This electronic version (PDF) was scanned by the International Telecommunication Union (ITU) Library &
Archives Service from an original paper document in the ITU Library & Archives collections.

La présente version électronique (PDF) a été numérisée par le Service de la bibliothéque et des archives de
['Union internationale des télécommunications (UIT) a partir d'un document papier original des collections
de ce service.

Esta version electronica (PDF) ha sido escaneada por el Servicio de Biblioteca y Archivos de la Unidn
Internacional de Telecomunicaciones (UIT) a partir de un documento impreso original de las colecciones del
Servicio de Biblioteca y Archivos de la UIT.

o34 Aail) 4y 5 KIY) (PDF) gl n sead rasally i sucall o)yl a8 il giaall 5 8 alad¥] dsall VLU (ITU)
D& (e 4855 A8 ) 5 dlial (ania (3511 38 giall b and KA il giadll

SR TR (PDFRRAS) BRI (ITU) B TR ANRS 58 =R A7 Tz Ak i 4RSS Fl R it

Hacrosmumit snextponnsiii Bapuant (PDF) GBI OATOTOBIICH B OMOIHOTEUHO-aPXUBHOM CITy:KO€E
MeXayHapoJHOTO COI03a AIIEKTPOCBSI3H MyTEM CKaHHUPOBAHUSI HCXOIHOTO IOKYMEHTa B OyMaskHOU dopme 13
OubmoTedHo-apXuBHOH ciry’k061 MCD.

© International Telecommunication Union




INTERNATIONAL TELECOMMUNICATION UNION

THE INTERNATIONAL

TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

BLUE BOOK

VOLUME Il — FASCICLE lll.4

GENERAL ASPECTS OF DIGITAL
TRANSMISSION SYSTEMS;:

TERMINAL EQUIPMENTS

RECOMMENDATIONS G.700-G.795

IXTH PLENARY ASSEMBLY
- MELBOURNE, 14-25 NOVEMBER 1988

Geneva 1989



INTERNATIONAL TELECOMMUNICATION UNION

CCITT

THE INTERNATIONAL
TELEGRAPH AND TELEPHONE
CONSULTATIVE COMMITTEE

BLUE BOOK

VOLUME Il — FASCICLE l1il.4

GENERAL ASPECTS OF DIGITAL
TRANSMISSION SYSTEMS;

TERMINAL EQUIPMENTS

RECOMMENDATIONS. G.700-G.795

IXTH PLENARY ASSEMBLY
MELBOURNE, 14-25 NOVEMBER 1988

Geneva 1989

ISBN 92-61-03341-5



© ITU

Printed in Spain



Volume I

FASCICLE 1.1

FASCICLE 1.2

FASCICLE 1.3

FASCICLE 14

'Volume II
FASCICLE II.1

FASCICLE 11.2
FASCICLE 11.3
FASCICLE I1.4
- FASCICLE 1IL5
FASCICLE 11.6
Volume III
FASCICLE 1I1.1

FASCICLE I1I1.2
FASCICLE IIL.3
FASCICLE I11.4

FASCICLE IILS

CONTENTS OF THE CCITT BOOK

APPLICABLE AFTER THE NINTH PLENARY ASSEMBLY (1988)

BLUE BOOK

Minutes and reports of the Plenary Assembly.

List of Study Groups and Questions under study.

Opinions and Resolutions.

Recommendations on the organization and working procedures of CCITT (Series A).

Terms and definitions. Abbreviations and acronyms. Recommendations on means of
expression (Series B) and General telecommunications statistics (Series C).

Index of Blue Book.

General tariff principles — Charging and accounting in international telecommunications
services. Series D Recommendations (Study Group III).

Telephone network and ISDN — Operation, numbering, routing and mobile service.
Recommendations E.100-E.333 (Study Group II).

Telephone network and ISDN — Quality of service, network management and traffic
engineering. Recommendations E.401-E.880 (Study Group II).

Telegraph and mobile services — Operations and quality of service. Recommenda-
tions F.1-F.140 (Study Group I).

Telematic, data transmission and teleconference services — Operations and quality of
service. Recommendations F.160-F.353, F.600, F.601, F.710-F.730 (Study Group I).

Message héndling and directory services — Operations and definition of service. Recom-
mendations F.400-F.422, F.500 (Study Group I).

General characteristics of international telephone connections and circuits. Recommenda-
tions G.100-G.181 (Study Groups XII and XV).

International analogue carrier systems. Recommendations G.211-G.544 (Study Group XV).
Transmission media — Characteristics. Recommendations G.601-G.654 (Study Grdup XV)._

General aspects of ‘ digital transmission systems; -terminal equipments. Recommenda-
tions G.700-G.795 (Study Groups XV and XVIII).

Digital networks, digital sections.and digital line systems. Recommendations G.801-G.961
(Study Groups XV and XVIII).

111



FASCICLE IIL6
FASCICLE II1.7
FASCICLE III'8

FASCICLE II1.9

Volume 1V

FASCICLE 1V.1

FASCICLE 1V.2

FASCICLE 1V.3

FASCICLE 1V.4

Volume V

Volume VI
FASCICLE VI.1
FASCICLE VI.2
FASCICLE VI3
FASCICLE VIi.4
FASCICLE VI.5
FASCICLE V1.6
FASCICLE V1.7
FASCICLE VL8

\

FASCICLE VI9

FASCICLE VI.10

v

Line transmission of non-telephone signals. Transmission of sound-programme and televi-
sion signals. Series H and J Recommendations (Study Group XV).

Integrated Services Digital Network (ISDN) — General structure and service capabilities.
Recommendations 1.110-1.257 (Study Group XVIII).

Integrated Services Digital Network (ISDN) — Overall network aspects and functions,
ISDN user-network interfaces. Recommendations 1.310-1.470 (Study Group XVIII).

Integrated Services Digital Network (ISDN) — Internetwork interfaces and maintenance
principles. Recommendations 1.500-1.605 (Study Group XVIII).

General maintenance principles: maintenance of international transmission systems and
telephone circuits. Recommendations M.10-M.782 (Study Group IV).

Maintenance of international telegraph, phototelegraph and leased circuits. Maintenance of
the international public telephone network. Maintenance of maritime satellite and data

transmission systems. Recommendations M.800-M.1375 (Study Group IV).

Maintenance of international sound-programme and television transmission circuits.
Series N Recommendations (Study Group IV).

Specifications for measuring equipment. Series O Recommendations (Study Group IV).

Telephone transmission quality. Series P Recommendations (Study Group XII).

General Recommendations on telephone switching and signalling. Functions and informa-
tion flows for services in the ISDN. Supplements. Recommendations Q.1-Q.118 bis (Study
Group XI).

Specifications of Signalling Systems Nos. 4 and 5. Recommendations Q.120-Q.180 (Study
Group XI).

Specifications of Signalling System No. 6. Recommendations Q.251-Q.300 (Study
Group XI).

Specifications of Signalling Systems R1 and R2. Recommendations Q.310-Q.490 (Study
Group XI).

Digital local, transit, combined and international exchanges in integrated digital networks
and mixed analogue-digital networks. Supplements. Recommendations Q.500-Q.554 (Study
Group XI).

Intefworking of signalling systems. Recommendations Q.601-Q.699 (Study Group XI).

Specifications of Signélling System No. 7. Recommendations Q.700-Q.716 (Study
Group XI). -

Specifications of Signalling System No. 7. Recommendations Q.721-Q.766 (Study
Group XI).

Specifications of Signalling Systerh No. 7. Recommendations Q.771-Q.795 (Study
Group XI).

Digital subscriber signalling system No. 1 (DSS 1), dé.ta link layer. Recommendations
Q.920-Q.921 (Study Group XI).



FASCICLE VI.11
FASCICLE VIL.12
FASCICLE VI.13
FASCICLE VI.14
Volume VII
FASCICLE VII.1

FASCICLE VII.2

FASCICLE VIL3
FASCICLE VII.4
FASCICLE VILS
FASCICLE VIL6
FASCICLE VIL7
Volume VIII
FASCICLE VIIIL1
FASCICLE VIII.2

FASCICLE VIIL3

FASCICLE VIIL4
FASCICLE VIILS

FASCICLE VIIIL.6

FASCICLE VIIL7 -

FASCICLE VIIL8

Volume IX

Digital subscriber signalling system No. 1 (DSS 1), network layer, user-network manage-
ment. Recommendations Q.930-Q.940 (Study Group XI).

Public land mo‘bile network. Interworking with ISDN and PSTN. Recommenda-
tions Q.1000-Q.1032 (Study Group XI).

Public land mobile network. Mobile application part and interfaces. Recommenda-
tions Q.1051-Q.1063 (Study Group XI). -

Interworking with satellite mobile systems. Recommendations Q.1100-Q.1152 (Study
Group XI).

Telegraph transmission. Series R Recommendations. Telegraph services terminal equip-
ment. Series S Recommendations (Study Group IX).

Telegraph'iswitching. Series U Récommendations (Study Group IX).

Terminal equipment and protocols for telematic services. Recommendations T.0-T.63
(Study Group VIII).

Conformance testing procedures for the Teletex Recommendations. Recommendation T.64
(Study Group VIII).

Terminal equipment and protocols for telematic services. Recommendations T.65-T.101,
T.150-T.390 (Study Group VIII).

Terminal equipment and protocols for telematic services. Recommendations T.400-T.418
(Study Group VIII).

Terminal equipment and protocols for telematic services. Recommendations T.431-T.564
(Study Group VIII).

Data communication over the telephone network. Series V. Recommendations (Study
Group XVII). '

Data communication networks: services and facilities, interfaces. Recommenda-

tions X.1-X.32 (Study Group VII).

Data communication networks: transmission, signalling and switching, network aspects,
maintenance and administrative arrangements. Recommendations X.40-X.181 (Study
Group VII).

Data communication networks: Open Systems Interconnection (OSI) — Model and nota-
tion, service definition. Recommendations X.200-X.219 (Study Group VII).

Data communication networks: Opén Systems Interconnection (OSI) — Protocol specifica-
tions, conformance testing. Recommendations X.220-X.290 (Study Group VII).

Data communication networks: int'erworking between networks, mobile data transmission
systems, internetwork management. Recommendations X.300-X.370 (Study Group VII).

Data communication networks: message handling systems. Recommendations X.400-X.420
(Study Group VII). -

Data communication networks: directory. Recommendations X.500-X.521  (Study
Group VII).

- Protection against interference. Series K Recommendations (Study Group V). Construction,

installation and protection of cable and other elements of outside plant. Series L Recom-
mendations (Study Group VI).



Volume X

FASCICLE X.1
FASCICLE X.2
FASCICLE X.3
FASCICLE X.4
FASCICLE X.5

FASCICLE X.6

FASCICLE X.7

VI

Functional Specification and Description Language (SDL). Criteria for using Formal

~ Description Techniques (FDTs). Recommendation Z.100 ' and Annexes A, B, C and E,

Recommendation Z.110 (Study Group X).
Annex D to Recommendation Z.100: SDL user guidelines (Study Group X).

Annex F.1 to Recommendation Z.100: SDL formal definition. Introduction (Study
Group X).

Annex F.2 to Recommendation Z.100: SDL formal definition. Static semantics (Study
Group X).

Annex F.3 to Recommendation Z.100: SDL formal definition. Dynamic semantics (Study
Group X).

CCITT High Level Language (CHILL). Recommendation Z2.200 (Study Group X).

Man-Machine Language (MML). Recommendations Z.301-Z.341 (Study Group X).



Rec. No.

CONTENTS OF FASCICLE 1I1.4 OF THE BLUE BOOK

Recommendations G.700 to G.795

General aspects of digital transmission systems ;
terminal equipments

SECTION 7 — General aspects of digital transmission systems; terminal equipments

G.700
G.701

G.702
G.703
G.704
G.705
G.706

G.707
G.708
G.709

G.711
G.712

G.713
G.714

G.715

7.0

71

General
Framework of the series G.700, G.800 and G.900 Recommendations . .. ... ... ...

Vocabulary of digital transmission and multiplexing, and pulse code modulation (PCM)
TEIMS . . . o ot o e e e e e e e e e e e e e e

Digital hierarchy bitrates . .. ... .. ... ... ... .. ... ..... e e
Physical/electrical characteristics of hierarchical digital interfaces . . . . . .. ... .. .
Synchronous frame structures used at primary and secondary hierarchical levels . . . . .
Characteristics required to terminate digital links on a digital exchange . ... ... ...

Frame alignment and cyclic redundancy check (CRC) procedures relating to basic frame
structures defined in Recommendation G.704 . . . . ... ... ... .. e

Synchronous digital hierarchy bitrates . . . . . .. ... ... ... .. .. .. .. . ...
Network node interface for the synchronous digital hierarchy . ... ... .. ... .. ..

Synchronous multiplexing structure . . . . . . . . . .. ... .
Coding of analogue signals by pulse code modulation

Pulse code modulation (PCM) of voice frequencies . . . .. ... .. ............

Performance characteristics of PCM channels between 4-wire interfaces at voice
fTEqUENCIES . . . . o o e o e e e e e e e e e e e e

Performance characteristics of PCM channels between 2-wire interfaces at voice
freqUENCIES . . . . . o i o e e e e e e e e e e e e e e e e e e e

Separate performance characteristics for the encoding and decoding sides of PCM
channels applicable to 4-wire voice-frequency interfaces . ... ... ............

Separate performance characteristics for the encoding and decoding side of PCM
channels applicable to 2-wire interfaces . . . .. .. ... ... ... ..

Fascicle I1II.4 — Table of Contents

Page

41
45
76
97

101
107
109
121

175
185
194
205

217

Vil



Rec. No.

G.721
G.722
G.723

G.724

G.725

G.731
G.732
G.733
G.734
G.735

G.736
G.737

G.738

G.739

G.741
G.742

G.743

G.744
G.745

G.746
G.747

G.751

G.752

VIII

7.2

7.3

7.4

7.5

Coding of analogue signals by methods other than PCM

32 kbit/s adaptive differential pulse code modulation (ADPCM) . ... ..........
7 kHz audio-coding within 64 kbit/s . . . . ... .. P

Extensions of Recommendation G.721 adaptive differential pulse code modulation to 24
and 40 kbit/s for digital circuit multiplication equipment application . . . . ... ... ..

Characteristics of a 48-channel low bit rate encoding primary multiplex operating at
1544 Kbit/s . . . . . o e e e e e e e e e e e

System aspects for the use of the 7 kHz audio codec within 64 kbit/s .. .........
Principal characteristics of primary multiplex equipment

Primary PCM multiplex equipment for voice frequencies . . . . .. .............
Characteristics of primary PCM multiplex equipment operating at 2048 kbit/s . . .. ..
Characteristics of primary PCM multiplex equipment operating at 1544 kbit/s . .. ...
Characteristics of synchronous digital multiplex equipment operating at 1544 kbit/s . . .

Characteristics of primary PCM multiplex equipment operating at 2048 kbit/s and
offering synchronous digital access at 384 kbit/s and/or 64 kbit/s . . ... ........

Characteristics of a synchronous digital multiplex equipment operating at 2048 kbit/s . .

Characteristics of an external access equipment operating at 2048 kbit/s offering
synchronous digital access at 384 kbit/s and/or 64 kbit/s . ... ..............

Characteristics of primary PCM multiplex equipment operating at 2048 kbit/s and
offering synchronous digital access at 320 kbit/s and/or 64 kbit/s . ............

Characteristics of an external access equipment operating at 2048 kbit/s offering
synchronous digital access at 320 kbit/s and/or 64 kbit/s . . ... ... ... ... ....

Principal characteristics of second order multiplex equipments

General considerations on second order multiplex equipments . . . . .. ... ... .. ..

Second order digital multiplex equipment. operating at 8448 kbit/s and using positive
justification . . . . . . L L e

Second order digital multiplex equipment operating at 6312 kbit/s and using positive
Justification . . . . L L.l e e e e e e e

Second order PCM multiplex equipment operating at 8448 kbit/s . . . . .. ... ... ..

Second order digital multiplex equipment operating at 8448 kbit/s and using positive/
zero/negative justification . . . . .. ... L oL L L

Characteristics of second order PCM multiplex equipment operating at 6312 kbit/s . . .

Second order digital multiplex equipment operating at 6312 kbit/s and multiplexing
three tributaries at 2048 kbit/s. . . . . . . . . . L.

Principal characteristics of higher order multiplex equipments

Digital multiplex equipments operating at the third order bit rate of 34 368 kbit/s and
the fourth order bit rate of 139 264 kbit/s and using positive justification . ... ... ..

Characteristics of digital multiplex equipments based on a second order bit rate of
6312 kbit/s and using positive justification . ... ... ... ... ... . ... ... ...,

Fascicle II1.4 — Table of Contents

Page

231
269

341

359
365

375
375
381
384

387
395

400

407

415

422

422

427
431

435
439

441

447

460



Rec. No.

G.753

G.754

G.755

G.761
G.762
G.763

G.771

G.772

G.791
G.792
G.793
G.794
G.795

7.6

7.7

7.9

Third order digital multiplex equipment operating at 34 368 kbit/s and using positive/
zero/negative justification . . . . . . . . L L e e e e e

Fourth order digital multiplex equipment operating at 139 264 kbit/s and using posi-
tive/zero/negative justification . . . . . .. . . .. .. ... e

Digital multiplex equipment operating at 139 264 kbit/s and multiplexing three tributa-
ries at 44736 kbit/s . . . . . .. L e e e e

Principal characteristics of transcoder and digital multiplication equipments

General characteristics of a 60-channel transcoder equipment . . . . ... .........
General characteristics of a 48-channel transcoder equipment . . ..............

Digital circuit multiplication equipment using 32 kbit/s ADPCM and digital speech
interpolation . . . . . . . . L e e e

Operations, administration and maintenance features of transmission equipment

Q-interfaces and associated protocols for transmission equipment in the telecommu- .

nications management network (TMN) . . ... ... ... ... ... . . .. .......
Digital protected monitoring points. . . . . . . . . ... L Lo
Other terminal equipments

General considerations on transmultiplexing equipments . . . . ... ... ... ......
Characteristics common to all transmultiplexing equipments. .................
Characteristics of 60-channel transmultiplexing equipments . . . . . .. ... ... .....
Characteristics of 24-channel transmultiplexing equipments. . . . . .. .. ... ... ...

Characteristics of codecs for FDM assemblies . . . . . . . . ... ...

Supplement No. 28 Application of transmultiplexers, FDM codecs, data-in-voice (DIV) systems and

data-over-voice (DOV) systems during the transition from an analogue to a digital
NEEWOTK . . o v o e e e e e e e e e e e e e e e e e

Supplement No. 31 Status of work of presently considered digital circuit multiplication equipment

(DCME) dOCUMENTS . . . .« vttt et e et e e e et e e e e

Supplement No. 32 Transfer of alarm information on 60-channel transmultiplexing equipment . . . . ..

PRELIMINARY NOTES

Page

469

473

476

482
497

508

544

571

574
575
587
595
599

602

602
603

In this fascicle, the expression “Administration” is used for shortness to indicate both a telecommunication
Administration and a recognized private operating agency.

Fascicle II1.4 — Table of Contents

IX



FASCICLE I11.4

Recommendations G.700 to G.795

GENERAL ASPECTS OF DIGITAL TRANSMISSION SYSTEMS;
TERMINAL EQUIPMENTS



PAGE INTENTIONALLY LEFT BLANK

PAGE LAISSEE EN BLANC INTENTIONNELLEMENT



SECTION 7

GENERAL ASPECTS OF DIGITAL TRANSMISSION SYSTEMS;
TERMINAL EQUIPMENTS

7.0 General
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SECTION 7 -

G.700
G.701
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G.704
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G.707
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FRAMEWORK OF THE SERIES G.700, G.800 AND G.900 RECOMMENDATIONS

(former Recommendation G.701 of Volume III of the Yellow Book)

General aspects of digital transmission systems; terminal equipments

General
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Physical/electrical characteristics of hierarchical digital interfaces

Functional characteristics of interfaces associated with network nodes

Characteristics required to terminate digital links on a digital exchange
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Coding of analogue signals by pulse code modulation

Pulse code modulation (PCM) of voice frequencies
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Performance characteristics of PCM channels between 2-wire interfaces at voice frequencies
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Recommendation G.701

VOCABULARY OF DIGITAL TRANSMISSION AND MULTIPLEXING,
AND PULSE CODE MODULATION (PCM) TERMS

1 Introduction

This Recommendation provides a vocabulary of terms and definitions that are appropriate to digital and
pulse code modulation multiplexing and transmission systems.

A small number of the terms in the Recommendation are duplicated in Recommendation 1.112. References
to these definitions are given in parenthesis as an aid to ensuring consistency between the two Recommendations
in the event of future amendments.

According to the conventions applied in this Recommendation any term in common usage, but whose use
is deprecated in the sense defined, is shown after the recommended term as in the following example: “2026
controlled slip [slip]”.

Where a truncated term is widely used in an understood context the complete term is quoted following the -
colloquial form, for example: “1007 circuit, telecommunication circuit”.

Furthermore, any term which is in general use in addition to the principal term is shown after the
principal term as in the following example: “6002 timing recovery (timing extraction)”.

In the interest of standardization in the drafting of documents the following abbreviations are recom-
mended:

kbit/s,

Mbit/s,

Gbit/s.

To avoid misinterpretation of the use of the point (.) and the comma (,) in different languages to separate

the whole and decimal parts, it is recommended that the use of decimals should be avoided wherever possible. For
example, “2048 kbit/s” is preferred to “2.048 Mbit/s” or “2,048 Mbit/s.

Annex A to this Recommendation contains an alphabetical list of all of the terms defined in this
Recommendation.

2 Vocabulary of digital transmission and multiplexing and pulse code modulation terms (PCM)
CONTENTS

2.1 General

2.2  Digital signals

23 Digital transmission

2.4 Digital multiplexing

2.5 Frame alignment

2.6 Timing

2.7 Synchronization

2.8 Pulse code modulation

29 Codes

Annex A — Alphabetical List

2.1 General

1001  signal [102]
F: signal

S: senal

A physical phenomenon one or more of whose characteristics may vary to represent information.
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1002 analogue signal [103]
F: signal analogique

S: sefal analdgica

A signal one of whose characteristic quantities follows continuously the variations of another physical
quantity representing information.

1003 |; discretely-timed signal [104]
F: signal (temporel) discret

S: sefial discretamente temporizada

A signal composed of successive elements in time, each element having one or more characteristics which
can convey information, for example, its duration, its waveform and its amplitude.

1004 transmission [106]
F: transmission

S: transmision

The action of conveying signals from one point to one or more other points.
Note 1 — Transmission can be effected directly or indirectly, with or without intermediate storage.

Note 2 — The use of the English word “transmission” in the sense of “emission” is deprecated.

1005 channel, transmission channel [108]
F: voie, voie de transmission

S: canal, canal de transmisién

A means of unidirectional transmission of signals between two points.

Note 1 — Several channels may share a common path; for example each channel may be allocated a
particular frequency band or a particular time slot.

Note 2 — The term may be qualified by the nature of the transmitted signals, by the bandwidth, by the
digit rate, or by an arbitrary designation.

Note 3 — See also Recommendation 1.112, Term 414, access channel.

1006 telecommunication [110]
F: télécommunication

S: telecomunicacion

Any transmission and/or emission and reception of signals representing signs, writing, images and sounds
or intelligence of any nature by wire, radio, optical or other electromagnetic systems,

1007 circuit, telecommunication circuit [111]
F: circuit, circuit de télécommunications

S: circuito, circuito de telecomunicacion

A combination of two transmission channels permitting bidirectional transmission of signals between two
points, to support a single communication.

Note 1 — If the telecommunication is by nature unidirectional (for example: long distance television
transmission), the term “circuit” is sometimes used to designate the single channel providing the facility.

Note 2 — In a telecommunication network, the use of the term “circuit” is generally limited to a
telecommunication circuit directly connecting two switching devices or -exchanges, together with associated
terminating equipment.
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Note 3 — A telecommunication circuit may permit transmission in both directions simultaneously
(duplex), or not simultaneously (simplex).

Note 4 — A telecommunication circuit that is used for transmission in one direction only is sometimes
referred to as a unidirectional telecommunication circuit. A telecommunication circuit that is used for transmission
in both directions (whether simultaneously or not) is sometimes referred to as a bidirectional telecommunication
circuit.

1008 interface [408]
F: jonction (interface)

S interfaz

The common boundary between two associated systems.

22 Digital signals

2001  digit
F: élément numérique
S: digito
A member selected from a finite set.

Note I — In digital transmission, a digit may be represented by a signal element, being characterized by
the dynamic nature, discrete condition and discrete timing of the element, for example it may. be represented as a
pulse of specified amplitude and duration.

Note 2 — In equipment used in digital transmission, a digit may be represented by a stored condition
being characterized by a specified physical condition, for example it may be represented as a binary magnetic
condition of a ferrite core.

Note 3 — The context of the use of the term should be such as to indicate the radix of notation. (The
meaning of “digit” in Notes 1, 2 and 3 translates into French as “élément numérique”.)

Note 4 — In telephone subscriber numbering, a digit is any of the numbers 1, 2, 3 ... 9 or 0 forming the
elements of a telephone number (Recommendation Q.10 [1]). (This meaning of “digit” translates into French as
“chiffre”.) :

2002 binary figure
F: chiffre binaire

S cifra binaria

One of the two figures (that is, 0 or 1) used in the representation of numbers in binary notation.

2003 binary digit (bit)
F: élément binaire
S: digito binario (bit)
A member selected from a binary set.

Note 1 — Bit is an abbreviation for, binary digit.

Note 2 — In the interest of clarity, it is recommended that the term “bit” should not be used in
two-condition start-stop modulation instead of “unit element”.

2004 octet
F: octet

S: octeto

A group of eight binary digits or eight signal elements representing binary digits operated upon as an
entity.
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2005

2006

code word [character signal]
F: mot de code [signal de caractére]

S: palabra de codigo [senial de caracter]
A set of signal elements representing the quantized value of a sample in PCM.

Note — In PCM, the term “PCM word” may be used in this sense.

digital signal {105]
F: signal numérique

S: serial digital

A discretely timed signal in which information is represented by a number of well-defined discrete values

that one of its characteristic quantities may take in time.

2007

digit.

2008

2009

2010

2011

Note — The term may be qualified to indicate the digit rate, for example: “140 Mbit/s digital signal”.

signal element
F: élément de signal

S: elemento de serial

A part of a digital signal, characterized by its discrete timing and its discrete value, and used to represent a

digit pesition
F: position d'un élément de signal; position d’'un élément numérique
S: posicién de digito

The position in time or space into which a representation of a digit may be placed.

n-ary digital signal
F: signal numérique n-aire

S: senal digital n-aria
A digital signal in which each signal element has one of n permitted discrete values.
redundant digital signal

F: signal numérique redondant

S: serial digital redundante
The signal that is produced by encoding a given signal in accordance with a redundant line code.
redundant n-ary signal

F: signal n-aire redondant

S: serial n-aria redundante

A digital signal whose elements can assume n discrete states where the average equivalent binary content

per signal element is less than log,n.

Note — The relative redundancy R, of an n-ary digital signal, is given by:

R=1___re__=[1___r_e_].100%
ry - logyn ry - logyn

where r; is the symbol rate of the n-ary signal and r, is the equivalent bit rate.

This may also be expressed in terms of the number of binary digits which can be transmitted by an

element of a particular line code. Examples are:

10

AMI (37% redundant), 1 binary digit per element;

4B3T (16% redundant), 1.33 binary digit per element.
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2012  pseudo n-ary signal
F: signal pseudo n-aire

S: senal seudo n-aria

A redundant n-ary digital signal that is derived from a m-ary digital signal without change of the line digit
rate.

Note — An alternate mark inversion signal is an example of a pseudo-ternary signal, i.e. n = 3, m = 2.

2013  digit rate
F: débit numérique

S: velocidad digital

The number of digits per unit time.
Note 1 ~ An appropriate adjective may precede the word “digit”, for example, binary digit rate.

Note 2 — In the interests of clarity it is recommended that this term should not be used to express the
symbol rate on the line.

2014  line digit rate [symbol rate]
F: débit numérique en ligne [débit de symboles]

S: velocidad digital de linea [velocidad de simbolos]

The number of signal elements of the line signal transmitted per unit time.

Note I — The baud is usually used to quantify this, one baud being equal to one single element per
second.

Note 2 — Modulation rate is the term used in telegraphy and data communication; it is the reciprocal of
the duration of the unit interval.

2015 equivalent binary content
F: contenu binaire équivalent

S: contenido binario equivalente

The number of binary digits strictly necessary to convey the same information as a defined number of
signal elements in a given digital signal.

2016 equivalent bit rate
F: débit binaire équivalent

S: velocidad binaria equivalente

The value of the bit rate strictly necessary to convey the same information in the same time as a given
digital signal at a given digit rate.

2017 significant instant, significant instant of a digital signal
F: instant significatif, instant significatif d’'un signal numérique

S: instante significativo, instante significativo de una senal digital

The instant at which a signal element commences in a discretely-timed signal.
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2018  unit interval
F: intervalle unitaire

S intervalo unitario (o intervalo unidad)

The nominal difference in time between consecutive significant instants of an isochronous signal.

2019  decision instant, decision instant of a digital signal
F: instant de décision, instant de décision d’'un signal numérique

S: instante de decision instante de decision de una sefial digital

" The instant at which a decision is taken as to the probable value of signal element of a received digital
signal.

2020  decision circuit
F: circuit de décision

S circuito de decision

A circuit that decides the probable value of a signal element of a received digital signal.

2021 regeneration
F: régénération
S: regeneracion

The process of receiving and reconstructing a digital signal so that the amplitudes, waveforms and timing
of its signal elements are constrained within specified limits.

2022 regenerator
F: régénérateur

S: regenerador

A device that performs regeneration.

2023  regenerative repeater
F: répéteur régénérateur

S: repetidor regenerativo

A repeater that regenerates digital signals.

Note 1 — A regenerative repeater may operate in one or both directions of transmission, and the term
may be qualified by “unidirectional” or “bidirectional” as appropriate.

Note 2 — Repeater is defined in Recommendation G.601.

2024  jitter
F: gigue

S: fluctuacion de fase

Short-term non-cumulative variations of the significant instants of a digital signal from their ideal
positions in time.

2025 wander
F: dérapage

S: fluctuacion lenta de fase

Long term non-cumulative variations of the significant instants of a digital signal from their ideal
positions in time.
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2026  controlled slip [slip]
F: glissement commandé [saut]

S: deslizamiento controlado [deslizamiento]

The irretrievable loss or gain of a set of consecutive digit positions in a digital signal, in which both the
magnitude and instant of that loss or gain are controlled, to enable the signal to accord with a rate different from
its own.

Note — Where appropriate the term may be qualified, for example: controlled octet slip, controlled frame
slip.

2027 uncontrolled slip

F: glissement non commandé

S: deslizamiento incontrolado

The loss or gain of a digit position or a set of consecutive digit positions in a digital signal resulting from
an aberration of the timing processes associated with transmission or switching of a digital signal, and in which
either the magnitude or the instant of that loss or gain is not controlled.

2028  scrambler
F: embrouilleur

S: aleatorizador

A device that converts a digital signal into a pseudo-random digital signal having the same meaning and
the same digit rate.

2029  descrambler
F: désembrouilleur

S: desaleatorizador

A device that performs the complementary operation to that of a scrambler.

2030 error, digital error
F: erreur, erreur numérique
S: error, error digital

An inconsistency between a digit in a transmitted digital signal and the corresponding digit in the received
digital signal.

2031 error ratio [error rate]
F: taux d’erreur [rapport d’erreur]

S: tasa de errores [proporcion de errores]

The ratio of the number of digital errors received in a specified period to the total number of digits
received in the same period.

Note 1 — Numerical values of error ratio should be expressed in the form

n-10-7
where p is a positive integer.

Note 2 — Error ratio may be qualified, for example by the term “bit” or “block”.

2032  error multiplication
F: multiplication d’erreurs
S: multiplicacion de. errores
The property of an apparatus whereby a single digital error in the input signal presented to it results in
more than one digital error in the output signal.

Note — Line code converters and descramblers are examples of apparatus that may cause error multipli-
cation.
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2033  error multiplication factor
F: facteur de multiplication d’erreurs

S: factor de multiplicacion de errores

The ratio of the number of digital errors in the output signal to the number of digital errors in the input
signal.

Note — The error multiplication factor may be expressed as either an average or maximum value.

2034  error spread
F: étalement d’erreurs [répartition des erreurs]
S: dispersion de errores

The number of consecutive digits of the output signal over which digital errors are distributed when a
single digital error in the input signal causes error multiplication.

23 Digital transmission

3001 digital transmission [107]
F: transmission numérique
S: transmision digital

The transmission of digital signals by means of a channel or channels that may assume in time any one of
a defined set of discrete states.

3002 digital channel, digital transmission channel [109]
F: voie numérique, voie de transmission numérique

S: canal digital, canal de transmision digital

The means of unidirectional digital transmission of digital signals between two points.

3003  digital circuit, digital telecommunication circuit [112)
F: circuit numérique, circuit numérique de télécommunications

S: circuité digital, circuito de telecomunicacion digital

A combination of two digital transmission channels permitting bidirectional digital transmission in both
directions between two points, to support a single communication.

Note 1 — If the telecommunication is by nature unidirectional (for example, long-distance television
transmission), the term “digital circuit” is sometimes used to designate the single digital channel providing the
facility.

l

Note 2 — In a telecommunication network, use of the term “digital circuit” is generally limited to a
digital telecommunication circuit directly connecting two switching devices or exchanges, together with associated
terminating equipment.

Note 3 — A digital telecommunication circuit may permit transmission in both directions simultaneously
(duplex), or not simultaneously (simplex).

Note 4 — A digital telecommunication circuit that is used for transmission in one direction only is
sometimes referred to as a unidirectional digital telecommunication circuit. A digital telecommunication circuit
that is used for transmission in both directions (whether simultaneously or not) is sometimes referred to as a
bidirectional digital telecommunication circuit.

3004 digital connection [310]
F: connexion numérique

S: conexion digital

A concatenation of digital transmission channels or digital telecommunication circuits, switching and other
functional units set up to provide for the transfer of digital signals between two or more points in a
telecommunication network, to support a single communication.
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3005 digital link, digital transmission link [digital path] [302]
F: liaison numérique, liaison de transmission numérique [conduit numérique]
S enlace digital, enlace de transmision digital [trayecto digital]
The whole of the means of digital transmission of a digital signal of specified rate between two digital
distribution frames (or equivalent).

Note 1 — A digital link comprises one or more digital sections and may include multiplexing and/or
demultiplexing, but not switching.

Note 2 — The term may be qualified to indicate the transmission medium used, for example, “digital
satellite link”.

Note 3 — The term always applies to the combination of “go” and “return” directions of transmission,
unless stated otherwise.

Note 4 — The term “digital path” is sometimes used to describe one or more digital links connected in
tandem, especially between equipments at which the signals of the specified rate originate and terminate.

3006 digital distribution frame
F: répartiteur numérique

S: repartidor digital

A structure that provides flexibility of semipermanent interconnection of digital channels or digital circuits.

Note — Digital sections and digital links normally terminate at digital distribution frames.

3007 digital section!)
F: section numérique
S: seccion digital
The whole of the means of digital transmission of a digital signal of specified rate between two consecutive
digital distribution frames or equivalent.

Note 1 — A digital section forms either a part or the whole of a digital link, and includes terminating
equipments at both ends, but excludes multiplexers.

Note 2 — Where appropriate, the digital rate or multiplex order should qualify the title.

Note 3 — The definition applies to the combination of “go” and “return” directions of transmission,
unless stated otherwise.

3008 section termination
F: extrémité de section
S: extremo de seccion
A connectional interface selected to be the boundary between a physical transmission medium and its
associated equipment.

Note — This point will usually be the connectors at the input and output of an equipment.

3009 elementary cable section [repeater section]
F: section élémentaire de cdble [section (élémentaire) d’amplification]

S: seccion elemental de cable [seccion con amplificacion]

The whole of the physical transmission medium between the section termination at the output of one
equipment and the section termination at the input of the following equipment.

Note 1 — An elementary cable section usually consists of several factory lengths of cable connected
together and any associated accessories (such as flexible cables) necessary to connect it to the section terminals.

Note 2 — Examples of the physical transmission media are a coaxial or symmetric pair, and optical fibre.

D Figure 1/G.701 gives examples of digital sections, digital links, digital line sections, etc.
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3010 elementary repeater section
F: section élémentaire amplifiée

S: seccion elemental de repeticion

In a given direction of transmission, an elementary cable section together with the immediately following
analogue repeater.

3011 elementary regenerator section [regenerator section]
F: section élémentaire régénérée [section de régénération]

S: seccion elemental de regeneracion [seccion de regeneracion]

In a given direction of transmission, an elementary cable section together with the immediately following
regenerative repeater.
3012  digital line section?
F: section de ligne numérique

S: seccion de linea digital

A digital section implemented on a single type of manufactured transmission medium, such as symmetric
pair, coaxial pair, or optical fibre.

Note — A digital line section includes line terminating equipments at both ends, and regenerative
repeaters if needed, but excludes multiplexers.
3013  digital line link [digital line path]?
F: liaison de ligne numérique [conduit de ligne numérique]

S: enlace de linea digital [trayecto de linea digital]
A digital link that comprises a digital line section or a number of tandem-connected digital line sections.
3014 digital transmission system

F: systéme de transmission numérique

S: sistema de transmision digital
A specific means of providing a digital section.
3015 digital line system

F: systéme de ligne numérique

S: sistema de linea digital
A digital transmission system that provides a digital line section.
3016 digital radio section?

F: section radioélectrique numérique

S: seccion radiodigital
A digital section implemented on a radio-relay system.
3017  digital radio link [digital radio path]?

F: liaison radioélectrique numérique [conduit radioélectrique numérique]

S: enlace radiodigital, [trayecto radiodigital]

A digital link that comprises a digital radio section or a number of tandem-connected digital radio
sections.

2)

Figure 1/G.701 gives examples of digital sections, digital links, digital line sections, etc.
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3018 digital radio system
F: systéme radioélectriqgue numérique

S: sistema radiodigital

A digital transmission system that provides a digital radio section.

3019 bit sequence independence
F: indépendance de la séquence des bits

S: independencia de la secuencia de bits

The property of a binary transmission channel, telecommunication circuit or connection, that permits all
sequences of binary signal elements to be conveyed over it at its specified bit rate, without change to the value of
any signal elements.

Note — Practical transmission systems that are not completely bit sequence independent may be described
as quasi bit sequence independent. In such cases the limitations should be clearly stated.

3020 digit sequence integrity
F: intégrité de la suite des éléments numériques

S: integridad de la secuencia de digitos

The property of a digital transmission channel, telecommunication circuit or connection, that permits a
digital signal to be conveyed over it without change to the order of any signal elements.

3021 octet sequence integrity
F: intégrité de la suite des octets

S: integridad de la secuencia de octetos

The property of a digital transmission channel, telecommunication circuit or connection that permits a
digital signal to be conveyed over it without change to the order of any octets.

3022 transparency, digital transparency
F: transparence, transparence numérique

S: transparencia, transparencia digital

The property of a digital transmission channel, telecommunication circuit or connection, that permits any
digital signal to be conveyed over it without change to the value or order of any signal elements.

Note — The digital transmission channel, telecommunication circuit or connection concerned may intro-
duce delay, and may contain reversible code conversion functions.

3023 alarm indication signal (AIS)
F: signal d’indication d’alarme (SIA)

S: senal de indicacion de alarma (SIA)

A signal that replaces the normal traffic signal when a maintenance alarm indication has been activated.

3024 upstream failure indication
F: indication de défaillance en amont

S: indicacion de fallo atras

An indication provided by a digital multiplexer, line section or a radio section, that a signal applied at its
input port is outside its prescribed maintenance limit.
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3025

service digits [housekeeping digits]

F: éléments numériques de service

S digitos de servicio

Digits that are added, to a digital signal at the sending end of a digital link, normally at regular intervals
and removed at the receiving end of that link and used to provide ancillary facilities.

Secondary Sec9r_1dary
Primary digital digital
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E:tj Multiplexing equipment

Digital distribution frame, or equivalent

d—] Demultiplexing equipment

..D- - _D_. Digital transmission equipment

Note 1 — Digital line and radio sections may be at digit rates which are either hierarchical or non-hierarchical.
Note 2 — A-B is a 64 kbit/s digital link consisting of a single 64 kbit/s digital section.

Note 3 — A-M is a 64 kbit/s digital link which contains six 64 kbit/s digital sections, A-B, E-F, F-G, I-J, J-K and L-M.

Note 4 — F-G is an X Mbit/s digital radio section which forms part of an X Mbit/s digital link E-G.
Note 5 — G-l is a 1st order digital link which contains a 2nd order digital link D-H.
Note 6 — I-K is an example of a digital line link.

FIGURE 1/G.701

Examples of digital link, digital section, digital line section, etc.
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24 Digital multiplexing

4001  highway (American : bus)
F: bus (jonction multiplex interne) [canal]

S: arteria (bus)

A common path within an apparatus or station over which pass signals from a number of channels
identified by time division.

4002 channel gate
F: porte de canal

S: puerta de canal

A device for connecting a channel to a highway, or a highway to a channel, at specified times.

4003  digital multiplex hierarchy
F: hiérarchie de multiplexage numérique

S: jerarquia de los mulitplex digitales

A series of digital multiplexers graded according to capability so that multiplexing at one level combines a
defined number of digital signals, each having the digit rate prescribed for a lower order, into a digital signal
having a prescribed digit rate which is then available for further combination with other digital signals of the
same rate in a digital multiplexer of the next higher order.

4004 primary digital group
F: groupe numérique primaire
S: grupo digital primario
An assembly, by digital multiplexing, of digital signals occupying a specified number of channel time-slots
to form a composite signal having a digit rate of 2048 kbit/s or 1544 kbit/s.

Note — Normally each channel time-slot has eight digit time-slots and an effective digit rate of 64 kbit/s.

4005 primary PCM group [primary block] (American: digroup)
F: groupe primaire MIC [bloc primaire]
S: grupo primario MIC [bloque primario]
An assembly, by digital multiplexing, of PCM signals occupying a specified number of channel time-slots
to form a composite signal having a digit rate of 1544 kbit/s or 2048 kbit/s, in both directions of transmission.
Note — The following conventions could be useful:
Primary group j. — a basic group of PCM signals derived from 1544-kbit/s PCM multiplex equipment.
Primary group A — a basic group of PCM signals derived from 2048-kbit/s PCM multiplex equipment.

4006 n-ary digital group
F: groupe numérique n-aire
S: grupo digital n-ario
A number of primary digital or pcm groups assembled by digital multiplexing to form a composite signal
of specified digit rate, in both directions of transmission.

Note I — A secondary digital group may comprise four primary digital or pcm groups to form a
composite signal having a digit rate of 8448 or 6312 kbit/s.
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Note 2 — A tertiary digital group may comprise four 8448 kbit/s secondary digital groups or five or
seven 6312 kbit/s secondary digital groups to form a composite signal having a digit rate of 34368, 32064 or
44736 kbit/s.

Note 3 — A quaternary digital group may comprise four 34368 kbit/s tertiary digital groups to form a
composite signal having a digit rate of 139264 kbit/s.

4007 frame
F: trame

S: trama

A cyclic set of consecutive time slots in which the relative position of each time slot can be identified.

4008 multiframe
F: multitrame

S: multitrama

A cyclic set of consecutive frames in which the relative position of each frame can be identified.

4009 subframe
F: sous-trame, secteur de trame

S: subtrama

A sequence of noncontiguous time-slots within a frame, each occurring at n times the frame repetition rate
where n is an integer > 1.

4010 parallel to serial converter (American : serializer) [dynamicizer]
F: convertisseur paraliéle/série

S: convertidor paralelo/serie

A device that converts a group of signal elements, all of which are presented simultaneously, into a
corresponding sequence of consecutive signal elements.

4011  serial to parallel converter (American : deserializer) [staticizer]
F: convertisseur série/paralléle

S: convertidor serie/paralelo

A device that converts a sequence of consecutive signal elements into a corresponding group of signal
elements all of which are presented simultaneously.

4012 time-division multiplexing
F: multiplexage temporel [multiplexage par répartition dans le temps]

S: multiplexacién por division en el tiempo
Multiplexing in which several signals are interleaved in time for transmission over a common channel.
4013  digital multiplexing

F: multiplexage numérique

S: multiplexacion digital

A form of time division multiplexing applied to digital channels which convey digital signals.
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4014 digital multiplexer
F: multiplexeur numérique

S: multiplexor digital

Equipment that combines by time-division multiplexing several digital signals into a single composite
digital signal.

4015 digital demultiplexing
F: démultiplexage numérique

S: demultiplexacion digital

The separation of a composite digital signal into its component digital signals.

4016 digital demultiplexer
F: démultiplexeur numérique

S: - demultiplexor digital

Equipment that separates a composite digital signal into its component digital signals.

4017 digital multiplex equipment
F: équipement de multiplexage numérique
S: equipo multiplex digital

The combination of a digital multiplexer and a digital demultiplexer at the same location, operating in
opposite directions of transmission.

4018 PCM multiplex equipment
F: équipement de multiplexage MIC
S: equipo multiplex MIC
Equipment that derives a single digital signal at a defined digit rate from several voice frequency channels

by a combination of pulse code modulation and time division multiplexing, and that also carries out the
complementary functions in the opposite direction of transmission.

4019 digital block
F: bloc numérique

S: bloque digital

The combination of a digital link and associated digital multiplex equipments.

Note — The bit rate of the digital link should form part of the title.

4020 transmultiplexer
F: transmultiplexeur
S: transmultiplexor
An equipment that transforms a frequency-division multiplexed signal (such as group or supergroup) into
a corresponding time-division multiplexed signal that has the same structure as if it had been derived from PCM

multiplex equipment, and that also carries out the complementa}'y function in the opposite direction of
transmission. /
/
4021 digital filling [digital padding]

F: remplissage numérique

S: relleno digital [complementacién digital]

The addition of signal elements at regular intervals to a digital signal to change the digit rate from its

original value to a predetermined higher value.

Note — The added digits are not normally used to transmit information.
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4022 justification [stuffing, pulse stuffing]
F: justification

S': justificacion [relleno de impulsos]

The process of changing the digit rate of a digital signal in a controlled manner so that it can accord with
a digit rate different from its own inherent rate, usually without loss of information.

4023 positive justification [positive stuffing, positive pulse stuffing]
F: justification positive
S: justificacion positiva [relleno positivo de impulsos]
A method of justification in which the digit time-slots used to convey a digital signal have a digit rate that
is always higher than the digit rate of that original signal.

Note 1 — Positive justification is usually achieved by the provision of a fixed number of digit time-slots
(justifiable digit time-slots) per frame in the resultant signal which may be used to transmit either information
from the original signal, or no information, according to the relative digit rates of the resultant signal and the
original signal.

Note 2 — Information which indicates whether the justifiable digit time-slots contain information digits or
justifying digits is conveyed by means of the justification service digits.

4024 negative justification [negative stuffing, negative pulse stuffing]
F: justification négative

S': justificacion negativa [relleno negativo, relleno negativo de impulsos]

A method of justification in which the digit time-slots used to convey a digital signal have a digit rate that
is always lower than the digit rate of that original signal.

Note 1 — The deleted digits are conveyed by separate means.

Note 2 — Information which facilitates the recovery of the deleted digits is conveyed by means of the
justification service digits.

4025 positive/zero/negative justification [positive/zero/negative stuffing, positive/zero/negative pulse stuffing]
F: justification positive/nulle/négative

S: justification positiva/nula/negativa [relleno positivo/nulo/negativo de impulsos]

A method of justification in which the digit time-slots used to convey a digital signal have a digit rate that
may be higher than, the same as, or lower than the digit rate of the original signal.

Note 1 — Justifiable digit time-slots are provided in accordance with Note 1 of 4023 above.

Note 2 — Separate means of transmitting deleted digits are provided in accordance with Note 2 of 4024
above.

Note 3 — Information which facilitates the recovery of the original digits, which are conveyed by means
of the justification service digits.

Note 4 — Usually the digit time-slots used to convey a digital signal have the same nominal digit rate as
the original signal.

4026 justifiable digit time-slot [stuffable digit time-slot]
F: créneau temporel élémentaire justifiable

S: intervalo de tiempo de digito justificable [intervalo de tiempo de digito rellenable]

A digit time-slot that is provided for the purpose of justification and which may contain either an
information digit or a justifying digit.
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4027 justifying digit [stuffing digit]
F: élément numérique de justification

S digito de justificacion [digito de relleno]

A digit inserted in a justifiable digit time-slot when that time slot is not required for an information digit.

4028 justification service digit [stuffing service digit]
F: élément numeérique de service de justification

S: digito de servicio de justificacion [digito de servicio de relleno]

A digit that transmits information concerning the status of a justifiable digit time-slot.

4029 justification rate [stuffing rate]
F: débit de justification

S: velocidad de justificacién [velocidad de relleno]

The rate at which justifying digits are inserted, or at which information digits are transmitted by other
means.

4030 nominal justification rate [nominal stuffing rate]
F: débit nominal de justification

S: velocidad nominal de justificacion [velocidad nominal de relleno]

The justification rate that occurs when the digit rates of both the original signal and the justified signal are
at their nominal values.

4031 maximum justification rate [maximum stuffing rate]
F: débit maximal de justification

S: velocidad maxima de justificacion [velocidad maxima de relleno]

The maximum possible justification rate that can be accommodated by a justification process.

Note — In practice the tolerance limits of the original signal and of the system used to convey the
justified signal might be such that the maximum justification rate is never realized.

4032 justification ratio [stuffing ratio]
F: taux de justification

S: relacion de justificacion [relacion de relleno]

The ratio of the actual justification rate to the maximum justification rate.

4033 nominal justification ratio [nominal stuffing ratio]
F: taux nominal de justification

S: relacién nominal de justificacion [relacion nominal de relleno]

The ratio of the nominal justification rate to the maximum justification rate.

2.5 Frame alignment

5001 frame alignment3
F: verrouillage de trame

S: alineacién de trama

The state in which the frame of the receiving equipment is synchronized with that of the received signal.

3 Similar definitions are applicable to multiframe alignment.
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5002 frame alignment signal ¥
F: signal de verrouillage de trame

S: senal de alineacién de trama

The distinctive signal inserted in every frame or once in every n frames, always occupying the same
relative position within the frame, and used to establish and maintain frame alignment.

5003  bunched frame alignment signal 4
F: signal de verrouillage de trame concentré

S: sefal de alineacion de trama concentrada

A frame alignment signal whose signal elements occupy consecutive digit time slots.

5004 distributed frame alignment signal ¥
F: signal de verrouillage de trame réparti [signal de verrouillage de trame distribué]

S: senal de alineacion de trama distribuida

A frame alignment signal whose signal elements occupy non-consecutive digit time slots.

5005 frame alignment recovery time4
F: temps de reprise du verrouillage de trame

S: tiempo de recuperacion de la alineacion de trama

The time that elapses between a valid frame alignment signal being available at the receive terminal
equipment and frame alignment being established.

Note — The frame alignment recovery time includes the time required for replicated verification of the
validity of the frame alignment signal.

5006 out-of-frame alignment time 4
F: durée de perte du verrouillage de trame

S: duracién de la pérdida de la alineacion de trama

The time during which frame alignment is effectively lost.

Note — That time includes the time to detect loss of frame alignment and the frame alignment recovery
time.

2.6 Timing

6001 timing signal
F: signal de rythme

S: sefial de temporizacion
A cyclic signal used to control the timing of operations.
6002 timing recovery [timing extraction]

F: récupération du rythme

S: recuperacion de la temporizacion [extraccion de la temporizacion]

The derivation of a timing signal from a received signal.

4 Similar definitions are applicable to multiframe alignment.
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6003

signal.

6004

6005

6006

retiming
F: réajustement du rythme

S: reajuste de la temporizacion

Adjustment of the intervals between the significant instants of a digital signal, by reference to a timing

time-slot
F: créneau temporel [intervalle de temps]

S: intervalo de tiempo [sector de tiempo, celda de tiempo]

Any cyclic time interval that can be recognized and defined uniquely.

digit time-slot
F: créneau temporel élémentaire [intervalle de temps élémentaire]

S: intervalo de tiempo de digito

A time slot allocated to a single digit.

channel time-slot
F: créneau temporel de voie

S: intervalo de tiempo de canal

A time slot occupying a specific position in a frame and allocated to a particular time-derived channel.
Note 1 — Where appropriate a description may be added, for example “telephone channel time slot”.

Note 2 — In addition to its main function of transmitting a character signal, a channel time slot may also

be used for in-slot signalling or for transmitting other information.

6007

6008

signal.

6009

clock.

signalling time-slot
F: créneau temporel de signalisation

S: intervalo de tiempo de senalizacion

A time slot occupying a specific position in a frame and allocated to the transmission of signalling.

frame alignment time-slot
F: créneau temporel de verrouillage de trame

S: intervalo de tiempo de alineacién de trama

A time slot occupying the same relative position in every frame and used to transmit the frame alignment

clock
F: horloge
S: reloj

Equipment that provides a timing signal.

Note — Where replicated sources are used for security reasons, the assembly of these is regarded as single
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6010 reference clock
F: horloge de référence

S: reloj de referencia

A clock of very high stability and accuracy that may be completely autonomous and whose frequency
serves as a basis of comparison for the frequency of other clocks.

6011  master clock
F: horloge maitresse

S: reloj maestro

A clock that is used to control the frequency of other clocks.

6012 time interval error
F: dérive temporelle
S: error de intervalo de tiempo

The total difference over a specified interval of time in the significant instants of a digital signal from their
ideal positions in time.

6013 relative time interval error
F: dérive temporelle relative

S: error de intervalo de tiempo relativo

The total difference over a specified interval of time in the corresponding significant instants of two digital
signals.

6014 isochronous
F: isochrone
S: isocrono
The essential characteristic of a time-scale or a signal such that the time intervals between consecutive
significant instants either have the same duration or durations that are integral multiples of the shortest duration.

Note — In practice, variations in the time intervals are constrained within specified limits.

6015 anisochronous
F: anisochrone
S: anisocrono
The essential characteristic of a time-scale or a signal such that the time intervals between consecutive

significant instants do not necessarily have the same duration or durations that are integral multiples of the
shortest duration.

6016 synchronous [mesochronous}
F: synchrone [mésochrone]

S: sincrono [mesocrono]

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at precisely the same average rate.

Note — The timing relationship between corresponding significant instants usually varies between speci-
fied limits.

6017 homochronous
F: homochrone

S: homécrono

The essential characteristic of time-scales or signals such that their corresponding significant instants have
a constant, but uncontrolled, time relationship with each other.

26 Fascicle II1.4 — Rec. G.701



6018  non-synchronous [asynchronous/heterochronous]
F: nonsynchrone [asynchrone/hétérochrone]
S: no-sincrono [asicrono/heterécrono]

The essential characteristic of time-scales or signals such that their corresponding significant instants do
not necessarily occur at the same average rate.

6019 plesiochronous
F: plésiochrone

S: plesiochrono

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at nominally the same rate, any variation in rate being constrained within specified limits.

Note 1 — Two signals having the same nominal digit rate, but not stemming from the same clock or
homochronous clocks, are usually plesiochronous.

Note 2 — There is no limit to the time relationship between corresponding significant instants.

6020  heterochronous
F: hétérochrone
S: heterocrono

The essential characteristic of time-scales or signals such that their corresponding significant instants occur
at different nominal rates.

Note 1 — Two signals having different nominal digit rates, and not stemming from the same clock or
from homochronous clocks are usually heterochronous.

Note 2 — Terms 6015 to 6020 are based on the following Greek roots:

iso = equal
homo = same
plesio = near
hetero = different

6021 codirectional interface
F: interface codirectionnelle
S: interfaz codireccional

An interface across which the signals to be transferred and their associated timing signals are transmitted
in the same direction.

6022 centralized-clock interface
F: interface a horloge centralisée

S: interfaz de reloj centralizado

An interface across which, for both directions of transmission of the signals to be transferred, the
associated timing signals of both the exchange terminal on the line side and the exchange terminal on the service

side are supplied from a centralized clock.

Note — The timing of the centralized clock may be derived from a nominated incoming line signal.

6023  contradirectional interface
F: interface contradirectionnelle

S: interfaz contradireccional

An interface across which the timing signals associated with both directions of transmission of the signals
to be transferred, are directed towards the same side of the interface.
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27 Synchronization

7001  synchronization
F: synchronisation

S: sincronizacion

The process of adjusting the corresponding significant instants of signals to make them synchronous.

7002 timing information
F: information de rythme

S: informacion de temporizacion

Information contained in a signal relating to the timing of another signal.

7003  synchronization information
F: information de synchronisation

S: informacion de sincronizacion

Information that indicates the relationship between the timing of two or more signals.

7004 clock control signal
F: signal de commande d’horloge

S: senal de control de reloj

A signal that directly controls the phase or frequency of a clock.

7005  synchronization node
F: nceud de synchronisation

S: nodo de sincronizacion

A point in a synchronized network at which synchronization information is derived, sent or received.

7006  synchronization link
F: liaison de synchronisation

S: enlace de sincronizacién

A link between two synchronization nodes over which synchronization information is transmitted.

7007  synchronization network
F: réseau de synchronisation

S: red de sincronizacion

An arrangement of synchronization nodes and synchronization links provided in order to synchronize the
clocks at, or connected to, those nodes.

7008  single-ended synchronization
F: synchronisation locale [synchronisation unilatérale]
S: sincronizacién uniterminal
A method of synchronizing a specified synchronization node with respect to another synchronization node

in which synchronization information at the specified node is derived from the phase difference between the local
clock and the incoming digital signal from the other node.
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7009 double-ended synchronization
F: synchronisation locale et distante [synchronisation bilatérale]

S': sincronizacion biterminal

A method of synchronizing a specified synchronization node with respect to another synchronization node
in which synchronization information at the specified node is derived by comparing the phase difference between
the local clock and the incoming digital signal from the other node, with the phase difference at the other node
between its local clock and the digital signal incoming from the specified node.

7010  unilateral control
F: synchronisation unilatérale [commande unilatérale]

S': control unilateral

Control between two synchronization nodes such that the frequency of the clock of only one of these
nodes is influenced by timing information derived from the clock of the other node.

7011  bilateral control
F: synchronisation bilatérale {[commande bilatérale]

S: control bilateral

Control between two synchronization nodes such that the frequency of the clock of each of these nodes is
influenced by timing information derived from the clock of the other node.

7012  analogue control
F: synchronisation analogique [mode analogique]

S: control analogico

A method of controlling clocks in which the clock control signal is a continuous (monotonic) function of
the phase difference between clocks, at least over a limited range.

7013  linear analogue control
F: synchronisation analogique linéaire {[mode analogique linéaire]
S: control analégico lineal

Analogue control in which the clock control signal is proportional to the phase difference between clocks,
at least over a limited range.

7014  amplitude quantized control
F: synchronisation quantifiée [mode a quantification d’amplitude]

S: control por cuantificacion de amplitud

A method of controlling clocks in which the clock control signal is a quantized function of the phase
difference between clocks.

Note — In practice this implies that the working range of phase errors is divided into a finite number of
subranges and that a unique signal is derived for each subrange whenever the error falls within a subrange.

7015 time quantized control
F: synchronisation échantillonnée [mode a quantification temporelle]

S: control por cuantificacion temporal

A method of controlling clocks in which each clock control signal is derived or utilized only at a number
of discrete instants, which may or may not be equally separated in time.

7016 synchronized network [synchronous network]
F: réseau synchronisé [réseau synchrone]

S: red sincronizada [red sincrona]

A network in which the corresponding significant instants of nominated signals are adjusted to make them
synchronous.
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7017  non-synchronized network
F: réseau non synchronisé

S: red no sincronizada

A network in which signals need not be synchronous.

7018  mutually synchronized network
F: réseau a synchronisation mutuelle

S: red mutuamente sincronizada

A synchronized network in which each clock exerts a degree of control on all others.

7019  democratic network, democratic mutually synchronized network
F: réseau démocratique, réseau a synchronisation mutuelle démocratique

S': red democratica, red democratica mutuamente sincronizada

A mutually synchronized network in which all clocks are of equal status and exert equal amounts of
control on the others; the network operating frequency (digit rate) being the mean of the natural (uncontrolled)
frequencies of all the clocks.

7020 hierarchic network, hierarchic synchronized network
F: réseau hiérarchisé, réseau a synchronisation hiérarchisée
S: red jerarquica, red con sincronizacion jerdrquica

A synchronized network in which each clock is assigned a particular status which determines the degree of
control it exerts over the other clocks.

7021  hierarchic mutually synchronized network
F: réseau hiérarchisé a synchronisation mutuelle

S: red jerarquica mutuamente sincronizada

A mutually synchronized network in which each clock is assigned a particular status which determines the
degree of control it exerts over other clocks; the network operating frequency being a weighted mean of the
natural frequencies of all the clocks.

7022  monarchic network, monarchic synchronized network [despotic network, despotic synchronized network]
F: réseau despotique, réseau a synchronisation despotique

S: red despética, red con sincronizacion despética [red mondrquica, red con sincronizacion mondrquica]
A synchronized network in which a single clock exerts control over all the other clocks.
7023  oligarchic network, oligarchic synchronized network

F: réseau oligarchique, réseau a synchronisation oligarchique

S: red oligarquica, red con sincronizacion oligarquica

A synchronized network in which a few selected clocks are mutually synchronized and exert control over
all the other clocks.

2.8 Pulse Code Modulation

8001 pulse code modulation (PCM)
F: modulation par impulsions et codage (MIC)
S: modulacién por impulsos codificados (MIC)

A process in which a signal is sampled, and each sample is quantized independently of other samples and
converted by encoding to a digital signal.
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8002 differential pulse code modulation (DPCM)
F: modulation par impulsions et codage différentiel (MICD)
S: modulacion por impulsos codificados diferencial (MICD)

A process in which a signal is sampled, and the difference between each sample of this signal and its
estimated value is quantized and converted by encoding to a digital signal.

Note — The estimated values of the signal are calculated by a predictor from the quantized difference
signal.

8003  delta modulation
F: modulation delta

S: modulacion delta

A form of differential pulse code modulation in which only the sign of the difference between each sample
and its predicted value is detected and encoded by a single bit.

8004 adaptive differential pulse code modulation (ADPCM)
F: modulation par impulsions et codage différentiel adaptatif (MICDA)
S: modulacién por impulsos y codigo diferencial adaptativo (MICDA)

A form of differential pulse code modulation that uses adaptive quantizing.
Note 1 — The predictor may be either fixed (time invariant) or variable.

Note 2 — When the predictor is adaptive, the adaption of its coefficients is made from the quantized
difference signal.

8005  predictor
F: prédicteur

S: predictor

A device that provides an estimated value of a sampled signal derived from previous samples of the same
signal or from a quantized version of those samples.

8006 adaptive predictor
F: prédicteur adaptatif
S: predictor adaptativo

A predictor whose estimating function is made variable according to the short term spectral characteristics
of the sampled signal.

8007 sample
F: échantillon

S: muestra

A representative value of a signal at a chosen instant, derived from a portion of that signal.

8008 sampling
F: échantillonnage

S: muestreo
The process of taking samples of a signal, usually at equal time intervals.
8009 sampling rate

F: fréquence d'échantillonnage [taux d’échantillonnage]

S: velocidad de muestreo [frecuencia de muestreo]

The number of samples taken of a signal per unit time.
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8010  working range
F: plage de fonctionnement [gamme de fonctionnement]

S: gama de funcionamiento

The range of values of an input signal over which an equipment is designed to operate with a specified
performance. (See Figure 2/G.701.)

8011 quantizing
F: quantification

S cuantificacién

A process in which a continuous range of values is divided into a number of adjacent intervals, and any
value within a given interval is represented by a single predetermined value within the interval. (See
Figure 2/G.701.)

8012  adaptive quantizing
F: quantification adaptative

S: cuantificacion adaptativa

Quantizing in which some parameters are made variable according to the short term statistical characteris-
tics of the quantized signal.

8013  uniform quantizing
F: quantification uniforme

S: cuantificacion uniforme

Quantizing in which all the quantizing intervals lying entirely with the working range are equal. (See
Figure 2/G.701.)

8014 non-uniform quantizing
F: quantification non uniforme

S: cuantificacion no uniforme

Quantizing in which not all the quantizing intervals lying entirély with the working range are equal. (See
Figure 2/G.701.)

8015 quantizing interval

F: intervalle de quantification

S: intervalo de cuantificacién

One of the intervals used in quantizing. (See Figure 2/G.701.)

8016  decision value
F: valeur de décision [amplitude de décision]

S: valor de decision

A value defining the boundary between adjacent quantizing intervals. (See Figures 2/G.701 and 4/G.701.)

8017  virtual decision value
F: valeur virtuelle de décision [amplitude virtuelle de décision]

S': valor virtual de decision

Each of the two defined values, that provide conventional bounds for the working range in quantizing.
(See Figure 2/G.701.)

Note — These values are taken to represent hypothetical outer bounds for the two extreme quantizing
intervals of the quantizing law. '
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8018 quantized value
F: valeur quantifiée [amplitude quantifiée]

S: valor cuantificado

The single discrete value used to represent any value in a particular quantizing interval. (See
Figure 2/G.701.)

8019 load capacity [overload point]
F: capacité de charge [point de surcharge]

S: capacidad de carga [punto de sobrecarga]

The level of a sinusoidal signal whose positive and negative peaks coincide with the virtual decision
values.
8020 peak limiting, peak limiting in quantizing
F: écrétage
S: limitacién de cresta (en cuantificacion)
The effect whereby any value to be quantized lying outside the working range is replaced by the nearest

quantized value. (See Figure 2/G.701.)

8021 quantizing distortion
F: distorsion de quantification

S: distorsién de cuantificacion

The distortion resulting from the process of quantizing samples within the working range.

8022 quantizing distortion power
F: puissance de distorsion de quantification

S: potencia de la distorsion de cuantificacion

The power of the distortion component of the output signal resulting from the process of quantizing.

8023 encoding [coding, coding in PCM]
F: codage
S: codificacién [codificacion en MIC]

The generation of a code word to represent a quantized value.

8024  encoder [coder]
F: codeur
S: codificador

A device that performs encoding.

8025 uniform encoding
F: codage uniforme

S: codificacion uniforme
The generation of code words to represent uniformly quantized values.
8026 non-uniform encoding

F: codage non uniforme

S: codificacion no uniforme

The generation of code words to represent non-uniformly quantized values. (See Figure 3/ G.701.)
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8027 encoding law
F: loi de quantification [loi de codage]

S: ley de codificacion

The law defining the relative values of the quantizing intervals used in quantizing and encoding. (See
Figure 4/G.701.)

8028 segmented encoding law
F: loi de quantification a segments [loi de codage a segments]

S: ley de codificacion por segmentos

An encoding law in which an approximation to a smooth law is obtained by a number of linear segments.
(See Figures 3a/G.701 and 3b/G.701.)

8029 decoding
F: décodage

S decodificacion

The generation of reconstructed samples.

8030 decoder
F: décodeur

S: decodificador

A device that performs decoding.

8031 reconstructed sample
F: échantillon reconstitué
S: muestra reconstruida

The signal generated at the output of a decoder when a specified digital signal representing a quantized
value is applied to its input.

8032  codec
F: codec
S: codec
A combination of an encoder and a decoder operating in opposite directions of transmission in the same
equipment.

Note — When used to describe an equipment the function of the equipment should qualify the title, for
example: supergroup codec, hypergroup codec.

8033 digilogue channel
F: voie digilogue
S: canal digi-analégico
A channel in which information is represented by a digital signal at one end and the same information is
represented by the corresponding analogue signal at the other end.

Note — The term may be qualified by “A to D” or “D to A” to indicate whether encoding or decoding is
being performed.

8034  digilogue circuit
F: circuit digilogue
S: circuito digi-analogico
A circuit in which transmission is provided in one direction by an A to D digilogue channel and in the
other direction by a D to A digilogue channel.

Note — Because the digital interface is inherently 4-wire, the term may be qualified by “2-W” or “4-W” to
indicate whether the analogue interface is 2-wire or 4-wire.
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2.9 Codes

9001  pulse code
F: code d’impulsions (code de modulation d’impulsions)

S: codigo de impulsos

A set of rules giving the equivalence between each quantized value and its corresponding code word.

9002 line code
FE: code en ligne

S: codigo de linea, codigo en linea

A code chosen to suit the characteristics of a channel, that defines the equivalence between sets of digits
presented for transmission and the corresponding sequence of signal elements transmitted over that channel.

9003 redundant line code
F: code en ligne redondant

S: codigo de linea redundante

A line code that uses more encoded signal elements than strictly necessary to represent groups of digits of
the original signal.

9004 alternate mark inversion code (AMI code)
F: code bipolaire [code bipolaire alternant, code bipolaire strict]

S: codigo de inversion de marcas alternada (codigo AMI) [cédigo bipolar]

A line code that employs a ternary signal to convey binary digits, in which successive binary ones are
represented by signal elements that are normally of alternating, positive and negative polarity but equal in
amplitude, and in which binary zeros are represented by signal elements that have zero amplitude.
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9005 modified alternate mark inversion code
F: code bipolaire alternant modifié

S: codigo de inversion de marcas alternada modificado

A line code that is based on an alternate mark inversion code, in which alternate mark inversion violations
occur in accordance with a defined set of rules.

9006 alternate mark inversion signal [bipolar signal]
F: signal bipolaire [signal bipolaire alternant]

S: seral de inversion de marcas alternada [sefial bipolar]

The encoded signal produced by alternate mark inversion code.

9007 alternate mark inversion violation [bipolar violation]
F: violation de bipolarité

S: violacién de inversion de marcas alternada [violacién bipolar]

A non-zero signal element in an alternate mark inversion signal that has the same polarity as the previous
non-zero signal element.

9008 disparity
F: disparité
S: disparidad

The algebraic sum of the values of the departure from notional zero level of one or more consecutive
signal elements forming a defined group.

9009 digital sum
F: somme numérique

S: suma digital

The algebraic sum of the disparities of a sequence of consecutive defined groups of signal elements.

9010 digital sum variation
F: variation de la somme numérique
S: variacion de la suma digital
The difference between the maximum possible digital sum and the minimum possible digital sum of a

specified number of groups of signal elements.

9011 balanced che
F: code a somme bornée

S: codigo equilibrado

A code that generates only groups of signal elements that have zero digital sum.

9012  paired-disparity code [alternate code, alternating code]
F: code a disparité compensée

S: codigo con disparidad compensada [codigo alternado, codigo alternante]

A code in which some or all of the digits in the original signal are represented by two assemblies of digits,
of opposite disparity, which are used in a sequence to minimize the digital sum of a longer sequence of digits.

Note — An alternate mark inversion signal is an example of a paired-disparity code.
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9013 PCM binary code
F: code binaire MIC
S: codigo binario MIC

A pulse code in which all the quantized values are identified by binary numbers taken in order.

Note — This term should not be used for line transmission.

9014 symmetrical binary code
F: code binaire symétrique
S: codigo binario simétrico
A pulse code in which the sign of the quantized value, is represented by one digit, and in which the
remaining digit constitute a binary number representing the magnitude.

Note 1 — In a particular symmetrical binary code, the order of the digits and the use made of the
symbols 0 and 1 in the various digit positions must be specified.

Note 2 — This term should not be used for line transmission.

9015 code conversion
F: transcodage

S: conversion de codigo

The conversion of digital signals in one code to the corresponding signals in a different code.

ANNEX A

(to Recommendation G.701)

Alphabetical list of terms defined in this Recommendation

8004  adaptive differential pulse code modulation 6022  centralized-clock interface
(ADPCM) 1005  channel, transmission channel

8006  adaptive predictor 4002  channel gate

8012  adaptive quantizing 6006  channel time-slot

3023 alarm indication signal (AIS) 2005  [character signal]

9012 [alternate code] 1007  circuit, telecommunication circuit

9004  alternate mark inversion code (AMI code) 6009  clock

9012 [alternating code] 7004  clock control signal

9006  alternate mark inversion signal 2005  code word

9007 alternate mark inversion violation 8032  codec

7014  amplitude quantized control 8024  [coder]

7012 analogue control 8023  [coding, coding in PCM]

1002 analogue signal 6021  codirectional interface

6015 anisochronous 6023  contradirectional interface

6018 [asynchronous/heterochronous] 2026 controlled slip

9011 balanced code 2020  decision circuit

7011 bilateral control 2019  decision instant, decision instant of a digital signal

2003 binary digit 8016  decision value

2002  binary figure 8030  decoder

9006  [bipolar signal] 8029  decoding

9007 [bipolar violation] 8003  delta modulation

3019 bit sequence independence 7019  democratic network, democratic mutually

5003  bunched frame alignment signal synchronized network

4001  (bus: American) 2029  descrambler
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4011
7022
8002
8033
8034
2001
2008
2013
3020
6005
4019
3002
3003
3004
4016
4015
3006
2030
4021
3013
3013
3012
3015
3005
4014
4017
4003
4013
4021
3005
3017
3017
3016
3018
3007
2006
9009
9010
3003
3001
3002
3005
3014
3022
4005
1003
9008
5004
7009
4010
3009
3011
3010
8024
8023

(deserializer: American)

[despotic network, despotic synchronized network]

differential pulse code modulation (DPCM)
digilogue channel

digilogue circuit

digit

digit position

digit rate

digit sequence integrity

digit time-slot

digital block

digital channel, digital transmission channel
digital circuit, digital telecommunication circuit
digital connection

digital demultiplexer

digital demultiplexing

digital distribution frame

digital error

digital filling

digital line link

[digital line path]

digital line section

digital line system

digital link, digital transmission link
digital multiplexer

digital multiplex equipment
digital multiplex hierarchy
digital multiplexing

[digital padding]

[digital path]

digital radio link

[digital radio path]

digital radio section

digital radio system

digital section

digital signal

digital sum

digital sum variation

digital telecommunication circuit
digital transmission

digital transmission channel
digital transmission link

digital transmission system
digital transparency

(digroup: American)
discretely-timed signal

disparity

distributed frame alignment signal
double-ended synchronization
[dynamicizer]

elementary cable section
elementary regenerator section
elementary repeater section
encoder

encoding

8027
2015
2016
2030
2032
2033
2031
2031
2034
4007
5001
5002
5005
6008
6020
7021
7020
4001
6017
3025
1008
6014
2024
4026
4022
4029
4032
4028
4027
9002
2014
7013
8019
6011
4031
4031
6016
9005
7022

4008
7018
4006
2009
4024
4024
4030
4033
4030
4033
7017
6018
8026
8014
2004

encoding law

equivalent binary content
equivalent bit rate

error, digital error

error multiplication

error multiplication factor
[error rate]

error ratio

error spread

frame

frame alignment

frame alignment signal

frame alignment recovery time
frame alignment time-slot
heterochronous

hierarchic mutually synchronized network

hierarchic network, hierarchic synchronized network

highway

homochronous
[housekeeping digits]
interface

isochronous

jitter

justifiable digit time-slot
justification
justification rate
justification ratio
justification service digit
justifying digit

_ line code

line digit rate

linear analogue control

load capacity

master clock

maximum justification rate

[maximum stuffing rate]
[mesochronous]

modified alternate mark inversion code

monarchic network, monarchic synchronized
network

multiframe

mutually synchronized network
n-ary digital group

n-ary digital signal

negative justification

[negative stuffing, negative pulse stuffing]
nominal justification rate
nominal justification ratio
[nominal stuffing rate]
[nominal stuffing ratio]
non-synchronized network
non-synchronous

non-unifrom encoding
non-uniform quantizing

octet
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3021 octet sequence integrity 1001 signal

7023  oligarchic network, oligarchic synchronized network 2007  signal element
5006  out-of-frame alignment time 6007  signalling time-slot
8019  [overload point] 2017  significant instant, significant instant of a digital
9012  paired-disparity code signal
4010 parallel to serial converter 7008  single-ended synchronization
4018 - PCM multiplex equipment 2026 [slip]
8020  peak limiting, peak limiting in quantizing 4011 [staticizer]
6019  plesiochronous 4026  [stuffable digit time-slot]
4023 positive justification 4022 [stuffing]
4023 [positive stuffing, positive pulse stuffing] 4027 [stuffing digit]
4025  positive/zero/negative justification 4029 [stuffing rate]
4025  [positive/zero/negative stuffing] 4032 [stuffing ratio]
4025  positive/zero/negative pulse stuffing 4028  [stuffing service digit]
8005  predictor 4009 ', subframe
4005  [primary block] 2014 [symbol rate]
4004  primary digital group 9014  symmetrical binary code
4005 primary PCM group 7001 synchronization
2012  psuedo n-ary signal 7003  synchronization information
9001 pulse code 7006  synchronization link
8001  pulse code modulation (PCM) 7005  synchronization node
4022  [pulse stuffing] 7007  synchronization network
8018  quantized value 6016  synchronous
8011  quantizing ‘ 7016  synchronized network
8021  quantizing distortion 7016  [synchronous network]
8022  quantizing distortion power 1006  telecommunication
8015  quantizing interval 1007  telecommunication circuit
8031 reconstructed sample 4012 , time-division multiplexing
2010  redundant digital signal 6012  time interval error
9003 redundant line code 7015  time quantized control
2011 redundant n-ary signal 6004, time-slot
6010 reference clock 6002 [timing extraction]
2021 regeneration 7002  timing information
2023 regenerative repeater _ 600 l/v timing signal
2022  regenerator 6002 timing recovery
3011 [regenerator section] 1004  transmission
3009  [repeater section] 1005  tranmission channel
6013 relative time interval error 4020  transmultiplexer
6003  retiming 3022  transparency, digital transparency
8007  sample . 2027  uncontrolled slip
8008  sampling 8025  uniform encoding
8009  sampling rate 8013  uniform quantizing
2028  scrambler 7010 unilateral control
3008  section termination 2018  unit interval
8028  segmented encoding law 3024  upstream failure indication
4011 serial to parallel converter 8017  virtual decision value
4010  (serializer: American) 2025  wander
3025  service digits 8010  working range
Reference
[1] CCITT Recommendation Definitions relating to national and international numbering plans, Vol. VI,
Rec. Q.10.
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Recommendation G.702

DIGITAL HIERARCHY BIT RATES

(Malaga-Torremolinos, "1984; amended at Melbourne, 1 988)

The CCITT,

considering

(a) that digital hierarchy bit rates are those bit rates which are or will be used as the basis for higher
digital hierarchy levels if such levels exist (see Recommendation G.701, definition 4003);

(b) that the specification of hierarchical bit rates is necessary to prevent the proliferation of interface
standards used in digital networks;

(c) that international interconnections of digital network components are preferably carried out at
hierarchical bit rates;

(d) that when determining hierarchical bit rates a number of factors relating to services, transmission
media and networking need to be taken into account, for example:

— characteristics of and suitable coding method for analogue source signals;

— bit rates of digital source signals;

— use of available transmission media;

— compatibility with analogue multiplex systems;

— modularity and flexibility in assembling and routing groups of source signals,

recommends

that the following bit rates should be used as hierarchical bit rates in digital networks:

Hierarchichal bit rates (kbit/s) for networks with the digital hierarchy
Digital Hierarchy Level based on a first level bit rate of
1544 kbit/s 2048 kbit/s
64 64
1 1544 2048
2 6312 : 8 448
3 32 064 44 736 34 368
4 97 728 139 264

Figure 1/G.702 and Figure 2/G.702 show the recommended hierarchical bit rates only, including
references to related Recommendations on network interfaces, multiplex equipments, digital sections/systems.

Recommendations on the following may also exist, but are not identified in Figure 1/G.702 and
Figure 2/G.702:

— multiplex equipments operating between non-adjacent levels of the digital hierarchy;

— network interfaces, multiplex equipments and digital sections/systems at non-hierarchical bit rates.

Annex A to this Recommendation provides guidelines on usable bit rates available for services.
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ANNEX A

(to Recommendation G.702)

Usable bit rates available for services

In the case of access to the ISDN for broadband services, bit rates up to the primary hierarchy level are
specified in the 1.200 series of Recommendations.

In general, with regard to bit rates available for transport of service signals, the following guidelines
apply:

Al For the hierarchies based on the 1544 kbit/s primary rate, the principle has been established that some bits
in the frame should be reserved, in particular to perform quality control of the digital paths when several digital
sections in tandem are involved. Table A-1/G.702 provides the necessary information.

TABLE A-1/G.702

Bit rates available for services and frame structures required at hierarchical interfaces

Hierarchy bit rate Frame structure as per Reserved bits Bit rate available for services

(kbit/s) Recommendations € (kbit/s)

1544 G.704 F? 1536

63129 Not applicable None 6312

F bits and bits in time slots
<)

6312 G.704 97 and 98 6144

44736 G.752 M; 9 444079
’ Fo, Fyy1, Frp

® The use of the F-bit for purposes additional to framing is under study.
® In networks with asynchronous operation.
9 In networks with synchronous operation.

9 In some applications, the C-bits (G, Cj, and Cj3) may also need to be reserved. In this case, the bit rate available for services
becomes 44 209 kbit/s.

A2 In case of networks using 2048 kbit/s based hierarchy there is in principle no basic restriction on the use
of full capacity of the digital path. However, it is recognized that compatibility with recommended frame
structures at the various levels of the 2 Mbit/s hierarchy (e.g. the use of the same frame alignment pattern) could
be a preferred solution since it offers the following advantages:

— use of the same framing devices for switched and non-switched applications;

— end-to-end quality control performed in a unique way by the network when the maintenance entity
that terminates the service (e.g. the encoding device) does not belong to the network;

— possibility of performing additional network management functions that could be required, depending
on the applications.

The preference for compatibility with recommended frame structures could be reconsidered for the
applications where significant restrictions on the efficient use of the digital path capability can be identified.
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Recommendation G.703

PHYSICAL/ELECTRICAL CHARACTERISTICS OF HIERARCHICAL DIGITAL INTERFACES

(Geneva, 1972; further amended)

The CCITT,

considering

that interface specifications are necessary to enable the interconnection of digital network components
(digital sections, multiplex equipment, exchanges) to form an international digital link or connection;

that Recommendation G.702 defines the hierarchical levels;

that Recommendation G.704 deals with the functional characteristics of interfaces associated with network
nodes;

that 1.430 series Recommendations deal with the layer 1 characteristics for ISDN user-network interfaces;

recommends

that physical and electrical characteristics of the interfaces at hierarchical bit rates should be as described
in this Recommendation.

Note 1 — The characteristics of interfaces at non-hierarchical bit rates, except n x 64 kbit/s interfaces
conveyed by 1544 kbit/s or 2048 kbit/s interfaces, are specified in the respective equipment Recommendations.

Note 2 — The jitter specifications contained in the following §§ 6, 7, 8 and 9 are intended to be imposed
at international interconnection points.

i

Note 3 — The interfaces described in §§ 2 to 9 correspond to the ports T (output port) and T’ (input port)
as recommended for interconnection in CCIR Recommendation AC/9 with reference to Report AH/9 of CCIR
Study Group 9. (This Report defines the points T and T'.) ‘

Note 4 — For signals with bit rates of n x 64 kbit/s (n = 2 to 31) which are routed through multiplexing
equipment specified for the 2048 kbit/s hierarchy, the interface shall have the same physical/electrical characteris-
tics as those for the 2048 kbit/s interface specified in § 6. For signals with bit rates of n x 64 kbit/s (n = 2 to 23)
which are routed through multiplexing equipment specified for the 1544 kbit/s hierarchy, the interface shall have
the same physical/electrical characteristics as those for the 1544 kbit/s interface specified in § 2.

1 Interface at 64 kbit/s

1.1 Functional requirements
1.1.1  The following basic requirements for the design of the interface are recommended:

1.1.2  In both directions of transmission, three signals can be carried across the interface:

— 64 kbit/s information signal,

— 64 kHz timing signal,

— 8 kHz timing signal.

Note 1 — The 64 kbit/s information signal and the 64 kHz timing signal are mandatory. However,
although an 8 kHz timing must be generated by the controlling equipment (e.g. PCM multiplex or time slot access

equipment), it should not be mandatory for the subordinate equipment on the other side of the interface to either
utilize the 8 kHz timing signal from the controlling equipment or to supply an 8 kHz timing signal.

Note 2 — The detection of an upstream fault can be transmitted across the 64 kbit/s interface by
transmitting an alarm indication signal (AIS) towards the subordinate equipment.
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1.1.3  The interface should be bit sequence independent at 64 kbit/s.

Note I — An unrestricted 64-kbit/s signal can be transmitted across the interface. However, this does not
imply that unrestricted 64-kbit/s paths are realizable on a global basis. This is because some Administrations
presently have or are continuing to install extensive networks composed of digital line sections whose characteris-
tics do not permit the transmission of long sequences of 0s. (Recommendation G.733 provides for PCM
multiplexes with characteristics appropriate for such digital line sections.) Specifically for octet timed sources, in
1544-kbit/s digital networks it is required that at least one binary 1 should be contained in any octet of a
64-kbit/s digital signal. For a bit stream which is not octet timed no more than 7 consecutive 0Os should appear in
the 64-kbit/s signal.

Note 2 — Although the interface is bit sequence independent, the use of the AIS (all 1s bit pattern) may
result in some minor restrictions for the 64-kbit/s source. For example, an all 1s alignment signal could result in
problems.

1.1.4  Three types of envisaged interfaces

1.1.4.1 Codirectional interface

The term codirectional is used to describe an interface across which the information and its associated
timing signal are transmitted in the same direction (see Figure 1/G.703).

Equipment Equipment

T1807780-88

Information signal

————— Timing signal

FIGURE 1/G.703

Codirectional interface

1.1.4.2 Centralized clock interface

The term centralized clock is used to describe an interface wherein for both directions of transmission of
the information signal, the associated timing signals are supplied from a centralized clock, which may be derived
for example from certain incoming line signals (see Figure 2/G.703).

Note — The codirectional interface or centralized clock interface should be used for synchronized
networks and for plesiochronous networks having clocks of the stability required (see Recommendation G.811) to
ensure an adequate interval between the occurrence of slips.

Central
clock

thuipment

Equipment

T1807790-88

Information signal
----- Timing signal

FIGURE 2/G.703
Centralized clock interface
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1.1.4.3 Contradirectional interface

The term contradirectional is used to describe an interface across which the timing signals associated with
both directions of transmission are directed towards the subordinate equipment (see Figure 3/G.703.)

Subordinate DIt b . Controlling
equipment equipment

T1807800-88

Information signal

————— Timing signal

FIGURE 3/G.703

Contradirectional interface

1.2 Electrical characteristics

1.2.1  Electrical characteristics of 64-kbit/s codirectional interface

1.2.1.1 General

1.2.1.1.1 Nominal bit rate: 64 kbit/s.
1.2.1.1.2 Maximum tolerance of signals to be transmitted through the interface: + 100 ppm.
1.2.1.1.3 64-kHz and 8-kHz timing signal to be transmitted in a codirectional way with the information signal.

1.2.1.14 One balanced pair for each direction of transmission; the use of transformers is recommended.

1.2.1.1.5 Code conversion rules

Step 1 — A 64-kbit/s bit period is divided into four unit intervals.
Step 2 — A binary one is coded as a block of the following four bits:
1100
Step 3 — A binary zero is coded as a block of the following four bits:
1010
Step 4 — The binary signal is converted into a three-level signal by alternating the polarity of consecutive
blocks.

Step 5 — The alternation in polarity of the blocks is violated every 8th block. The violation block marks
the last bit in an octet.

These conversion rules are illustrated in Figure 4/G.703.
1.2.1.1.6  Overvoltage protection requirement

See Annex B.

1.2.1.2 Specifications at the output ports (see Table 1/G.703)

1.2.1.3 Specifications at the input ports

The digital signal presented at the input port shall be as defined above but modified by the characteristics
of the interconnecting pairs. The attenuation of these pairs at a frequency of 128 kHz should be in the range 0 to
3 dB. This attenuation should take into account any losses incurred by the presence of a digital distribution frame
between the equipments. :
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Bit number 7 8 1 2 3 4 5 6 7 8 1

64 kbit/s data 1 0 0 1 0 0 1 1 1 0 1

UL L L

Step 4

Step 5

{ f
Violation Violation

Octet timing ———l l_

CCITT-32041

FIGURE 4/G.703

The return loss at the input ports should have the following minimum values:

Frequency range Return loss
(kHz) (dB)
4to 13 12
13 to 256 18
256 to 384 14

To provide nominal immunity against interference, input ports are required to meet the following
requirements:

A nominal aggregate signal, encoded as a 64 kbit/s co-directional signal and having a pulse shape as
defined in the pulse mask, shall have added to it an interfering signal with the same pulse shape as the wanted
signal. The interfering signal should have a bit rate within the limits specified in this Recommendation, but should
not be synchronous with the wanted signal. The interfering signal shall be combined with the wanted signal in a
combining network, with an overall zero loss in the signal path and with the nominal impedance 120 ohms to give
a signal-to-interference ratio of 20 dB. The binary content of the interfering signal should comply with
Recommendation 0.152 (2'' — 1 bit period). No errors shall result when the combined signal, attenuated by up to
the maximum specified interconnecting cable loss, is applied to the input port.

Note — If the symmetrical pair is screened, the screen shall be connected to the earth at the output port,
and provision shall be made for connecting the screen of the symmetrical pair to earth, if required, at the input
port.
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Pulse masks of the 64 kbit/s codirectional interface
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TABLE 1/G.703

Symbol rate

256 kbauds

Pulse shape (nominally rectangular)

All pulses of a valid signal must conform to the masks in
Figure 5/G.703, irrespective of the polarity

Pair for each direction

One symmetric pair

Test load impedance

120 ohms resistive

Nominal peak voltage of a “mark” (pulse) 1.0V

Peak voltage of a “space” (no pulse) OV010V
Nominal pulse width 39 us

Ratio of the amplitudes of positive and negative pulses

at the centre of the pulses interval 0.95 to 1.05
Ratio of the widths of positive and negative pulses

at the nominal half amplitude 0.95 to 1.05

Maximum peak-to-peak jitter at the output port (Note)

Refer to § 2 of Recommendation G.823

Note — For the time being these values are valid only for equipments of the 2 Mbit/s hierarchy.

1.2.2  Electrical characteristics of the 64-kbit/s centralized clock interface

1.2.2.1 General

1.2.2.11 Nominal bit rate: 64 kbit/s. The tolerance is determined by the network clock stability (see

Recommendation G.811).

1.2.2.1.2 For each direction of transmission there should be one symmetrical pair of wires carrying the data
signal. In addition, there should be symmetrical pairs of wires carrying the composite timing signal (64 kHz and
8 kHz) from the central clock source to the office terminal equipment. The use of transformers is recommended.

1.2.2.1.3  Overvoltage protection requirement

See Annex B.

1.2.2.1.4 Code conversion rules

The data signals are coded in AMI code with a 100% duty ratio. The composite timing signals convey the
64-kHz bit-timing information using AMI code with a 50% to 70% duty ratio and the 8-kHz octet-phase
information by introducing violations of the code rule. The structure of the signals and their nominal phase
relationships are shown in Figure 6/G.703.
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Octet start Octet start

FIGURE 6/G.703
Signal structures of the 64-kbit/s central clock interface at office terminal output ports

The data stream at the output ports should be timed by the leading edge of the timing pulse and the
detection instant at the input ports should be timed by the trailing edge of each timing pulse.

1.2.2.2 Characteristics at the output ports (see Table 2/G.703)

TABLE 2/G.703

Parameters

Data

Timing

Pulse shape

Nominally rectangular, with rise
and fall times less than 1 psec

Nominally rectangular, with rise
and fall times less than 1 psec

Nominal test load impedance

110 ohms resistive

110 ohms resistive

Peak voltage of a “mark” (pulse) a)1.0£ 01V a)1.0 £ 01V
(See Note 1) b)34 £ 05V b)3.0 £ 05V
Peak value of a “space” (no pulse) a)0£ 01V a)0+01V
(See Note 1) b)0 £ 05V b)0 £ 05V
Nominal pulse width a) 15.6 ps a) 7.8 ps

(See Note 1) b) 15.6 us b) 9.8 to 10.9 pus

Maximum peak-to-peak jitter
at the output port (Note 2)

Refer to § 2 of Recommendation G.823

Note I — The choice between the set of parameters a) and b) allows for different office noise environments and different
maximum cable lengths between the three involved office equipments.

Note 2 — For the time being these values are valid only for equipments of the 2 Mbit/s hierarchy.
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1.2.2.3 Characteristics at the input ports

The digital signals presented at the input ports should be as defined above but modified by the
characteristics of the interconnecting pairs. The varying parameters in Table 2/G.703 will allow typical maximum
interconnecting distances of 350 to 450 m.

1.2.2.4 Cable characteristics

The transmission characteristics of the cable to be used are subject to further study.

1.2.3  Electrical characteristics of 64-kbit/s contradirectional interface

1.2.3.1 General

1.2.3.1.1 Bit rate: 64 kbit/s.
1.23.1.2 Maximum tolerance for signals to be transmitted through the interface: + 100 ppm.

1.23.1.3 For each direction of transmission there should be two symmetrical pairs of wires, one pair carrying
the data signal and the other carrying a composite timing signal (64 kHz and 8 kHz). The use of transformers is
recommended.

Note — If there is a national requirement to provide a separate alarm signal across the interface, this can
be done by cutting the 8-kHz timing signal for the transmission direction concerned, i.e., by inhibiting the code
violations introduced in the corresponding composite timing signal (see below).

1.2.3.1.4 Code conversion rules

The data signals are coded in AMI code with a 100% duty ratio. The composite timing signals convey the
64-kHz bit-timing information using AMI code with a 50% duty ratio and the 8-kHz octet-phase information by
introducing violations of the code rule. The structures of the signals and their phase relationships at data output
ports are shown in Figure 7/G.703.

Bit number —» 6 7 8 1 2 3 4 5 6 7 8 1 2

Pata — = | L L J___r—‘—
Tfmi"Q*W

CCITT-32460

Violation Violation

Octet start Octet start

FIGURE 7/G.703
Signal structures of the 64-kbit/s contradirectional interface at data output ports

The data pulses received from the service (e.g. data or signalling) side of the interface will be somewhat
delayed in relation to the corresponding timing pulses. The detection instant for a received data pulse on the line
side (e.g. PCM) of the interface should therefore be at the leading edge of the next timing pulse.
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1.2.3.1.5  Specifications at the output ports (see Table 3/G.703)

TABLE 3/G.703

Parameters

Data

Timing

Pulse shape (nominally rectangular)

All pulses of a valid signal must
conform to the mask in

Figure 8/G.703 irrespective of the
polarity

All pulses of a valid signal must
conform to the mask in

Figure 9/G.703, irrespective of the
polarity

Pairs in each direction
of transmission

One symmetric pair

One symmetric pair

Test load impedance

120 ohms resistive

120 ohms resistive

Nominal peak voltage of a “mark”

(pulse) 10V 1.0V

Peak voltage of a “space” 0OV+01V OvV+01V
(no pulse)

Nominal pulse width 15.6 us 7.8 us
Ratio of the amplitudes of positive

and negative pulses at the centre of

the pulse interval 0.95 to 1.05 0.95 to 1.05
Ratio of the widths of positive and

negative pulses at the nominal half

amplitude 0.95 to 1.05 0.95 to 1.05

Maximum peak-to-peak jitter at the

output port (Note) Refer to § 2 of Recommendation G.823

Note — For the time being these values are valid only for equipments of the 2 Mbit/s.
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Note 1— When one pulse is immediately followed by another pulse of the opposite polarity, the time limits at the zero-crossing
between the pulses should be = 0.8 ps.

Note 2 — The time instants at which a transition from one state to another in the data signal may occur are determined by the timing
signal. On the service (e.g. data or signalling) side of the interface it is essential that these transitions are not initiated in advance of
the timing instants given by the received timing signal.

FIGURE 8/6.703
Mask of the data pulse of the 64-kbit/s contradirectional interface
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FIGURE 9/G.703
Mask of the timing pulse of the 64-kbit/s contradirectional interface
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1.2.3.1.6  Specifications at the input ports

The digital signals presented at the input ports should be as defined above but modified by the
characteristics of the interconnecting pairs. The attenuation of these pairs at a frequency of 32 kHz should be in
the range 0 to 3 dB. This attenuation should take into account any losses incurred by the presence of a digital
distribution frame between the equipments.

The return loss at the input ports should have the following minimum values:

Frequency range
(kHz) Return loss
(dB)
Data signal Composite timing signal
1.6to 3.2 32to 64 12
3.21t0 64 6.4 to 128 18
64 to 96 128 to 192 14

To provide nominal immunity against interference, input ports are required to meet the following
requirement: ' ‘

A nominal aggregate signal, encoded as a 64 kbit/s contra-directional signal and having a pulse shape as
defined in the pulse mask, shall have added to it an intefering signal with the same pulse shape as the wanted
signal. The interfering signal should have a bit rate within the limits specified in this Recommendation, but should
not be synchronous with the wanted signal. The interfering signal shall be combined with the wanted signal in a
combining network, with an overall zero loss in the signal path and with the nominal impedance 120 ohms to give
a signal-to-interference ratio of 20 dB. The binary content of the interfering signal should comply with
Recommendation 0.152 (2!' — 1 bit period). No errors shall result when the combined signal, attenuated by up to
the maximum specified interconnecting cable loss, is applied to the input port.

Note 1 — The return loss specification for both the data signal and the composite timing signal input
ports.

Note 2 — If the symmetrical pairs are screened, the screens shall be connected to the earth at the output
port, and provision shall be made for connecting the screens of the symmetrical pairs to earth, if required, at the
input port.

1.2.3.1.7  Overvoltage protection requirement

See Annex B.

2 Interface at 1544 kbit/s

2.1 Interconnection of 1544-kbit/s signals for transmission purposes is accomplished at a digital distribution
frame. ‘

22 The signal shall have a bit rate of 1544 kbit/s + 50 parts per million (ppm).

23 One symmetrical pair shall be used for each direction of transmission.
24 Test load impedance shall be 100 ohms, resistive.

2.5 An AMI (bipolar) code or B8ZS code shall be used. Connecting line systems require suitable signal
content to guarantee adequate timing information. This can be accomplished either by use of B8ZS code,
scrambling or by permitting not more than 15 spaces between successive marks and having an average mark
density of at least 1 in 8.

2.6 The shape for an isolated pulse measured at the distribution frame shall fall within the mask in
Figure 10/G.703 and meet the other requirements of Table 4/G.703. For pulse shapes within the mask, the peak
undershoot should not exceed 40% of the peak pulse (mark).
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FIGURE 10/G.703
Pulse mask for interface at 1544 kbit/s

2.7 The voltage within a time slot containing a zero (space) shall be no greater than either the value produced
in that time slot by other pulses (marks) within the mask of Figure 10/G.703 or + 0.1 of the peak pulse (mark)
amplitude, whichever is greater in magnitude.

TABLE 4/G.703

Digital interface at 1544 kbit/s @

Location Digital distribution frame
Bit rate 1544 kbit/s
Pair(s) in each direction of transmission One symmetric pair
Code AMI® or B8ZS 9
Test load impedance 100 ohms resistive
Nominal pulse shape Rectangular
. Power at 772 kHz +12 dBm to +19 dBm
Signal
level 9
Power at 1544 kHz At least 25 dB below the power at 772 kHz

3 The pulse mask for 1st order digital interface is shown in Figure 10/G.703
b) See § 2.5 in the text.
9 See Annex A.

9 The signal level is the power level measured in a 3 kHz bandwidth at the point where the signal arrives at the distribution
frame for an all 1s pattern transmitted.
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3 Interface at 6312 kbit/s -

3.1 Interconnection of 6312 kbit/s signals for transmission purposes is accomplished at a digital distribution
frame. '

32 The signal shall have a bit rate of 6312 kbit/s + 30 ppm.

33 One symmetrical pair of characteristic impedance of 110 ohms, or one coaxial pair of characteristic
impedance of 75 ohms shall be used for each direction of transmission.

34 Test load impedance shall be 110 ohms resistive or 75 ohms resistive as appropriate.
35 A pseudo-ternary code shal'l be used as indicated in Table 5/G.703.

3.6 The shape for an isolated pulse measured at the distribution frame shall fall within the mask either of
Figure 11/G.703 or of Figure 12/G.703 and meet the other requirements of Table 5/G.703.

3.7 The voltage within a time slot containing a zero (space) shall be no greater than either the value produced
in that time slot by other pulses (marks) within the mask of Figure 11/G.703, or *+ 0.1 of the peak pulse (mark)
amplitude, whichever is greater in magnitude.

TABLE 5/G.703

Digital interface at 6312 kbit/s 2

Location Digital distribution frame

Bit rate 6312 kbit/s

Pair(s) in each direction of transmission One symmetric pair One coaxial pair

Code B6ZS ™ B8ZS P

Test load impedance 110 ohms resistive 75 ohms resistive

Nominal pulse shape @ Rectangular, shaped by cable loss Rectangular
(see Figure 11/G.703) (see Figure 12/G.703)

Signal level For an all 1s pattern transmitted, the power measured in a 3-kHz bandwidth
should be as follows:
3156 kHz: 0.2 to 7.3 dBm 3156 kHz: 6.2 to 13.3 dBm
6312 kHz: —20 dBm or less 6312 kHz: —14 dBm or less

@) The pulse mask for 2nd order digital interface is shown in Figures 1/G.703 and 12/G.703.

% See Annex A.
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FIGURE 11/G.703
Pulse mask for the symmetric pair interface at 6312 kbit/s
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FIGURE 12/G.703
Pulse mask for the coaxial pair interface at 6312 kbit/s
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4.1

frame.

42
43
44
4.5
4.6

4.7

Interface at 32 064 kbit/s

Interconnection of 32 064 kbit/s signals for transmission purposes is accomplished at a digital distribution

The signal shall have a bit rate of

32 064 kbit/s =

10 ppm.

One coaxial pair shall be used for each direction of transmission.

The test load impedance shall be 75 ohms =+ 5 per cent resistive and the test method shall be direct.

A scrambled AMI code shall be u

sed.

The shape for an isolated pulse measured at the point where the signal arrives at the distribution frame
shall fall within the mask in the Figure 13/G.703.

The voltage within a time slot containing a zero (space) shall be no greater than either the value produced
in that time slot by other pulses (marks) within the mask of Figure 13/G.703 or * 0.1 of the peak pulse (mark)
amplitude, whichever is greater in magnitude.
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FIGURE 13/G.703

Pulse mask for the coaxial pair interface at 32064 kbit/s
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4.8 For an all 1s pattern transmitted, the power measured in a 3-kHz bandwidth at the point where the signal
arrives at the distribution frame shall be as follows:

16 032 kHz: +5 dBm to +12 dBm
32 064 kHz: at least 20 dB below the power at 16 032 kHz

49 The connectors and coaxial cable pairs in the distribution frame shall be 75 ohms * 5 per cent.

5 Interface at 44 736 kbit/s

5.1 Interconnection of 44 736 kbit/s signals for transmission purposes is accomplished at a digital distribution
frame. :

5.2 The signal shall have a bit rate of 44 736 kbit/s + 20 ppm.

The signal shall have a frame structure consistent with Recommendation G.752. Specifically, it shall
contain the frame alignment bits Fy, Fy;, F;, and the multi-frame alignment bits M; to M;, as defined in
Table 2/G.752.

53 One coaxial pair shall be used for each direction of transmission.

5.4 Test load impedance shall be 75 ohms + 5 per cent resistive, and the test method shall be direct.
5.5 The B3ZS code shall be used. This code is defined in Annex A. |

5.6 The transmitted pulses have a nominal 50 per cent duty cycle.

The shape for an isolated pulse measured at the point where the signal arrives at the distribution frame
shall fall within the mask in Figure 14/G.703.

5.7 The voltage within a time slot containing a zero (space) shall be no greater than either the value produced
in that time slot by other pulses (marks) within the mask of Figure 14/G.703, or + 0.05 of the peak pulse (mark)
amplitude, whichever is greater in magnitude.

5.8 For an all 1s pattern transmitted, the power measured in a 3-kHz bandwidth at the point where the signal
arrives at the distribution frame shall be as follows:

22368 kHz: —1.8 to +5.7 dBm
44 736 kHz: at least 20 dB below the power at 22 368 kHz

59  The digital distribution frame for 44 736 kbit/s signals shall have the characteristics specified in §§ 5.9.1
and 5.9.2 below.

59.1 The loss between the points where the signal arrives and leaves at the distribution frame shall be as
follows:

0.60 + 0.55 dB at 22 368 kHz
(comprised of any combination of flat and shaped losses).

5.9.2 The connectors and coaxial pair cables in the distribution frame shall be 75 ohms * 5 per cent.

6 Interface at 2048 kbit/s

6.1 General characteristics

Bit rate: 2048 kbit/s £ 50 ppm
Code: HDBS3 (a description of this code can be found in Annex A).

Overvoltage protection requirement: see Annex B.
6.2 Specifications at the output ports (see Table 6/G.703)
6.3 Specifications at the input ports

6.3.1 The digital signal presented at the input port shall be as defined above but modified by the characteristic
of the interconnecting pair. The attenuation of this pair shall be assumed to follow a {/f law and the loss at a
frequency of 1024 kHz shall be in the range 0 to 6 dB. This attenuation should take into account any losses
incurred by the presence of a digital distribution frame between the equipments.

6.3.2 For the jitter to be tolerated at the input port, refer to § 3 of Recommendation G.823.
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FIGURE 14/G.703
Pulse mask for the coaxial pair interface at 44736 kbit/s
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TABLE 6/G.703

Pulse shape All marks of a valid signal must conform with the mask
(nominally rectangular) (see Figure 15/G.703) irrespective of the sign. The value V
corresponds to the nominal peak value
Pair(s) in each direction One coaxial pair One symmetrical pair
(see § 6.4) (see § 6.4)
Test load impedance 75 ohms resistive 120 ohms resistive
Nominal peak voltage of a mark (pulse) 237V 3V
Peak voltage of a space (no pulse) 0+£0237V 0+03V
Nominal pulse width 244 ns

Ratio of the amplitudes of positive and negative pulses at
the centre of the pulse interval 0.95 to 1.05

Ratio of the widths of positive and negative pulses
at the nominal half amplitude 0.95 to 1.05

Maximum peak-to-peak jitter at an output port Refer to § 2 of Recommendation G.823

6.3.3  The return loss at the input port should have the following provisional minimum values:

Frequency range Return loss
(kHz) (dB)
51 to 102 12
102 to 2048 18
2048 to 3072 . 14

6.3.4 To ensure adequate immunity against signal reflections that can arise at the interface due to impedance
irregularities at digital distribution frames and at digital output ports, input ports are required to meet the
following requirement:

A nominal aggregate signal, encoded into HDB3 and having a pulse shape as defined in the pulse mask,
shall have added to it an interfering signal with the same pulse shape as the wanted signal. The interfering signal
should have a bit rate within the limits specified in this Recommendation, but should not be synchronous with the
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wanted signal. The interfering signal shall be combined with the wanted signal in a combining network, with an
overall zero loss in the signal path and with the nominal impedance 75 ohms (in the case of coaxial-pair interface)
or 120 ohms (in the case of symmetrical-pair interface), to give a signal-to-interference ratio of 18 dB. The binary
content of the interfering signal should comply with Recommendation O.151 (2 — 1 bit period). No errors shall
result when the combined signal, attenuated by up to the maximum specified interconnecting cable loss, is applied
to the input port.

Note — A receiver implementation providing an adaptive rather than a fixed threshold is considered to be
more robust against reflections and should therefore be preferred.
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FIGURE 15/G.703
Mask of the pulse at the 2048 kbit/s interface
6.4 Earthing of outer conductor or screen

The outer conductor of the coaxial pair or the screen of the symmetrical pair shall be connected to the
earth at the output port and provision shall be made for connecting the outer conductor of the coaxial pair or the
screen of the symmetrical pair to earth if required, at the input port.

7 Interface at 8448 kbit/s

7.1 General characteristics

Bit rate: 8448 kbit/s + 30 ppm
Code: HDB3 (a description of this code can be found in Annex A).

Overvoltage protection requirement: see Annex B.
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7.2

Specification at the output ports (see Table 7/G.703)

TABLE 7/G.703

Pulse shape (nominally rectangular)

All marks of a valid signal must conform with the mask
(Figure 16/G.703) irrespective of the sign

Pair(s) in each direction

One coaxial pair (see § 7.4)

Test load impedance

75 ohms resistive

Nominal peak voltage of a mark (pulse) 237V

Peak voltage of a space (no pulse) 0V 0237V
Nominal pulse width 59 ns

Ratio of the amplitudes of positive and negative pulses

at the centre of the pulse interval 0.95 to 1.05
Ratio of widths of positive and negative pulses

at the nominal half amplitude 0.95 to 1.05

Maximum peak-to-peak jitter at an output port

Refer to § 2 of Recommendation G.823

7.3

7.3.1

Specifications at the input ports

The digital signal presented at the input port shall be as defined above but modified by the characteristics
of the interconnecting pairs. The attenuation of this pair shall be assumed to follow a /f law and the loss at a
frequency of 4224 kHz shall be in the range 0 to 6 dB. This attenuation should take into account any losses

incurred by the presence of a digital distribution frame between the equipments.

73

7.33

64

.2 For the jitter to be tolerated at the input port, refer to § 3 of Recommendation G.823.

The return loss at the input port should have the following provisional minimum values:

Frequency range Return loss
(kHz) (dB)
211 to 422 12
422 to 8448 18
8448 to 12672 14
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7.3.4 To ensure adequate immunity against signal reflections that can arise at the interface due to impedance
irregularities at digital distribution frames and at digital output ports, input ports are required to meet the
following requirement: .

A nominal aggregate signal, encoded into HDB3 and having a pulse shape as defined in the pulse mask
shall have added to it an interfering signal with the same pulse shape as the wanted signal. The interfering signal
should have a bit rate within the limits specified in this Recommendation, but should not be synchronous with the
wanted signal. The interfering signal shall be combined with the wanted signal in a combining network, with an
overall zero loss in the signal path and with the nominal impedance 75 ohms to give a signal-to-interference ratio.
of 20 dB. The binary content of the interfering signal should comply with Recommendation O.151 (2"* — 1 bit
period). No errors shall result when the combined signal, attenuated by up to the maximum specified intercon-
necting cable loss, is applied to the input port.
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FIGURE 16/G.703
Pulse mask at the 8448-kbit/s interface
7.4 Earthing of outer conductor or screen

The outer conductor of the coaxial pair shall be connected to the earth at the output port, and provision
shall be made for connecting this conductor to earth, if required, at the input port.
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8 Interface at 34 368 kbit/s

8.1 General characteristics

Bit rate: 34 368 kbit/s + 20 ppm
Code: HDB3 (a description of this code can be found in Annex A).

Overvoltage protection requirement: see Annex B.

8.2 Specification at the output ports (see Table 8/G.703)

8.3 Specifications at the input ports

8.3.1 The digital signal presented at the input port shall be as defined above but modified by the characteristics
of the interconnecting pair. The attenuation of this cable shall be assumed to follow approximately a /f law and
the loss at a frequency of 17 184 kHz shall be in the range 0 to 12 dB.

8.3.2  For the jitter to be tolerated at the input port, refer to § 3 of Recommendation G.823.

8.3.3  The return loss at the input port should have the following provisional minimum values:

Frequency range Return loss
(kHz) (dB)
860 to 1720 12
1720 to 34 368 18
34368 to 51 550 14

8.3.4 To ensure adequate immunity against signal reflections that can arise at the interface due to impedance
irregularities at digital distribution frames and at digital output ports, input ports are required to meet the
following requirement:

A nominal aggregate signal, encoded into HDB3 and having a pulse shape as defined in the pulse mask
shall have added to it an interfering signal with the same pulse shape as the wanted signal. The interfering signal
should have a bit rate within limits specified in this Recommendation, but should not be synchronous with the
wanted signal. The interfering signal shall be combined with the wanted signal in a combining network, with an
overall zero loss in the signal path and with the nominal impedance 75 ohms to give a signal-to-interference ratio
of 20 dB. The binary content of the interfering signal should comply with Recommendation O.151 (22 — 1 bit
period). No errors shall result when the combined signal, attenuated by up to the maximum specified intercon-
necting cable loss, is applied to the input port.

8.4 Earthing of outer conductor or screen

The outer conductor of the coaxial pair shall be connected to the earth at the output port, and provision
shall be made for connecting this conductor to earth, if required, at the input port.
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TABLE 8/G.703

Pulse shape (nominally rectangular) All marks of a valid signal must conform with the mask
(see Figure 17/G.703), irrespective of the sign

Pair(s) in each direction One coaxial pair (see § 8.4)
Test load impedance 75 ohms resistive

Nominal peak voltage of a mark (pulse) 1.0V

Peak voltage of a space (no pulse) OV01lV

Nominal pulse width 14.55 ns

Ratio of the amplitudes of positive and negative pulses
at the center of a pulse interval 0.95 to 1.05

Ratio of the widths of positive and negative pulses

at the nominal half amplitude 0.95 to 1.05

Maximum peak-to-peak jitter at an output port Refer to § 2 of Recommendation G.823
Y 17 ns 7
T 7

14,55 = 2,45)

24.5ns
(14,55 +9.95)

29,1ns
(1455 + 14,55)

CCITT-32581

FIGURE 17/G.703
Pulse mask at the 34 368-kbit/s interface
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9.1

Interface at 139 264 kbit/s

General characteristics

Bit rate: 139 264 kbit/s + 15 ppm
Code: coded mark inversion (CMI)

Overvoltage protection requirement: see Annex B.

CMI is a 2-level non-return-to-zero code in which binary 0 is coded so that both amplitude levels, A; and

A,, are attained consecutively, each for half a unit time interval (T/2).

Binary 1 is coded by either of the amplitude levels A; or A,, for one full unit time interval (T), in such a

way that the level alternates for successive binary 1s.

An example is given in Figure 18/G.703.

Note 1 — For binary 0, there is always a positive transition at the midpoint of the binary unit time

interval.

9.2

Note 2 — For binary 1,
a) there is a positive transition at the start of the binary unit time interval if the proceeding level was A;;

b) there is a negative transition at the start of the binary unit time interval if the last binary 1 was
encoded by level A,.

Binary (PR VR YRS NV ORI ROV
Level Ap _
Level Ay
I 1
]
z
T T
sl fe——! CCITT-22831

FIGURE 18/G.703
Example of CMI coded binary signal

Specifications at the output ports (see Table 9/G.703 and Figures 19/G.703 and 20/G.703)

Note 1 — A method based on the measurement of the levels of the fundamental frequency component,

the second (and possibly the third) harmonic of a signal corresponding to binary all Os and binary all 1s, is
considered to be a perfectly adequate method of checking that the requirements of Table 9/G.703 have been met.

The relevant values are under study.
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Specifications at the input ports

The digital signal presented at the input port should conform to Table 9/G.703 and Figures 19/G.703

and 20/G.703 modified by the characteristics of the interconnecting coaxial pair.

The attenuation of the coaxial pair should be assumed to follow an approximate |/f law and to have a

maximum insertion loss of 12 dB at a frequency of 70 MHz.

For the jitter to be tolerated at the input port refer to § 3 of Recommendation G.823.

The return loss characteristics should be the same as that specified for the output port.

TABLE 9/G.703

Pulse shape

Nominally rectangular and conforming to the masks
shown in Figures 19/G.703 and 20/G.703

Pair(s) in each direction

One coaxial pair

Test load impedance

75 ohms resistive

Peak-to-peak voltage

1+01V

Rise time between 10% and 90% amplitudes
of the measured steady state amplitude

< 2ns

Transition timing tolerance (referred to the mean value of
the 50% amplitude points of negative transitions)

Negative transitions: = 0.1 ns
Positive transitions at unit interval boundaries: + 0.5 ns
Positive transitions at mid-interval: + 0.35 ns

Return loss

> 15 dB over frequency range 7 MHz to 210 MHz

Maximum peak-to-peak jitter at an output port

Refer to § 2 of Recommendation G.823

Earthing of outer conductor or screen

The outer conductor of the coaxial pair shall be connected to the earth at the output port, and provision

shall be made for connecting this conductor to earth, if required, at the input port.
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Note I — The maximum “‘steady state’’ amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted to fall
into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level by more than
0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

Note 2 — For all measurements using these masks, the signal should by AC coupled, using a capacitor of not less than 0.01 yF, to the input
of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied, the
vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be the same
for both masks and should not exceed + 0.05 V. This may be checked by removing the input signal again and verifying that the trace lies within
=+ 0.05 V of the nominal zero level of the masks.

Note 3 — Each pulse in a coded pulse sequence should meet the limits of the relevant mask, irrespective of the state of the preceding and
succeeding pulses. For actual verification, if a 139 264 kHz timing signal associated with the source of the interface signal is available, its use
as a timing reference for an oscilloscope is preferred. Otherwise, compliance with the relevant mask may be tested by means of all-Os and
all-1s signals, respectively. (In practice, the signal may contain frame alignment bits per Rec. G.751.)

Note 4 — For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not
exceed 2 ns.

FIGURE 19/G.703
Mask of a pulse corresponding to a binary 0
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Note I — The maximum ‘‘steady state> amplitude should not exceed the 0.55 V limit. Overshoots and other transients are permitted to fall
into the dotted area, bounded by the amplitude levels 0.55 V and 0.6 V, provided that they do not exceed the steady state level by more than
0.05 V. The possibility of relaxing the amount by which the overshoot may exceed the steady state level is under study.

Note 2 — For all measurements using these masks, the signal should by AC coupled, using a capacitor of not less than 0.01 pF, to the input
of the oscilloscope used for measurements.

The nominal zero level for both masks should be aligned with the oscilloscope trace with no input signal. With the signal then applied, the
vertical position of the trace can be adjusted with the objective of meeting the limits of the masks. Any such adjustment should be the same
for both masks and should not exceed £ 0.05 V. This may be checked by removing the input signal again and verifying that the trace lies within
=+ 0.05 V of the nominal zero level of the masks.

Note 3 — Each pulse in a coded pulse sequence should meet the limits of the relevant mask, irrespective of the state of the preceding and
succeeding pulses. For actual verification, if a 139 264 kHz timing signal associated with the source of the interface signal is available, its use
as a timing reference for an oscilloscope is preferred. Otherwise, compliance with the relevant mask may be tested by means of all-Os and
all-1s signals, respectively. (In practice, the signal may contain frame alignment bits per Rec. G.751.)

Note 4 — For the purpose of these masks, the rise time and decay time should be measured between —0.4 V and 0.4 V, and should not
exceed 2 ns.

Note 5 — The inverse pulse will have the same characteristics, noting that the timing tolerance at the zero level of the negative and positive
transitions are & 0.1 ns and + 0.5 ns respectively.

FIGURE 20/G.703
Mask of a pulse corresponding to a binary 1
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10 2048 kHz synchronization interface

10.1 General

The use of this interface is recommended for all applications where it is required to synchronize a digital
equipment by an external 2048 kHz synchronization signal.

Overvoltage protection requirement: see Annex B.

10.2  Specifications at the output port (see Table 10/G.703)

TABLE 10/G.703

Frequency 2048 kHz = 50 ppm

Pulse shape The signal must conform with the mask (Figure 21/G.703)
The value V corresponds to the maximum peak value
The value V, corresponds to the minimum peak value

Type of pair Coaxial pair Symmetrical pair
(see Note in § 10.3) (see Note in § 10.3)

Test load impedance 75 ohms resistive 120 ohms resistive

Maximum peak volatge (Vop) 1.5 1.9

Minimum peak voltage (Vo) 0.75 1.0

Maximum jitter. at an output port 0.05 UI peak-to-peak, measured within the frequency range

Sfi = 20 Hz to f; = 100 kHz (Note)

Note — This value is valid for network timing distribution equipments. Other values may be specified for timing output ports of
digital links carrying the network timing.
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FIGURE 21/G.703
Wave shape at an output port

10.3  Specifications at the input ports

The signal presented at the input ports should be as defined above but modified by the characteristics of
the interconnecting pair. .

The attenuation of this pair shall be assumed to follow a }/f law and the loss at a frequency of 2048 kHz
should be in the range 0 to 6 dB (minimum value). This attenuation should take into account any losses incurred
by the presence of a digital distribution frame between the equipments.

The input port shall be able to tolerate a digital signal with these electrical characteristics but modulated
by jitter. The jitter values are under study.

The return loss at 2048 kHz should be > 15 dB.

Note — The outer conductor of the coaxial pair or the screen of the symmetrical pair shall be connected
to earth at the output port, and provision shall be made for connecting the outer conductor of the coaxial pair or
the screen of the symmetrical pair to earth if required, at the input port.
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11 Interface at 97 728 kbit/s

11.1  Interconnection of 97 728 kbit/s signals for transmission purposes is accomplished at a digital distribution
frame.

11.2  The signal shall have a bit rate of 97 728 kbit/s + 10 ppm.

11.3  One coaxial pair shall be used for each direction of transmission.
114 The test load impedance shall be 75 ochms * 5% resistive.

11.5 A scrambled AMI code? shall be used.

11.6  The shape for the 97 728 kbit/s output port shall fall within the mask in Figure 22/G.703. The shape at the
point where the signal arrives at the distribution frame will be modified by the characteristics of the intercon-
necting cable.

11.7  The connectors and cable pairs in the distribution frame shall be 75 ohms + 5%.

6.2 ns

v 4 |
23 QX\\\\\\\\\\\\\\JS
N N
————————— NN
1,7 i r HQE,I 1}‘—%— Nominal pulse
N N
N N
N N
1,0 > : \ : \
A == 1A N
I B 4,0 ns N |
(NN N !
__ N N
N I S NS S
N
_—_— . TR
— 10.0ns

k)

CCITT-83180

FIGURE 22/G.703
Pulse mask at the 97 728 kbit/s output port

ANNEX A

(to Recommendation G.703)

Definition of codes

This annex defines the modified alternate mark inversion codes (see Recommendation G.701, item 9005)
whose use is specified in Recommendation G.703.

In these codes, binary 1 bits are generally represented by alternate positive and negative pulses, and binary
0 bits by spaces. Exceptions, as specified for the individual codes, are made when strings of successive 0 bits occur
in the binary signal.

In the definitions below, B represents an inserted pulse conforming to the AMI rule (Rec. G.701, 9004),
and V represents an AMI violation (Rec. G.701, 9007).

The encoding of binary signals in accordance with the rules given in this annex includes frame alignment
bits, etc.

) An AMI code is scrambled by a five-stage reset-type scrambler with the primitive polynominal of x5 + x> + 1.
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Al Definition of B3ZS (also designated HDB2) and HDB3

Each block of 3 (or 4) successive zeros is replaced by 00V (or 000V respectively) or BOV (BO0V). The
choice of 00V (000V) or BOV (BOOV) is made so that the number of B pulses between consecutive V pulses is odd.

In other words, successive V pulses are of alternate polarity so that no d.c. component is introduced.

Note — The abbreviations stand for the following:
HDB2 (HDB3) high density bipolar of order 2 (3)
B3ZS bipolar with three-zero substitution.

A2 Definition of B6ZS and B8ZS
Each block of 6 (or 8) successive zeros is replaced by 0OVBOVB (or 000VBOVB respectively).

ANNEX B

(to Recommendation G.703)

Specification of the overvoltage protection requirement

The input and output ports should withstand without damage the following tests:

— 10 standard lightning impulses (1.2/50 us) with a maximum amplitude of U (5 negative and 5 positive

impulses). For the definition of this impulse see Ref. [1].

— at the interface for coaxial pairs:
i)  differential mode: with a pulse generator of Figure B-1/G.703, the value of U is under study;
ii) common mode — under study; -

— at the interface for symmetrical pairs:

i)  differential mode: with a pulse generator of Figure B-1/G.703, the value of U is under study (a

value of 20 V has been mentioned);
iil) common mode: with a pulse generator of Figure B-2/G.703, U = 100 Vg;

Possible pulse generators are described in Figures B-1/G.703.and B-2/G.703.

o— ' :/\  — ' — 0
.L 130 _L 25 Q

l 1 uF -[ 76 Q 003 uF T _

(o . _ O

T1807830-89

)

FIGURE B-1/G.703
Pulse generator 1.2/50 us for differential mode voltages

50 Q
v J a
o e A ° ) ® I
130 Le—e— ob
50 Q
U 1 p.F-l- 76 Q 0.03 uF I
[e] . . —O Earth
T1807840-89

FIGURE B-2/G.703

Pulse generator 1.2/50 ys for common mode voltages
at symmetrical interfaces

References '
[1] IEC publication No. 60-2 High-voltage test techniques, Part 2: Test procedures, Geneva, 1973.
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Recommendation G.704

SYNCHRONOUS FRAME STRUCTURES USED AT
PRIMARY AND SECONDARY HIERARCHICAL LEVELS

(Malaga-Torremolinos, 1984; amended at Melbourne, 1988)

1 General

This Recommendation gives functional characteristics of interfaces associated with:

— network nodes, in particular, synchronous digital multiplex equipment and digital exchanges in IDNs
for telephony and ISDNSs, and

— PCM multiplexing equipment.

Paragraph 2 deals with basic frame structures, including details of frame length, frame alignment signals,
cyclic redundancy check (CRC) procedures and other basic information.

Paragraphs 3 to 6 contain more specific information about how certain channels at 64 kbit/s and at other
bit rates are accomodated within the basic frame structures described in § 2.

Electrical characteristics for these interfaces are defined in Recommendation G.703.

Note 1 — This Recommendation does not necessarily apply to those cases where the signals that cross the
interfaces are devoted to non-switched connections, such as those for the transport of encoded wideband signals
(e.g. broadcast TV signals or multiplexed sound-programme signals which need not be individually routed via the
ISDN), see also Annex A to Recommendation G.702.

Note 2 — The frame structures recommended in this Recommendation do not apply to certain mainte-
nance signals, such as the all 1s signals transmitted during fault conditions or other signals transmitted during
out-of-service conditions.

Note 3 — Frame structures associated with digital multiplexing equipments using justification are covered
in each corresponding equipment Recommendation. :

Note 4 — Inclusion of channel structures at other bit rates than 64 kbit/s is a matter for further study.
Recommendations G.761 and G.763 dealing with the characteristics of PCM/ADPCM transcoding equipment
contain information about channel structures at 32 kbit/s. The more general use of those particular structures is a
subject of further study.

2 Basic frame structures

2.1 Basic frame structure at 1544 kbit/s

2.1.1  Frame length:

193 bits, numbered 1 to 193. The frame repetition rate is 8000 Hz.

212 F-bit

The first bit of a frame is designated an F-bit, and is used for such purposes as frame alignment,
performance monitoring and providing a data link.

2.1.3  Allocation of F-bit

Two alternative methods as given in Tables 1/G.704 and 2/G.704 for allocation of F-bits are recom-
mended.
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TABLE 1/G.704

Multiframe structure for the 24 frame multiframe

F-bit
Bit number(s) in each channel time slot
Frame number Assignements Signalling channel
within multiframe | Bit number within designation ¥
multiframe ‘ . For
FAS | DL |CRC [For character signal @ . .
signalling 9

1 1 - m - 1-8 -

2 194 - - 2] 1-8 -

3 387 - m - 1-8 -

4 580 0 - - 1-8 -

5 773 - m - 1-8 -

6 966 - - ) 1-7 8 A

7 1159 - m - 1-8 -

8 1352 0 - - 1-8 -

9 1545 - m - - 1-8 -
10 1738 - - e 1-8 -
11 1931 - m - 1-8 -
12 2124 1 - - 1-7 8 B
13 2317 - m - 1-8 -
14 2510 - - e 1-8 -
15 2703 - m - 1-8 -
16 2896 0 - - 1-8 -
17 3089 - m - 1-8 -
18 3282 - - es 1-7 8 C
19 3475 - m — 1-8 -
20 3668 1 - - 1-8 -
21 3861 - m - 1-8 -
22 4054 - - & 1-8 -
23 4247 - m - 1-8 —
24 4440 1 - - 1-7 8 D

FAS Frame alignement signal (... 001011 ...).
DL 4 kbit/s data link (message bits m).
CRC CRC-6 (block check field (check bits e, ... e).

) Only applicable in the case of channel associated signalling see (§ 3.1.3.2.)

TABLE 2/G.704

Allocation of F-bit for the 12-frame multiframe

Frame number Frame alignment signal Multifra:esfgl:li?ﬁrr:l egnt signal
1 1 —
2 - S
3 0 —
4 - N

Note — For multiframe structure, see § 3.1.3.2.2.
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2.1.3.1 Method 1: Twenty-four-frame multiframe

Allocation of the F-bit to the multiframe alignment signal, the CRC check bits and the data link is given
in Table 1/G.704.

2.1.3.11 Multiframe alignment signal

The F-bit of every fourth frame forms the pattern 001011 ... 001011. This multiframe alignment signal is
used to identify where each particular frame is located within the multiframe in order to extract the cyclic
redundancy check code, CRC-6, and the data link information, as well as to identify those frames that contain
signalling (frames 6, 12, 18 and 24), if channel associated signalling is used.

2.13.1.2 Cyclic redundancy check

The CRC-6 is a method of performance monitoring that is contained within the F-bit position of frames 2,
6, 10, 14 18 and 22 of every multiframe (see Table 1/G.704).

The CRC-6 message block check bits e, e, e, e, e, and ¢ are contained within multiframe bits 194,
966, 1738, 2510, 3282 and 4054 respectively, as shown in Table 1/G.704. The CRC-6 Message Block (CMB) is a
sequence of 4632 serial bits that is coincident with a multiframe. By definition, CMB N begins at bit position 1 of
multiframe N and ends at bit position 4632 of multiframe N. The first transmitted CRC bit of a multiframe is the
most significant bit of the CMB polynomial.

In calculating the CRC-6 bits, the F-bits are replaced by binary 1s. All information in the other bit
positions will be identical to the information in the corresponding multiframe bit positions.

The check-bit sequence e through e transmitted in multiframe N+ 1, is the remainder after multiplication
by x$ and then division (modulo-2) by the generator polynomial x®+4 x+1 of the polynomial corresponding to
CMB N. The first check bit (e;) is the most significant bit of the remainder; the last check bit () is the least
significant bit of the remainder. Each multiframe contains the CRC-6 check bits generated for the preceding CMB.

At the receiver, the received CMB, with each F-bit having first been replaced by a binary 1, is acted upon
by the multiplication/division process described above. The resulting remainder is compared on a bit-by-bit basis,
with the CRC-6 check bits contained in the subsequently received multiframe. The compared check bits will be
identical in the absence of transmission errors.

21.3.1.3 4 kbit/s data link

Beginning with frame 1 of the multiframe (see Table 1/G.704) the first bit of every other frame is part of
the 4 kbit/s data link. This data link provides a communication path between primary hierarchical level terminals
and will contain data, an idle data link sequence or a loss of frame alignment alarm sequence.

The format to be used for the transmission of data over the m-bits of the data link is still under study.
The idle data link pattern is also under study.

A loss of frame alignment alarm sequence is used when a loss of frame alignment (LFA) condition has
been detected. After a loss of frame alignment condition is detectd at local end A, a 16-bit LFA sequence of eight
1s eight 0s (1111111100000000) will be transmitted in the m-bits of the 4 kbit/s data link continuously to remote
end B.

2.1.3.2 Method 2: Twelve-frame multiframe

Allocation of the F-bit to the frame alignment signal, multiframe alignment signal and signalling is given
in Table 2/G.704.

2.2 Basic frame structure at 6312 kbit/s

2.2.1  Frame length

The number of bits per frame is 789. The frame repetition rate is 8000 Hz.

2.2.2 F-bits

The last five bits of a frame are designated as F-bits, and are used for such purposes as frame alignment,
performance monitoring and providing a data link.
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223  Allocation of F-bits

Allocation of the F-bits is given in Table 3/G.704.

TABLE 3/G.704

Allocation of F-bits

Bit number
Frame number
785 786 787 788 789
1 1 1 0 0 m
2 1 0 1 0 0
3 x X X a m
4 € (5] [ €4 &5

m Data link bit.

a Remote end alarm bit (1 state = alarm, 0 state = no alarm).
¢; CRC-5 check bit (i = 1 to 5).

x Spare bits, to be set at state 1 if not used.

2.2.3.1 Frame alignment signal

The frame and multiframe alignment signal is 110010100, and is carried on the F-bits in frames 1 and 2,
excluding bit 789 of frame 1.

2.2.3.2 Cyclic redundancy check

The cyclic redundancy check 5 (CRC-5) message block (CMB) is a sequence of 3151 serial bits which starts
at bit number 1 of frame number 1 and ends at bit number 784 of frame number 4. The CRC-5 message block
check bits e, &, e, e, and es occupy the last five bits of the multiframe as shown in Table 3/G.704.

The check-bit sequence ¢; through es transmitted in multiframe N is the remainder after multiplication
by x5 and then division (modulo-2) by the generator polynomial x °+ x*+x2+1 of the polynomial corresponding
to CMB N. The first check bit () is the most significant bit of the remainder; the last check bit (es) is the least
significant bit of the remainder. Each multiframe contains the CRC-5 check bits generated for the corresponding
CMB.

At the receiver the incoming sequence of 3156 serial bits (i.e. 3151 bits of CMB and 5 CRC bits), when
divided by the generator polynomials, will result in a remainder of 00000 in the absence of transmission errors.

2.2.3.3 4 kbit/s data link

The bit m shown in Table 3/G.704 is used as a data link bit. These bits provide 4 kbit/s data transmission
capability associated with the 6312 kbit/s digital path.

2.2.3.4 Remote end alarm indication
\

After a loss of frame alignment condition is detected at local end A, remote end alarm signal bit a, shown
in Table 3/G.704, will be transmitted to remote end B.
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23 Basic frame structure at 2048 kbit/s

2.3.1  Frame length

256 bits, numbered 1 to 256. The frame repetition rate is 8000 Hz.

2.3.2  Allocation of bits number 1 to 8 of the frame

Allocation of bits number 1 to 8 of the frame is shown in Table 4a/G.704.

TABLE 4a/G.704

Allocation of bits 1 to 8 of the frame

Bit
number
1 2 3 4 5 6 7 8
Alternate
frames
.. S; 0 0 1 1 0 1 1
Frame containing the frame
li ignal
alignment signa Note 1 Frame alignment signal
S; 1 A S S S S S
Frame not containing the frame s J @ % o a8
li t signal
alignment signa Note 1 Note 2 Note 3 Note 4

Note 1 — S; = bits reserved for international use. One specific use is described in § 2.3.3. Other possible uses may be defined at
a later stage. If no use is realized, these bits should be fixed at 1 on digital paths crossing an international border. However, they
may be used nationally if the digital path does not cross a border.

Note 2 — This bit is fixed at 1 to assist in avoiding simulations of the frame alignement signal.
Note 3 — A = Remote alarm indication. In undisturbed operation, set to 0; in alarm condition, set to 1.
Note 4 — S,4to S;3 = Additional spare bits whose use may be as follows:

i) Bits S;4 to S;3 may be recommended by CCITT for use in specific point-to-point applications (e.g. transcoder equipments
conforming to Recommendation G.761;

ii) Bit S,q may be recommended by CCITT as a message-based data link for operations, maintenance and performance
monitoring. This channel originates at the point where the frame is generated and terminates where the frame is split up.
This requires further study;

iii) Bits S,s to S,7 are for national usage where there is no demand on them for specific point-to-point applications (see i) above.

Bits S,4 to S, (where these are not used) should be set to 1 on links crossing an international border.

2.3.3  Description of the CRC-4 procedure in bit 1 of the frame

2.3.3.1 Special use of bit 1 of the frame

Where there is a need to provide additional protection against simulation of the frame alignment signal,
and/or where there is a need for an enhanced error monitoring capability, then bit 1 should be used for a Cyclic
Redundancy Check-4 (CRC-4) procedure as detailed below.

Note — Equipment incorporating the CRC-4 procedure should be designed to be capable of interworking
with equipment which does not incorporate the CRC procedure, with the option being manually selectable (e.g. by
straps). For such interworking, bit 1 of the frame should be fixed at 1 in both directions (see Table 4a/G.704,
Note 1).
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2.3.3.2 The allocation of bits 1 to 8 of the frame is shown in Table 4b/G.704 for a complete CRC-4 multiframe.

TABLE 4b/G.704

CRC-4 multiframe structure

Bits 1 to 8 of the frame
Sub-multiframe (SMF) Frame number

1 2 3 4 5 6 7 8

0 C, 0 0 1 1 0 1 1
1 0 1 A Sas | Sas | Sas | Sar | Ses

2 (o 0 0 1 1 0 1 1
1 3 0 1 A SaA SaS Saé Sa7 Sa8
4 C; 0 0 1 1 0 1 1
5 1 1 A Sa4 SaS 556 Sa7 Sa8
6 C, 0 0 1 1 0 1 1
7 0 1 A 1 Sy | Sas | Sas | Sar | Sas
Multiframe

8 C, 0 0 1 1 0 1 1
9 1 1 A | Sis | Sas | Sas | Sar | Sas

10 C 0 0 1 1 0 1 1

1 1 1 A Sa4 SaS Sa6 ‘ Sa7 Sa8

1 12 Cs 0 0 1 1 0 1 1
13 E 1 A Sa4 SaS sa6 Sa7 SaS

14 Cqy 0 0 1 1 0 1 1
15 E 1 A | Sy | Sas | Sa | Sa7 | S
Note 1 — E = CRC-4 error indication bits (see § 2.3.3.4).

Note 2 — S,4to S,3 = Spare bits (see Note 4 to Table 4a/G.704).
Note 3 — C;to C4 = Cyclic Redundancy Check-4 (CRC-4) bits (see §§ 2.3.3.4 and 2.3.3.5).

Note 4 — A = Remote alarm indication (see Table 4a/G.704).

2.3.3.3 Each CRC-4 multiframe, which is composed of 16 frames numbered 0 to 15, is divided into two 8-frame
sub-multiframes (SMF), designated SMF I and SMF II which signifies their respective order of occurrence within
the CRC-4 multiframe structure. The SMF is the Cyclic Redundancy Check-4 (CRC-4) block size (i.e. 2048 bits).

The CRC-4 multiframe structure is not related to the possible use of a multiframe structure in 64 kbit/s
channel time slot 16 (see § 5.1.3.2).

2.3.3.4 Use of bit 1 in 2048 kbit/s CRC-4 multiframe

In those frames containing the frame alignment signal (defined in § 2.3.2), bit 1 is used to transmit the
CRC-4 bits. There are four CRC-4 bits, designated C,, C;, C; and C, in each SMF.

In those frames not containing the frame alignment signal (see § 2.3.2), bit 1 is used to transmit the 6-bit
CRC-4 multiframe alignment signal and two CRC-4 error indication bits (E).
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The CRC multiframe alignment signal has the form 001011.

The E-bits should be used to indicate received errored sub-multiframes by setting the binary state of one
E-bit from 1 to 0 for each errored sub-multiframe. Any delay between the detection of an errored sub-multiframe
and the setting of the E-bit that indicates the error state must be less than 1 second.

Note 1 — The E-bits will always be taken into account even if the SMF which contains them is found to
be errored, since there is little likelihood that the E-bits themselves will be errored.

Note 2 — In the short term, there may exist equipments which do not use the E-bits; in this case the
E-bits are set to binary 1.

23.3.5  Cyclic Redundancy Check

2.3.3.5.1  Multiplication/division process

A particular CRC-4 word, located in sub-multiframe N, is the remainder after multiplication by x* and
then division (modulo 2) by the generator polynomial x* + x + 1, of the polynomial representation of sub-
multiframe N — 1).

Note — When representing the contents of the check block as a polynomial, the first bit in the block,
i.e. frame 0, bit 1 or frame 8, bit 1, should be taken as being the most significant bit. Similarly, C; is defined to be
the most significant bit of the remainder and C, the least significant bit of the remainder.

2.3.3.52  Encoding procedure

i) The CRC-4 bits in the SMF are replaced by binary 0s.
ii) The SMF is then acted upon by the multiplication/division process referred to in § 2.3.3.5.1.

iii) The remainder resulting from the multiplication/division process is stored, ready for insertion into the
respective CRC-4 locations of the next SMF.

Note — The CRC-4 bits thus generated do not affect the result of the multiplication/division process in
the next SMF because, as indicated in i) above, the CRC-4 bit positions in an SMF are initially set to 0 during
the multiplication/division process.

23.3.5.3  Decoding procedure

i) A received SMF is acted upon by the multiplication/division process referred to in § 2.3.3.5.1, after
having its CRC-4 bits extracted and replaced by Os.

ii) The remainder resulting from this division process is then stored and subsequently compared on a
bit-by-bit basis with the CRC bits received in the next SMF.

iti) If the remainder calculated in the decoder exactly corresponds to the CRC-4 bits received in the next
SMF, it is assumed that the checked SMF is error free.

24 Basic frame structure at 8448 kbit/s

241  Frame length

The number of bits per frame is 1056. They are numbered from 1 to 1056. The frame repetition rate is
8000 Hz.

242  Frame alignment signal

The frame alignment signal is 11100110 100000 and occupies the bit-positions 1 to 8 and 529 to 534.

243  Service digits

Bit 535 is used to convey alarm indication (bit 535 at 1 state — alarm; bits 535 at 0 state = no alarm).

Bit 536 is left free for national use and should be fixed at 1 on paths crossing the international border. The
same applies to bits 9-40 in the case of channel-associated signalling.
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3 Characteristics of frame structure carrying channels at various bit rates in 1544 kbit/s

3.1 Interface at 1544 kbit/s carrying 64 kbit/s channels
3.1.1  Frame structure

3.1.1.1 Number of bits per 64 kbit/s channel time slot

Eight, numbered 1 to 8.

3.1.1.2 Number of 64 kbit/s channel time slots per frame

Bits 2 to 193 in the basic frame carry 24 octet interleaved 64 kbit/s channel time slots, numbered 1 to 24.

3.1.1.3 Allocation of F-bit

Refer to § 2.1.3.

3.1.2  Use of 64 kbit/s channel time slots

Each 64 kbit/s channel time slot can accommodate e.g., a PCM encoded voiceband signal conforming to
Rec. G.711 or data information with a bit rate up to 64 kbit/s.

3.1.3  Signalling

Two alternative methods as given in §§ 3.1.3.1 and 3.1.3.2 are recommended:

3.1.3.1 Common channel signalling

One 64 kbit/s channel time slot is used to provide common channel signalling at a rate of 64 kbit/s. In
the case of the 12-frame multiframe method of § 2.1.3.2, the pattern of the S-bit may be arranged to carry
common channel signalling at a rate of 4 kbit/s or a sub-multiple of this rate.

3.1.3.2  Channel associated signalling

3.1.3.2.1  Allocation of signalling bits for the 24-frame multiframe

As can be seen in Table 1/G.704, there are four different signalling bits (A, B, C and D) in the
multiframe. This channel associated signalling can provide four independent 333-bit/s signalling channels
designated A, B, C and D, two independent 667-bit/s signalling channels designated A and B (see Note,) or one
1333-bit/s signalling channel.

Note — When only four state signalling is required, the A, B signalling bits previously associated with
frames 6 and 12 respectively should be mapped into the A, B, C, D signalling bits of frames 6, 12, 18 and 24
respectively as follows: A=A, B=B, C=A, D=B. In this case the ABCD signalling is the same as the AB
signalling specified in § 3.1.3.2.2.

3.1.3.2.2  Allocation of signalling bits for the 12-frame multiframe
Based on agreement between the Administrations involved, channel-associated signalling is provided for
intra-regional circuits according to the following arrangement:

A multiframe comprises 12 frames as shown in Table 5/G.704. The multiframe alignment signal is carried
on the S-bit as shown in the table.

Frames 6 and 12 are designated as signalling frames. The eight bit in each channel time slot is used in
every signalling frame to carry the signalling associated with that channel.
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TABLE 5/G.704

Multiframe structure

Frame Multiframe Bltcl? ; 32?2(12 cms](:::ch Signalling
Frame number alignment alignment channel
signal signal designation
(see Note 1) (S bit) For character signal sig:a"lfing (see Note 2)
1 1 - 1-8 -
2 - 0 1-8 -
3 0 - 1-8 -
4 - 0 1-8 -
5 1 - 1-8
6 - 1 1-7 8 A
7 0 - 1-8 -
8 - 1 1-8 -
9 1 - 1-8 -
10 - 1 1-8 -
11 0 - 1-8 -
12 - 0 1-7 8 B

Note 1 — When the S-bit is modified to signal the alarm indications to the remote end, the S-bit in frame 12 is changed from
state 0 to 1.

Note 2 — Channel associated signalling provides two independent 667-bit/s signalling channels designated A and B or one
1333-bit/s signalling channel.

32 Interface at 1544 kbit/s carrying 32 kbit/s channel time slots (see Note)

Note — This interface provides for the carrying of 32 kbit/s information. The interface will be used
between network nodes and will apply to primary rate multiplexing equipment, digital cross-connect equipment,
transcoder and other equipment relevant to the network nodes. Switching in this case is assumed to take place on
a 64 kbit/s basis.

3.2.1  Frame structure

3.2.1.1 Number of bits per 32 kbit/s channel time slot

Four, numbered 1 to 4.

3.2.1.2 Number of 32 kbit/s channel time slots per frame

Bits 2 to 193 in the basic frame can carry forty-eight 4-bit interleaved 32 kbit/s channel time slots,
numbered 1 to 48.

3.2.1.3 Allocation of F-bits

Refer to § 2.1.3.

3.2.2  Use of 32 kbit/s channel time slot

Each 32 kbit/s channel time slot can accomodate an ADPCM-encoded voiceband 51gnal conforming to
Rec. G.721, or data with a bit rate up to 32 kbit/s.
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3.2.3 384 kbit/s 12-channel time slot grouping

3.2.3.1 Structure of 12-channel time slot grouping

The 1544 kbit/s frame for 32 kbit/s channel time slots shown in Table 6/G.704 is structured to pfovide
four independent 384 kbit/s 12-channel time slot groupings. These are numbered 1-4, and transmitted in
numbered order starting with time slot grouping number 1.

The signalling grouping channels (SGC) for time slot groupings 1-4, occupy time slots 12, 24, 36 and 48
respectively. Each time slot grouping can be independently configured for situations requiring channel associated
signalling or situations with no signalling requirement (e.g. external common signalling). (See § 3.2.3.1.1.)

TABLE 6/G.704

32 kbit/s channel time slots frame structure for 1544 kbit/s interface

Time slot grouping Time slots
No. 1 1 2 3 4 5 6 7 8 9 10 11 12 (SGC)
No. 2 13 14 15 16 17 18 19 20 21 22 23 24 (SGC)
No. 3 25 26 27 28 29 30 31 32 33 34 35 36 (SGC)
No. 4 37 38 39 40 41 42 43 44 45 46 47 48 (SGC)

Note 1 — Each time slot signifies a 32 kbit/s channel.

Note 2 — The signalling grouping channel (SGC) occupies the twelfth 32 kbit/s time slot of each
time slot grouping.

3.23.1.1  Use of a 384 kbit/s time slot grouping
Use of a 384 kbit/s time slot grouping is categorized into two possible configurations:

— When no signalling capabilities are required, a 384 kbit/s time slot grouping can carry twelve
32 kbit/s channel time slots;

— When channel associated signalling capabilities are required, a 384 kbit/s time slot grouping will
consist of eleven 32 kbit/s channel time slots and a 32 kbit/s channel time slot defined as a signalling
grouping channel.

3.2.3.1.2  Use of a signalling grouping channel

A signalling grouping channel is used for the transmission of channel associated A-B-C-D signalling
information, signalling grouping channel alarm information, the signalling grouping channel multiframe alignment
signal, and CRC-6 error detection information between network nodes. '

3.2.4 32 kbit/s signalling grouping channel multiframe structure

3.2.4.1 Number of bits per 32 kbit/s signalling grouping channel time slot

Four, numbered 1 to 4.
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3.2.42 Bit allocation of 32 kbit/s signalling grouping channel time slot

Allocated to the last four bits of each time slot grouping.

3.2.43 Multiframe structure

The signalling grouping channel multiframe structure consists of 24 consecutive frames numbered 1 to 24.
Table 7/G.704 shows the signalling grouping channel multiframe structure.

TABLE 7/G.704

32 kbit/s signalling grouping channel multiframe structure

Time slot grouping frame Signalling grouping channel bit number
number
1 2 3 4
1 A A 0 S,
2 Ajiz Aj+3 1 S,
3 Ajsa Ajss 0 CRC-1
4 Aj+6 Aj+7 1 S4
5 Ajig Ao 0 Ss
6 Aj.H[) M, 1 Se
7 B, Bj.1 0 CRC-2
8 Bj.2 Bjy3 1 Sg
9 Bj+4 Bj+5 0 Sg
10 Bj+6 Bj+7 1 Sio
1 Bj.s Bj.o 0 CRC-3
12 Bj.10 M; 1 Si2
13 Cj Cii 1 Si3
14 Cit2 Cis3 0 Sia
15 Cita Cies 1 CRC-4
16 Cj+6 Cj+7 0 Sis
17 Cj+8 Cj+9 1 Sl7
18 Cjtio M, 0 Sig
19 D, D} 1 CRC-5
20 Dj.2 Dj43 0 Sz
21 Dj4 Djys 1 Sy
2 D, D, 0 S1
23 Dj.s Dj49 1 CRC-6
24 Dj;10 M, 0 S2

Note 1 — ; = 1 for 12th 32 kbit/s channel time slot
j = 13 for 24th 32 kbit/s channel time slot
; = 25 for 36th 32 kbit/s channel time slot
j = 37 for 48th 32 kbit/s channel time slot

Note 2 — (A, Bj, Cj, Dj): A, B, C, D signalling bits
M;: Signalling grouping channel alarm indication bits
Si: Spare bits

Note 3 — The signalling grouping channel provides A, B, C, D signalling capability for 11 channels within each time slot
grouping.

3.2.4.4 Signalling grouping channel multiframe alignment signal

Bit 3 of the signalling grouping channel, as shown in Table 7/G.704, contains the signal grouping channel
multiframe alignment signal used to associate the signalling bits in the signal grouping channel with the proper
channels of the associated time slot grouping.

Note — The signalling grouping channel multiframe alignment signal is independent of, and different
from, the framing bit of the 1544 kbit/s frame.
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3.2.4.5 CRC-6 error detection information for the time slot grouping
An optional 2 kbit/s CRC-6 error detection code word may be transmitted in the bit position indicated by
CRC-1 through CRC-6 in Table 7/G.704.

The CRC-6 message block (CMB) is a sequence of 1152 serial bits that is concident with a time slot
grouping multiframe. By definition, CMB N begins at bit position 0 of time slot grouping multiframe N and ends
at bit position 1151 of time slot grouping multiframe N.

The check-bit sequence CRC-1 through CRC-6 transmitted in multiframe N + 1 is the remainder after
multiplication by x% and then division (modulo 2) by the generator polynomial x® + x + 1 of the the
polynomial corresponding to CMB N. The first check bit, CRC-1, is the most significant bit of the remainder; the
last check bit CRC-6, is the least significant bit. The time slot grouping channel is included in this calculation with
bit 4 of the time slot grouping channel being set to 1.

When not utilizing the option to transmit the CRC-6 error detection signal, CRC-1 through CRC-6 shall
be set to 1.

3.2.4.6 Signalling

Two alternative methods as given in §§ 3.2.4.6.1 and 3.2.4.6.2 are recommended.

3.2.4.6.1  Common channel signalling

Refer to § 3.1.3.1. Two successive 32 kbit/s channel time slots are used for 64 kbit/s common channel
signalling transmission.

3.24.6.2  Channel associated signalling
As indicated in Table 7/G.704, bits 1 and 2 of the signalling grouping channel convey the channel
associated signalling information for the channels of the associated time slot grouping.

The signalling grouping channel can provide four independent 333 bit/s signalling channels designated ﬁ,
B, C and D, two independent 667 bit/s signalling channels designated A and B, or one 1333 bit/s signalling
channel designated A. Where only A-B signalling is used, the A-B signalling is repeated for the C-D positions
respectively. Where only A signalling is used, the A signalling is repeated for the B-C-D positions respectively.

3.2.4.7 Signalling grouping channel alarm indication signals
As indicated in Table 7/G.704, the signalling grouping channel contains four alarm indication bits, M,
M,, M3 and M,.

M, provides the capability to transmit through the interface a remote time slot grouping alarm indication
of a failure in the opposite direction of transmission.

M, provides the capability to transmit through the interface an indication of a failure in tributary input
signals to the network node.

M; provides the capability to transmit through the interface an indication of a failure in tributary output
signals from the network node.

M, is set to 1 whenever M; and/or M, and/or M; are set to 1.

3.2.5 Signal grouping channel unused bits

The bits marked S in Table 7/G.704 are currently unused and set to 1. The definition and allocation of the
S-bits are for further study.

3.2.6 Loss and recovery of signalling channel multiframe alignment

Loss of the signalling grouping channel multiframe alignment signal is declared when two out of four
signalling grouping channel framing bits are in error. The rare occurrence of a single instantaneous slip of *+ 11
frames is undetected by the two-out-of-four algorithm. Signalling grouping channel multiframe alignment shall be
declared when the correct sequence of 24 valid signalling grouping channel framing bits is detected, beginning
with the first frame of the multiframe.
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33 Interface at 1544 kbit/s carrying n x 64 kbit/s

Electrical characteristics should follow Recommendation G.703.

The time slot mapping to the 1544 kbit/s interface is for further study.

4 Characteristics of frame structures carrying channels at various bit rates in 6312 kbit/s interfaces

4.1 Interface at 6312 kbit/s carrying 64 kbit/s channels
4.1.1  Frame structure

4.1.1.1 Number of bits per 64 kbit/s channel time slot

Eight, numbered 1 to 8.

4.1.1.2 Number of 64 kbit/s channel time slots per frame

Bits 1 to 784 in the basic frame carry 98 octet interleaved 64 kbit/s channel time slots, numbered 1 to 98.
Five bits per frame (F-bits) are added at the end of the frame for the frame alignment signal and for other signals.

4.1.1.3 Allocation of the F-bits

Refer to Table 3/G.704.

4.1.2  Use of 64 kbit/s channel time slots

Each 64 kbit/s channel time slot can accomodate e.g., a PCM-encoded voiceband signal conforming to
Recommendation G.711 or data information with a bit rate up to 64 kbit/s. 64 kbit/s channel time slots 97, 98
may be used for signalling.

4.13  Signalling

Two alternative methods as given in §§ 4.1.3.1 and 4.1.3.2 are recommended.

4.1.3.1 Common channel signalling

Use of 64 kbit/s channel time slots 97 and 98 for common channel signalling is under study.

4.1.3.2 Channel associated signalling

Based on agreement between the Administrations concerned, channel associated signalling is provided for
intra-regional circuits according to the following arrangement:

4.13.2.1  Allocation of signalling bit
Sixteen signalling bits (bit positions 769 to 784) are designated as ST, to STs. One ST;-bit (i = 1 to 16)

accomodates signalling information corresponding to six channel time slots 4, 16 + 4, 32 + i, 48 + i, 64 + iand
80 + iin a manner described in § 4.1.3.2.2 below.

4.1.3.2.2  Signalling multiframe structure

Each ST-bit constitutes an independent signalling multiframe over eight frames as shown in
Table 8/G.704.
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TABLE 8/G.704

Signalling multiframe structure

Frame number n n+1 n+2 n+3 n+4 n+5 n+6 n+17
F, Sy S, S5 Ss Ss Se S,
Use of
ST-bit
(See Note 1) (See Note 2) (See Note 4)

Note 1 — The F;-bit is either alernate 0, 1 or the following 48 bit digital pattern:

A101011011 0000011001 1010100111 0011110110 10000101.

For the 48 bit digital pattern, the A-bit is usually fixed to state 1 and is reserved for optional use. The pattern is
generated according to the following primitive polynomial (refer to Recommendation X.50):

xT+xt+ 1

Note 2 — S;-bits (j = 1 to 6) carry channel associated signalling or maintenance information. When the 48 bit pattern is
adopted as the F; frame alignment signal, each S;-bit (j = 1 to 6) can be multiframed, as follows:

Sjls Sjl) R Sj12

The S;;-bit carries the following 16 bit frame alignment pattern generated according to the same primitive polynomial as
for the 48 bit pattern.

A011101011011000
The A-bit is usually fixed to 1 and is reserved for optional use. Each S;-bit (i = 2 to 12) carries channel associated
signalling for sub-rate circuits and/or maintenance information.
Note 3 — ST-bits (F, Sy, ..., S and S,) all at state 1 indicate Alarm Indication Signal (AIS) for six 64 kbit/s channels.

Note 4 — The S,-bit is usually fixed to state 1. When backward AIS for six 64 kbit/s channels is required to be sent, the S, is
set to state 0.

42 Interfaces at 6312 kbit/s carrying other channels than 64 kbit/s

For further study.

5 Characteristics of frame structures carrying channels at various bit rates in 2048 kbit/s interfaces

51 Interface at 2048 kbit/s carrying 64 kbit/s channels
5.1.1  Frame structure

5.1.1.1 Number of bits per 64 kbit/s channel time slot

Eight, numbered 1 to 8.

5.1.1.2 Number of 64 kbit/s channel time slots per frame

Bits 1 to 256 in the basic frame carry 32 octet interleaved time slots numbered 0 to 31.
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5.1.1.3 Allocation of the bits of 64 kbit/s channel time slot 0

See Table 4a/G.704 (§ 2.3.2).

5.1.2  Use of other 64 kbit/s channel time slots

Each of the 64 kbit/s channel time slots 1 to 15 and 17 to 31 can accomodate e.g., a PCM-encoded
voiceband signal according to Recommendation G.711 or a 64 kbit/s digital signal.

The 64 kbit/s channel time slot 16 may be used for signalling. If not needed for signalling, in some cases
it may be used for a 64 kbit/s channel in the same way as time slots 1 to 15 and 17 to 31.

5.1.3  Signalling

The use of 64 kbit/s channel time slot 16 is recommended for either common channel or channel
associated signalling as required.

The detailed requirements for the organization of particular signalling systems will be included in the
specifications for those signalling systems..

5.1.3.1 Common channel signalling

The 64 kbit/s channel time slot 16 may be used for common channel signalling systems up to a rate of
64 kbit/s. The method of obtaining signal alignent will form part of the particular common channel signallling
specification.

5.1.3.2 Channel associated signalling

This section contains the recommended arrangement for the use of the 64 kbit/s capability of channel time
slot 16 for channel associated signalling.

5.1.3.2.1  Multiframe structure
A multiframe comprises 16 consecutive frames (whose structure is given in § 5.1.1 above) and these are
numbered from 0 to 15.

The multiframe alignment signal is 0000 and occupies digit time slots 1 to 4 of 64 kbit/s channel time slot
16 in frame 0.

5.3.1.2.2  Allocation of 64-kbit/s channel time slot 16
When 64 kbit/s channel time slot 16 is used for channel associated signalling, the 64-kbit/s capacity is
sub-multiplexed into lower-rate signalling channels using the multiframe alignement signal as a reference.

Details of the bit allocation are given in Table 9/G.704.

52 Interface at 2048 kbit/s carrying n x 64 kbit/s

Electrical characteristics should follow Recommendation G.703 (see Note 4 of Preamble to G.703). For the
accomodation of n x 64 kbit time slots in the 2048 kbit/s frame, two situations are envisaged.

5.2.1 One n x 64 kbit/s signal on the tributary side of a multiplex equipment

Time slots of the 2048 kbit/s frame are filled as follows:

TSO0: according to § 2.3;

TS16: reserved for the accomodation, if required, of a 64 kbit/s signalling channel.

~ If2 < n< 15, TS1 to TSn are filled with n x 64 kbit/s data [see a) of Figure 1/G.704];

— If 15 < n <30, TS1 to TS15 and TS17 to TS(n+1) are filled with n x 64 kbit/s data [see b) of
Figure 1/G.704].

— Remaining time slots are filled with all 1s.
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TABLE 9/G.704

Bit allocation of channel associated 64 kbit/s time slot 16
for channel associated signalling

Time slot 16

Time slot 16

Time slot 16

Time slot 16

of frame 0 of frame 1 of frame 2 of frame 15
0000 xVXX abcd abced abed abed abed abced
y Channel 1 Channel 16 Channel 2 Channel 17 Channel 15 Channel 30

Note I — Channel numbers refer to telephone channel numbers. 64 kbit/s channel time slots 1 to 15 and 17 to 31 are assigned
to telephone channels numbered from 1 to 30.

Note 2 — This bit allocation provides four 500-bit/s signalling channels designated a, b, c and d for each channel for telephone
and other services. With this arrangement, the signalling distortion of each signalling channel introduced by the PCM

transmission system, will not exceed + 2 ms.
Note 3 — When bits b, ¢ or d are not used they should have the values:b = 1, ¢ = 0,d = 1.

It is recommended that the combination 0000 of bits a, b, ¢ and d should not be used for signalling purposes for
channels 1-15.

Note 4 — x = spare bit, to be set to 1 if not used.
y bit used for alarm indication to the remote end. In undisturbed operation, set to 0; in an alarm condition, set
to 1.

a lolrsr7770777/] lig
TS n
o1 o/ 7777770777070 007777777777] B
T T1807850-88
TS (1)

FIGURE 1/G.704

52.2 One or more n x 64 kbit/s signal on the multiplexed signal side of a multiplexing equipment

For any one n x 64 kbit/s signal, time slots of the 2048 kbit/s frame are filled as follows:

TSO0: according to § 2.3;
TS16: reserved for the accomodation, if required, of a 64 kbit/s signalling channel.

TS(x) of the 2048 kbit/s frame is designated as the time slot into which the first time slot of
the n x 64 kbit/s is accomodated.
— Ifx<15and x + (n—1) < 15, or, if x = 17 and x + (n—1) < 31, then the filling of time slots is
from TS (x) to TS (x+ n—1) [see a)and b) of Figure 2/G.704];
— If x + (n—1) > 16, then the filling of time slots is from TS (x) to TS15 and TS17 to TS (x+ n) (see ¢)
of Figure 2/G.704). ,

Note — Once n x 64 kbit/s signal has been accomodated into the multiplexed signal, care should be
taken in the interpretation of the above rules to ensure that further such signals only use the time slots which

remain spare.
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6 Characteristics of frame structures carrying channels at various bit rates in 8448 kbit/s interface

6.1 Interface at 8448 kbit/s carrying 64 kbit/s channels
6.1.1  Frame structure

6.1.1.1 Number of bits per 64 kbit/s channel time slot

Eight, numbered from 1 to 8.

6.1.1.2 Number of 64 kbit/s channel time time slots per frame

Bits 1 to 1056 in the basic frame carry 132 octet interleaved 64 kbit/s channel time slots, numbered form
0 to 131.

6.1.2  Use of 64 kbit/s channel time slots

6.1.2.1 64 kbit/s channel time slot assignment in case of channel associated signalling

64 kbit/s channel time slots 5 to 32, 34 to 65, 71 to 98 and 100 to 131 are assigned to 120 telephone
channels from 1 to 120.

64 kbit/s channel time slot 0 and the first 6 bits in 64 kbit/s channel time slot 66 are assigned to framing:
the remaining 2 bits in 64 kbit/s channel time slot 66 are devoted to services.

64 kbit/s channel time slots 67 to 70 are assigned to channel associated signalling as covered in § 6.1.4.2
below.

64 kbit/s channel time slots 1 to 4, 33 are left free for national use.

6.1.2.2 64 kbit/s channel time slot assignment in case of common channel signalling

64 kbit/s channel time slots 2 to 32, 34 to 65, 67 to 98 and 100 to 131 are available for 127 telephone,
signalling or other service channels. By bilateral agreement between the Administrations concerned, 64 kbit/s
channel time slot 1 may either be used to ‘provide another telephone or service channel or left free for service
purposes within a digital exchange.

The 64 kbit/s channels corresponding to 64 kbit/s channel time slot 1 to 32, 34 to 65 (etc. as above) are
numbered 0 to 127.
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64 kbit/s channel time slot 0 and the first 6 bits in channel time slot 66 are assigned to framing, the
remaining 2 bits in 64 kbit/s channel time slot 66 are assigned to service.

64 kbit/s channel time slots 67 to 70 are, in descending order of priority, available for common channel
signalling as covered in § 6.1.4.1 below.

64 kbit/s channel slot 33 is left free for national use.

6.1.3  Description of the CRC procedure in 64 kbit/s channel time slot 99

In order to provide an end-to-end quality monitoring of the 8 Mbit/s link, a CRC-6 procedure is used and
the six bits C; to C¢ computed at the source location are inserted in bit positions 1 to 6 of the time slot 99 (see
Figure 3/G.704).

In addition, bit 7 of this time slot, denoted E, is used to send in the transmitting direction an indication
about the received signal arriving from the opposite direction. Bit E indicates whether or not the most recent CRC
block arriving at the opposite end had errors.

The CRC-6 bits C; to C¢ are computed for each frame. The CRC-6 block size is then 132 octets,
i.e. 1056 bits, and the computation is made 8000 times per second.

LG [Ca|Cs|Ci|Cs[Ces] E|S |

1 8
T1807870-38

FIGURE 3/G.704
Time slot 99

6.1.3.1 Multiplication/division process

A given C;-C¢ word located in frame N is the remainder after multiplication by x® and then division

(modulo 2) by the generator polynomial x¢ + x + 1 of the polynomial representation of frame (N—1).

_ Note — When representing the contents of a frame as a polynomial, the first bit in the frame should be
taken as being the most significant bit. Similarly C; is defined to be the most significant bit of the remainder and
Cs the least significant bit of the remainder.

6.1.3.2 Encoding procedure

The CRC bit positions are initially set at 0 i.e.:
Ci=C=C=C=Cs=C¢=0
The frame is then acted upon by the multiplication/division process referred to above in § 6.1.3.1.

The remainder resulting from the multiplication/division process is stored ready for insertion into the
respective CRC locations of the next frame.

Note — These CRC bits do not affect the computation of the CRC bits in the next frame since the
corresponding locations are set to 0 before the computation.

6.1.3.3 Decoding procedure
A received frame is acted upon by the multiplication/division process, referred to above in § 6.1.3.1, after
having its CRC bits extracted and replaced by 0s.

The remainder resulting from this multiplication/division process is then stored and subsequently
compared on a bit by bit basis with the CRC received in the next frame.

If the decoder-calculated remainder exactly corresponds to the CRC bits sent from the encoder, it is
assumed that the checked frame is error free.
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6.1.3.4 Action on bit E

Bit E of frame N is set to 1 in the transmitting direction if bits C, to C¢ detected in the most recent frame
at the opposite end have been found in error (at least one bit in error). If no errors, E is set to 0.

6.1.4  Signalling

The use of channel time slots 67 to 70 is recommended for either common channel or channel-associated
signalling as required. The detailed requirements for the organization of particular signalling systems will be
included in the specifications for those signalling systems.

6.1.41 Common channel signalling

64 kbit/s channel time slots 67 to 70 may be used for common channel signalling in a descending order of
priority up to a rate of 64 kbit/s. The method of obtaining signal alignment will form part of the particular
common channel signalling specification.

6.1.4.2 Channel associated signalling

The recommended arrangement for the use of the 64 kbit/s capacity in each 64 kbit/s channel time slot
67 to 70 for channel associated signalling is as follows:

6.1.42.1  Multiframe structure

A multiframe for each 64 kbit/s bit-stream comprises 16 consecutive frames (whose structure is given in
§ 6.1.1 above) and these are numbered from 0 to 15.

The multiframe alignment signal is 0000 and occupies digit time slots 1 to 4 of channel time slots 67 to 70
in frame 0.

6.1.42.2  Allocation of 64 kbit/s channel time slots 67 to 70

When 64 kbit/s channel time slots 67 to 70 are used for channel associated signalling, the 64 kbit/s
capacity of each of the four 64 kbit/s channel time slots is sub-multiplexed into lower rate signalling channels
using the multiframe alignment signal as a reference. Details of the bit allocation are given in Table 10/G.704.

6.2 Interface at 8448 kbit/s carrying other channels than 64 kbit/s

For further study.
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TABLE 10/G.704

Bit allocation of 64 kbit/s channel time slots 67 to 70

64 kbit/s
channel
time slot 67 68 69 70
Frame
0 0000xyxx 0000xyxx 0000xyxx 0000xyxx

abed abcd abcd abed abcd abcd abcd abed
Channel

Channel 1 |Channel 16/Channel 31|Channel 46|Channel 61|Channel 76/Channel 91 106

abed abed abed abed abed abed abed abed
Channel | Channel

15 Channel 15|Channel 30{Channel 45(Channel 60|Channel 75|/Channel 90 105 120

Note I — Channel numbers refer to telephone channel numbers. Refer to § 6.1.2.1 for the assignment of 64 kbit/s channel time
slots to the telephone channels. :

Note 2 — This bit allocation provides four 500-bit/s signalling channels designated a, b, ¢ and d for each channel for telephone
and other services. With this arrangement, the signalling distortion of each signalling channel introduced by the PCM

_transmission system, will not exceed + 2 ms.
Note 3 — When bits b, ¢ or d are not used they should have the values:b = 1,¢ = 0,d = 1.

It is recommended the the combination 0000 of bits a, b, ¢ and d should not be used for signalling purposes for
channels 1-15, 31-45, 61-75 and 91-125.

Note 4 — x = spare bit, to be set to 1 if not used.
y = bit used for alarm indication to the remote end. In undisturbed operation, set to 0; in an alarm condition, set

to 1.

ANNEX A

(to Recommendation G.704)

Examples of CRC implementations using shift registers

Al CRC-6 procedure for interface at 1544 kbit/s (Reference: § 2.1.3.1.2)

See Figure A-1/G.704.
Input I to the shift register: CMB N with F bits set to 1.

Generator polynomial of the shift register: x® + x + 1.
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FIGURE A-1/G.704

At I, the CMB is fed serially (i.e. bit by bit) into the circuit, starting with bit number 1 of the multiframe
(see Table 1/G.704). When the last bit of the CMB (i.e. bit number 4632 within the multiframe has been fed into
the shift register, the CRC bits e, to e are available at the outputs 1 to 6. (Output 1 provides the most significant
bit, ¢, and output 6 the least significant bit, ¢). Bits ¢; to ¢ are transmitted in the next CMB (cf.
Table 1/G.704).

Note — The outputs (1 to 6) of the shift register stages are reset to 0 after each CMB.

A2 CRC-5 procedure for interface at 6312 kbit/s (Reference: § 2.2.3.2)
Input I to the shift register: CMB N.

Generator polynomial of the shift register: x> + x* + x? + 1.

y 4
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T1802280-86
FIGURE A-2/G.704

At I, the CMB is fed serially (i.e. bit by bit) into the circuit, starting with bit number 1 of frame number 1
(see Table 3/G.704). When the last bit of the CMB (i.e. bit number 784 of frame number 4) has been fed into the
the shift register, the CRC bits ¢ to es are available at the outputs 1 to 5. (Output 1 provides the most significant
bit, e;, and output 5 the least significant bit, e;). Bits ¢ to es are transmitted in the corresponding multiframe (see
Table 3/G.704).

Note — The outputs (1 to 5) of the shift register stages are reset to 0 after each CMB.

A3 CRC-4 procedure for interface at 2048kbit/s (Reference: § 2.3.3.5)

See Figure A-3/G.704.
Input I to the shift register: SMF (N) with C,, C,, C;, C,4 set to 0.

Generator polynomial of the shift register: x* + x + 1.

! =1 — D . D j¢—1 D e =] [¢—e— D
L ¥
T1802290-86

FIGURE A-3/G.704

At I, the SMF is fed serially (i.e. bit by bit) into the circuit, starting with bit C; = 0 (see Table 4b/G.704).
When the last bit of the SMF (i.e. bit number 256 of frame number 7, respectively of frame number 15) has been
fed into the shift register, the CRC bits C,; to C, are available at the outputs 1 to 4. (Output 1 provides the most
significant bit, C;, and output 4 the least significant bit, C;). Bits C; to C, are transmitted in the next SMF,
i.e. SMF(N+1). ' - :

Note — The outputs (1 to 4) of the shift register stages are reset to 0 after each SMF.
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Recommendation G.705

CHARACTERISTICS REQUIRED TO TERMINATE DIGITAL
LINKS ON A DIGITAL EXCHANGE

(Malaga-Torremolinos, 1984)

This Recommendation defines interface conditions and fundamental functions of digital exchange terminal
equipments used to terminate digital paths. The multiplex structures are compatible with those described in
Recommendation G.704, and are applicable to digital paths which connect PCM multiplex equipments to
exchanges and to digital paths which interconnect digital exchanges. The locations of these interfaces are described
in Recommendations Q.502 and Q.512 for digital transit and digital local exchanges.

The digital exchange terminal is a synchronous equipment which has a frame aligner circuit. In order to
meet the network performance objectives of Recommendation G.822, the digital exchange terminal should fulfil
the synchronization performance as described below.

1 1544 kbit/s digital path

1.1 General characteristics

1.1.1  Bit rate

The nominal bit rate is 1544 kbit/s.
Note — The tolerance on this bit rate should be further studied and specified.

1.1.2  Timing signal

It should be possible to derive the transmitting timing signal from an external source as specified below.

Note — For PCM multiplex equipment at the remote end, the timing signal will be derived from the
incoming signal at the receive end.

1.1.2.1 Timing in a non-synchronized network

For a digital exchange the transmitting timing signal will be derived from an office clock.

1.1.2.2 Timing in a synchronized network

In case of synchronous operation of the network, a network synchronization system will maintain the
signal or clocks within agreed timing limits.

1.1.3  Interfaces

Refer to § 2 of Recommendation G.703. No interface internal to the switch will be recommended.

1.1.4  Transmission performance

Transmission performance of the digital path should be the same as that for 1544 kbit/s digital paths
between primary PCM multiplex equipment.

1.2 Frame strusture

Refer to § 3.1 of Recommendation G.704.
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1.3

131

13.2

133

1.3.4

1.3.5

Synchronization performances

Wander at the input

Refer to § 4 of Recommendation G.824.

Jitter at the input

Refer to § 4 of Recommendation G.824.

Jitter at the output

Jitter at the output is under study.
Slips
Refer to §§ 3 and 4 of Recommendation G.822.

Forms of frame aligner

Refer to § 8 of Recommendation G.811.

6312 kbit/s digital path

General characteristics

Bit rate

The nominal bit rate is 6312 kbit/s.
Note — The tolerance on this bit rate should be further studied and specified.

Timing signal

It should be possible to derive the transmitting timing signal from an external source as specified below.

Note — For PCM multiplex equipment at the remote end, the timing signal will be derived from the

incoming signal at the receive end.

2.1.2.1 Timing in a non-synchronized network

For a digital exchange the transmitting timing signal will be derived from an office clock.

2.1.2.2 Timing in a synchronized network

In case of synchronous operation of the network, a network synchronization system will maintain the

signal or clocks within agreed timing limits.

213

2.14

Interfaces

Refer to § 3 of Recommendation G.703. No interface internal to the switch will be recommended.

Transmission performance

Transmission performance of the digital path should be the same as that for 6312 kbit/s digital paths

between primary PCM multiplex equipment.

2.2

98

Frame structure

Refer to § 3.2 of Recommendation G.704.
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2.3 Synchronization performances

23.1  Wander at the input

Refer to § 4 of Recommendation G.824.

2.3.2  Jitter at the input

Refer to § 4 of Recommendation G.824.

2.3.3  Jitter at the output

Jitter at the output is under study.

23.4 Slips
Refer to §§ 3 and 4 of Recommendation G.822.

2.3.5 Forms of frame aligner

Refer to § 8 of Recommendation G.811.

3 2048 kbit/s digital path

3.1 General characteristics

3.1.1  Bit rate

The nominal bit rate is 2048 kbit/s. This rate will be controlled to within at least = 50 parts per million
(ppm) at the transmitting end for each direction of transmission.

3.1.2  Timing signal

The timing signal is a 2048 kHz signal from which the bit rate is derived.

3.1.2.1 Timing in a non-synchronized network

For a PCM multiplex equipment, the timing signal will be derived from the incoming timing signal at the
receive side. For a digital exchange, the transmitting timing signal will be derived from a clock within the digital
exchange.

3.1.2.2 Timing in a synchronized network

In case of synchronous operation of the network, a network synchronization system will maintain the
timing signal or clocks within agreed timing limits.
3.1.3 Interfaces

Refer to § 6 of Recommendation G.703. No interface, internal to the switch, will be recommended.

3.1.4  Transmission performance

The transmission performance of the digital path will be the same as that for 2048 kbit/s digital paths
between primary PCM multiplex equipments.

3.2 Frame structure

Refer to § 3.3 of Recommendation G.704.

Where more signalling capacity is required between exchanges, additional time slots may be utilized for
common channel signalling. They should be selected from the slots allocated in PCM multiplexes for data
purposes. On routes between exchanges comprising more than one 2048-kbit/s digital path, it may be possible to
provide an adequate signalling capacity without using time slot 16 of all systems on the route. In these
circumstances time slot 16 in those systems not carrying signalling can be allocated to speech or other services.
Time slot 0 is reserved for frame alignment, alarms and network synchronization information and should not be
used for signalling or speech purposes.
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33 Synchronization performances

3.3.1  Wander at the input

Refer to § 3 of Recommendation G.823.

3.3.2  Jitter at the input

Refer to § 3 of Recommendation G.823.

3.3.3  Jitter at the output

Jitter at the output is under study.

334  Slips

Refer to §§ 3 and 4 of Recommendation G.822.

3.3.5  Forms of frame aligner

Refer to § 8 of Recommendation G.811.

4 8448 kbit/s digital path

4.1 General characteristics

41.1  Bit rate

The nominal bit rate is 8448 kbit/s. This rate will be controlled to within at least + 30 parts per million at
the transmitting end for each direction of transmission.

4.1.2  Timing signal

The timing signal is an 8448 kHz signal from which the bit rate is ‘derived.

4.1.2.1 Timing in a non-synchronous network
For a PCM multiplex equipment, the timing signal will be derived from the incoming timing signal at the

receive side. For a digital exchange, the transmitting timing will be derived from a clock within the digital
exchange.

4.1.2.2 Timing in a synchronous network

In case of synchronous operation of the network, a network synchronization system will maintain the
timing signal or clocks within agreed timing limits.

4.1.3 Interfaces

Refer to § 7 of Recommendation G.703. No interface, internal to the switch, will be recommended.

4.1.4  Transmission performance

The transmission performance of the digital path will be the same as that for 8448 kbit/s digital paths
between secondary PCM and/or digital multiplex equipments.

4.2 Frame structure

Refer to § 3.4 of Recommendation G.704.

Where signalling capacity is required between exchanges, time-slots 67, 68, 69 and 70 may be utilized for
common channel signalling in this order of descending priority. Those channels not used for common channel
signalling can be used for speech or other purposes.

100 Fascicle II1.4 — Rec. G.705



43 Synchronization performance

43.1 Wander at the input

Refer to § 3 of Recommendation G.823.

43.2  Jitter at the input

Refer to § 3 of Recommendation G.823.

43.3  Jitter at the output

Jitter at the output is under study.

434 Slips

Refer to'§§ 3 and 4 of Recommendation G.822.

43.5  Forms of frame aligner

Refer to § 8 of Recommendation G.811.

Recommendation G.706

FRAME ALIGNMENT AND CYCLIC REDUNDANCY CHECK (CRC) PROCEDURES
RELATING TO BASIC FRAME STRUCTURES DEFINED IN RECOMMENDATION G.704

(Melbourne, 1988)

1 General

This Recommendation relates to equipment which receives signals with basic frame structures as defined in
Recommendation G.704. It defines the frame alignment, the cyclic redundancy check (CRC) multiframe alignment
and CRC bit error monitoring procedures to be used by such equipment. Annex A contains background
information about the use of the CRC procedures and their limitations.

2 Frame alignment and CRC procedures at 1544 kbit/s interface

2.1 Loss and recovery of frame alignment

There are two alternative multiframe structures at the 1544 kbit/s interface:
a) 24-frame multiframe, and
b) 12-frame multiframe.

2.1.1  Loss of frame alignment

The frame alignment signal should be monitored to determine if frame alignment has been lost. Loss of
frame alignment should be detected within 12 ms. Loss of frame alignment must be confirmed over several frames
to avoid the unnecessary initiation of the frame alignment recovery procedure due to transmission bit errors. The
frame alignment recovery procedure should commence immediately once loss of frame alignment has been

confirmed.

Note — For the 12-frame multiframe described in Recommendation G.704, loss of multiframe alignment
is deemed to occur when loss of frame alignment occurs.
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2.1.2  Recovery of frame alignment

2.1.2.1 Frame alignment recovery time

The frame alignment recovery time is specified in terms of the maximum average reframe time in the
absence of errors. The maximum average reframe time is the average time to reframe when the maximum number
of bit positions must be examined for locating the frame alignment signal.

a) 24-frame multiframe

The maximum average reframe time should not exceed 15 ms.
Note — Some existing designs of equipment were designed to a limit of 50 ms.
b) 12-frame multiframe

The maximum average reframe time should not exceed 50 ms.

Note — These times do not include the time required for the CRC procedure for false frame alignment
verification defined in § 2.2.2.

2.1.2.2 Strategy for frame alignment recovery

a) 24-frame multiframe

Frame alignment should be recovered by detecting the valid frame alignment signal. When the CRC-6
code is utilized for error performance monitoring (see § 2.2.3), the CRC-6 information may be coupled
with the framing algorithm to ensure that a valid frame alignment signal contained within the
24 F-bits is the only pattern onto which the reframe circuit can permanently lock. This procedure is
illustrated in Figure 1/G.706.

b) 12-frame multiframe

Overall frame alignment should be recovered by way of simultaneous detection of the frame alignment
signal and the multiframe alignment signal, or of frame alignment followed by multiframe alignment.

J F-bits

Loss of frame
alignement
detected

Start
frame ¢
search

il

Valid

F-bit

pattern(s) No
?

check | ——— CRC error information
No ? No

Frame
re-alignment
complete

T1802241-87

FIGURE 1/G.706

False frame alignment protection using a cyclic
redundancy check (CRC) (1544 and 6312 kbit/s)
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2.2 CRC bit monitoring

Error monitoring by CRC-6 assumes a signal quality sufficient for frame alignment to be established so
that CRC-6 bits can be correctly accessed.

2.2.1  Monitoring procedure

i) A received CRC Message Block (CMB) is acted upon by the multiplication/division process defined
in Recommendation G.704 after having its F-bits replaced by binary 1s.

ii) The remainder resulting from the division process is then stored and compared on a bit-by-bit basis
with the CRC bits received in the next CMB.

iii) If the remainder exactly corresponds to the CRC bits contained in the next CMB of the received
signal, it is assumed that the checked CMB is error-free.

2.2.2  Monitoring for false frame alignment (see § A.1.1)

In the case of the 24-frame multiframe, when the CRC-6 code is utilized for error performance monitoring,
it may also be used to provide immunity against spurious frame alignment signals. The procedure described in
§ 2.1.2.2 a) should be followed.

2.2.3  Error performance monitoring using CRC-6 (see § A.1.2)

For the purpose of error performance monitoring, it should be possible to obtain indications of each CRC
message block which is received in error. The consequent error information should be used in accordance with the
requirements to be defined in respective equipment Recommendations.

3 Frame alignment and CRC procedures at 6312 kbit/s interface

3.1 Loss and recovery of frame alignment

For the 6312 kbit/s hierarchical level, the term “frame alignment” is synonymous with “multiframe
alignment”. The last five bits of the 789-bit frame are designated as the F-bits (see Recommendation G.704) and
are time-shared as a frame alignment signal and for other purposes.

3.1.1  Loss of frame alignment

The frame alignment signal should be monitored to determine if frame alignment has been lost. The loss
of frame alignment is declared when seven consecutive incorrect frame alignment signals have been received.

The recovery of frame alignment procedure should start immediately once loss of frame alignment has
been confirmed.

3.1.2  Recovery of frame alignment

3.1.2.1 Frame alignment recovery time

The frame alignment recovery time is specified in terms of the maximum average reframe time in the
absence of errors. The maximum average reframe time is the average time to reframe when the maximum number
of bit positions must be examined for locating the frame alignment signal.

The maximum average reframe time should be less than 5 ms.

3.1.2.2 Strategy for frame alignment recovery

Frame alignment should be recovered by detecting three consecutive correct frame alignment signals. In
addition to this, the CRC-5 code (see § 3.2) should be coupled with the framing algorithm to ensure that a valid
frame alignment signal contained within the F-bits is the only pattern onto which the reframe circuit can
permanently lock. This procedure is illustrated in Figure 1/G.706.
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32 CRC bit monitoring

Error monitoring by CRC-5 assumes a signal quality sufficient for frame alignment to be established so
that the CRC-5 bits can be correctly accessed.

3.2.1  Monitoring procedure

i) A received sequence of 3156 serial bits (i.e. 3151 bits of CMB and 5 CRC bits) is divided by the
generator polynomial defined in Recommendation G.704.

ii) If the remainder resulting from the division process is 00000, it is assumed that the checked CMB is
error-free.

3.2.2  Monitoring for false frame alignment (see § A.1.1)

The procedure in § 3.1.2.2 should be followed when the CRC-5 code is used to provide immunity against
false frame alignment signal.

Using the CRC-5 code, it should be possible to detect false frame alignment within 1 second and with
greater than 0.99 probability. On detection of such an event, a re-search for correct frame alignment should be
initiated.

With a random error ratio of 10~%, the mean time between two events of falsely initiating a search for
frame alignment due to an excessive number of errored CRC message blocks should be more than one year.

Note 1 — With a random error ratio of approximately 1073, it is almost impossible to distinguish whether
CRC errors are caused by the false frame alignment or by transmission bit errors.

Note 2 — To achieve the probability bounds stated above, one method is to count the errored CRC-5
message blocks with the understanding that a count of 32 consecutive errored CRC-5 blocks indicates false frame
alignment.

3.2.3  Error performance monitoring using CRC-5 (see § A.1.2)

For the purpose of error performance monitoring, it should be possible to obtain indications for each
CRC message block which is received in error. The consequent error information should be used in accordance
with the requirements to be defined in the respective equipment Recommendations.

4 Frame alignment and CRC procedures at 2048 kbit/s interface

4.1 Loss and recovery of frame alignment

4.1.1  Loss of frame alignment

Frame alignment will be assumed to have been lost when three consecutive incorrect frame alignment
signals have been received.

Note 1 — In addition to the preceding, in order to limit the effect of spurious frame alignment signals, the
following procedure may be used:

Frame alignment will be assumed to have been lost when bit 2 in time slot 0 in frames not containing the frame
alignment signal has been received with an error on three consecutive occasions.

Note 2 — Loss of frame alignment can also be invoked by an inability to achieve CRC multiframe
alignment in accordance with § 4.2, or by exceeding a specified count of errored CRC message blocks as indicated
in § 4.3.2.

4.1.2  Strategy for frame alignment recovery

Frame alignment will be assumed to have been recovered when the following sequence is detected:
— for the first time, the presence of the correct frame alignment signal;

— the absence of the frame alignment signal in the following frame detected by verifying that bit 2 of the
basic frame is a 1;

— for the second time, the presence of the correct frame alignment signal in the next frame.
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Note — To avoid the possibility of a state in which no frame alignment can be achieved due to the
presence of a spurious frame alignment signal, the following procedure may be used:

When a valid frame alignment signal is detected in frame n, a check should be made to ensure that a frame
alignment signal does not exist in frame n + 1, and also that a frame alignment signal exists in frame n + 2.
Failure to meet one or both of these requirements should cause a new search to be initiated in frame n + 2.

42 CRC multiframe alignment using information in bit 1 of the basic frame

If a condition of assumed frame alignment has been achieved, CRC multiframe alignment should be
deemed to have occurred if at least two valid CRC multiframe alignment signals can be located within 8§ ms, the
time separating two CRC multiframe alignment signals being 2 ms or a multiple of 2 ms. The search for the CRC
multiframe alignment signal should be made only in basic frames not containing the frame alignment signal.

If multiframe alignment cannot be achieved within 8 ms, it should be assumed that frame alignment is due
to a spurious frame alignment signal and a re-search for frame alignment should be initiated.

Note 1 — The re-search for frame alignment should be started at a point just after the location of the
assumed spurious frame alignment signal. This will usually avoid realignment onto the spurious frame alignment
signal.

Note 2 — Consequent actions taken as a result of loss of frame alignment should no longer be applied
once frame alignment has been recovered. However, if CRC multiframe alignment cannot be achieved within a
time limit in the range of 100 ms to 500 ms, e.g. owing to the CRC procedure not being implemented at the
transmitting side, consequent actions should be taken equivalent to those specified for loss of frame alignment.

43 CRC bit monitoring

If frame and CRC multiframe alignment have been achieved, the monitoring of the CRC bits in each
sub-multiframe should commence.

43.1  Monitoring procedure
i) A received CRC sub-multiframe (SMF) is acted upon by the multiplication/division process defined
in Recommendation G.704 after having its CRC bits extracted and replaced by 0s.

ii) The remainder resulting from the division process is then stored and subsequently compared on a
bit-by-bit basis with the CRC bits received in the next SMF.

iii) If the remainder exactly corresponds to the CRC bits contained in the next SMF of the received
signal, it is assumed that the checked SMF is error-free.

4.3.2  Monitoring for false frame alignment (see § A.1.1)

It should be possible to detect a condition of false frame alignment within 1 second and with a probability
greater than 0.99. On detection of such an event, a re-search for frame alignment should be initiated.

With a random error ratio of 10~3 the probability of falsely initiating a search for frame alignment due to
an excessive number of errored CRC blocks should be less than 10~ over a 1 second period.

Figure 2/G.706 shows an illustration of the procedure to be followed in passing from the frame alignment
search to error monitoring using CRC.

Note I — The re-search for frame alignment should be started at a point just after the location of the
assumed spurious frame alignment signal. This will usually avoid realignment onto the spurious frame alignment
signal. :

Note 2 — To achieve the probability bounds stated above, a preferred threshold count is 915 errored CRC
blocks out of 1000, with the understanding that a count of > 915 errored CRC blocks indicates false frame
alignment.
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FIGURE 2/G.706

Procedure to be followed in passing from the frame alignment search
to error monitoring using a cyclic redundancy check (CRC)
(2048 kbit/s)

4.3.3  Error performance monitoring using CRC-4 (see § A.1.2)

Information on the status of the CRC processing should be made available in two forms:
a) Direct information

Every time a CRC block is detected in error, it will be necessary to indicate this condition.
b) Integrated information

In consecutive 1 second periods, the number of errored CRC blocks should be made available. This
number will be in the range 0 to 1000 (decimal).

5 Frame alignment and CRC procedures at 8448 kbit/s interface

For further study.
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ANNEX A

(to Recommendation G.706)

Background information on the use of cyclic
redundancy check (CRC) procedures

Al Reasons for application of CRC

CRC procedures can be used for both protection against false frame alignment and for bit error
monitoring.

A.1.1  Protection against false frame alignment

The CRC procedures are used to protect against false frame alignment of receivers of multiplex signals.
For example, false frame alignment could occur in an ISDN if a user imitates a frame alignment signal in his
non-voice terminal. However, since a user is not controlling the composition of a multiplex frame, the addition of
CRC bits, and evaluation of these bits in the receiver, leads to detection of the false frame alignment.

A.1.2  Bit error monitoring

The CRC procedure is also used for improved bit error ratio monitoring if low values of error ratio (e.g.
10— are to be considered. CRC monitoring (like monitoring of the frame alignment signal) takes account of the
entire digital link between the source and sink of a multiplex signal, as opposed to code violation monitoring (e.g.
monitoring of AMI, HDB3 or B8ZS violations) which concerns only the digital line section nearest to the receiver,
or in many cases only an interface line [e.g. between a digital multiplexer and an Exchange Terminal (ET)].

A2 Limitations of CRC procedures

A.2.1 Probability of undetected bit errors

It can be estimated [1] that for CRC-n, and long message/check blocks, the probability that an error
remains undetected approaches 2~" even with a high bit error ratio; with a low bit error ratio, the probability is
lower. The resulting inaccuracy (at most, with CRC-4, about 6% of blocks with undetected errors; similarly, with
CRC-6, 1.6%) is tolerable for the required purpose.

A.2.2 Limitation of application to bit error ratio measurement

The CRC monitoring procedure is not well suited to measure values of bit error ratio that are so high that
on average every message/check block contains at least one bit error (i.e. for BER = 1073 or higher).

Reference

11 LEUNG, C. and WITZKE, K.A. — A comparison of some error detecting CRC code standards. IEEE
Trans. Vol. COM-33, pp. 996-998, 1985.

Recommendation G.707

SYNCHRONOUS DIGITAL HIERACHY BIT RATES

) (Melbourne, 1988)

The CCITT,

considering

(a) that Recommendation G.702 specifies a number of digital hierarchy bit rates for 1544 kbit/s and 2048
kbit/s based digital networks;

(b) that the various hierarchy levels specified in Recommendation G.702 are interconnected by means of
digital multiplexing employing justification methods;
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such as:

(d)

that synchronous digital multiplexing and a related synchronous digital hierarchy offer advantages

simplified multiplexing/demultiplexing techniques;

direct access to lower speed tributaries, without need to multiplex/demultiplex the entire high speed
signal;

enhanced Operations, Administration and Maintenance (OAM) capabilities;
easy growth to higher bit rates in step with the evolution of transmission technology;

that the synchronous digital hierarchy rates need to be chosen such that they allow the transport of

digital signals:

(e)

hierarchy;
()
(&

at hierarchical bit rates as specified in Recommendation G.702;
at broadband channel bit rates;

that Recommendation G.708 specifies the Network Node Interface (NNI) for the synchronous digital

that Recommendation G.709 specifies the synchronous multiplexing structure;

that Recommendations G.707, G.708 and G.709 form a coherent set of specifications for the

synchronous digital hierarchy and NNI.

recommends

M
2

that the first level of the synchronous digital hierarchy shall be 155 520 kbit/s;

that higher synchronous digital hierarchy bit rates shall be obtained as integer multiples of the first

level bit rate;

3

that higher synchronous digital hierachy levels should be denoted by the corresponding multiplication

factor of the first level rate;

@

108

that the following bit rates should constitute the synchronous digital hierarchy:

TABLE 1/G.707

. . . Hierarchical bit rate
Synchronous digital hierarchy level Kbit/s
1 155 520
4 622 080

Note — The specification of higher synchronous digital hierarchy levels requires
further study. Possible candidates are:

Level Bit rate
8 1 244 160 kbit/s
12 1 866 240 kbit/s
16 2 488 320 kbit/s
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Recommendation G.708

NETWORK NODE INTERFACE FOR THE SYNCHRONOUS DIGITAL HIERARCHY

(Melbourne, 1988)

The CCITT,

considering

(a) that network node interface (NNI) specifications are necessary to enable interconnection of synchro-
nous digital network elements for transport of payloads, including digital signals of the asynchronous hierarchy
defined in Recommendation G.702;

(b) that Recommendation G.707 describes the advantages offered by a synchronous digital hierarchy and
multiplexing method and specifies a set of synchronous digital hierarchy bit rates;

(c) that Recommendation G.709 specifies the multiplexing structures;

(d) that Recommendations G.707, G.708 and G.709 form a coherent set of specifications for the
synchronous digital hierarchy and NNI;

(e) that Recommendation G.802 specifies the interworking between networks based on different asynchro-
nous digital hierarchies and speech encoding laws, ’

recommends

that the frame structure for multiplexed digital signals at the network node interface of a synchronous
digital network including ISDN should be as described in this Recommendation.

1 Location of NNI

Figure 1-1/G.708 gives a possible network configuration to illustrate the location of the network node
interface specified in this Recommendation.

NNI NNI NNI NNI
TR |sm— __Ism| TR
] SM & Line/radio ) DCS/EA :5 Line/radio :5 SM I
systems : : systems :
TR ~——————— L TR
TR
TR— SM [—0 _ o—1 s | —TR
) ’ T1307830-28
DCS Digital crossconnect system SM  Synchronous multiplexer
EA  External access equipment TR Tributaries

FIGURE 1-1/G.708
Location of the NNI
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2 Basic multiplexing principle and multiplexing elements

2.1 General

Frame structures and overheads in this Recommendation are mainly in the context of circuit mode
connection types rather than asynchronous transfer mode (ATM). ATM based multiplexing principles are under
study.

Figure 2-1/G.708 shows the relationship between various multiplexing elements that are defined below,
and illustrates possible multiplexing structures.

Figures 2-2/G.708, 2-3/G.708 and 2-4/G.708 are examples of how various signals are multiplexed using
these multiplexing elements.

The legends used in these figures are defined in § 2.2.
Details of the multiplexing method and mappings are given in Recommendation G.709.

Note — When signals at bit rates of the various multiplexing elements of the synchronous digital
hierarchy (Recommendations G.707, G.708, G.709) are different from existing hierarchy levels in Recommen-
dation G.702, the signals are not required to be transported via digital networks which are in line with
Recommendation G.702.

2.2 Definitions

2.2.1  Container, C-n (n = 1 to 4)

This element is a defined unit of payload capacity which is dimensioned to carry any of the levels
currently defined in Recommendation G.702 and may also provide capacity for transport of broadband signals
which are not yet defined.

2.2.2  Virtual container, VC-n

Two types of virtual containers have been identified:
—  Basic virtual container, VC-n (n = 1, 2)

This element comprises a single C-n (n = 1, 2) plus the basic virtual container path overhead (POH)
appropriate to that level.

—  Higher order virtual container to VC-n (n = 3, 4)

This element comprises a single C-n (n = 3, 4), an assembly of tributary unit groups (TUG-2s) or an
assembly of TU-3s, together with virtual container POH appropriate to that level.

STM-N sT™-1 [¢ AU-4 VC-4 c4
TU3
S Nested
AU-3 VvC-3 c3
Direct
TUG2 [¢ TU-2 vc2 | c2
TU-1 fe VC-1 c1

T1307890-83

FIGURE 2-1/G.708
Generalized multiplexing structure
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TU-1 PTR /////////6//9}/7//7////////
] T ... T
rmzl ﬁ ............. ‘ | ‘ :

WVC"”'"“ EAREAWASYR %Y ] e e
TU3PTR ......... 7////////////////}///{;7///////////////

R R R L 777 N7/
XN /SN

......... B 77/

——— Logical association

............

Physical association

T1807900-88

C-1

VC1

TUA1

TUG-2

VvC-3

TU-3

VC-4

AU-4

STM-1

STM-N

Note — Unshaded areas are phase aligned. Phase alignment between the unshaded and shaded areas is defined by the pointer and is indicated

by the arrow.

FIGURE 2-2/G.708

Multiplexing method: nested arrangement
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B VC-1 POH c Ve
TU-1 PTR ‘ / / //////////\}6/{7///////// e
_ N
TU-]PTR N TU-1 :’TR 7///4/\7/%/7}7// ___________ 7//////\7/%1///////% e
TUG—z ................................. e, L Tve2 |
L % /‘/"7/ //‘ T 7/}/ {}]
veseon | 3R] ] B2 B2 e | | DA S | v

............
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LTTYYS .o
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.........

l S, i - (ON l ML PP ‘s j E

son [ wuarm ] s OB ) s

......
..........
............
...............
........
..........
........
.........
...........
...........
.......
.......
...............

STM-1 STM-1 STM-N

T1307910-88
——— Logical association

............ Physical association

Note — Unshaded areas are phase aligned. Phase alignment between the unshaded and shaded areas is defined by the pointer and is indicated
by the arrow.

FIGURE 2-3/G.708
Multiplexing method: directly from C-1
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C-3

VC-3 POH C-3 VC-3

..............
.....

_________ ///// i
3P . .
SOH AU-3 PTR AU-3 PTR / /v/c 3 // % // STM

........
......
..........
........
......
.....
...........
.............
.................
........
.........
......
.........
........
...............

STM-1 STM-1 STM-N

T1807920-88

— Logical association

------------ Physical association

Note — Unshaded areas are phase aligned. Phase alignment between the unshaded and shaded areas is defined by the pointer and is indicated
by the arrow.

FIGURE 2-4/G.708
Multiplexing method: directly from C-1

2.2.3  Tributary unit TU-n (n = 1 to 3)

This element consists of a virtual container plus a tributary unit pointer. A tributary unit pointer indicates
the phase alignment of the virtual container (VC-n) with respect to the POH of the next higher level virtual
containers in which it resides. The tributary unit pointer location is fixed with respect to this higher level POH.

In certain applications (for example, synchronous mapping providing direct observability of 64 kbit/s
channels) the basic virtual container has a fixed phase-alignment with respect to the higher level virtual container.
In this case, the basic virtual container (VC-1) POH and TU-1 pointer are null.

2.2.4  Tributary unit group, TUG-2

This element consists of a homogeneous assembly of TU-1s or a single TU-2.

2.2.5 Administrative unit, AU-n (n = 3, 4)
This element consists of a VC-n (n= 3, 4) plus an administrative unit pointer (AU PTR). An administra-

tive unit pointer indicates the phase alignment of the VC-n (n = 3, 4) with respect to the STM-1 frame. The
administrative unit pointer location is fixed with respect to the STM-1 frame.

2.2.6  Synchronous transport module level 1, STM-1

This element is the basic building block of the synchronous digital hierarchy and it comprlses either one
AU-4 or multiple AU-3s, together with the section overhead (SOH).

2.2.7  Synchronous transport module level N, STM-N

This element defines the N-th level of the synchronous-digital hierarchy and contains N synchronously
multiplexed STM-1 signals.

The STM-N-signal can be obtained via single-or multiple-stage multiplexing.

Values of N correspond to the synchronous digital hierarchy levels given in Recommendation G.707.
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3 Frame structure

3.1 Level 1: 155 520 kbit/s (STM-1)

3.1.1  Basic frame structure

The STM-1 frame structure is shown in Figure 3-1/G.708. The three main areas of the STM-1 frame are

indicated:

— section overhead;

— AU pointers;

— STM-1 payload.

270 columns (bytes)

9 10 11 14 270
i - — {
AU
Section overhead pointers
(area B)
3
4 AU pointers (area A)
5 9 rows
Section overhead STM-1 payload
9 v
- 4—125 us

3.1.2  Section overhead

T1307930-33

FIGURE 3-1/G.708

STM-1 frame structure

Rows 1-3 and 5-9 of columns 1-9 of the STM-1 in l;“igure 3-1/G.708 are dedicated to the section overhead.

The allocation of section overhead capacity and functions is given in Figure 3-4a/G.708. An explanation
of the overhead functions is given in § 5.

3.1.3  Administrative unit (AU) pointers

Row 4 of columns 1-9 and row 1-3 of columns 11-14 in Figure 3-1/G.708 are available for AU pointers.
The positions of the pointers of the AUs for different organizations of the STM-1 payload are shown in Table
3-1/G.708. The application of pointers and their detailed specifications are given in Recommendation G.709.

TABLE 3-1/G.708

Position of AU pointers

AU Position of AU pointer
31 Areas A and B
32 Area A

4 Area A
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3.1.4  Administrative units in the STM-1

The STM-1 payload can suppport the following types and numbers of administrative units:
— one AU-4; or three AU-32s; or four AU-31s.

The VC-n associated with each AU-n does not have a fixed phase with respect to the STM-1 frame. The
location of the first byte of the VC-n is indicated by the AU-n pointer. The AU-n pointer is in a fixed location in
the STM-1 frame as illustrated in Figures 2-2/G.708 to 2-4/G.708 and 3-1/G.708 to 3-3/G.708.

The AU-4 may be used to carry, via the VC-4, three TU-32s or four TU-31s. This nested arrangement is
illustrated in Figures 3-2/G.708 and 3-3/G.708. The VC-3 associated with each TU-3 does not have a fixed phase
relationship with respect to the start of the VC-4. The TU-3 pointer is in a fixed location in the VC-4 and the
location of the first byte of the VC-3 is indicated by the TU-3 pointer (illustrated in Figures 3-2/G.708 and

3-3/G.708).

XX XX
X X X X l A
vC-4
VC-32
VC-31
a) One AU-4 b) Three AU-32s ¢) Four AU-31s T1807940-88
AU = AU pointer + VC-n (See § 2)
% AU pointer (normal range)
A AU pointer [Null Pointer Indication (NP1}]
Note — Definitions of pointer value (normal range and NPI) are given in Figure 3-4/G.709.
FIGURE 3-2/G.708
Administrative units in STM-1 frame
X X
(X 1) seoe
VC-4 VC-4
VC-32
VC-31
) T1807950-32
a) One AU-4 containing three TU-32s b) One AU-4 containing four TU-31s

X AU pointer
@® TU-3 pointer

FIGURE 3-3/G.708
Use of the AU-4 to carry TU-3s
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3.1.5  VC-4 and VC-3 path overheads

The allocation of the VC-4 and VC-3 path overhead capacity and functions is given in Figure 3-4/G.708.
An explanation of the overhead functions is given in § 5.

The position of the VC-4 and VC-3 path overhead is specified in Recommendation G.709.

1 2 3 4 5 6 1 8 9 1
b 1lai]ai]al]azlaz|az]a 1| n
2 | Bl El Fl 2 | B3
3 (D1 D2 D3 3(c2
4 AU pointers 411G
5 B2|B2|B2|KI K2 5| F2
9 rows 6 | D4 DS D6 6 | H4
7 | D7 D8 D9 | X 7 [23¥
8 |DI10 Dl D12 8 |z4?
olzt|zi|z1|z2|2z2|2z2|E2 9 |25¥
L 9 columns J T1807960-88
a) Section overhead (SOH) b} VC-4 and VC-3

path averhead (POH)

X Bytes reserved for national use

3)  These bytes are not included in the VC-31 POH.

Note — The use of some of the Z bytes for national purposes is for further study.

FIGURE 3-4/G.708
Overhead bytes assignment in the STM-1 frame

3.2 Level 4: 622 080 kbit/s (STM-4)

This level is obtained by one-byte interleaving of four STM-1s as illustrated in Figure 3-5/G.708.

The SOH of the STM-1s shall be 125 s phase aligned prior to multiplexing such that the SOH of the
resulting STM-4 is contained in the first 36 columns. The AU pointer value(s) of each STM-1 is/are adjusted to
indicate the start of the VC(s) with respect to this new position of the AU pointer(s) which is fixed relative to the
STM-4 SOH. .

AAAAAA..
STM-1 No, 1 —m———
BBBBBB..
§TM-1 No.2 ———— ABCDABCD...
STM-1 No. 3 CCCcCcCcC.. STM-4
'STM-1 No. 4 DDDDDD...
T1807970-88

FIGURE 3-5/G.708
STM-1 to STM-4 synchronous multiplexing
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4 Interconnection of STM-1s

The synchronous digital hierarchy, specified in Recommendations G.707, G.708 and G.709, is designed to
be universal, allowing transport of a large variety of signals including those specified in Recommendation G.702.

However, there are a number of options for structuring an STM-1. This section provides guidelines for the
interconnection of STM-1s. Two general cases are considered:

— Case 1: STM-1s having the same structure (detailed in § 4.1);

— Case 2: STM-1s having different structures (detailed in § 4.2).

4.1 Interconnection of STM-1s having the same structure

The interconnection unit used between STM-1s is the VC associated with the AU. This arrangement is
shown in row i) of Table 4-1/G.708.

4.2 Interconnection of STM-1s having different structures

In the case of STM-1s having different structures, the following guidelines should be used to facilitate
interconnection by bilateral agreement or to resolve contention.

The method of interconnection between STM-1s having different structures depends on whether the type of
AU is different or whether the type of TUG is different. The cases are considered in three categories:

— different types of AU-3s carrying a C-3 payload;

— different types of AU carrying the same type of TUG-2;

— different types of TUG-2s.

4.2.1  Different types of AU-3s carrying a C-3 payload

, For the interconnection of different types of AU-3s carrying a C-3 payload, the C-3 payload is transferred
from the AU-3 to a corresponding TU-3. This TU-3 is then assembled into a VC-4 using the nested approach
illustrated in Figure 3-3/G.708. This arrangement is shown in row ii) of Table 4-1/G.708, and is intended to
facilitate the transit of C-3 in a VC-3 across a network which cannot support the associated AU-3.

4.2.2  Different types of AU carrying the same type of TUG

For the interconnection of a different type of AU carrying the same type of TUG-2, the TUG-2s are
transferred between the dissimilar AUs. In the absence of bilateral agreement on an AU-3 type, the AU-4 shall be
used. This arrangement is shown in row iii) of Table 4-1/G.708.

4.2.3  Different types of TUG-2s

For the interconnection of different types of TUG-2s, the TU-1s are transferred from the TUG-22 to the
TUG-21. The TUG-21 is used as the interconnection unit. In the absence of bilateral agreement on an AU-3 type,
the TUG-21s are directly assembled into a VC-4. This arrangement is shown in row iv) of Table 4-1/G.708.

The method of interconnection between an AU-31 containing TUG-21s and an AU-31 containing TUG-22s
is for further study.

5 Overhead functions

5.1 Types of overhead

Several types of overhead have been identified for application in the synchronous digital hierarchy. The
types of overhead described below and their applications are shown in Figure 5-1/G.708.

5.1.1  Section overhead (SOH)

Section overhead capacity is added to either an AU-4 or an assembly of AU-3s to create an STM-1. The
content always includes STM-1 framing. Content representing section performance monitoring and other mainte-
nance and operational functions can be added or modified without disassembly of the STM-1, as appropriate, for
various configurations of elements (e.g. intermediate regenerator monitoring, protection switching control).
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TABLE 4-1/G.708

Interconnection of STM-1s

Interconnection
STM-1 structure A Conversion steps STM-1 Intercon- Conversion steps STM-1 structure B Parameters
structure nection
if needed unit
. AU-x/C-x or AU-x/C-x or x = 4,32 or 31
i) TUG-2p AU-x - VC-x AU-x VC-x VC-x « AU-x TUG-2p p=tor2
i) | AU-3x/C-3x f_U\'fC" y VC-3x ~ TU-3x ~ AU-4 | VC-4 VC-4 « AU-4 AU-4/TU-3x/C-3x x=1or2
x = 4,32 or 31
. } N s : _,a) ) Dy . 3 : 3 ) y = 4,32 0r 31
iii) | AU-x/TUG-2p AU-x - VC-x - TUG-2p AU-y TUG-2p | TUG-2p « VC-z « AU-z AU-z/TUG-2p Z =4 320r3:z % x
p=1or2
x = 4,32 o0r 31
- i . y = 4,32 0r 31
iv) | AU-x/TUG-22/TU-1p AU-x— VC-x = TUG-21 AUyY  |TuGar | TV U lp <= TUG22 = Ay TUG22/TUp [z = 4or3tiz#
p=1lor2
(see note)

/ Ttem to the left is carrying item to the right.

— Conversion “From — To” (to arrive at the interconnection unit).

2 In the absence of a bilateral agreement on an AU-3, an AU-4 should be used.

Note — The case where x = 31 and z = 31 is for further study.




5.1.2  Virtual container path overhead (POH)

Virtual container path overhead provides for communication between the point of assembly of a virtual
container and its point of disassembly. Two categories of virtual container path overhead have been identified:

—  Basic virtual container path overhead (VC-1, 2 POH)
Basic virtual container POH is added to the container (C-1, 2) when the VC-1, 2 is created. Among

the functions included in this overhead are virtual container path performance monitoring, signals for
maintenance purposes and alarm status indications.

—  Higher order virtual container path overhead (VC-3, 4 POH)

VC-3 POH is added to either an assembly of TUG-2s or a C-3 to form a VC-3. VC-4 POH is added to
either an assembly of TU-3s or a C-4 to form a VC-4. Among the functions included within this
overhead are virtual container path performance monitoring, alarm status indications, signals for
maintenance purposes and multiplex structure indications (VC-3,4 composition).

o *‘{9'1_'3:}— Vei1,2 ] NNI NNI — —]VC-1, 2 c1,2 | a
assembler fve-3 4 : : : R VC-3, 4 . [assembler
\ H H STM-.N|: [a@ssembler [

— assembler ‘|sT™M-N HE s, 3 :
a)-iE_-S_,_ﬂ——— _Imux o T MUX | 'IC-3,4|- a)

Note 1 | Note 1 [ Note 1

” STM-N SOH
le VC-3, 4 POH »
VC-1,2 POH T1807990-88
a) Payload
{"* Regenerator

Note I — The need to dedicate some of the section overhead to monitoring of intermediate network elements (i.e. regenerators, or radio
or satellite links) is for further study.

Note 2 — This figure shows a functional grouping associated with the proper termination of the signal. Note that the specific function outlined
may be performed with one or more pieces of equipment.

Note 3 — POH may be connected through cross-connects or other MUX equipment.

FIGURE 5-1/G.708

Overhead entities — an example

5.2 Overhead descriptions

The location of the various section and VC-3, 4 path overhead bytes in the STM-1 frame is illustrated in
Figure 3-4/G.708.

5.2.1 SOH byte descriptions

5.2.1.1 Framing: Al, A2

Six bytes are dedicated to each STM-1. The pattern shall be A1A1A1A2A2A2 (A1=11110110,
A2=00101000). These bytes shall be provided in all STM-1 signals within an STM-N,

5.2.1.2 Data communication channel: DI-D12

Twelve bytes are allocated for section data communication. These bytes are defined only for STM-1 No. 1
of an STM-N signal.
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5.2.1.3 STM identifier: C1

This is a unique number assigned to an STM-1 prior to it being multiplexed to a higher STM-N level.
Upon demultiplexing, this byte may be used to identify the position of any particular STM-1 within the incoming
STM-N signal.

5.2.1.4 Orderwire: E1, E2

These two bytes provide orderwire channels for voice communication. These bytes are defined only for
STM-1 No. 1 of an STM-N signal.

5.2.1.5 User channel: FI

This byte is reserved for user purposes (e.g. network operators). This byte is defined only for STM-1 No. 1
of an STM-N signal.

5.2.1.6 BIP-8: Bl

One byte is allocated in each STM-1 for a bit error monitoring function of an elementary regenerator
section. This function shall be a Bit Interleaved Parity 8 (BIP-8) code using even parity. The BIP-8 is computed
over all bits of the previous STM-N frame after scrambling and is placed in byte B1 before scrambling. (For
details of the scrambling process, see Recommendation G.709.) The B1 byte shall be monitored and recomputed at
every regenerator.

Note — Bit Interleaved Parity-N (BIP-N) code is defined as a method of error monitoring. With even
parity, an N bit code is generated by the transmitting equipment over a specified portion of the signal in such a
manner that the first bit of the code provides even parity over the first bit of all N-bit sequences in the covered
portion of the signal, the second bit provides even parity over the second bit of all N-bit sequences within the
specified portion, etc. Even parity is generated by setting the BIP-N bits so that there are an even number of 1s in
each of all the N-bit sequences including the BIP-N.

5.2.1.7 BIP-24: B2x 3

Three bytes are allocated in each STM-1 for a bit error monitoring function of a section. This function
shall be a Bit Interleaved Parity 24 (BIP-24) code using even parity. The BIP-24 is computed over all bits of the
previous STM-1 frame except for the first three rows of section overhead (A1l through D3) and is placed in bytes
B2 before scrambling. This parity code is not recomputed at regenerators. These bytes shall be provided in all
STM-1 signals within an STM-N signal.

5.2.1.8 APS channel: K1, K2

Two bytes are allocated for Automatic Protection Switching (APS) signalling. These bytes are defined only
for STM-1 No. 1 of an STM-N signal.

5.2.1.9 Spare: Z1, Z2

Six bytes are allocated for functions not yet defined. These bytes have no defined value. These bytes are
reserved in all STM-1s of an STM-N.

5.2.2 AU pointer descriptions

5.2.2.1 Pointer value

Two bytes are allocated for a pointer which indicates the offset in bytes between the pointer and the first
byte of the associated virtual container POH. For a complete specification and location of these bytes, see
Recommendation G.709.

5.2.2.2 Pointer action

Three pointer action bytes are allocated in an AU-4 for frequency justification purposes. One pointer
action byte is allocated for AU-3s and TU-ns. For a complete specification of these bytes, refer to Recommenda-
tion G.709.

In the event of a negative justification, they carry valid information.
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523 VC-n(n = 3, 4) POH byte descriptions

5.2.3.1 Path BIP-8: B3

One byte is allocated in each virtual container for a path bit error monitoring function. This function shall
be a BIP-8 code using even parity. The BIP-8 is computed over all bits of the previous container and is placed in
the B3 byte. :

5.2.3.2 Path status: G1

One byte is allocated to return the VC-n path terminating status performance information to the VC-n path
originating point.

5.2.3.3 Signal label: C2

One byte is allocated to indicate the composition of the VC-n payload.

5.2.3.4 VC-n path user channel: F2

One byte is allocated for user communication purposes.

5.2.3.5 VC- path trace: J1

This byte is used at the VC-n termination point to verify the VC-n path connection.

5.2.3.6 Spare: Z3-Z5

Three bytes are allocated for as yet undefined purposes.

5.2.3.7 Multiframe indicator: H4

This byte is allocated to provide a multiframe indication, when required.

6 Physical specification of the NNI

Specification for physical, electrical or optical characteristics of the NNI will be contained in another
Recommendation which is under study.

Recommendation G.709

' SYNCHRONOUS MULTIPLEXING STRUCTURE

(Melbourne, 1988)

The CCITT,

considering

(a) that Recommendation G.707 describes the advantages offered by a synchronous digital hierarchy and
multiplexing method and specifies a set of synchronous digital hierarchy bit rates;
(b) that Recommendation G.708 specifies

— the general principles and frame structure of the network node interface (NNI) for the
synchronous digital hierarchy;

—  the overall frame size of 9 rows x 270 columns and section overhead (SOH) definition and its
byte allocation; )

— arrangements for international synchronous interconnection of STM-1s;

(c) that Recommendations G.707, G.708 and G.709 form a coherent set of specifications for the
synchronous digital hierarchy and NNI,
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recommends

that the formats for mapping multiplexing elements into the STM-1 at the Network Node Interface (NNI)
and the method of multiplexing to STM-N shall be as described in this Recommendation.

1 Basic multiplexing structure

Descriptions of the various multiplexing elements are given in Recommendation G.708.

The relationships between the various multiplexing elements are shown in Figure 1-1/G.709. The detailed
multiplexing structure is described in the following sections.

|

VC-32 c32 | H22,
44736

Kbit/s

TU21 Ivc-21 H c21 I- 6312

kbit/s

X 4

TU-11 |vc-11 HC-H }— H11,

1544

kbit/s

ERg
139 264

kbit/s

TU-12 lvc-12 Hc-m ]- H12,

2048

X 4 kbit/s

TU-22 ] vc-2ﬂ.——| c-22 }- 8448
kbit/s

l VC-31 ¢ C-31 l- H21,
34 368

TI308000-88  chit/s

FIGURE 1-1/G.709
Multiplexing structure

2 Mapping formats and multiplexing method

2.1 Mapping and multiplexing up to STM-1

2.1.1  Mapping of VC-4 into AU-4

The STM-1 mapping format for transporting one VC-4 in an AU-4 is shown in Figure 2-1/G.709. The
VC-4 consists of a 9-row by 261-column payload structure; the first column of the VC-4 is devoted to path
overhead (POH). The payload of the VC-4 shown in Figure 2-1/G.709 is a single C-4. Other possible VC-4
payloads include a single 139 264 kbit/s signal in a C-4, four VC-31s (shown in Figure 2-2/G.709 and carried in
four TU-31s), three VC-32s (shown in Figure 2-3/G.709 and carried in three TU-32s), and a group of either 21
TUG-21s or 16 TUG-22s (shown in Figure 2-4/G.709).

The STM-1 format shown in Figure 2-1/G.709 consists of an AU-4 plus section overhead (SOH). The
VC-4 does not have a fixed phase with respect to the AU-4 (and the STM-1); therefore, the location of the first
byte of the VC-4 with respect to the AU-4 frame is given by the AU-4 pointer. Note that the AU-4, including the
AU-4 pointer, has a fixed location in the STM-1 frame.
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Note — See Figures 5-4/G.709 and 5-5/G.709 for detailed mapping structure.

FIGURE 2-1/G.709
Mapping of VC-4 into an STM-1

2.1.2  Mapping of four VC-3ls into AU-4

The STM-1 mapping format for transporting four VC-31s in an AU-4 is shown in Figure 2-2/G.709. Each
TU-31 consists of a 9-row by 64-column payload structure plus six bytes of POH plus a three-byte TU-31 pointer.
The payload of the VC-31 shown in Figure 2-22/G.709 is a single C-31. Other possible VC-31 payloads include a
single 34 368 kbit/s signal in a C-31 (shown in Figure 5-10/G.709) or a group of either five TUG-21s or four
TUG-22s (shown in Figure 2-5/G.709).

The four VC-31s are carried independently in the 261-column VC-4. Each of the VC-31s does not have a
fixed phase with respect to the start of the VC-4. Therefore, the location of the first byte of each VC-31 with
respect to the VC-4 POH is given by a 3-byte TU-31 pointer (H1, H2, H3). These four TU-31 pointers reside in a
fixed location in the VC-4 as shown in Figure 2-2/G.709.

As described in § 2.1.1, the phase of the VC-4 with respect to the AU-4 is given by the AU-4 pointer.

2.1.3  Mapping of three VC-32s into AU-4

The STM-1 mapping format for transporting three VC-32s in an AU-4 is shown in Figure 2-3/G.709. Each
TU-32 consists of a 9-row by 84-column payload structure plus one column of POH and one 3-byte TU-32
pointer. The payload of the VC-32 shown in Figure 2-3/G.709 is a single C-32. Other possible VC-32 payloads
include a single 44 736 kbit/s signal in a C-32 or a group of seven TUG-21s (shown in Figure 2-5/G.709).

The three VC-32s are carried independently in the 261-column VC-4. Each of the VC-32s does not have a
fixed phase with respect to the start of the VC-4. Therefore, the location of the first byte of each VC-32 with
respect to the*VC-4 POH is given by a 3-byte TU-32 pointer (H1, H2, H3). These three TU-32 pointers reside in a
fixed location in the VC-4 as shown in Figure 2-3/G.709; 36 fixed stuff bytes are also required in the VC-4.

As described in § 2.1.1, the phase of the VC-4 with respect to the AU-4 is given by the AU-4 pointer.
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2.1.4 Mapping of TUG-2s into AU-4 .

The STM-1 mapping format transporting TUG-21s and TUG-22s into an AU-4 is shown in
Figure 2-4/G.709. The AU-4 can carry a group of either 21 TUG-21s or 16 TUG-22s.

The TUG-21 payload structure has 9 rows and 12 columns. When used to transport TUG-21s, the VC-4
consists of one column of VC-4 POH, eight columns of fixed stuff, and a remaining 252-column payload
structure. The 21 TUG-21s are mapped into this 9-row by 252-column structure using a fixed phase with respect to
the VC-4. The TUG-21s are single byte interleaved as shown in Figure 2-4/G.709.

The TUG-22 payload structure has 9 rows and 16 columns. The VC-4 consists of one column of VC-4
POH, four columns of fixed stuff and 256 payload columns when used to carry the 16 TUG-22s. The TUG-22s are
single byte interleaved into the 9-row by 256-column structure.

As described in § 2.1.1, the phase of the VC-4 with respect to the AU-4 is given by the AU-4 pointer.
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AU4 261 N
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i e VCa
- AU-4 pointer B3 /
2 (Fixed stuff) 21 X TUG-21
o / / or ;
< SOH F2 /// 16 X TUG-22
8 columns
H4 P (TuG-21.
arrangement)
23 or 4 columns .
74 L TUG-227/ Single byte
arrangement) interleaving
zs Va0
i 7 / X
VC-4 POH
TUG-21 TUG-21 TUG-21
No. 1 No. 2 No. 21
or or | e or
TUG-22 TUG-22 TUG-22
No. 1 No. 2 No. 16

T1808040-88

Note — See Figures 5-4/G.709 and 5-5/G.709 for detailed mapping structure.

FIGURE 2-4/G.709
Schematic structure of TUG-2s into an AU-4

2.1.5 Mapping of four AU-31s into STM-1

The STM-1 mapping format for transporting four VC-31s within four AU-31s is shown in
Figure 2-6/G.709. A VC-31 is defined to be a 9-row by 64-column payload structure, plus six bytes of POH,
located in row 1 to 6 of the first column, according to the figure.

Each AU-31 pointer has a fixed phase with respect to the STM-1 frame. As shown in Figure 2-6/G.709,
the four AU-31 pointers are located in columns 11 to 14, rows 1 to 3 of the STM-1, one pointer in each column.
Columns 11 to 270 of the STM-1 are divided between each of the AU-31s; thus, each AU-31 occupies alternately
every fourth column.
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The phase of each VC-31 is not fixed with respect to its AU-31. Therefore, the location of the first byte of
each VC-31 with respect to the AU-31 frame is given by AU-31 pointer (H1, H2, H3). The payload of the VC-31
shown in Figure 2-6/G.709 is a single C-31. Other possible VC-31 payloads include a single 34 368 kbit/s signal
in a C-31 and a group of five TUG-21s or four TUG-22s (shown in Figure 2-5/G.709).

_ VC-31 (5 X TUG-21 or 4 X TUG-22) or VC-32 (7 X TUG-21)
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l ']‘1508050—8"8
f3x ve120rax ve-11in1 X TUG-21"
4X VC-120r5 X VC-11in 1 X TUG-22

Note — See Figures 5-9/G.709, 5-11/G.709 and 5-12/G.709 for detailed mapping structure.

FIGURE 2-5/G.709
Schematic structure of VC-1s and VC-2s into VC-3s via TUG-2s
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FIGURE 2-6/G.709
Mapping of four AU-31s into STM-1
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2.1.6  Mapping of three AU-32s into STM-1

The STM-1 mapping format for transporting three VC-32s within three AU-32s is shown in
Figure 2-7/G.709. A VC-32 is defined to be a 9-row by 85-column payload structure, with the first column
consisting of VC-32 POH. When mapped into its AU-32, two columns of fixed stuff are added to each VC-32
payload to make it equal the AU-32 payload capacity. These two fixed stuff columns are fixed with respect to the
VC-32 POH and are inserted between columns 29 and 30, and between columns 57 and 58 of the VC-32.

Each AU-32 pointer has a fixed phase with respect to the STM-1 frame. As shown in Figure 2-7/G.709,
the three AU-32 pointers are located in the fourth row of the first nine columns of the STM-1 frame, between the
bytes of the SOH. The remaining 261 columns of the STM-1 are divided between each of the AU-32s; thus, each
AU-32 occupies alternately every third column of the 261. AU-32 number one consists of three bytes of AU-32
pointer, plus STM-1 columns 10, 13, 16, ... where columns 1 through 9 contain the SOH and the AU-32 pointers.

The phase of each VC-32 (plus fixed stuff columns) is not fixed with respect to its AU-32. Therefore, the
locations of the first byte of each VC-32 with respect to the AU-32 frame is given by the AU-32 pointer (H1, H2,
H3). The payload of the VC-32 shown in Figure 2-7/G.709 is a single C-32. Other possible VC-32 payloads
include a single 44 736 kbit/s signal into a C-32 (shown in Figure 5-8/G.709) and a group of seven TUG-21s
(shown in Figure 2-5/G.709).
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Note — Two columns of fixed stuff are added to each VC-32 when it is mapped into AU-32 (see § 2.1.6).

FIGURE 2-7/G.709
Mapping of three AU-32s into STM-1

2.1.7  Mapping of TUGs into a VC

Figure 2-5/G.709 shows the schematic mapping of TUG-2s into a VC-3. The details of these mappings are
given in § 5; this section presents the general multiplexing principles involved.

The VC-31 consists of six bytes of VC-31 POH plus a 9-row by 64-column payload structure. This payload
structure can be used to carry five TUG-21s or four TUG-22s. The individual TUG-2 has a fixed location in the
VC-31 frame; this is shown schematically in Figure 2-5/G.709.

The VC-32 consists of nine bytes of VC-32 POH plus a 9-row by 84-column payload structure. This
payload structure can be used to carry seven TUG-21s. Again, the individual TUG-21 has a fixed location in the
VC-32 frame.
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Each TUG-21 can carry a single VC-21 or four VC-11s or three VC-12s. Each TUG-22 can carry a single
VC-22 or four VC-12s or five VC-11s. The VCs do not have a fixed phase with respect to the VC-3 POH; TU
pointers are used to indicate the position of the VCs in the TUG frame.

122 STM-N multiplexing

2.2.1 STM-N frame format

The STM-N signal is formed by single byte interleaving N STM-1 signals. The STM-N frame structure is
depicted in Figure 2-8/G.709. :

The first byte of the STM-N signal shall be the first Al framing byte from STM-1 No. 1 followed
sequentially by the first Al byte from STM-1 No. 2 through No. N. The first bit to be transmitted shall be the
most significant bit of the first Al framing byte from STM-1 No. 1.

Before byte interleaving STM-1 signals to form an STM-N signal, all of the SOH and the AU-n (n = 3 or
4) pointers in the signals to be interleaved must be 125 ps frame aligned. The alignment is accomplished by
adjusting the values of the AU-#n point