20 kHz| 40 kHz| 100 kHz 150 kHz | 200 kHz | 400 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 45.5 455 45.6 45]5 455
Table 11.2/G.991.1 — Parameters of 0.5 mm PE cables

Frequency| OHz | 10 kHz| 20 kHz| 40 kHz| 100 kHz| 150 kHz| 200 kHz| 400 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
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Table 11.3/G.991.1 — Parameters of 0.6 mm PE cables

Frequency| OHz | 10 kHz| 20 kHz| 40 kHz| 100 kHZ 150 kHz 200 kHz | 400 kHz| 500 kHz
R' (Q/km) | 119 120 121 125 146 167 189 26( 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
Table 11.4/G.991.1 — Parameters of 0.8 mm PE cables
Frequency| OHz | 10 kHz| 20 kHz| 40 kHz| 100 kHZ 150 kHz 200 kHz | 400 kHz| 500 kHz
R' (Q/km) | 67 70 72.5 75.0 91.7 105 117 159 1775
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 37.4 37.8 37|8 37.8
Table 11.5/G.991.1 — Parameters of 0.32 mm PVC cads
Frequency| OHz | 10 kHz| 20 kHz| 40 kHz| 100 kHZ 150 kHz | 200 kHz| 400 kHZz 500 kHz
R' (Q/km) | 419 419 419 419 427 453 493 679 75(
L' (uH/km) | 650 650 650 650 647 635 621 577 56(
C' (nF/km)| 120 120 120 120 120 120 120 120 120
Table 11.6/G.991.1 — Parameters of 0.4 mm PVC calde
Frequency| OHz | 10 kHz| 20 kHz| 40 kHz| 100 kHZ 150 kHz 200 kHz | 400 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 11.7/G.991.1 — Parameters of 0.63 mm PVC cads
Frequency| OHz | 10 kHz| 20 kHz| 40 kHz| 100 kHZ 150 kHz 200 kHz | 400 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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1.2 Theoretical characteristics of test loops fory = 31 dB at 150 kHz

Table 11.8/G.991.1 — Loop 2

Frequency (kHz) 10 20 40 100 150 200 400 50D
Attenuation (dB) 15.2 19.0 234 28.6 310 33|13 42.546.8
Phase (deg) -97 -165 | -280 | —-611 | -889 | -1168| —2277 | —2823
Group Delay (us) 21.7 17.0 15.4 154 15(5 15.6 15.315.1

Impedance®)  Re. | 228 | 179 | 146| 126 122 12 117 117
at NTU

Im. | -209 | -129 | -82 | -39 | -28 | -23 | -14 | -13
Impedance®) Re. | 228 | 179 | 146| 126 122 = 12( 117 117
atLTU

Im. -209 | -129 | -82 -39 -28 -23 -14 -13

Table 11.9/G.991.1 — Loop 3

Frequency (kHz) 10 20 40 100 150 200 400 50D
Attenuation (dB) 16.4 20.0 23.2 28.3 318 345 45.950.3
Phase (deg) -114 | -191 | -336 | —770 | -1129 | -1489 | —2896 | —3588
Group Delay (us) 23.8 20.2 20.1 20.p 20|0 19.9 19.419.1

ImpedanceQ) Re. 219 199 166 120 123 12( 11y 116
at NTU

Im. -152 | -98 -91 -41 =27 -26 -13 -13
ImpedanceQ) Re. 257 190 134 128 121 114 118 120
atLTU

Im. -201 | -151 -84 -33 -34 -19 -17 -12

Table 11.10/G.991.1 — Loop 4

Frequency (kHz) 10 20 40 100 150 200 40( 50(
Attenuation (dB) 15.3 19.3 23.3 28.2 31p 343 45.6 50.0
Phase (deg) -113 | =195 | -339 | -768 | —1126 | —1484 | —2887 | -3578
Group Delay (us) 25.5 20.9 19.6 199 20(0 19.9 19.319.1

ImpedanceQ) Re. 128 110 114 105 109 108 108 108
at NTU

Im. | -143 | -68 | —26 | -18 | -18 | -11 | -9 -7
Impedance®) Re. | 263 | 210| 192| 159 165 159  15f 15}
atLTU

Im. =205 | -122 =75 =30 -34 -16 -13 -12
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Table 11.11/G.991.1 — Loop 5

Frequency (kHz) 10 20 40 100 150 200 40( 50
Attenuation (dB) 13.9 16.7 18.6 24.4 28.9 33(0 46.151.1
Phase (deg) -160 | -290 | -545 | -1300 | -1912 | —-2512 | —4838 | -5963
Group Delay (us) 36.5 35.5 35.4 344 33(6 33.5 31.330.7
ImpedanceQ) Re. 164 144 126 87 67 57 60 79
at NTU

Im. -95 =71 -60 -55 -44 -31 +8 +11
ImpedanceQ) Re. 164 144 126 87 67 57 60 79
atLTU

Im. -95 =71 -60 -55 -44 -31 +8 +11

Table 11.12/G.991.1 — Loop 6

Frequency (kHz) 10 20 40 100 150 200 400 50
Attenuation (dB) 12.4 219 31.2 27.0 28.1 35.7 441
Phase (deg) -81 | -138 | -232 | -413 | -612 | -833 -1613 | -1977
Group Delay (us) 18.5 14.1 12.1 8.8 12|11 12{3 1116 10.1
ImpedanceQ) Re. 124 88 65 49 68 75 68 52
at NTU

Im. | -167| -97 -64 -9 0 -19 -18 3
Impedance@) Re. 253 188 144 125 124 120 117 11
atLTU

Im. | -200| -133 | -88 | -43 -29 -21 -14 -13

Table 11.13/G.991.1 — Loop 7

Frequency (kHz) 10 20 40 100 150 200 400 500
Attenuation (dB) 14.1 17.7 22.1 28.0 3046 331 45.250.9
Phase (deg) -98 | -171 | -296 | -645 | -941 | -1237| -2391 | -2801
Group Delay (us) 22.9 18.4 16.4 163 163 16.7 15.85.5
ImpedanceQ) Re. 124 86 57 48 70 96 73 61
at NTU

Im. | -182 | -109 -65 -4 +16 -14 +2 =17
ImpedanceQ) Re. 218 161 133 103 91 81 57 53
atLTU

Im. | =218 | -135 -90 -59 -53 -49 -31 -21
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