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SECTION 8

DIGITAL NETWORKS

8.0 General aspects of digital networks

Recommendation G.801

DIGITAL TRA NSM ISSIO N M ODELS

(Malaga- Torremolinos, 1984)

The CCITT 

considering

(a) that digital networks support a wide variety of connections for which digital transmission impairments 
and other performance parameters need to be controlled;

(b) that, if proper control is not exercised, then under certain circumstances, digital transmission 
impairments cause unacceptable service degradations;

(c) that various network performance objectives need to be allocated to the elements of a digital network;

(d) that equipment design objectives need to be formulated for individual digital elements;

(e) that networks need to be configured to a level of transmission quality consistent with the needs of
different services (voice and non-voice) and in particular o f services in the ISDN;

(f) that Administrations need to examine the effect on transmission quality of possible changes of
impairment allocation in national networks;

(g) that there is a need to test national rules for prima facie compliance with any impairment criteria 
which may be recommended by the CCITT for national and international systems;

(h) that guidelines need to be formulated governing the use of certain digital elements (e.g. satellite links,
transcoders, digital pads, circuit multiplication devices, etc.),

recommends

that in the study of digital transmission impairments and other performance parameters, the following 
network models and associated guidelines should be applied.

1 Introduction

Digital transmission network models are hypothetical entities o f a defined length and composition for use 
in the study of digital transmission impairments (e.g. bit errors, jitter and wander, transmission delay, availability, 
slip, etc.). The diversity of possible network situations requires that individual models can only represent a small
portion o f typical real entities. However, a limited number of such models (e.g. 2 or 3) together may be
sufficiently representative to provide a useful tool upon which studies may be based.
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The network models, where applicable, take account of the following features:

a) physically reflect the length of the overall connection with some indication of frequency of occur
rence,

b) identify boundaries between switching and transmission elements,

c) give no indication of the means of implementing transmission between switching elements 
(e.g. metallic, optical, radio media, satellite etc.),

d) describe in detail the user/netw ork access arrangement in the local portion (i.e. customer to local 
exchange),

e) take account of all possible usages or be independent of them,

f) reflect the use of additional digital processing elements required in particular network configurations 
(e.g. A-p converters, digital pads, transcoders, etc.).

This Recommendation makes no statement in respect of the electrical and physical environment in which 
the network models operate. These aspects are currently the subject of study. In the application of these network 
models to the study of specific digital impairment (e.g. errors) arbitrary judgements may need to be made 
concerning the significance, in particular, of the electrical environment.

2 Hypothetical reference connection (HRX)

A digital HRX is a model in which studies relating to overall performance may be conducted, thereby 
facilitating the formulation of standards and objectives. In order to initiate studies directed at the performance of 
an ISDN, an all digital 64 kbit/s connection is considered. Since the overall network performance objectives for 
any performance parameter need to be consistent with user requirements, such objectives, in the main, should 
relate to a network model which is representative of the very long connection. The HRX shown in Figure 1 /G.801 
serves this purpose. It does not represent the rare worst case connection; although it does aim to encompass the 
vast majority of connections for each relation. Moreover, the difficulty of identifying every conceivable practical 
implementation of a connection and the undesirability of producing too many options naturally requires that this 
“standard H RX ” may need to be appropriately modified in composition to suit the particular task in hand. A 
situation can be envisaged where many similar HRXs exist to serve specific functions, but in all cases they are 
derivatives of the “standard H RX ”. The potential proliferation of HRXs prevent their inclusion in this 
Recommendation. Any departure from the “standard HRX ” may need to be shown in the Recommendation 
appropriate to that impairment or performance parameter. For example, see Recommendation G.821. They are not 
intended to be used for the design of transmission systems.

The diversity in composition is particularly apparent when a distinction is made between average size and 
large countries and, therefore no one HRX can possibly accommodate such variations. In the process of 
apportionm ent the demarcation between national and international portions is unim portant as in most instances 
the intrinsic quality of circuit comprising both portions is the same. In contrast, however, the overall length is 
regarded as being critical and its choice is “country size” independent. Accordingly, the level of impairment 
actually experienced over a real connection is considered satisfactory if compatible with that stipulated for the 
longest HRX, taking due account o f differences between the construction of the hypothetical and real connections. 
For a large proportion of real connections configured using equipment designs recommended by CCITT, the 
actual performance is likely to be significantly better. Those CCITT compliant connections which exceed the 
longest HRX in either length or complexity may not have controlled levels o f performance; however, their 
impairment levels are unlikely to exceed those of the longest HRX by more than a factor o f 2 and the design 
margins provided with individual items of equipment may well bring the impairment to within CCITT end-to-end 
performance specifications.

In formulating the above HRX no account was taken of the following aspects:

— maritime applications,

— semi-automatic connections (i.e. auto-manual),

— standby routing in case of failure.

Two other HRXs have been included to facilitate studies over shorter connections with a view to 
establishing the typical performance levels likely to be achieved over frequently realized international circuits. 
These are given in Figures 2/G.801 and 3/G.801.
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National  ̂ National

International

Local Local
LE PC ___  SC _  TC ISC ISC _ _  ISC ISC __  ISC   TC   SC PC   LE

L  T-reference point (Note} T-reference point (Note)

LE Local exchange I J Digital link
PC Primary centre '— 1
SC Secondary centre [g] Digital exchange
TC Tertiary centre
ISC International switching centre

r

Note — Recommendation 1.411 (applicable to ISD N  only).

F IG U R E '!/G .8 0 1

Standard digital hypothetical reference connection (longest length)



11 000 km

T-reference
point

N ote  -  See Figure 1 /G.801 for legend.

CCITT -  67 201

T-reference
point

FIGURE 2/G.801

Standard digital hypothetical reference connection 
(m oderate length)

T-reference CC,TT 67221
point T-reference

point
N ote  -  See Figure 1/G.801 for legend.

F IG U R E  3/G.801

S tandard  digital hypothetical reference connection (m oderate length with subscriber 
situated near the In terna tional Switching C entre (ISC ))

3 Hypothetical reference digital link (HRDL)

To facilitate the study of digital transmission impairments (e.g. bit errors, jitter and wander, slip, 
transmission delay) it is necessary to define network models comprising a combination of different types of 
transmission elements (e.g. transmission systems, multiplexers, demultiplexers, digital pads, transcoders). Such a 
model is defined as a Hypothetical Reference Digital Link (HRDL). The exact length and composition in respect 
of the number, type and disposition of equipments will depend on the digital impairment under study. For 
example, in' the analysis o f jitter accumulation in a network both transmission systems and muldexes would need 
to be included to take account o f the different jitter characteristics exhibited by such equipment types. In addition 
the HRDL can be regarded as a constituent element of an HRX thus permitting the apportionm ent of overall 
performance objectives to a shorter model. A length of 2500 km is considered as a suitable distance for a HRDL.

The formulation of such models is the subject o f further study.

In CCIR Recommendations the term Hypothetical Reference Digital Path (HRDP) is sometimes used. This 
is equivalent to a Hypothetical Reference Digital Link (see Definition 3005 in Recommendation G.701).

4 Hypothetical reference digital section (HRDS)

To accommodate the performance specification of transmission systems (i.e. digital line and radio systems) 
it is necessary to introduce a Hypothetical Reference Digital Section (HRDS). Such a model is defined in 
Figure 4/G.801 for each level in the digital hierarchies defined in Recommendation G.702. The input and output 
ports are the recommended interfaces as given in Recommendation G.703 for hierarchical bit rates. The lengths 
have been chosen to be representative of digital sections likely to be encountered in real operational networks, and 
are sufficiently long to permit a realistic performance specification for digital radio systems. The model is 
homogeneous in that it does not include other digital equipments such as multiplexers/demultiplexers. This entity 
can form a constituent element o f a HRDL.
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X kbit/s X kbit/s

Terminal
equipm ent

Terminal
equipm ent

Y km

CCITT - * 7 1 1 0

Note —  The appropriate value for “ Y” is dependent on the network application. For now the lengths of 50 km and 280 km have been identified 
as being necessary (see Recommendation G.921).

F IG U R E  4 /G.801 

Hypothetical reference digital section

O

It is possible to relate the two following types of performance requirement to an HRDS:
— the Network Performance Objectives (NPO) which are the objectives to be realized in a real network;
— the Equipment Design Objectives (EDO) which provide guidance to the designer of systems using 

specific transmission media and transmission techniques.

Note 1 — The Equipment Design Objectives which normally appear in the appropriate transmission and 
switching system recommendations are formulated to ensure compatibility with the corresponding network 
performance objectives.

Note 2 — An explanation of a Network Performance Objective and an Equipment Design Objective is 
given in Recommendation G.102.

Note 3 -  The formulation of a homogeneous entity of a realistic length permits specification and 
commissioning acceptance testing under real operational conditions.

In a similar manner CCIR and CMTT have formulated media and application orientated models for use 
in their studies. The following recommendations describe the relevant models.

— Recommendation 502-2 (Draft). Hypothetical Reference Circuit for Sound Programme Transmission. 
(Terrestrial systems and systems in the fixed-satellite service).

— Recommendation 521-1. Hypothetical Reference Digital Path for systems using digital transmission in 
the fixed-satellite service.

— Recommendation 556. Hypothetical Reference Digital Path for radio-relay systems for telephony.

A N N E X  A 

(to Recommendation G.801)

The application of Hypothetical Reference Models 
in the formulation of equipment design objectives

An im portant use of hypothetical reference models is to facilitate the apportionm ent of network 
performance objectives to constituent elements, prior to the derivation o f equipment design objectives. To 
satisfactorily achieve this objective a diagrammatic representation of the approach adopted by CCITT in the 
formulation of equipment design objectives is shown in Figure A-l/G .801.

The approach recognizes that it may be necessary to derive from the “standard HRX” a more appropriate 
HRX which better takes into account both the usage and the specific network performance parameter under study. 
The adoption of this approach will facilitate the formulation of rules governing the use of certain digital elements 
such as satellite links, transcoders, digital pads, etc.

National Administrations are advised to develop their own representative network models reflecting the 
features of their evolving national digital network in order to validate prima facie compliance with international 
standards.
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CCITT -  6 7 2 4 0

FIGURE A-1/G.801

The derivation o f equipm ent design objectives 
based on the use of netw ork models

Recommendation G.802

IN T E R W O R K IN G  BETW EEN  N ETW O R K S 
BASED O N  D IFFE R E N T  D IG ITA L H IE R A R C H IE S AND SP E E C H  E N C O D IN G  LAW S

(former Recommendations G. 722 o f  Volume I I I  o f  
the Yelow Book, further amended)

1 Introduction

This Recommendation deals with the following aspects of interworking between networks for transport of 
64 kbit/s digital information:

— encoding law and conversion rule for interworking between networks using the different encoding 
laws based on Recommendations G.711, G.721 and G.722;

— interworking hierarchy between networks which incorporate the different digital hierarchies based on 
Recommendation G.702;

— interworking arrangem ents. between networks incorporating the different hierarchies and encoding 
laws; and,

— interconnection by plesiochronous operation between networks which each has an independent 
synchronization.

8 Fascicle III.5 — Rec. G.802



This Recommendation is applicable also to ISDNs for transport of B channels specified in Recommenda
tion 1.412.

Note — The future specifications on channels and their bit rates to support ISDN broadband services for 
customer-to-customer applications may require additional interworking arrangement specifications other than 
those specified below.

2 Terms and definitions

The terms used in this Recommendation and not defined below are described in Recommendations G.701 
or 1.112.

2.1 z-operation

Conversion of the p-law character signal “00000000” (all-zero octet) into the p-law character signal 
“00000010”, where “ 1” is the bit numbered seven in the octet (see Recommendation G.711).

Note — Bit number indicates the chronological order of transmission of bits in serial processing.

2.2 1.5/2 Mbit/s multiplex system conversion (1.5/2 Mbit/s MSC)

A function which embodies the following properties:

1) termination of a digital link operating at a digital hierarchical level o f 1544 kbit/s;

2) termination of a digital link operating at a digital hierarchical level o f 2048 kbit/s; and,

3) rearrangement of 64 kbit/s channels between 1544 kb it/s and 2048 kbit/s digital terminations.

Note -  The hierarchical levels and the frame structures are specified in Recommendations G.702 
and G.704, respectively.

2.3 pulse density requirement (PDR) at 1544 kbit/s

The minimum requirement for an entire 1544 kbit/s digital signal is that there should be no more than 
15 binary “0”s between successive binary “ l ”s and that there should be an average binary “ l ”s density of at least
one in every eight bits. This requirement is due to the design o f a number of existing systems (see Recommenda
tion G.703.)

Moreover, the requirement for an octet-structured source in a 1544 kbit/s digital link is that at least one 
binary “ 1” should be contained in any octet.

3 Unrestricted 64 kbit/s transfer capability of a digital link

Newly introduced digital transmission systems should have the capability to provide bit sequence 
independence for 64 kbit/s digital links. This capability should be activated as soon as unrestricted 64 kbit/s 
transfer capability can be practically realized.

During a transition period, however, 56 kbit/s bit sequence independent transfer capability may be 
provided by bilateral agreement. (Im portant constraints on the data formats transmitted by source data terminal 
equipment are given in Annex 1 to this Recommendation.)

4 Encoding law conversion between A-law and u-law

4.1 Encoding law on an international digital link

International digital links between countries which have adopted different PCM encoding laws (A-law or 
p-law) should carry signals encoded in accordance with the A-law specified in Recommendation G.711.

Where both countries have adopted the same law, that law should be used on digital links between them.
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4.2 Conversion rule

A-law/p-law conversion necessary between countries which have adopted different PCM encoding laws 
will be performed according to Recommendation G.711 by the p-law country. The conversion includes the 
even-bit inversion of the A-law character signal.

Note — Location of the conversion function in a p-law country is a national matter depending upon the 
structure of domestic digital networks, and is left to the discretion of the Administrations in the p-law country.

4.3 Control o f  conversion function

In switched public network applications enabling/disabling of the conversion function should be under 
control of the international switching system, and will be carried out on a call-by-call or during-a-call basis 
depending upon the service category requested by the signalling protocol.

It should also be possible to enable/disable this conversion function manually a n d /o r via an operator 
terminal on a per-channel or semi-permanent basis. This capability would be necessary for configuring leased line 
circuits not passing through the international switching system, or if the international switching system were not 
capable of controlling this function.

Note — Control of conversion function in ISDN environment is specified in I.300-series and I.500-series 
Recommendations.

5 Interworking hierarchy

For international interworking between networks using different digital hierarchies specified in Recommen
dation G.702, the following interworking hierarchy should be employed:

2048 -  6312 -  44 736 -  139 264 kbit/s.

For interworking between networks with different digital hierarchies but with 1544 kb it/s primary level, 
however, levels other than those specified for the above interworking hierarchy may be employed 
(e.g. 1544 kbit/s).

Note 1 — National networks with a 1544 kbit/s primary level may offer transit of international traffic of 
6312 kb it/s composed of three 2048 kb it/s signals or of 44 736 kbit/s containing twenty-one 2048 kbit/s signals. 
These networks will provide the property of bit sequence independence at 6312 and 44 736 kb it/s and hence at 
2048 kbit/s.

Note 2 — The frame structures for 2048-6312 kbit/s, 6312-44 736 kb it/s and 44 736-139 264 kbit/s multi
plexing stages are specified in Recommendations G.747, G.752 and G.755, respectively.

6 Interworking arrangements

Based on the general specifications described in the previous Sections, establishment of an international 
digital interconnection between networks using the different digital hierarchies and speech encoding laws should 
conform to the interworking arrangements specified in Table 1/G.802.

7 Transport of a 1544 kbit/s signal within a G.704-structured 2048 kbit/s signal

For international leased line applications, the transmission of 1544 kbit/s signals may be considered using 
a special mapping into point-to-point 2048 kbit/s signals. Annex B to this Recommendation specifies the method 
for this mapping.

Note — The possible development of specific mappings of 8448 or 34 368 kbit/s signals into 44 736 kbit/s 
signals is not precluded.

8 Synchronization of an international digital link

8.1 Links not synchronized to the national networks

Where independently synchronized national networks are interconnected via an international digital link, 
the timing of which is independent of the national networks, the link should be operated in a plesiochronous 
mode with the accuracy specified in Recommendation G.811.

8.2 Links synchronized to the network in the transmitting country

Where independently synchronized national networks are interconnected via an international digital link, 
the timing of which is synchronized to the national network in the transmitting country, the plesiochronous 
operation will be performed in the receiving country.
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TA BLE 1/G .802  

Interworking arrangem ents

Type o f  inform ation Voice or voiceband data
N on-voice

inform ation

Signalling 
in form ation  

(N ote  1)

E ncoding 
law at IR P  

\  (N ote 2)

Function

PCM
G.711

A D PC M
G.721

SB-A DPC M
G.722 >

N etw ork (N ote 3) A B A B A B A B A B

1.5/2 M b it/s  
MSC - X - X - X - X - X

A /p  and  p /A  
conversion - X - - - - - - - -

Z -operation - X
(N ote  4)

- X
(N otes 4 

and  5)

- X
(N otes 4 

and  6)

- X
(N ote 4)

- -

T ranscoding - - X X - - - - - -

— N ot allowed

X M ay be applied

Note 1 — Signalling inform ation  is transferred  on unrestricted channels between In terna tional Switching C enters (ISCs).

Note 2 — IR P  =  In terw orking reference po in t between N etw ork A and N efw ork B.

N ote 3 — “A ” is a netw ork w ithin the country  incorporating  the A-law and  2048 k b it/s-based  digital hierarchy. “ B” is a 
netw ork w ithin the country  incorpora ting  the p-law and 1544 kb it/s-b ased  digital hierarchy.

N ote 4 — Z -operation  in the p-law  country  will be applied  when the link in th at country  contains transm ission  systems that 
have to  meet PD R ; in this case unrestricted  64 k b it/s  transfer capability  cannot be prov ided  due to PD R  and  the b it sequence 
independent transfer capability  is restricted to  56 kb it/s .

Note  5 — 32 k b it/s  digital signals, which are voice or voiceband da ta  signals encoded in accordance w ith the A D PC M
algorithm  specified in R ecom m endation  G.721, do  not con tain  a “0000” code word. (See R ecom m endation  G.721.) This im plies 
that even when PD R  exists in the p-law  country , these signals will not be affected by the z-operation and  will be transferred  
transparently .

Note 6 — 64 k b it/s  aud io  signals, where the audio  signals having the bandw id th  o f 50 to 7000 Hz are encoded at 64, 56 or
48 k b it/s  in accordance with the coding algorithm  specified in R ecom m endation  G.722, do  not contain  an  all-zero octet. (See
R ecom m endation G.722.) This im plies th at even when PD R  exists in the p-law  country , these signals will not be affected by the 
z-operation  and will be transferred  transparen tly .
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ANNEX A

(to Recommendation G.802)

Impact on terminal equipment designed to work with 56 kbit/s 
bit sequence independent transfer capability

During a transition period 56 kbit/s bit sequence independent transfer capability may be provided by 
bilateral agreement. In this case a 56 kb it/s  bit sequence independent transfer capability requires that the source 
data terminal equipment (DTE) fix the eighth bit o f each octet to binary “ 1”. This must be done on both ends of 
the digital connection even if one portion o f the connection has unrestricted 64 kb it/s transfer capability. Failure 
to keep the eighth bit fixed to binary “ 1” will cause any all-zero octet to be converted to “00000010” by 
z-operation in the p-law country.

A N N E X  B 

(to Recommendation G.802)

Mapping method of a 1544 kbit/s signal 
into a G.704-structured 2048 kbit/s signal

The following is a  means o f accommodating a bit synchronous 1544 kbit/s signal, which may be 
unstructured or structured, within a G.704-structured 2048 kb it/s  frame, for the purpose of providing leased line 
applications at 1544 kbit/s only. The 1544 kbit/s signal is transmitted transparently without regard to its frame 
structure within the 2048 kbit/s signal.

The 193 bits of an  arbitrary 125 ps period of the 1544 kbit/s signal should be accommodated within a 
G.704-structured 2048 kbit/s frame as follows:

TS 0: Frame alignment signal according to Recommendation G.704

193 contiguous bits o f the 1544 kbit/s signal
TS 1-15 
TS 17-25 
Bit 1 in TS 26

TS 16, 27-31: Reserved for possible accommodation of additional information at up to 384 kbit/s
(Note 2)

Note 1 — In cases where only the 1544 kb it/s signal is to be transported, the timing of the 1544 kbit/s (or 
2048 kbit/s) outgoing signal should be derived from the 2048 kbit/s (or 1544 kbit/s) incoming signal for each 
direction of transmission.

Note 2 — In some cases, e.g. where inform ation is transported by the reserved time-slots, the timing of the 
outgoing signal should be traceable to the national reference clock conforming to Recommendation G.811. This 
will require the use of 125 ps slip buffers.

Note 3  — The maximum capacity available to end-users for transparent transport o f their information is 
1536 kbit/s and not 1544 kbit/s. Depending on the national regulations some network operators may offer the 
user of part o f the 8 kb it/s overhead associated with a 1544 kbit/s signal for performance monitoring and its 
reporting.
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8.1 Design objectives for digital networks

Recommendation G.810

C O N SID E R A T IO N S O N  T IM IN G  AND SY N C H R O N IZ A T IO N  ISSU E S 

(Melbourne, 1988)

1 General

This Recommendation provides information and guidance concerning the various timing and synchroniza
tion Recommendations as well as insight into the fundamental related issues.

2 Definitions 

primary reference dock

A reference clock that provides a timing signal with long term frequency departure maintained at 1 • 10"11 
or better with verification to Universal Time Coordinated (UTC). Requirements for primary reference clocks are 
given in Recommendation G.811.

Note 1 — The primary reference clock may generate a timing signal completely autonomous of other 
references or alternatively, the primary reference clock may not have a completely autonomous implementation, in 
which case it may employ direct control from standard UTC-derived frequency and time sources.

Note 2 — This clock is sometimes referred to as a Stratum 1 clock (i.e. the highest quality clock in the 
network).

synchronous network node

A geographical location at which there are one or more interconnected synchronous digital equipments.

transit node

A synchronous network node which interfaces with other nodes and does not directly interface with 
customer equipment.

local node

A synchronous network node which interfaces directly with customer equipment.

slave clock

A clock whose timing output is phase-locked to the timing signal received from a higher quality clock. 
Requirements for slave clocks are given in Recommendation G.812.

Note — The highest quality slave clock is sometimes referrred to as a transit node clock, or a Stratum 2 
clock. The second highest quality slave clock is sometimes referred to as a local node clock, or a Stratum 3 clock.

jitter

Short-term variations of the significant instants o f a digital signal from their reference positions in time.

timing jitter

The short term variations of the significant instants o f a digital signal from their ideal positions in time 
(where short term implies these variations are of frequency greater than or equal to 10 Hz).
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alignment jitter

The short term variations between the optimum sampling instants of a digital signal and a sampling clock 
derived from it.

wander

The long term variations of the significant instances of a digital signal from their ideal positions in time 
(where long term implies that these variations are of frequency less than 10 Hz).

Note — For the purposes of this Recommendation and the following related Recommendations, this 
definition of wander does not include integrated frequency departure.

frequency departure

An underlying offset in the long term frequency of a timing signal from its ideal frequency.

slip

The repetition or deletion of a block of bits in a synchronous or plesiochronous bit stream due to a 
discrepancy in the read and write rates at a buffer.

3 Description of phase variation components

Phase variation is commonly separated into three components: jitter, wander and integrated frequency 
departure. In addition, phase discontinuities due to transient disturbances such as network re-routing, automatic 
protection switching, etc., may also be a source of phase variation.

4 Impairments caused by pha^e variation

4.1 Types o f  impairments

AAA Errors

Errors may occur at points of signal regeneration as a result o f timing signals being displaced from their 
optimum positions in time.

4.1.2 Degradation o f  digitally encoded analogue information

Degradation of digitally encoded analogue information may occur as a result of phase variation of the 
reconstructed samples in the digital to analogue conversion device at the end of the connection. This may have 
significant impact on digitally encoded video signals.

4.1.3 Slips

Slips arise as a result of the inability of an equipment buffer store (and /o r other mechanisms) to 
accommodate differences between the phases an d /o r frequencies of the incoming and outgoing signals in cases 
where the timing of the outgoing signal is not derived from that of the incoming signal. Slips may be controlled or 
uncontrolled depending on the slip control strategy.

4.2 Control o f  impairments

4.2.1 Errors

The intent of both network and equipment jitter specifications is to ensure that jitter has no impact on the 
error performance of the network.

4.2.2 Degradation o f  digitally encoded analogue signals

The intent of jitter specifications is to provide sufficient information to enable equipment designers to 
accommodate the expected levels of phase variation without incurring unacceptable degradations.
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4.2.3 Slips

Slips may occur in asynchronous multiplexes and various synchronous equipments. Given the specified 
levels o f phase variation, slip occurrences may be minimised in asynchronous muldexes by appropriate choice of 
justification and muldex buffer capacity within. For synchronous equipments, slip occurrences may be minimised 
by appropriate choice of buffer capacity as well as rigorous specification of clock performance.

It should be noted that it is impossible to eliminate slips when there is a frequency difference between the 
incoming and outgoing timing signals. Controlled slip performance objectives for an international connection are 
given in Recommendation G.822.

Various forms of aligning equipment may be used to minimise the impact of slips. The following two 
forms of aligning equipment are suitable for the termination of digital signals:

— frame aligner;

— time-slot aligner.

4.2.3.1 Where a frame aligner is used, a slip will consist of the insertion or removal of a consecutive set of 
digits amounting to a frame. In the case of frame structures defined in Recommendation G.704 the slip can 
consist of one complete frame. It is of importance that the maximum and mean delays introduced by the frame 
aligner should be as small as possible in order to minimize delay. It is also of importance that, after the frame 
aligner has produced a slip, it should be capable of absorbing substantial further changes in the arrival time of the 
frame alignment signals before a further slip is necessary.

4.2.3.2 Where a slot aligner is used, a slip will consist of the insertion or removal of eight consecutive digit 
positions of a channel time slot in one or more 64 kbit/s channels. Because slips may occur on different channels 
at different times, special control arrangements will be necessary in switches if octet sequence integrity of multiple 
time-slot services is to be maintained.

5 Purpose of phase variation specifications

5.1 Jitter

Jitter requirements given in Recommendations G.823 and G.824 fall into two basic categories:

— specification of the maximum permissible jitter at the output of hierarchical interfaces;

— sinusoidal jitter stress test specifications to ensure the input ports-can accommodate expected levels of 
network jitter.

Additional jitter requirements for individual equipments may be found in the appropriate equipment 
Recommendations.

5.2 Wander and long term frequency departure

Relevant wander requirements fall into the following categories:

i) maximum permissible wander at the output of synchronous network nodes;

ii) stress tests to ensure that synchronous equipment input ports can accommodate expected levels of 
network wander;

iii) wander specifications for primary reference and slave clocks may include:

a) intrinsic output wander under ideal conditions;

b) intrinsic output wander under free-running conditions;

c) output wander under stress test conditions;

d) wander transfer characteristic.

The purpose of these Recommendations is not only to provide limits for the allowance wander 
accumulation along the transmission paths but also for the wander accumulation along the synchronization 
distribution paths arising from cascaded clocks.

Fascicle III.5 — Rec. G.810 15



6 Structure of synchronization networks

6.1 Synchronization modes

International networks usually work in the plesiochronous mode one with another.

The synchronization of national networks may be of the following types:

— fully synchronized, controlled by one or several primary reference clocks;

— fully plesiochronous;

— mixed, in which synchronized sub-networks are controlled by one or several primary reference clocks 
functioning plesiochronously one with another.

6.2 Synchronization networks

There are two fundamental methods of synchronizing nodal clocks:

— master-slave synchronization;

— mutual synchronization.

The master-slave synchronization system has a single primary reference clock to which all other clocks are 
phase-locked. Synchronization is achieved by conveying the timing signal from one clock to the next clock. 
Hierarchies of clocks can be established with some clocks being slaved from higher order clocks and in turn acting 
as master clocks for lower order clocks.

In a mutual synchronization system, all clocks are interconnected; there is no underlying hiearchical 
structure or unique primary reference clock.

Some practical synchronization strategies combine master-slave and mutual synchronization techniques.

Recommendation G.8I1

T IM IN G  R E Q U IR E M E N T S AT T H E  O U T P U T S O F  PR IM A R Y  R E FE R EN C E  C LO C K S SU ITA BLE FO R 
P L E S IC H R O N O U S  O P E R A T IO N  O F  IN T E R N A T IO N A L  D IG ITA L  LINKS

(Melbourne, 1988)

1 General

1.1 International connections and network synchronization considerations

National digital networks, which may have a variety o f internal synchronization arrangements, will usually 
be connected by international links which operate plesiochronously. International switching centres (ISCs) will be 
interconnected directly or indirectly via one or more intermediate ISCs, as indicated in the hypothetical reference 
connection (HRX) shown in Figure 1/G.801.

International connections terminate on synchronous network nodes that may or may not be co-located 
with a primary reference clock. Such network nodes may include slave clocks. Therefore, synchronous network 
node clock specifications are essential to ensure satisfactory operation of plesiochronous international digital links.

Figure 1/G.811 illustrates the two alternative international connections described above.
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Synchronous network node

IDL

PRC

i
i
+

DE < .... .

a) Case 1 -  Synchronous network node including primary reference d ock

Synchronous network node

bj Case 2  -  Synchronous network node including slave d ock

PRC Primary reference clock 
SC Slave clock
DE Digital equipm ent such as digital exchange or digital muldex 
IDL International digital link

N ote  — Other cases are for further study.

FIG U R E  1 /G .8 11

International connections terminating on synchronous 
network nodes

1.2 Purpose o f  this Recommendation

The purpose of this Recommendation is to specify requirements for primary reference clocks, promote 
understanding of associated timing requirements for plesiochronous operation of international digital links, and to 
clarify the relationship of the requirements for synchronous network nodes, constituent clocks and the use of 
satellite systems.

Administrations may apply this Recommendation, at their own discretion, to primary reference clocks 
other than those used in connection with international traffic.

1.3 Interaction between plesiochronous and synchronous international operation

It is im portant that the Recommendations for plesiochronous operation should not preclude the possibility 
of the later introduction of international synchronization.

When plesiochronous and synchronous operations coexist within the international network, the nodes will 
be required to provide for both types of operation. It is therefore im portant that the synchronization controls do 
not cause short-term frequency departures of the clocks which are unacceptable for plesiochronous operation. The 
magnitudes of the short-term frequency departures should satisfy the specifications in § 2.2.
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1.4 Maximum time interval error and relationship with frequency departure

Maximum time interval error (MTIE) is the maximum peak-to-peak variation in the time delay of a given 
timing signal with respect to an ideal timing signal within a particular time period (Figure 2/G.811), i.e. 
MTIE(.S) =  max x(t)-m in x ( t ) for all t within S.

FIG U R E  2/G .811 

Definition o f  maximum time interval error

Long-term frequency departure ( A / / / )  is determined by the MTIE divided by the observation interval S, 
as S  increases.

Note — The rigorous definition and measurement of long-term frequency departure for clocks is a subject 
for further study. .

2 Long-term frequency departure and phase stability of primary reference clocks

A primary reference clock controls the synchronization performance of the overall network. It is necessary 
to specify the long-term frequency departure and phase stability of a primary reference clock, and to provide 
guidance concerning issues associated with degradation and unavailability performance. The definition of a 
primary reference clock is given in Recommendation G.810.

2.1 Long-term frequency departure

A primary reference clock should be designed for a long-term frequency departure of not greater 
than 1 x 10” The long-term frequency departure of 1 x 10“ 11 is about two orders of magnitude larger than the 
uncertainty of Coordinated Universal Time (UTC). Therefore UTC should be the reference for long-term 
frequency departure (see CCIR Report 898).

The theoretical long-term mean rate of occurrence of controlled frame or octet slips (i.e. the design rate of 
slips based on ideally undisturbed conditions) in any 64 kbit/s channel is consequently not greater than one in 
70 days per digital international link (see Recommendation G.822).

Note 1 — Some Administrations support a primary reference clock long-term frequency departure of not 
greater than 7 x 10-12 based upon current primary reference clock technology.

Note 2 -  Caesium-beam technology is suitable for primary reference clocks complying with the above 
specification.
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2.2 Phase stability

The phase stability of a clock can be described by its phase variations, which in turn can be separated into 
a number of components:

— phase discontinuities due to transient disturbances;
— long-term phase variations (wander and integrated frequency departure);
— short-term phase variations (jitter).

A phase stability model for primary reference clocks is described in the annex to this Recommendation.

2.2.1 Phase discontinuities

Primary reference clocks need a very high reliability and are likely to include replication of the equipment 
in order to ensure the continuity of output. However, any phase discontinuity, due to internal operations within 
the clock, should only result in a lengthening or shortening of the timing signal interval and must not cause a 
phase discontinuity in excess of 1/8 of a unit interval at the clock output. (This refers to output signals at 
1544 kbit/s or 2048 kHz, see § 4. Specification of other interfaces is under study.)

2.2.2 Long-term phase variations

The maximum permissible long-term phase variation of the output of a primary reference clock (whether 
sinusoidal or pulse) is expressed in MTIE.

The MTIE over a period of S' seconds shall not exceed the following limits:
a) 100 S ns for the interval 0.05 <  5  <  5
b) (5 5 +  500) ns for the interval 5 <  5  <  500
c) (0.01 5  +  A-) ns for values of 5  >  500.

The asymptote designated 10“ 11 refers to the long-term frequency departure specified in § 2.1.

The value of X  is under study. It is provisionally recommended that X  = 3000 ns. Certain Administrations 
support a value of 1000 ns.

Note 1 — For measurement of long-term phase variations, the use of a 10 Hz low-pass filter is suggested.

Note 2 — The MTIE Recommendation requires further study.

Note 3 — The overall specification is illustrated in Figure 3/G.811.

2.2.3 Short-term phase variations

Clock implementations exist today which may have some high-frequency phase instability components. 
The specification of maximum permissible short- term phase variation of a primary reference clock due to jitter is 
under study.

3 Degradation of the performance of a primary reference clock

To achieve the required high reliability a primary reference clock includes redundancy, i.e. by incorpo
rating several (caesium beam) oscillators, the output of only one of these being used at any given time. If a clock 
frequency departs significantly from its nominal value, this should be detected and switching to an undegraded 
oscillator should then be effected. This switching should be accomplished before the M TIE specification is 
exceeded.

With current technology, the performance of a primary reference clock is statistically well below the M TIE 
specification of Figure 3/G.811.

4 Interfaces

The preferred interface for the timing output is in accordance with Recommendation G.703, § 10, i.e. an 
interface at 2048 kHz. By agreement between operators or manufacturers of equipment, the timing signal may also 
be delivered at various other physical interfaces (e.g., 1544 kbit/s primary rate signal, 1 MHz, 5 MHz, or 
10 MHz).

5 Use of satellite systems in an international plesiochronous digital network

It is recommended that the link be operated in a plesiochronous mode using high accuracy (1 x 10~n )
source for the satellite TDM A timing. The international satellite links will be terminated on network nodes whose
timing is in accordance with Recommendations G.823 and G.824.
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Observation period (S)

F IG U R E  3/G .811 -

Permissible maximum time interval error (MTIE) due to long-term phase 
variation as a function o f observation period S  for a primary reference clock

6 Guidelines concerning the measurement of jitter and wander

Verification of compliance with jitter and wander specifications requires standardized measurement 
methodologies to eliminate ambiguities in the measurements and in interpretation and comparison of measurement 
results. Guidelines concerning the measurement of jitter and wander are contained in Supplement No. 3.8 
(O-Series) and Supplement No. 35 at the end of this Fascicle.

A N N E X  A 

(to Recommendation G:811)

Characterization of primary reference clock phase stability

The following phase stability model may be employed to characterize primary reference clocks. Let x (/) 
represent the time interval error o f a clock synchronized at / =  0, and free-running against UTC thereafter. x ( t)  
may be defined as:

x (0  = yo* +  t 2 +  e(0

where:

D is the normalized linear frequency drift per unit time (ageing),

y0 is the initial frequency departure with respect to UTC, and

e(t)  is the random error component.
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The estimate of the standard deviation of x ( t ) may be obtained, and used for characterization of phase 
instability.

CTx(0 =  ( y )  t2 +  t i/a 20 +  a 2y (x =  t )

where:

g 2v is the two-sample variance of the initial frequency departure, and

a 2y  ( t )  is the two-sample Allan variance describing the random frequency instability of the clock.

Recommendation G.812

T IM IN G  R E Q U IR E M E N T S AT T H E  O U T P U T S O F  SLAVE C L O C K S SU ITA BLE FO R  
P L E S IO C H R O N O U S  O PE R A T IO N  O F  IN TER N A TIO N A L D IG ITA L  LINKS

(Melbourne, 1988)

1 General

1.1 Purpose o f  this Recommendation

The purpose of this Recommendation is to specify requirements for slave clocks, and promote under
standing of associated timing requirements for plesiochronous operation of international digital links.

Note — Administrations may apply this Recommendation, at their own discretion, to slave clocks other 
than those used in connection with international traffic. Supplement No. 35 gives guidance on one suitable 
method for the measurement of clock performance with respect to this Recommendation.

1.2 Maximum relative time interval error

The concept of maximum relative time interval error (MRTIE) is useful in specifying slave clock 
performance. M RTIE is analogous to MTIE as defined in Recommendation G.811 but with reference to a 
practical high-performance oscillator instead of UTC.

2 Phase stability of slave clocks

The phase stability of a slave clock can be described by its phase variations which in turn can be separated 
into a number of components:

— phase discontinuities due to transient disturbances;
— long-term phase variations (wander and integrated frequency departure);
— short-term phase variations (jitter).

A phase stability model for slave clocks is described in Annex A to this Recommendation.

2.1 Phase discontinuity

In cases of infrequent internal testing or rearrangement operations within the slave clock, the following 
conditions should be met:

— the phase variation over any period up to 2" UI should not exceed 1/8 of a UI;
— for periods greater than 211 UI in the phase variation for each interval or 2 " UI should not exceed 

1/8 UI up to a total am ount of 1 ps,

Where the UI corresponds to the reciprocal of the bit rate o f the interface. 'fK'
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2.2 Long-term phase variations

Slave clock phase stability requirements must account for clock behaviour in real network environments. 
Impairments such as jitter, error bursts, and outages are intrinsic characteristics of timing distribution facilities. 
The following specifications are based on the slave clock phase stability model contained in the Annex. This 
model characterizes actual clock performance, reflecting the stress conditions in real networks under which clocks 
should perform acceptably. There are three categories o f clock operation which require specification:

i) ideal,
ii) stressed, and
iii) holdover.

2.2.1 Ideal operation

This category of operation reflects the performance of a clock under conditions in which there are no 
impairments on the input timing reference(s).

The M RTIE at the output o f the slave clock should not, over any period of 5  seconds, exceed the 
following provisional limits:

1) 0.05 <  S  <  100: this region requires further study;
2) 1000 ns for S  > 100.

The resultant overall specification is summarized in Figure 1/G.812.

MRTIE 104

1

io'4 io'3 io‘2 io'1 i iol io2 io3 io4 io5 io6 107 io8 109s
Observation period (S) T18054S1-89

✓.... y  
/

Urider tudy
*

Note  — For measurement of long-term variations the use of a 10 Hz low-pass filter with a 
20 dB/dec roll-off is suggested.

FIG U R E  1/G .812

Permissible maximum relative time interval error (M R T IE ) 
due to long-term phase variations vs. observation period S  

for a slave clock under ideal operation

2.2.2 Stressed operation
(/

This category of operation reflects the actual performance of a clock considering the impact of real 
operating (stressed) conditions. Stressed conditions include the effects o f jitter, protection switching activity, and 
error bursts. The result of such stressed conditions is timing impairments, as discussed in the Annex.

The requirements for stressed operation are under study.
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2.2.3 Holdover operation

This category of operation reflects the performance of a clock for the infrequent times when a slave clock 
will lose reference for a significant period of time.

The MRTIE (see § 1.2 and Recommendation G.811) at the output o f the slave clock should not, over any 
period of S seconds, exceed the following provisional limits.

For S >  100, M RTIE (S ) = (aS +  1/2 b S 2 +  c) ns

where parameters a, b, c are proposed provisionally in Table 1/G.812 (Note 5):

TABLE 1/G .812

T ransit node clock a) 
(stratum  2 clock)

Local node c lo c k a) 
(stratum  3 clock)

a 0.5 (N ote 1) 10.0 (N ote  3)

b 1.16 x 1 0 -5 (N ote  2) . 2.3 x  lO "4 (N ote  4)

c 1000 (N ote 6) 1000 (N ote  6)

a) See R ecom m endation G.810 for definitions.

N ote 1 — C orresponds to  un initial frequency offset o f  5 x 10-10.

N ote 2 -  C orresponds to  a frequency drift o f 1 x  10_9/d ay .

N ote 3 — C orresponds to  an initial frequency offset o f  1 x  10-8 .

N ote 4 — C orresponds to  a frequency drift o f  2 x  10-8 /d a y .

N ote 5 — T em perature  effects: the effect o f  changes in environm ental tem perature  on 
the perform ance o f  a slave clock in ho ldover m ode requires fu rther study.

Note 6 — Takes care o f  any M R T IE  th at m ight have existed at the beginning o f 
ho ldover operation , and  o f effects o f  in ternal configuration , etc. in the clock (and 
tim ing d istribution , if  applicable). In  any  case, a sm ooth transition  betw een “ideal” and  
“holdover” operations is stipulated.

The resultant overall specification is summarized in Figure 2/G.812.

2.3 Short-term phase variations

Clock implementations exist which may have some high frequency phase instability components. The 
maximum permissible short-term phase variation of a slave clock due to jitter is under study.
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T1806772-M
Observation period (S)

FIG U R E  2/G .812

Permissible maximum relative time interval error (M RTIE) due to 
long-term phase variations vs. observation period S  for a slave clock 

under holdover operation

A N N E X  A 

(to Recommendation G.812)

Characterization of slave dock phase stability

A.l The slave clock model is described by the following equation:

x ( t)  =  ybias • t +  ( y j  t2 +  epm( 0  +  J efm(x) dx
T =  °

is the phase-time output relative to the reference input (dimension time);

is a residual fractional frequency offset which can arise from disruption events on the 
reference input (dimensionless);

where,

* (0

V bias
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D is the linear frequency drift component when the clock is in holdover condition (dimension
1/time);

epm(0  is a white noise phase modulation (PM) component associated with the short-term instability
of the clock (dimension time);

efm('f) is a white noise fractional frequency modulation (FM) component associated with the
disruption process of the reference (dimensionless).

The clock model is best understood by considering the three categories of clock operation:

— ideal operation;

— stressed operation;

— holdover operation.

A. 1.1 Ideal operation

For short observation intervals outside the tracking bandwidth of the PLL, the stability of the output 
timing signal is determined by the short term stability of the local synchronizer time base. In the absence of 
reference disruptions, the stability of the output timing signal behaves asymptotically as a white noise PM process 
as the observation period is increased to be within the tracking bandwidth of the PLL. The output o f the clock can 
be viewed as a superposition of the high frequency noise of the local oscillator riding on the low frequency 
portion of the input reference signal. In phase locked operation the high frequency noise must be bounded, and is 
uncorrelated (white) for large observation periods relative to the bandwidth of the phase locked loop.

Under ideal conditions, the only non-zero parameter of the model is the white noise PM component.

A. 1.2 Stressed operation

In the presence of interruptions, the stability of the output timing signal behaves as a white noise FM 
process as the observation period is increased to be within the tracking bandwidth of the PLL. The presence of 
white noise FM can be justified based on the simple fact that in general, network clocks extract time interval, 
rather than absolute time from the time reference. An interruption is by nature a short period during which the 
reference time interval is not available. When reference is restored there is some ambiguity regarding the actual 
time difference between the local clock and the reference. Depending on the sophistication of the clock phase 
build-out there can be various levels o f residual phase error which occur for each interruption. There is a random 
component which is independent from one interruption event to the next which results in a random walk in 
phase, i.e. a white noise FM noise source.

In addition to the white noise FM component, interruption events can actually result in a frequency offset 
between the clock and its reference. This frequency offset (ybias) results from a bias in the phase build-out when 
reference is restored. This is a critical point. The implications of this effect are that in actual network 
environments there is some accumulation of frequency offset through a chain o f clocks. Thus, clocks controlled by 
the same primary reference clock are actually operating plesiochronously to some degree.

To summarize, under stress conditions the non-zero parameters of the clock model are the white noise FM 
component (efm) and the frequency offset component (ybias)- The stressed category of operation reflects a realistic 
characterization o f what “normal” operation of a clock is.

A. 1.3 Holdover operation

In holdover, the key components of the clock model are the frequency drift (D) and the initial frequency 
offset (ybias)- The drift term accounts for the significant ageing associated with quartz oscillators. The initial 
frequency offset is associated with the intrinsic setability of the local oscillator frequency.
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A.2 Relationship o f  slave clock model to TIE performance

It is useful to consider the relationship between the clock model and the Time Interval Error (TIE) that 
would be expected. It is proposed that the two sample Allan variance be used to describe the stochastic portion of 
the clock model. The following equations apply for the three categories o f operation:

Ideal

Otie =  |/3a,2 (t =  0  • 1

Stressed

CJt ,E =  Mas + ’ ( T =  0 • 1

Holdover

tfTIE =  ( ^ )  t2 +  M a s  +  a 2 (T =  0  * ‘

where,

a TiE is the standard deviation of the relative time interval error o f the clock output compared to the
reference over the observation time t ;

a , (t) is the two sample standard deviation describing the random frequency fluctuation of the clock,
and

Gbias describes the two sample standard deviation of the frequency bias.

A.3. Guidelines concerning the measurement o f  jitter and wander

Verification of compliance with jitter and wander specifications requires standardized measurement 
methodologies to eliminate ambiguities in the measurements and in the interpretation and comparison of 
measurement results. Guidance concerning the measurement of jitter and wander is contained in Supple
ment No. 35.

8.2 Quality and availability targets

Recommendation G.821

ER R O R  PE R FO R M A N C E  O F  AN IN TER N A TIO N A L D IG ITA L  
C O N N E C T IO N  F O R M IN G  PA R T O F  AN IN TEG R A TED  SER V IC ES 

D IG ITA L  N ETW O R K

(Geneva, 1980; further amended)

The CCITT, 

considering

(a) that services in the future may expect to be based on the concept of an Integrated services digital 
network (ISDN);

(b) that errors are a major source of degradation in that they affect voice services in terms of distortion of 
voice, and data type services in terms of lost or inaccurate information or reduced throughout;
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(c) that while voice services are likely to predominate, the ISDN is required to transport a wide range of 
service types and it is therefore desirable to have a unified specification;

(d) that an explanation of network performance objectives and their relationship with design objectives is 
given in Recommendation G.102,

recommends

that within the following scope and definitions the requirements set out in Table 1/G.821 and subsequent 
paragraphs should be met.

1 Scope and definitions

1.1 The performance objectives are stated for each direction of a 64 kbit/s circuit-switched connection used for 
voice traffic or as a “Bearer Channel” for data-type services.

1.2 Recommendation 1.325 gives reference configurations for the ISDN connection types listed in Recommen
dation 1.340. In the context of error performance of 64 kbit/s circuit-switched connection types and the allocation 
of performance to the connection elements, an all digital hypothetical reference configuration (HRX) is given in 
Figure 1/G.821. It encompasses a total length of 27 500 km and is a derivative of the standard hypothetical 
reference configuration given in Figure 1/G.801 and of the reference configuration given in Figure 3/1.325.

1.3 The performance objective is stated in terms of error performance parameters each of which is defined as
follows:

“The percentage of averaging periods each of time interval T0 during which the bit error ratio (BER) 
exceeds a threshold value. The percentage is assessed over a much longer time interval TLn (see Note 3 to 
Table 1/G.821).

It should be noted that total time (TL) is split into two parts, namely, time for which the connection is 
deemed to be available and_ that time when it is unavailable (see Annex A).

Requirements relating to the permissible percentage of unavailable time will be the subject of a separate 
Recommendation.

1.4 The following BERs and intervals are used in the statement of objectives:

a) a BER of less than 1 • 10~6 for T0 = 1 minute;

b) a BER of less than 1 • 10-3 for T0 =  1 second;

c) zero errors for T0 = 1 second (equivalent to the concept of error free seconds EFS).

These categories equate to those of Table 1/G.821. In assessing these objectives, periods of unavailability 
are excluded (see Annexes A and B).

1.5 The performance objectives aim to serve two main functions:

a) to give the user of future national and international digital networks an indication as to the expected 
error performance under real operating conditions, thus facilitating service planning and terminal 
equipment design;

b) to form the basis upon which performance standards are derived for transmission equipment and 
systems in an ISDN connection.

1.6 The performance objectives represent a compromise between a desire to meet service needs and a need to 
realize transmission systems taking into account economic and technical constraints. The performance objectives, 
although expressed to suit the needs of different services are intended to represent a single level o f transmission 
quality.
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The performance objective for degraded minutes [Table 1/G.821 (a)] as stated, is based on an averaging 
period of one minute. This averaging period and the exclusion of errors occurring within severely errored seconds 
which occur during this one minute period (see Table 1/G.821, Note 2), may allow connections with frequent 
burst errors to meet this particular part of the overall objective, but such events will be controlled to a certain 
extent by the severely errored seconds objective [Table 1/G.821 (b)]. However, there is some doubt as to whether 
the objectives are adequate for proper operation of real-time video services with relatively long holding times, and 
this is the subject of further study.

1.7 Since the performance objectives are intended to satisfy the needs of the future digital network it must be 
recognized that such objectives cannot be readily achieved by all o f today’s digital equipment and systems. The 
intent, however, is to establish equipment design objectives that are compatible with the objectives in this 
Recommendation. These aspects are currently the subject of discussion within the CCITT and CCIR.

It is further urged that all technologies, wherever they appear in the network, should preferably be 
designed to better standards than those indicated here in order to minimize the possibility of exceeding the 
end-to-end objectives on significant numbers of real connections.

1.8 The objectives relate to a very long connection and recognizing that a large proportion of real 
international connections will be shorter, it is expected that a significant proportion of real connections will offer 
a better performance than the limiting value given in § 2. On the other hand, a small percentage of the 
connections will be longer and in this case may exceed the allowances outlined in this Recommendation.

Note — Controlled slips, which may be perceived as short bursts o f errors, are not included in the 
calculations of the error performance objectives in this Recommendation. Therefore, users should be aware that 
error performance measurements which include controlled slip effects may produce poorer performance than 
would be indicated by this Recommendation. Users are directed to Recommendation G.822, which specifies the 
controlled slip rate objectives, for guidance in estimating the possible effects on their applications.

1.9 The error performance objectives detailed in §§ 2 and 3 of this Recommendation apply to a 64 kbit/s 
circuit switched connection (as defined in § 1.2). However, it is recognized that in practical situations these 
objectives will need to be evaluated from measurements made at higher bit rates.

Therefore, Annex D defines preliminary guidelines for estimating 64 kbit/s error performance parameter 
information from measurements made at the primary and higher bit rates.

2 Performance objectives

The performance objectives for an international ISDN connection as identified in §§ 1.1 and 1.2 are shown 
in Table 1/G.821. It is intended that international ISDN connections should meet all of the requirements of 
Table 1/G.821 concurrently. The connection fails to satisfy the objective if any of the requirements is not met.

3 Allocation of overall objectives

Since the objectives given in § 2 relate to an overall connection it is necessary to sub-divide this to 
constituent parts. This paragraph outlines the basic principles and strategy for apportioning the performance 
objectives.

The overall apportionm ent philosophy involves the use of two slightly different strategies, one applicable 
to the degraded minutes requirement and the errored seconds requirement [see classifications a), c)] and the other 
applicable to the severely errored seconds requirement [see classification b)].
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TABLE 1/G .821

Error performance objectives for 
international ISD N  connections

Perform ance classification Objective (N otes 3, 5)

(a)
(D egraded m inutes) 

(N otes 1, 2)

Fewer than  10% o f  one-m inute intervals to  have a  bit erro r 
ra tio  worse than  1 • 10-6 (N ote  4)

(b)
(Severely errored seconds) 

(N ote 1)

Fewer than  0.2% o f  one-second intervals to  have a b it erro r 
ratio  worse than  1 • 10-3

(c)
(E rrored  seconds) 

(N ote 1)

Fewer th an  8% o f one-second intervals to  have any errors 
(equivalent to  92% error-free seconds)

N ote 1 — The term s “degraded m inutes” , “severely errored  seconds” and “errored  seconds” are used 
as a convenient and  concise perform ance objective “iden tifier”. T heir usage is not in tended to  im ply 
the  acceptability , o r otherw ise, o f  this level o f  perform ance.

N ote 2 — The one-m inute intervals m entioned in Table 1/G.821 and  in the notes (i.e. the periods for 
M >  4 in A nnex B) are derived by rem oving unavailable  tim e and  severely errored  seconds from  the 
to tal tim e and  then consecutively grouping the rem aining seconds in to  blocks o f 60. The basic 
one-second intervals are derived from  a fixed period.

N ote 3 — The tim e in terval TL, over which the percentages are to  be assessed has not been specified 
since the period  m ay depend  upon  the app lication . A period  o f  the o rder o f  any one m onth  is 
suggested as a reference.

N ote 4 — For practical reasons, a t 64 k b it/s , a  m inute con tain ing  four e rrors (equivalent to  an  erro r 
ra tio  o f  1.04 x 10-6) is n o t considered degraded. How ever, this does no t im ply re laxation  o f  the 
e rro r ra tio  objective o f  1 • 10-6 .

Note 5 — A nnex B illustrates how the overall perform ance should be assessed.
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3.1 Basic apportionment principles

Apportionment is based on the assumed use of transmission systems having qualities falling into one of a 
limited number of different classifications.

Three distinct quality classifications have been identified representative of practical digital transmission 
circuits and are independent of the transmission systems used. These classifications are termed local grade, 
medium grade and high grade and their usage generally tends to be dependent on their location within a network 
(see Figure 1/G.821).

T-reference
point

27500 km

1250 km 25 000 km 1250 km

LE

Local Note Medium Ni te
grade 2
-------

grade
High

grade

T-reference
point

Note Medium Note Local 
1 grade 2 grade

Note 1 — It is not possible to provide a definition of the location o f the boundary between the medium and high grade portions of the HRX. 
Note 4 to Table 2/G .821 provides further clarification of this point.
Note 2 — LE denotes the local exchange or equivalent point.

F IG U R E  1/G.821 

C ircuit quality  dem arcation o f longest H R X

The following general assumptions apply to the apportionm ent strategy that follows:
— in apportioning the objectives to the constituent elements of a connection it is the “% of time” that is

subdivided;
— an equal apportionm ent of the objectives applies for both the degraded minutes and errored seconds 

requirements [classifications a), c)];
— the error ratio threshold is not sub-divided. The rationale for this is based on the assumption that the

performance of real circuits forming the parts of the HRX (Figure 1/G.821) will normally be
significantly better than the degraded minute threshold (see Note to § 3.1);

— no account is taken of the error contribution from either digital switching elements or digital
multiplex equipments on the basis that it is negligible in comparison with the contribution from
transmission systems.

These quality classifications for different parts of the connection are considered to represent the situation 
for a large proportion of real international connections. Administrations are free to use whatever transmission 
systems they wish within their own networks and these other arrangements are considered as being completely 
acceptable provided that the overall performance of the national portion is no worse than it would have been if 
the standard CCITT arrangements had been employed.

It should be noted that a small percentage of connections will be longer than the 27 500 km HRX. By
definition the extra connection length will be carried over high-grade circuits and hence the am ount by which such 
connections exceed the total allowance envisaged in this Recommendation will be proportional to the amount by 
which the 25 000 km section is exceeded. Administrations should note that if the performance limits in the various
classifications could be improved in practical implementations, the occurrence of these situations could be
significantly reduced.

Note — For terrestrial systems the apportionm ent of the “degraded minute” performance classification to 
smaller entities (e.g. hypothetical reference digital section) may require sub-division of the error ratio objective, as 
well as the sub-division of “% of time”, with distance. This is the subject o f further study.

3.2 Apportionment strategy fo r  the degraded minutes and errored seconds requirements

The apportionm ent of the permitted degradation, i.e. 10% degraded minutes and 8% errored seconds, is 
given in Table 2/G.821. The derived network performance objectives are given in Annex C.
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TABLE 2/G .821

Allocation of the degraded minutes and errored 
seconds objectives for the three circuit classifications

C ircuit classification
A llocation o f  the degraded m inutes and 

errored  seconds objectives given in T able 1/G .821

Local grade 
(2 ends)

15% block allow ance to  each end 
(N otes 1, 4 and 5)

M edium  grade 
(2 ends)

15% block allow ance to  each end 
(N otes 2, 4 and 5)

High grade 40% (equivalent to  conceptual quality  o f  0.0016% per km  for 
25 000 km , but see N ote  to  § 3.1)
(N otes 3, 6 and  7)

N ote 1 — The local grade apportionm en t is considered to  be a b lock allow ance, i.e. an  allow ance to 
that p art o f  the connection  regardless o f length.

N ote 2 — The m edium  grade ap portionm en t is considered to  be a block allow ance, i.e. an allow ance 
to  th at p a rt o f  the connection  regardless o f  length. The actual length covered by the m edium  grade 
p art o f  the connection  will vary considerably from  one country  to  another. T ransm ission system s in 
this classification exhibit a varia tion  in quality  falling between the o ther classifications.

Note 3 — The high grade ap p o rtionm en t is divided on the  basis o f  length resulting in a conceptual 
per kilom etre allocation  w hich can be used to  derive a b lock allow ance fo r a defined netw ork m odel 
(e.g. H ypothetical R eference D igital Link). For practical p lann ing  purposes o f  links in netw ork  
m odels, link allow ances based on the num ber o f  280 km  sections nom inally  280 km  (as specified in 
Table 2 /G .921) can be used in place o f  the per kilom etre a llocation  specified in this R ecom m enda
tion. For longer sections which are no t an exact integer m ultiple o f  280 km , the next highest integer 
m ultiple is used.

Note 4 — The local grade and  m edium  grade portions are perm itted  to  cover up  the first 1250 km  o f 
the circuit from  the T -reference po in t (see Figure 1/G .821) extending in to  the netw ork. For exam ple, 
in large countries this po rtio n  o f  the circuit m ay only reach the Prim ary C entre whilst in sm all 
countries it m ay go as fa r as the Secondary C entre, T ertiary C entre or the In terna tional Sw itching 
C entre (see Figure 1/G .821).

N ote 5 — A dm inistrations m ay allocate the block allow ances for the local and  m edium  grade 
p ortions o f  the connection  as necessary w ithin the to tal allow ance o f  30% for any one end o f  the 
connection. This philosophy also applies to  the objectives given fo r local and  m edium  grades in 
Table 3/G .821.

Note 6 — Based on the understand ing  th at satellite erro r perform ance is largely independent o f 
d istance, a block allow ance o f  20% o f the perm itted  degraded m inutes and  errored  second objectives 
is allocated to a single satellite H R D P  em ployed in the high-grade po rtion  o f  the HRX.

Note  7 — If  the h igh-grade po rtion  o f  a connection includes a satellite system and  the rem aining 
d istance included in this category exceeds 12 500 km o r if  the high-grade portion  o f  a non-satellite  
connection  exceeds 25 000 km, then the objectives o f  this R ecom m endation  m ay be exceeded. The 
occurrence o f such connections is thought to be relatively rare and  studies are continuing in o rder to 
investigate this. The concept o f satellite equivalent d istance (the length o f  an equivalent terrestrial 
path) is useful in this respect and  it has been noted th at a value in the range 10 000 to  13 000 km 
m ight be expected.

Note 8 — For subscriber prem ises installation , between the T -reference po in t and  term inal equ ip 
m ent, no specific requirem ents are given. H ow ever careful atten tion  should  be paid  to  the choice o f 
the subscriber equipm ent since the overall perform ance o f  the connection  depends heavily, no t only 
on the netw ork perform ance, but also on the quality o f  the term inal installation .
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3.3 Apportionment strategy fo r  severely errored seconds

The total allocation of 0.2% severely errored seconds is subdivided into each circuit classification (i.e. local, 
medium, high grades) in the following manner:

a) 0.1% is divided between the three circuit classifications in the same proportions as adopted for the 
other two objectives. This results in the allocation as shown in Table 3/G.821.

TABLE 3/G .821 

Allocation o f severely errored seconds

C ircuit classification
A llocation o f  severely 

erro red  seconds objectives

Local grade 0.015% block allow ance to  each end 
(N ote  5 to  T able 2/G .821)

M edium  grade 0.015% block allow ance to  each end 
(N ote  5 to  T able 2 /G .821)

High grade 0.04% (N otes 1, 2)

Note 1 — For transm ission systems covered by the high grade classification each 2500 km po rtio n  
m ay contribute no t m ore th an  0.004%.

Note 2 — For a satellite H R D P  operating  in  the high grade po rtion  there is a block allow ance 
o f  0.02% severely errored  seconds (see also N ote  6 to  T able 2/G .821).

b) The remaining 0.1% is a block allowance to the medium and high grade classifications to accommo
date the occurrence o f adverse network conditions occasionally experienced (intended to mean the 
worst month of the year) on transmission systems. Because o f the statistical nature of the occurrence 
of worst month effects in a world-wide connection, it is considered that the following allowances are 
consistent with the total 0.1% figure:

— 0.05% to a 2500 km HRDP for radio relay systems which can be used in the high grade and the
medium grade portion of the connection;

— 0.01% to a satellite HRDP (the CCIR are continuing studies on severely errored seconds
performance for satellites systems and this value may eventually need to be increased).

A N N E X  A 

(to Recommendation G.821)

Available and unavailable time

A period of unavailable time begins when the bit error ratio (BER) in each second is worse than 1 • 10~3 
for a period of ten Consecutive seconds. These ten seconds are considered to be unavailable time. A new period of 
available time begins with the first second of a  period of ten consecutive seconds each of which has a BER better 
than 10“ 3.

Definitions concerning availability can be found in Recommendation E.800-series.
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■ A N N E X  B 

(to Recommendation G.821)

Guidelines concerning the interpretation of Table 1/G.821

Note 1 — The result is rounded off to the next higher integer.
Note 2 — The last packet which may be incomplete is treated as if it were a complete packet with the same rules being applied.

Performance 
classification 

(see Table 1/G.821)
Objective

(a) M > 4 < 1 0 %  
m a v a il

(b)
S > 64
------ —  <  0.2%
SAVAIL

(c)
SjERROR <  8% 

AVAIL

CCITT -  85690
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A N N E X  C 

(to Recommendation G.821)

Allocation of objectives to constituent parts

TABLE C-1/G .821

Allocation of % degraded minute intervals and 
errored seconds objectives

C ircuit classification 
(see Figure 1/G .821)

N etw ork perform ance objectives at 
64 k b it/s

% degraded 
m inutes

% errored 
seconds

Local grade 1.5 1.2

M edium  grade 1.5 1.2

High grade 4.0 3.2

A N N E X  D 

(to Recommendation G.821)

Preliminary guidelines for the assessment of the 
performance of higher bit rate systems

D.l Interim guidelines

Recognizing the need for interim guidance, the formulas below are offered prior to the results o f further 
study. They may be used to provide a normalized estimate (to the 64 kbit/s parameters cited in this Recommenda
tion) of the error performance. It should be noted that the measurement may only be valid at the bit rate at which 
the measurement was made; this concern applies especially for certain types pf bursty error distribution. Hence an 
assessment of system error performance by means of these formulas does not assure compliance with this 
Recommendation.

In order to estimate error performance normalized to 64 kbit/s in terms of:
— % errored seconds;
— % degraded minutes; and
— % severely errored seconds,

from error performance measurements at primary bit rates and above, the following provisional formulas are 
provided.

D.1.1 Errored seconds

The percentage errored seconds normalized to 64 kbit/s is given by:

-  S  (4 ,)  x (10°0/")J »■«= i v N o 

where:

i) n is the number of errors in the i lh second at the measurement bit rate;

ii) N  is the higher bit rate divided by 64 kbit/s;
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iii) j  is the integer number of one second periods (excluding unavailable time) which comprises the total 
measurement period;

iv) the ratio I — I for the i th seconds is
\ N / i

— , if 0 <  n < N, or 
N

1, if n > N

D.1.2 Degraded minutes (see Note 1)

The percentage of degraded minutes normalized to 64 kb it/s can be taken directly from measurements at 
primary bit rates and above, i.e. X%  degraded minutes at the primary rate or above yields X%  degraded minutes 
at 64 kbit/s.

D.1.3 Severly errored seconds (see Note 1)

The percentage of severly errored seconds normalized to 64 kbit/s that can be assessed from measurements 
made at primary bit rates and above is given by:

Y% +  Z%

where:

Y  percentage severly errored seconds at the measurement bit rate; and

Z  percentage of non severely errored seconds at the measurement bit rate containing one or more loss of 
frame alignment at the measurement bit rate.

Note 1 — The calculation of the bit error ratio at the measurement bit rate (e.g. 10-6 for degraded 
minutes) will sometimes result in non-integral values of errors over the integration period. For clarification 
purposes, the next integer number of errors above the calculated value is considered to exceed the threshold of the 
performance objective (e.g. 123 errors over a minute for a bit rate of 2048 kbit/s, resulting in a BER worse than 
10-6, is considered as a degraded minute).

Note 2 — In order to assure the proper operation of:

— higher bit rate services (e.g. TV);

— 64 kbit/s services,

it is necessary to determine performance requirements for higher bit rate systems (i.e. above 64 kbit/s). While it is 
not clear which of these services has the most demanding requirements, in both cases it appears to be necessary to 
determine performance requirements for the higher bit rate systems either by using integration period much 
shorter than one second or by applying more stringent limits for severely errored seconds.

For 64 kbit/s services, the need for shorter integration periods or more stringent limits arises from the 
operation of the de-multiplexing equipment and in particular from the operation of the justification control and 
re-framing processes in the presence of error bursts much shorter than one second. For example, errors which do 
not result in severely errored seconds at the 64 kbit/s level as a result o f loss of frame alignment in higher order 
multiplexers.

Reference

[1] CCITT Recommendation Transmission performance objectives and recommendations, Vol. I l l ,  Rec. G.102.
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Recommendation G.822

C O N TR O LL E D  SL IP  RATE O B JE C T IV E S O N  AN IN TER N A TIO N A L D IG ITA L  C O N N E C T IO N

(Geneva, 1980; further amended)

1 General

This Recommendation deals with end-to-end controlled octet slip rate objectives for 64-kbit/s international 
digital connections. The objectives are presented for various operational conditions in relation to the evaluation of 
connection quality.

Under design conditions for digital network nodes and within defined normal transmission characteristics, 
it may be assumed that there are zero slips in a synchronized digital network. However, the defined transmission 
characteristics can be exceeded under operating conditions and cause a limited number of slips to occur even in a 
synchronized network.

Under temporary loss of timing control within a particular synchronized network, additional slips may be 
incurred, resulting in a larger number of slips for an end-to-end connection.

With plesiochronous operation, the number of slips on the international links will be governed by the sizes 
of buffer stores and the accuracies and the stabilities of the interconnecting national clocks.

2 Scope and considerations

2.1 The end-to-end slip rate performance should satisfy the service requirements for telephone and non-tele- 
phone services on a 64-kbit/s digital connection in an ISDN.

2.2 The slip rate objectives for an international end-to-end connection are stated with reference to the standard 
digital Hypothetical Reference Connection (HRX) of Figure 1/G.801 [1] of 27 500 km in length.

2.3 It is assumed that international switching centres (ISC) are interconnected by international links which are 
operating plesiochronously, using clocks with accuracies as specified in Recommendation G.811. It is recognized 
that one slip in 70 days per plesiochronous interexchange link is the resulting maximum theoretical slip rate, 
taking into account clock accuracies according to Recommendation G.811 only, and provided that the perfor
mance of the transmission and switching requirements remain within their design limits.

2.4 In the case where the connection includes all o f the 13 nodes identified in the HRX (Recommenda
tion G.801) and these nodes are all operating together in a plesiochronous mode, the nominal slip performance of 
a connection could be 1 in 70/12 days or 1 in 5.8 days. However, since in practice some nodes in such a 
connection would be part of the same synchronized network a better nominal slip performance can be expected 
(e.g. where the National Networks at each end are synchronized. The Nominal Slip Performance of the connection 
would be 1 in 70/4 or 1 in 17.5 days).

Note — These calculations assume a maximum of four international links.

2.5 In a practical international end-to-end connection containing both international and national portions, the 
slip rate may significantly exceed the value computed from n plesiochronous interexchange links due to various 
design, environmental and operational conditions in international and national sections. These include:

a) configuration of the international digital network,

b) national timing control arrangements,

c) wander due to extreme temperature variations,
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d) operational performance characteristics of various types of switches and transmission links (including 
diurnal variations of satellite facilities),

e) temporary disturbances on transmission and synchronization links (network rearrangements, protec
tion switching, human errors, etc.).

Note — The maximum number, n, of plesiochronous interexchange links is under study.

2.6 A threshold of slip performance is a suitable compromise between desired service requirements and 
normally achievable performance. Slip levels according to category (b) (see Table 1/G.822) exceeding this 
threshold will begin to affect performance and can cause some services to be considered degraded. In order to 
ensure that a trend of performance has been identified, the threshold rate must be measured over a sufficient 
period to record a significant number of slips. An objective limit is placed on the total time that the threshold is 
exceeded during the period of one year. The performance objectives are intended to represent a uniform set of 
specifications.

Slip is one of several contributing factors to impairment of a digital connection. The performance 
objectives for the rate of octet slips on an international connection of 27 500 km in length or a corresponding 
bearer channel are given in Table 1/G.822. Further study is required to confirm that these values are compatible 
with other objectives, e.g. the error performance as listed in Recommendation G.821.

TA BLE 1/G .822

Controlled slip performance on a 64 kbit/s 
international connection or bearer channel

Perform ance category M ean slip rate
P roportion  o f  tim e 

(N ote  1)

(a)
(N ote 2)

<  5 slips in 24 hours >  98.9%

>  5 slips in 24 hours
(b) and <  1.0%

<  30 slips in 1 hour

(c) >  30 slips in 1 hour <  0.1%

N ote 1 — T otal tim e > 1 year.

N ote 2 — The nom inal slip perform ance due to  plesiochronous operation  a lone is not expected to  exceed 1 
slip in 5.8 days (see § 2.4).

3 Allocation of impairments

3.1 The probability of more than one section of the network experiencing excessive slips which will 
simultaneously affect any given connection, is low. Advantage is taken of this factor in the allocation process.

3.2 Because the impact of slips occurring in different parts o f a connection will vary in importance depending 
upon the type of service and the level of traffic affected, the allocation process includes placing tighter limits on 
slips detected at international and national transit exchanges and less stringent limits on small local exchanges.

3.3 The recommended allocation process is based on subdividing the percentage of time objectives for 
performance categories (b) and (c) (Table 1/G.822). A provisional allocation is made to the various portions of 
the HRX as shown in Table 2/G.822.
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TABLE 2/G .822 

Allocation o f controlled slip perform ance objectives

Portion o f H R X  derived 
from  Figure 1/G .801 [1]

A llocated p ro p o rtio n  o f 
each objective in 

Table 1/G .822

O bjectives as p roportion  
o f to ta l time

(b) (c)

In terna tional 
transit portion

8.0 % 0.08 % 0.008 %

Each national 
transit portion  
(N ote 2)

6.0 % 0.06 % 0.006 %

Each local portion  
(N ote 2)

40.0 % 0.4 % 0.04 %

N ote 1 — The portions o f  the  H R X  are defined in  Figure 1/G .822. They are derived from  bu t not identical 
to  R ecom m endation G.801.

N ote 2 -  The allocation  betw een na tiona l transit portion  and  local p o rtion  is given for guidance only. 
A dm inistrations are free to  ad o p t a d ifferent ap p ortionm en t provided the  to ta l fo r each na tiona l portion  
(local plus transit) does n o t exceed 46%.

N ote 3 — Perform ance levels are defined in  T able 1/G .822.

N ote 4 — Total tim e 3*= one year.

Local National transit International transit National transit Local

■ o
LE

o
PC

O — A — A — A — A — A — A — A
SC TC ISC ISC ISC ISC ISC TC SC

o — o
PC LE

ccm-moo

FIGURE 1/G.822

Subdivision o f the HRX for the purpose of 
allocation o f slip performance objectives

Reference

[1] CCITT Recommendation Digital transmission models, Vol. I l l ,  Rec. G.801, Figure 1/G.801.

Recommendation G.823

T H E  C O N T R O L  O F  JIT T E R  AND W AND ER W IT H IN  D IG ITA L  N ETW O R K S 
W H IC H  ARE BASED O N  T H E  2048 K B IT /S  H IER A R C H Y

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

The CCITT, 

considering

(a) that jitter, which is defined as the short-term variations of the significant instants of a digital signal 
from their ideal positions in time, can arise in digital networks;
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(b) that, if proper control is not exercised, then under certain circumstances, jitter can accumulate to such 
an extent that the following impairments can arise:

i) an increase in the probability of introducing errors into digital signals at points o f signal regeneration 
as a result of timing signals being displaced from their optimum position in time;

ii) the introduction of uncontrolled slips into digital signals through store spillage and depletion in 
certain types of terminal equipment incorporating buffer stores and phase comparators, e.g. jitter 
reducers and certain digital multiplex equipment;

iii) a degradation of digitally encoded analogue information as a result of phase modulation of the
reconstructed samples in the digital to analogue conversion device at the end of the connection;

(c) that, unlike some other network impairments, jitter can be reduced in magnitude by the use of jitter 
reducers. Depending upon the size and complexity of networks, it might be necessary to employ such devices in 
certain circumstances;

(d) that wander, which is defined as the long-term variations of the significant instants o f a digital signal 
from their ideal position in time, can arise as a result of changes in the propagation delay of transmission media 
and equipments;

(e) that it is necessary to accommodate wander at the input ports of digital equipments if controlled or 
uncontrolled slips are to be minimized,

recommends

that the following guidelines and limits should be applied in the planning of networks and in the design of 
equipment.

1 The control of jitter in digital networks — basic philosophy

The jitter control philosophy is based on the need:

— to recommend a maximum network limit that should not be exceeded at any hierarchical interface;

— to recommend a consistent framework for the specification of individual digital equipments;

— to provide sufficient information and guidelines for organizations to measure and study jitter
accumulation in any network configuration.

2 Network limits for the maximum output jitter and wander at any hierarchical interface

2.1 Network limits fo r  jitter

The limits given in Table 1/G.823 represent the maximum permissible levels of jitter at hierarchical 
interfaces within a digital network. The limits should be met for all operating conditions and regardless of the 
amount of equipment preceding the interface. These network limits are compatible with the minimum tolerance to 
jitter that all equipment input ports are required to provide.

In operational networks, account needs to be taken of the fact that signals at an interface can contain jitter 
up to the maximum permissible network limit. This is particularly im portant in the design of equipments 
incorporating jitter reducers where this jitter together with any additional jitter generated in the system prior to the 
jitter reducer, needs to be accommodated. In circumstances where the maximum permissible jitter amplitude 
occurs at an interface between two countries, it is left to the discretion of national Administrations to take the 
appropriate remedial action. This situation is unlikely to occur very often.

The arrangements for measuring output jitter at a digital interface are illustrated in Figure 1/G.823. The 
specific jitter limits and values of filter cut-off frequencies for the different hierarchical levels are given in 
Table 1/G.823. The frequency response of the filters associated with the measurement apparatus should have a 
roll-off o f 20 dB/decade. Suitable test apparatus is described in Recommendation 0.171.
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TABLE 1/G.823

Maximum permissible jitter at a hierarchical interface

n. Param eter 
n . value

D igit rate n . 
(k b it/s ) n .

N etw ork lim it M easurem ent filter bandw idth

B,
un it interval 
peak-to-peak

b 2
unit interval 
peak-to-peak

Band-pass filter having a low er cu toff 
frequency f \  o r and  an  up p er cu to ff 

frequency f 4

A A A

64
(N ote  1)

0.25 0.05 20 Hz 3 kHz 20 kHz

2 048 1.5 0.2 20 Hz 18 kHz 
(700 Hz)

100 kH z

8 448 1.5 0.2 20 Hz 3 kHz 
(80 kHz)

400 kHz

34 368 1.5 0.15 100 Hz 10 kHz 800 kH z

139 264 1.5 0.075 200 Hz 10 kHz 3500 kH z

N ote 1 — For the codirectional interface only.

N ote 2 — The frequency values show n in parenthesis only  apply  to  certain  na tional interfaces.

N ote 3 — UI =  U nit In terval:

fo r 64 k b it/s  1 U I =  15.6 ps
for 2048 k b it/s  1 U I =  488 ns
for 8448 k b it/s  1 U I =  118 ns
for 34 368 k b it/s  1 U I =  29.1 ns
for 139 264 k b it/s  1 U I =  7.18 ns

equipm ent 
ou tpu t port

L ------------------------------------------------------------------------------------------------------------I CCITT-6 7 2 7 0

FIGURE 1/G.823

Measurement arrangements for output jitter 
from a hierarchical interface or an equipment output port

For systems in which the output signal is controlled by an autonomous clock (e.g. quartz oscillator) more 
stringent output jitter values may be defined in the relevant equipment specifications (e.g. for the muldex in 
Recommendation G.735, the maximum peak-to-peak output jitter is 0.05 UI).
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2.2 Network units fo r  wander

A maximum network limit for wander at all hierarchical interfaces has not been defined. Actual 
magnitudes of wander, being largely dependent on the fundamental propagation characteristics of transmission 
media and the ageing of clock circuitry (see Recommendation G.811, § 3), can be predicted. Studies have shown 
that, provided input ports can tolerate wander in accordance with the input tolerance requirements of § 3.1.1, then 
slips introduced as a result o f exceeding the input tolerance, will be rare. For interfaces to network nodes the 
following limits apply:

The MTIE (see Recommendation G.811) over a period of S  seconds shall not exceed the following:

1) S  <  104; this region requires further study;

2) (10-2 S  +  10 000) ns: applicable to values of S  greater than 104.

Note — The resultant overall specification is illustrated in Figure 2/G.823.
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FIGURE 2/G .823

Permissible maximum time interval error (MTIE) 
versus observation period S  for the output o f a network node

2.3 Jitter and wander considerations concerning synchronized networks

It is assumed that, within a synchronized network, digital equipment provided at nodes will accommodate 
permitted phase deviations on the incoming signal, together with jitter and wander from the transmission plant 
thus under normal synchronized conditions, slips will not occur. However, it should be recognized that, as a result 
o f some performance degradations, failure conditions, maintenance actions and other events, the relative time 
interval error (TIE) between the incoming signal and the internal timing signal o f the terminating equipment may 
exceed the wander and jitter tolerance of the equipment which will result in a controlled slip.

At nodes terminating links interconnecting independently synchronized networks (or where plesiochronous 
operation is used in national networks), the relative TIE between the incoming signal and the internal timing 
signal of the terminating equipment may eventually exceed the wander and jitter tolerance of the equipment in 
which case slip will occur. The maximum permissible long-term mean controlled slip rate resulting from this 
mechanism is given by Recommendation G.811, i.e. one slip in 70 days.
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3 Jitter limits appropriate to digital equipments

3.1 Basic specification philosophy

For individual digital equipments it is necessary to specify their jitter performance in three ways:

3.1.1 Jitter and wander tolerance o f  digital input ports

In order to ensure that any equipment can be connected to any recommended hierarchical interface within 
a network, it is necessary to arrange that the input ports of all equipments are capable of accommodating levels of 
jitter up to the maximum network limit defined in Table 1/G.823.

For convenience of testing, the required tolerance is defined in terms of the amplitude and frequency of 
sinusoidal jitter which, when modulating a test pattern, should not cause any significant degradation in the 
operation of the equipment. It is im portant to recognize that the test condition is not, in itself, intended to be 
representative of the type of jitter to be found in practice in a network. However, the test does ensure that the 
“ Q ” factor associated with the timing signal recovery of the equipments input circuitry is not excessive and, where 
necessary, that an adequate amount of buffer storage has been provided.

Thus, all digital input ports o f equipments should be able to tolerate a digital signal having electrical 
characteristics in accordance with the requirements of Recommendation G.703 but modulated by sinusoidal 
wander and jitter having an amplitude-frequency relationship defined in Figure 3/G.823. Table 2/G.823 indicates 
the appropriate limits for the different hierarchical levels.

In principle, these requirements should be met regardless of the information content of the digital signal. 
For test purposes, the equivalent binary content of the signal with jitter modulation should be a pseudo-random 
bit sequence as defined in Table 2/G.823.

In deriving these limits, the wander effects are considered to be predom inant at frequencies below f , and 
many transmission equipments, such as digital line systems and asynchronous muldexes using justification 
techniques, are effectively transparent to these very low frequency changes in phase. Notwithstanding this, it does 
not need to be accommodated at the input of certain equipments (e.g. digital switches and synchronous muldexes). 
The requirement below f  is not amenable to simple practical evaluation but account should be taken of the 
requirement at the design stage of the equipment.

Unlike that part of the mask between frequencies f  and f , which reflect the maximum permissible jitter 
magnitude in a digital network, that part of the mask below the frequency f  does not aim to represent the 
maximum permissible wander that might occur in practice. Below the frequency f , the mask is derived such that 
where necessary, the provision of this level of buffer storage at the input of an equipment facilitates the 
accommodation of wander generated in a large proportion of real connections.

A short-term reversal of the relative TIE between the incoming signal, and the internal timing signal o f the 
terminating equipment shortly after the occurrence of a controlled slip should not cause another slip. In order to 
prevent such a slip, the equipment should be designed with a suitable hysteresis for this phenomenon. This 
hysteresis should be at least 18 microseconds.

a>

Jitter frequency (log scale)

FIGURE 3/G .823

Lower limit of maximum tolerable input 
jitte r and wander
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TABLE 2/G .823 

Parameter values for input jitter and wander tolerance

N. Param eter 
'v  value

Digit rate
k b it/s  n.

Peak-to-peak am plitude 
un it interval

Frequency

Pseudo-random  
test signal

Ao At a 2 /o f t f i f A

64
(N ote 1)

1.15
(18 ps)

0.25 0.05

1.2 x 1 0 -5 Hz

20 Hz 600 Hz 3 kHz 20 kH z
211 -  1 

(Rec. 0 .152)

2 048
36.9 

(18 ps)
1.5 0.2 20 Hz

2.4 kHz 
(93 Hz)

18 kHz 
(700 Hz)

100 kHz
215 -  1 

(Rec. 0 .151)

8 448
152 

(18 ps)
1.5 0.2 1.2 x 1 0 -5 Hz 20 Hz

400 Hz 
(10.7 kHz)

3 kHz 
(80 kHz)

400 kH z
215 -  1 

(Rec. 0 .151)

34 368 * 1.5 0.15 * 100 Hz 1 kH z 10 kHz 800 kHz
223 -  1 

(Rec. 0 .151)

139 264 * 1.5 0.075 * 200 Hz 500 Hz 10 kHz 3500 kH z
223 -  1 

(Rec. 0 .151)

* Values under study.

Note 1 — For the codirectional in terface only.

N ote 2 — For interfaces w ithin national netw orks the frequency values ( f 2 and  f 2) show n in parenthesis m ay be used.

N ote 3 — UI =  U nit Interval:

For 64 k b it/s 1UI =  15,6 ps
For 2048 k b it/s 1UI =  488 ns
For 8448 k b it/s 1UI =  118 ns
For 34 368 k b it/s 1UI =  29,1 ns
For 139 264 k b it/s 1UI =  7,18 ns

Note 4 — The value for 4̂0 (18 (xs) represents a relative phase deviation betw een the incom ing signal and  the in ternal tim ing 
local signal derived from  the reference clock. This value for A0 corresponds to  an absolute value o f 21 ps a t the input to  a node 
(i.e. equipm ent inpu t port) and  assum es a m axim um  w ander o f  the transm ission link betw een two nodes o f 11 ps. The difference 
o f  3 ps corresponds to  the 3 ps allow ed for long-term  phase deviation in the national reference clock [R ecom m endation G.811, 
§ 3c],
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3.1.2 Maximum output jitter in the absence o f  input jitter

It is necessary to restrict the am ount of jitter generated within individual equipments. Recommendations 
dealing with specific systems define the maximum levels o f jitter that may be generated in the absence of input 
jitter. The actual limits applied depend upon the type of equipment. They should be met regardless of the 
information content of the digital signal. In all cases the limits never exceed the maximum permitted network 
limit. The arrangement for measuring output jitter is illustrated in Figure 1/G.823.

3.1.3 Jitter and wander transfer characteristics

Jitter transfer characteristics define the ratio of output jitter to input jitter amplitude versus jitter frequency 
for a given bit rate. When jitter is present at the digital input port o f digital equipment, in many cases some 
portion of the jitter is transmitted to the corresponding digital output port. Many types of digital equipment 
inherent attenuate the higher frequency jitter components present at the input. To control jitter in cascaded 
homogeneous digital equipment, it is im portant to restrict the value of jitter gain. The jitter transfer for a 
particular digital equipment can be measured using a digital signal modulated by sinusoidal jitter.

Figure 4/G.823 indicates the general shape of a typical jitter transfer characteristics. The appropriate 
values for the levels x  and — dB and the freq u en c ies / f 5, f 6 and f  can be obtained from the relevant 
Recommendation.

Because the bandwidth of phase smoothing circuits in asynchronous digital equipment is generally above 
10 Hz, wander on the input signal may appear virtually unattenuated on the output. However, in certain 
particular digital equipments (e.g. nodal clocks) it is necessary that wander be sufficiently attenuated from input to 
output. CCITT Recommendations dealing with synchronous equipment will ultimately define limiting values for 
particular wander transfer characteristics.

\

Jitte r frequency (Log scale)

F IG U R E  4/G .823 

Typical jitte r  transfer characteristics

3.2 Digital sections

To ensure that the maximum network limit (§ 2) is not exceeded within a digital network, it is necessary to 
control the jitter contributed by transmission systems.

The jitter limits for digital sections are found in Recommendation G.921.

3.3 Digital muldexes

The jitter limits for digital multiplexers and demultiplexers are found in the appropriate equipment 
Recommendations.
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4 Guidelines concerning the measurement of jitter

There are two clearly identifiable categories under which jitter measurement may be classified:

— measurements using an undefined traffic signal which may generally be considered as quasi-random 
(generally applicable under operational circumstances);

— measurements using specific test sequencies (generally applicable during laboratory, factory and 
commissioning circumstances).

4.1 Measurements using an undefined traffic signal

Because of the quasi-random nature of jitter and its possible dependency on traffic loading, accurate 
peak-to-peak measurements in operational networks need to be made over long periods of time. In practice it is 
expected that, with experience of particular systems, it will be possible to identify abnormalities measured over a 
shorter measurement period which would indicate that the maximum permissible limit might be exceeded over a 
longer measurement interval.

The network limits recommended in § 2 are so derived that the probability of exceeding such levels is very 
small. The practical observation of such a magnitude with a high degree of confidence requires an unacceptable 
measurement interval. To take account of such an effect it may be necessary to introduce a smaller, but related, 
limit which has a greater probability of occurrence, facilitating its measurement over a reasonably short 
measurement interval. These aspects are the subject of further study.

4.2 Measurements using a specific test sequence

Given that it is advantageous to assess the jitter performance of digital line equipment using a specific 
pseudo-random binary sequence (PRBS), it is necessary to derive limits appropriate to this unique test condition. 
Although the use of such deterministic test signals is extremely useful for factory acceptance tests and 
commissioning tests, the results need to relate to an operational situation in which the information content o f the 
signal is likely to be more random (e.g. a telephony type signal). Based on practical experience, it is usually 
possible to relate a traffic-based measurement to a PRBS-based measurement by the application of an appropriate 
correction factor (Annex A).

The use of a PRBS in the measurement of jitter may have shortcomings in that for the measurement to be 
valid the PRBS must have adequate spectral content within the jitter bandwidth of the system being measured. In 
circumstances where the spectral content is insufficient, a suitable correction must be applied if a measured value 
is to be meaningfully compared with specified limits. This aspect is the subject of further study (Annex A).

4.3 Test signal interaction with signal processing devices integral to transmission systems

The inclusion of additional signal processing devices integral to a transmission system often influences the 
observed jitter performance. Studies have shown that the transmitted signal, particularly if it is pseudo-random or 
highly structured, interacts with digital scramblers and line code converters to produce interesting effects which are 
observed as changes in the performance of such equipments. All interaction effects result in a modification to the 
statistics of the transmitted signal causing a consequential change in the pattern-sensitive jitter generated within 
each repeater. A typical manifestation is that successive measurements on a transmission system incorporating 
these devices, using an identical test signal on each occasion, yield a widely varying range of peak-to-peak and 
r.m.s. jitter amplitudes.

Studies have shown that the following factors influence the observed jitter performance:

— the feedback connections on both the PRBS test signal generator and the transmission system’s 
scrambler;

— the number of stages on the PRBS test signal generator and the transmission system’s scrambler;

— the presence of a code converter in the transmission system.

Consequently, considerations concerning the choice of test signal for equipment validation purposes 
should take account of the following points:

a) It is inadvisable to use a PRBS test signal generator with a cycle length that has common factors with 
the scrambler incorporated in the transmission system.

b) The equal configuration of the PRBS test signal generator and the transmission system’s scrambler 
should be avoided if a random signal is required.
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5 Jitter accumulation in digital networks

The variability of network configurations prevents the consideration of every possible case. To analyse a 
particular network configuration, it is necessary to use the information about the jitter characteristics of individual 
equipments in conjunction with appropriate jitter accumulation models. Annex B aims to provide sufficient 
information to enable organizations to carry out such evaluations.

A N N E X  A 

(to Recommendation G.823)

The use of a pseudo-random binary sequence (PRBS) for jitter measurements on digital line,
radio and optical fibre systems

A.l The relationship between a random traffic-based measurement and a PRBS-based measurement

It is often convenient to emulate a random  type traffic signal using a pseudo-random binary sequence 
(PRBS). However, jitter measurements using such a test signal tend to give optimistic values when compared with 
an identical measurement using a traffic signal in which the information content is more random. This disparity 
arises because the traffic signal, which is generally non-deterministic in nature, is able to cause the generation of 
an almost unrestricted range of jitter amplitudes, whereas the quasi-random nature of a PRBS means that it is 
only able to cause the generation of a finite range of jitter amplitudes. Based on operational experience to date, a 
correction factor relating the two types of measurement has been determined, but it is extremely difficult to 
establish an accurate value for every conceivable practical situation. Its actual value is dependent on many 
interrelated aspects such as the measurement period, system length, the value of the timing recovery circuit Q, the 
sequence length, and the presence of scramblers. To relate a random traffic-based measurement (made over a 
relatively short interval) to a specific PRBS, it is necessary to use the following correction factors which are 
believed to represent a good practical choice for most circumstances:

— 1.5 at 2048 kbit/s and 8448 kbit/s (based on the use of a 215 — 1 PRBS generated in accordance with
Recommendation 0.151);

— 1.3 at 34 368 kbit/s and 139 264 kbit/s (based on the use of a 223 — 1 PRBS generated in accordance
with Recommendation 0.151).

Therefore:

Estimated jitter amplitude Measured jitter 1
when transmitting =  correction factor x amplitude using I
random signal (traffic) a specific PRBS.J

A.2 Spectral content o f  the PRBS

By its very nature, the PRBS is cyclical and is therefore characterized by a power spectrum with spectral 
lines occurring at regularly spaced intervals. For the achievement of a meaningful result, in which the 
measurement error is acceptable, it is necessary to ensure that the PRBS used when measuring output jitter, has 
adequate spectral content within the jitter bandwidth of the system being measured. The bandwidth of the jitter 
spectrum at the output of a chain of digital regenerators is shown to be a function of the Q factor of the timing 
recovery circuit and the number of generators in tandem [1].

Now:

f
Jitter bandwidth =  ----- —  [Hz] for large n

Q x n

where

f  =  frequency of the timing signal that is extracted from the incoming signal by the timing recovery
circuit

V

Q =  Q factor of one repeater

n =  number of cascaded repeaters
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and

f
PRBS repetition rate =  — [Hz]

where

/  =  bit rate

L  =  sequence length

For adequate spectral content, the pattern repetition frequency should be less than -  of the jitter
y

bandwidth of the system under test. (The value for y  requires further study).

Thus

/  <  fx 
L  y  x Q x n

and

f
L > y x n x Q x —

Exemples:

For line code B6ZS /  =  f  and L > y  x  n x  Q

f  2For a Non-Redundant Quaternary line code — =  -  and L > y  x  n x  Q x  2
f  1

If the system uses a scrambler or a code translation technique (e.g. 4B3T), this may be taken into account 
in order to reduce the length of the test sequence.

A N N E X  B 

(to Recommendation G.823)

B.l Jitter accumulation in digital networks

B.1.1 Jitter accumulation relationships fo r  cascaded homogeneous digital equipments

B.l. 1.1 Digital line, radio and optical fibre systems

With this type of equipment, the relationship applicable is critically dependent on the content of the 
transmitted signal, the physical implementation of timing recovery, the inclusion of a scram bler/descram bler 
combination, etc. A number of relationships are identified.

a) Cascaded homogeneous regenerators

Most digital repeaters currently in use are fully regenerative and self-timed; that is, the output signal is 
retimed under the control of a timing signal derived from the incoming signal. The most significant form of jitter 
arises from imperfections in the circuitry, which cause jitter that is dependent on the sequence of pulses in the 
digital signal being transmitted, termed pattern-dependent jitter. The mechanisms that generate jitter within a 
regenerator, that have been extensively studied, are principally related to imperfections in the timing-recovery 
circuit. [2], [3], and [4].
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Since pattern-dependent jitter from regenerated sections is the dom inant type of jitter in a network, the 
manner in which it accumulates must be considered. For jitter purposes, a regenerative repeater acts as a low-pass 
filter to the jitter present on the input signal, but it also generates jitter, which can be represented by an additional 
jitter source at the input. If  this added jitter were truly random, as distinct from pattern dependent, then the total 
r.m.s. jitter, JN, present on the digital signal after TV regenerators would be given by the approximate relationship:

JN ~  J x 4{ N  (1)

where J  is the r.m.s. jitter from a single regenerator due to uncorrelated jitter sources. This equation assumes that 
the jitter added at each regenerator is uncorrelated.

However, most of the jitter added is pattern dependent and, since the pattern is the same at each 
regenerator, it can be assumed that the same jitter is added at each regenerator in a chain of similar regenerators. 
In this case, it can be shown that the low-frequency components of the jitter add linearly, whereas the 
higher-frequency components are increasingly attenuated by the low-pass filtering effect o f successive regenerators. 
If  a random signal is being transmitted, the r.m.s. jitter JN, present on the signal after N  regenerators would be 
given by the approximate relationship.

JN =* Jx x ][2N for large values of N  (2)

where Jx is the r.m.s. jitter from a single regenerator due to pattern-dependent mechanisms [1].

Note 1 -  Based on operational experience to date, values for J, in the range 0.4 to 1.5% of a unit interval
are achievable using cost-effective designs.

Note 2 — The implementation of timing recovery using a phase-locked loop causes the rate of accumula
tion to be marginally greater, as given by the approximate relationship:

JN =  Jx x  if l N A  (3)

where A is a factor dependent upon both the number of regenerators and the phase-locked loops damping factor. 
The latter parameter is generally chosen, in this application, such that A has an amplitude marginally greater than 
unity.

Note 3 — The implementation of timing recovery using a transversal surface acoustic filter produces a 
rate of accumulation approaching that obtained for uncorrelated jitter sources. This favourable jitter accumulation 
arises because of the large inherent delay which reduces the correlation between the recovered timing signal and 
the data stream. Systematic pattern-dependent jitter is therefore effectively randomized and tends to accumulate in 
a manner similar to that obtained from uncorrelated jitter sources. The only noticeable side-effect is a marginal 
degradation in the alignment jitter. This favourable jitter accumulation is not exhibited by surface acoustic wave 
resonators due to their different mode of operation [9].

Note 4 — Repeaters incorporating circuitry involving pattern transformations effectively represent 
uncorrelated jitter sources causing a non-systematic jitter accumulation. For example, a pattern transformation 
based on the modulo 2 addition of a signal and its delayed version (Huffman sequence) causes the r.m.s. jitter to 
accumulate approximately with the fourth root o f the number of repeaters [8].

Equations (1) and (2) demonstrate two im portant results:

a) pattern-dependent jitter accumulates more rapidly than non-pattern-dependent jitter, as the number of 
regenerators is increased, and

b) the amplitude of jitter produced by a chain of regenerators increases without limit, as the number of 
regenerators is increased.

The jitter produced by a random  pattern is itself random in nature, the amplitude probability distribution 
function of which is considered to be close to gaussian. Hence, for a given r.m.s. amplitude (standard deviation), 
the probability of exceeding any chosen peak-to-peak amplitude can be calculated. A peak-to-peak to r.m.s. ratio 
of between 12 and 15 is often assumed for specification purposes, which has a very low probability of being 
exceeded.
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In contrast, when the signal being transmitted is composed of two repetitive patterns, alternating at low 
frequency, the jitter appears as a low-frequency repetitive wave, having an amplitude proportional to the number 
o f regenerators. This could lead to very large amplitudes o f jitter. In such instances, the maximum peak-to-peak 
jitter amplitude ( JNP) is described by the following relationship:

JNP =  d  x N  (4)

where d  is the Pattern Sensitive Jitter (PSJ) produced by a single regenerator when subjected to alternating 
repetitive patterns. This relationship assumes that the repetition rate is sufficiently low so that steady states are 
attained. The actual value is dependent on the pattern used.

This situation is very unlikely in normal operation because the signal transmitted is generally made up of 
traffic from a number of different sources, although not necessarily so at the primary line rate, together with a 
frame alignment signal and justification control digits, etc. Furthermore, the probability of fixed patterns 
occurring can be reduced still further by the use of digital scramblers, which tend to randomize the signal.

b) Cascaded homogeneous digital line, radio and optical fibre systems incorporating scramblers and jitter 
reducers

The inclusion of a scram bler/descram bler combination in a digital line, radio or optical fibre system needs 
to be considered when such homogeneous systems are connected in cascade. In such situations, the jitter 
contributed to each system is uncorrelated and is therefore found to accumulate in accordance with the fourth root 
of the number of cascaded systems. Therefore, the r.m.s. jitter, JM, present on the digital signal after M  digital 
line, radio or optical fibres systems is given by the approximate relationship:

JM = j s x  p M  (5)

where Js is the r.m.s. jitter from a single system and K  is a constant with a value between 1 and 2. For large 
values of M, K  =  2.

Where jitter reducers are provided in addition to scramblers, the same accumulation relationship may 
apply, except that the value for J$ is then significantly reduced. In such circumstances, the r.m.s. jitter, Js, is given 
by the following approximate relationship:

Js s* 2 N  J~ \l — for large N  (6)
V B

where J  is the r.m.s. jitter from a single repeater, N  is the number of cascaded repeaters, f c is the cut-off 

frequency of the jitter reducer and B  is the half bandwidth of a single repeater ^B  =  ^  j .

Note — The validity of the relationships given in this section requires further study. Particularly in the 
case where jitter reducers are incorporated, as the degree of randomization, produced by the length of scrambler 
commonly considered acceptable, may not be sufficient to ensure that the jitter contributions, within the
bandwidth of the jitter transfer functions expected, are uncorrelated to the extent that fourth root accumulation is
dominant.

B.l. 1.2 Muldex equipments

With this type of equipment, the only type of jitter that is likely to accumulate to any significant extent is 
the variable low frequency waiting time jitter which may have components at frequencies within the passband of 
the demultiplexers phase-locked loop. The expectations are that the accumulation of waiting time jitter will be at a 
rate between ^V" and ]/~N > where N  is the number of cascaded multiplexer/demultiplexer pairs [5], [6], and [7J.

Further study is required to determine a more exact relationship.

B.2 Guidelines concerning the practical application o f  jitter accumulation relationships in a digital network 

(These aspects require further study.)
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Recommendation G.824

THE CONTROL OF JITTER AND W ANDER W ITHIN DIGITAL NETWORKS 
W H ICH  ARE BASED O N THE 1544 kbit/s HIERARCHY

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

The CCITT, 

considering

(a) that timing jitter and alignment jitter can arise in digital networks;

(b) that, if proper control is not exercised, then under certain circumstances jitter can accumulate to such 
an extent that the following impairments can arise;

i) an increase in the probability of introducing errors into digital signals at points of signal regeneration 
as a result o f timing signals being displaced from their optimum position in time;

ii) the introduction of uncontrolled slips into digital signals resulting from either data overflow or 
depletion in digital equipment incorporating buffer stores and phase comparators, such as jitter 
reducers and certain digital multiplex equipment;

iii) a degradation of digitally encoded analogue information as a result of phase modulation of the 
reconstructed samples in the digital-to-analogue conversion device at the end of the connection, which 
may have significant impact on digitally encoded video signals;

(c) that unlike some other network impairments, jitter can be reduced in magnitude by the use of jitter 
reducers, and in complex networks, it may be necessary to employ such devices;

i
(d) that wander can arise due to variations in transmission characteristics of the media and equipment, 

including disruptions in synchronization reference distribution;

(e) that it is necessary to accommodate wander at the input ports of digital equipment if controlled or 
uncontrolled slips are to be minimized;

recommends

that the following guidelines and limits be applied in the planning of networks and in the design of 
equipment.
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The goal of the strategy outlined in this Recommendation is to minimize impairments due to jitter and
wander in digital networks. The strategy provides the following elements:

a) specification of network limits not to be exceeded at any hierarchical interface;
b) a consistent framework for the specification of individual digital equipment;
c) information and guidelines to predict and analyze jitter and wander accumulation in any network

configuration, facilitate satisfactory control of the impairments due to this accumulation, and to 
provide insight into the jitter and wander performance of individual digital equipments;

d) measurement methodology to facilitate accurate and repeatable jitter and wander measurements.

Suggestions for measurement of parameters recommended below can be found in Supplement No. 3.8 of 
the O-Series (for jitter) and Supplement No. 35 (for wander).

1 Basic jitter and wander control philosophy

2 Network limits for maximum output at hierarchical interfaces and wander at synchronous network nodes

2.1 Network limits fo r  jitter

Specification of maximum permissible values of output jitter at hierarchical network interfaces is necessary 
to enable the interconnection of digital network components (line section, multiplex equipment, exchanges) to 
form a digital path or connection. These limits should be met regardless of the number of interconnected network 
components preceding the interface. The limits are intended to be compatible with the minimum jitter tolerance of 
all equipment operating at the same hierarchical level.

The limits given in Table 1 /G .824 represent maximum permissible output jitter limits at hierarchical 
interfaces of a digital network. In circumstances where the maximum permissible jitter amplitude occurs at an 
interface between two countries, it is left to the discretion of national Administrations to take the appropriate 
remedial action. This situation is unlikely to occur very often.

TABLE 1 /G .824

M axim um  perm issible ou tpu t jitter at hierarchical interfaces

N etw ork lim it 
(U I peak-to-peak)

B and-pass filter having a lower cut-off frequency f  o r f  and  a 
m inim um  u p p er cut-off frequency f

Digital rate 
(k b it/s)

B, b 2 A
(Hz)

A
(kHz)

A
(kHz)

1 544 5.0
0.1

(N ote)
10 8 40

6312 3.0
0.1

(N ote)
10 3 60

32 064 2.0
0.1

(N ote)
10 8 400

44 736 5.0 0.1 10 30 400

97 728 1.0 0.05 10 240 1 000

UI U nit Interval.

Note — This value requires further study.

For systems in which the output signal is controlled by an autonomous clock (e.g., quartz oscillator) more
stringent output jitter values may be defined in the relevant equipment specifications (e.g., for the muldex in
Recommendation G.743, output jitter should not exceed 0.01 UI r.m.s).
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The arrangements for measuring output jitter at a digital interface are illustrated in Figure 1/G.824. The 
specific jitter limits and values of filter cut-off frequencies are given in Table 1/G.824.

e q u i p m e n t  I--------------------------------------------------------------------------------------------------------------1 c c it t -6 7 2 7 0
ou tp u t port

F IG U R E  1/G .824

Measurement arrangements for output jitter 
from a hierarchical interface or an equipment output port

2.2 Network limits fo r  wander

Network output wander specifications at synchronous network nodes are necessary to ensure satisfactory 
network performance (e.g. slips, error bursts). For network nodes the following limits are specified, based on the 
assumption of a non-ideal synchronizing signal (containing jitter, wander, frequency departure, and other 
impairments) on the line delivering timing information. The maximum time interval error (MTIE) (see Recom
mendation G.811) over a period of S  seconds shall not exceed the following:

1) S' <  104, this region requires further study;
2) (10“ 2 S +  10 000) ns; applicable to values of S greater than 104.

Note — The resultant overall specification is illustrated in Figure 2/G.824.

TIE

ns
107

106

105

104

103

102

101

1

10-1

Li f  _ 
f

0-n

/

/

Th s reg on is und<sr stu dy
/

X O'2 J +1<D 000)

/✓///
✓/✓✓f

/////
t/t/

io‘4 io’3 io"2 io '1 1 io 1 io2 io 3 io4 io 5 io 6 107 10* 109 S

Observation period (S) T1809250-89-

F IG U R E  2/G.82.4

Permissible maximum time interval error (MTIE) 
versus observation period S  for the output o f  a network node
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Further study is required to quantify the difference in limits for transit and local nodes. In addition, 
wander accumulation in networks is closely tied to the stability specifications contained in Recommenda
tions G.811, G.812, Q.511.

3 Framework for the specification of individual digital equipments

3.1 Basic specification philosophy

Jitter and wander control inherently depends on both network and equipment design. Network considera
tions are discussed in § 2. The principal parameters of importance when considering the jitter and wander 
performance of digital equipment are:

i) the amount of jitter and wander that can be tolerated at the input;

ii) the proportion of this input jitter and wander which filters through to the output; and

iii) the amount of jitter and wander generated by the equipment.

The intention of this section is to provide a foundation for the development of equipment requirements
which will ensure that the various network equipments are compatible from the standpoint of jitter and wander 
performance.

3.1.1 Jitter and wander tolerance o f  input ports

In order to ensure that any equipment will operate satisfactorily when connected to a hierarchical interface 
within the network, it is necessary that the equipment input ports be capable of accommodating levels of network 
output jitter up to the maximum network limits specified in Table 1/G.824. Specification of input jitter tolerance 
in terms of a single Recommendation applicable to all categories of digital equipment ensures that a certain 
minimum jitter tolerance is satisfied by all network elements. Most specifications of equipment input tolerance are 
in terms of the amplitude of sinusoidal jitter that can be applied at various frequencies without causing a 
designated degradation of error performance. The simplicity of this form of specification has great appeal, since it 
is easily verified with conventional test equipment. However, it is im portant to recognize that the test condition is 
not, in itself, intended to be representative of the type of jitter to be found in practice in a network. For some 
equipment, therefore, it may be necessary to specify supplemental jitter tolerance tests, and reference to the 
individual equipment Recommendation should always be made.

As a minimum guideline for equipment tolerance, it is recommended that all digital input ports of 
equipments be able to tolerate the sinusoidal jitter and wander defined by Figure 3/G.824 and Table 2/G.824. The 
limits are to be met in an operating environment.

In deriving the specifications contained in Table 2/G.824 for frequencies above f ,  the effects of the 
amount of alignment jitter of the equipment clock decision circuit are considered to be predominant. Measure
ments carried out to verify compliance with these specifications may provide environment dependent results, 
hence allowing some ambiguity in their interpretation. Account should be taken of the requirement at the design 
stage of the equipment; Supplement No. 3.8 (O-Series) provides guidance regarding environment independent 
measurements.

In deriving these specifications, the wander effects are considered to be predom inant at frequencies 
b e lo w /,  and many transmission equipments, such as digital line systems and asynchronous muldexes using 
justification techniques, are effectively transparent to these very low frequency changes in phase. However, such 
phase variation does need to be accommodated at the input of certain equipments (e.g. digital exchanges and 
synchronous muldexes). The requirement contained in Table 2/G.824 for frequencies below f  is not amenable to 
simple practical evaluation, but account should be taken of the requirement at the design stage of the equipment.

Equipment wander tolerance must be compatible with network output wander limits specified in
Figure 2/G.824. Insufficient wander tolerance at synchronous equipment input ports may result in controlled or
uncontrolled slips, depending on the specific slip control strategy employed.
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Frequency (Hz) T1808710-88

FIG U R E  3/G .824

M ask o f  peak-to-peak jitter and wander which must be accommodated 
at the input o f a node in a digital network

(Measurement method -  refer to Supplement No. 3.8 (O-Series) 
and Supplement No. 35)

TABLE 2 /G .824

Jitter and wander tolerance of input ports 
(Provisional values) (Note 1)

Bit rates 
(k b it/s)

Jitte r am plitude 
(peak-to-peak) Frequency

Test signal
Ao

(ps)
A,

(U I)
a 2

(U I)
Jo

(Hz)
f

(Hz)
f i  . 

(Hz)
f i

(kHz)
/4

(kHz)

1 544 18 5.0 0.1 1.2 x  1 0 "5 10 120 6 40 220 -  1
(N ote  2) (N ote  2) (N ote 3)

631 2 18 5.0 0.1 1.2 x  10~5 10 50 2.5 60 220 -  1
(N ote  2) (N ote 2)

32 064 18 2.0 0.1 1.2 x lO "5 10 400 8 400 220 -  1
(N ote  2) (N ote 3)

44 736 18 5.0 0.1 1.2 x 10~5 10 600 30 400 220 -  1
(N ote  2) (N ote  2) (N ote 2)

97 728 18 2.0 0.1 1.2 x 10“ 5 10 12 000 240 1000 223 -  1
(N ote  2) (N ote 2)

N ote 1 — Reference to  individual equ ipm ent specifications should always be m ade to  check if  supplem entary  in pu t jitter 
tolerance requirem ents are necessary.

Note 2 — This value requires fu rther study.

N ote 3 — It is necessary to suppress long zero strings in the test sequence in netw orks not supporting  64 k b it/s  transparency.

N ote 4 — The value A0 (18 ps) represents a  relative phase deviation between the incom ing signal and  the in ternal local tim ing 
signal derived from  the reference clock.
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3.1.2 Jitter and wander transfer characteristics

Jitter transfer characteristics define the ratio of output jitter to input jitter amplitude versus jitter frequency 
for a given bit rate. When jitter is present at the digital input port of digital equipment, in many cases some 
portion of the jitter is transmitted to the corresponding digital output port. Many types of digital equipment 
inherently attenuate the higher frequency jitter components present at the input. CCITT Recommendations dealing 
with particular equipment will ultimately define limiting values for its particular jitter transfer characteristics. To 
control jitter in cascaded homogeneous digital equipment situations, it is im portant to restrict the value of jitter 
gain.

Because the bandwidth of phase smoothing circuits in asynchronous digital equipment is generally above 
10 Hz, wander on the input signal may appear virtually unattenuated on the output. However, in certain 
particular digital equipments (e.g. nodal clocks) it is necessary that wander be sufficiently attenuated from input to 
output. CCITT Recommendations dealing with synchronous equipment will ultimately define limiting values for 
particular wander transfer characteristics.

3.1.3 Intrinsic jitter and wander generation

Intrinsic jitter and wander generation is defined as output jitter and wander in the absence of input jitter 
and wander. It is necessary to restrict the amount of intrinsic jitter and wander generated within individual digital 
equipments to provide control over network jitter and wander accumulation from cascaded network elements. 
Limits for output jitter and wander for individual digital equipments are defined in the specific CCITT equipment 
Recommendations. The actual limits applied depend upon the type of equipment.

3.2 Digital line sections

To ensure that the maximum network limit (§ 2.1) is not exceeded within a digital network, it is necessary 
to control the jitter and wander contributed by transmission systems.

The jitter specifications for digital line sections will ultimately be found in Recommendations 
G.911 to G.915.

3.3 Digital muldexes

To ensure that the maximum network limit (§ 2.1) is not exceeded within a digital network, it is necessary 
to control the jitter and wander contributed by transmission systems.

The jitter specifications for digital muldexes using positive justification are found in Recommenda
tions G.743 and G.752.

3.4 Digital exchanges

To ensure that the maximum network limit (to be specified in § 2.2) is not exceeded within a digital 
network, it is necessary to control jitter and wander transfer and generation, as appropriate, for digital exchanges.

Output wander specifications for primary reference clocks are addressed in Recommendation G.811. The 
jitter and wander specifications for digital transit exchanges and digital local exchanges are found in Recommen
dation Q.541.

4 Jitter and wander accumulation in digital networks

The variability of network configurations presents a multitude of connection possibilities. To analyze a 
particular network configuration, it is necessary to use the information about the jitter characteristics of individual 
equipments in conjunction with appropriate jitter accumulation models. Supplement No. 36 provides information 
to aid organizations in carrying out such evaluations.
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SECTION 9

DIGITAL SECTIONS AND DIGITAL LINE SYSTEMS

9.0 General

Recommendation G.901

GENERAL CO NSIDERATIONS O N  DIGITAL SECTIO NS  
AND DIGITAL LINE SYSTEM S

(Geneva, 1980; further amended)

1 Digital sections and digital systems

The term digital section is used in these Recommendations as a general term to include digital line section 
and digital radio section. This term is defined in Recommendation G.701 (see also Figure 1/G.701 and 
Figure 2/G.960). Digital sections are defined as component parts o f digital links operating at particular ]bit rates 
and may be regarded as “black boxes”. For digital sections used in digital hierarchy (network) applications the 
inputs and outputs are recommended in the form of “equipment interfaces” (i.e. in Recommendation G.703 for 
hierarchical bit rates or in the Recommendation G.931 for non-hierarchical bit rates). For digital sections used for 
ISDN customer access the “section boundaries” are at the T reference point and the appropriate V reference 
point. User-network interfaces which may be used at the T reference point are recommended in the 1.400 series of 
Recommendations and the exchange interfaces which may be used at the V reference points are recommended in 
the Q.500-Series of Recommendations. Digital section Recommendations contain the common network-related 
requirements applicable to digital radio, metallic and optical transmission systems. The performance requirements 
relate to network performance objectives.

Digital line and radio systems are the means of providing digital sections. Recommendations on digital 
line and radio systems may recognize, for digital sections operating at a given bit rate, specific transmission media 
and transmission techniques. Performance requirements of digital line and radio systems are for the guidance of 
system designers (equipment design objectives) and may be related to hypothetical reference digital sections of 
defined constitution.

All digital line and radio systems operating at a given bit rate and for use in a particular part o f the 
network shall comply with the characteristics o f the digital section appropriate for that network application.

Digital radio system requirements are covered in CCIR Recommendations.

2 International interconnections

For international interconnections CCITT recommends:
1) as preferred solution interconnections at equipment interfaces operating at hierarchical bit rates, the 

connections shown in Figures la)/G .901 and 2a)/G.901;
2) as second priority solution interconnections at equipment interfaces operating at non-hierarchical bit 

rates, the connections shown in Figure 2b)/G .901;
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3) that line interfaces as indicated in Figure lb)/G .901 and Figure 2c)/G.901 are not intended to be used 
as international interconnection points.

All parameters necessary for interconnection at equipment interfaces will be covered by that part o f the 
Recommendation that deals with “Characteristics of digital line sections”.

Equipment interfaces as used in the following Recommendations refer to interfaces as specified in 
Recommendation G.703 and may either refer to a direct connection between terminating equipments or to a 
connection at a digital distribution frame.

a)

b)

International 
interconnecting point 
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I 
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I 
I
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Alternatives for interconnection of line transmission systems operating a t hierarchical bit rates
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FIGURE 2/G.901

Alternatives for interconnection o f line transmission systems operating a t non-hierarchical b it rates
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3 ISDN customer access

Digital sections and digital line systems for the ISDN customer access are recommended specifically for 
those applications and are not part of the “digital hierarchy”. Whereas other digital section and digital line system 
Recommendations are symmetrical (i.e. the line terminations have the same functionality at each end), those for 
the ISDN customer access are asymmetrical in respect of certain functions (i.e. bit timing, octet timing, 
activation/deactivation, power feeding, operations and maintenance). This is because of the inherent asymmetry of 
the local line distribution network and different requirements of exchange interfaces to user-network interfaces.

Bibliography
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9.1 Digital line sections at hierarchical bit rates based on a primary rate of 1544 kbit/s

Recommendations G.911 to G.915 have been deleted.

9.2 Digital sections at hierarchical bit rates based on a primary bit rate of 2048 kbit/s

Recommendation G.921

D IG ITA L SE C T IO N S BASED ON  T H E  2048 k b it/s  H IER A R C H Y

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

1 Characteristics of digital sections

1.1 General features

1.1.1 Bit rate

The digital sections based on the 2048 kb it/s hierarchy should be able to transmit signals at the nominal 
bit rates with their corresponding tolerances as indicated in Table 1/G.921.

TABLE 1/G .921 

Tolerances on transm itted signals

N om inal b it rate 
(k b it/s)

2048 8448 34 368 139 264

T olerance (ppm ) 50 30 20 , 15

Note  — The 2048 k b it/s  digital sections m ay be operating  synchronously o r p lesiochronously within 
the sam e environm ent.
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1.1.2 Special properties

The digital sections based on the 2048 kb it/s hierarchy should be bit sequence independent.

1.2 Characteristics o f  interfaces

The digital interfaces should comply with Recommendation G.703.

1.3 Performance standards

The performance requirements (e.g. errors, jitter and availability) are specified in terms of a Hypothetical 
Reference Digital Section (HRDS). Such a model is defined in Recommendation G.801.

1.3.1 Error performance

Depending on the various applications in the differenct parts of a connection as specified in Recommen
dation G.821, different section quality classes have been defined in Table 2/G.921.

1.3.2 Jitter

To ensure that the maximum network limit o f jitter (see § 2 of Recommendation G.823) is not exceeded 
within a digital network it is necessary to control the jitter contributed by transmission systems.

1.3.2.1 Introduction

The jitter specifications relate to hypothetical reference digital sections (HRDS) defined in Table 2/G.921.

The limits given below have been derived on the basis that only a few digital sections will be connected in 
cascade and, moreover, no account has been taken of jitter originating from asynchronous multiplexing 
equipment. However, in certain real network configurations some Administrations may find it necessary to have 
more sections in cascade along with many asynchronous digital multiplex. For effective jitter control in these 
situations it might be necessary to satisfy more demanding limits an d /o r to use other means of jitter minimization.

All the limits given below for digital sections are to be satisfied for all sections regardless of length and the 
number of repeaters.

It is im portant to note that the limits must be met regardless of the transmitted signal. In such 
circumstances the choice for a test sequence is left to the discretion of national Administrations. The measurement 
guidelines given in § 4 of Recommendation G.823 should be taken into account.

1.3.2.2 Lower limit o f  tolerable input jitter

The requirements given in Figure 2/G.823 and Table 2/G.823 should be met.

Note — It is recognized that for 2048 kbit/s line sections and under practical conditions of interference 
the permissible maximum input jitter may have to be reduced in the frequency range f  to f 4 (but retaining the 
existing 20 dB/decade slope below the frequency f  which would result in a slightly lower value for frequency^). 
Considering that these sections are used in the lowest levels o f the network and that actual 2048 kbit/s sources 
have very low output jitter in the high frequency range (cf. Recommendations G.732, G.742 and Q.551), the 
resulting performance will be entirely satisfactory.

1.3.2.3 Jitter transfer characteristics

The maximum gain o f the jitter transfer function should not exceed the value of 1 dB.

Note 1 — The low frequency limit should be as low as possible taking into account the limitations of 
measuring equipment. A value in the order of 5 Hz is considered acceptable.

Note 2 — For line sections at 2048 kb it/s complying with the alternative national interface option (Note 2 
to Table 2/G.823), a jitter gain o f 3 dB is permitted.
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TABLE 2/G .921 

D igital section quality classifications fo r e rror perform ance

Section quality 
classification

H R D S length (km)
(see Figure 4 /G .801) (N ote 2)

A llocation 
(N otes 3, 4)

To be used in circuit classification 
(see Figure 1/G .821)

(N otes 5 and  6)

1 280 0.45% H igh grade

2 280 2% M edium  grade

3 50 2% M edium  grade

4 50 5% M edium  grade

N ote 1 — There is no in ten tion  to  confine any quality  classification to  any specific b it rate. The possibility  o f 
in troducing  add itional op tions (for instance concerning length) requires fu rther study.

N ote 2  — The indicated values o f length are those identified in R ecom m endation G.801. They should be 
u nderstood  to correspond  to  m axim um  lengths o f  real digital sections. If  a real digital section is shorter, there will 
be no reduction  o f  the b it e rro r allocation  (i.e. percentage value in the th ird  colum n). This takes in to  account that:

— in m any line systems (especially on copper wire pairs) m ost bit errors occur a t the ends o f  the system ;

— in the interest o f econm y, short-haul systems m ay be designed with greater per-kilom etre e rro r ra tio  than  
long-haul systems.

I f  a real digital section is longer (e.g. 450 km), its overall allocation  should co rrespond  to  th a t o f  an integer 
num ber o f H R D Ss (o f the sam e quality classification) the com bined lengths o f  which are a t least as long as the 
real section length (e.g. 2 x 280 km).

N ote 3 — The values in this colum n are percentages o f the overall degradation  (at 64 k b it/s )  specified in 
R ecom m endation  G.821; i.e. o f  the  8% errored  seconds, o f  the 10% degraded m inutes and  o f  the 0.1% severely 
erro red  seconds which are allocated  according to  the sam e rules as the tw o o ther param eters.

N ote 4 — To ob tain  64 k b it/s  e rro r perform ance d a ta  from  erro r m easurem ent a t p rim ary bit rates and  above, the 
m ethod described in R ecom m endation G.821, A nnex D, should be used.

N ote 5 — M ay also be used w ithin a lower grade po rtion  o f  the connection  as defined per Figure 1/G .821.

N ote 6 — To take account o f  adverse p ropagation  conditions on rad io  system s as detailed in R ecom m enda
tion  G.821, an add itional percentage o f 0.05% o f  severely errored  seconds has been allocated to  a 2500 km 
radio-relay  H R D P  for systems operating  in the high and  m edium  grade quality p a rt o f  the H R X . This corresponds 
fo r a 280 km section to a value o f  0.0055% to be added  to  section quality  classification 1 and  2 a llocation  when 
app lied  to severely errored  seconds.

This w ould result in an add itional allow ance o f  0.025% o f  severely errored  seconds available for the m edium  grade 
p a rt o f  the connection  if  it is realized entirely with class 1 radio  sections. W here the m edium  grade po rtio n  o f  the 
netw ork  is realized with a m ixture o f  different classifications, p art o f  this add itional allow ance m ay be a llocated  to 
classes 3 and  4 a t the discretion o f  A dm inistrations.

To be consistent with the statistical assum ptions m ade in G.821 § 3.3 b) regarding the num ber o f  rad io  sections in 
the H R X , and  the occurrence o f  worst m onth  effects it m ay be necessary to take in to  account the p robability  o f 
w orst m onth  effects occurring sim ultaneously for all rad io  sections in a  connection. A statistical m odel to  be used 
fo r netw ork p lann ing  and  perform ance evaluation  to  assess the consistency o f  a given connection  to  the overall 
objective o f  G.821 is under study.
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The maximum peak-to-peak jitter in the absence of input jitter, for any valid signal condition, should not 
exceed the limit given in Table 3/G.921.

1.3.2.4 Output jitter in the absence o f  input jitter

TABLE 3/G .921

The maximum output jitter in the absence of input jitter for a digital section

(M easurem ents are m ade in accordance with the m ethod show n in Figure 1 /G .823)

M axim um  o u tpu t jitte r fo r a digital 
section M easurem ent filter bandw id th

Bit
rate

(k b it/s )

H R D S
length
(km)

Low
frequency

lim it
( f - f )

unit interval 
peak-to-peak

High 
frequency 

lim it 
( f r f )  

unit interval 
peak-to-peak

B and-pass filter having a low er cut-off 
frequency f  o r f  and  an u p p er cut-off 

frequency f

f h A

2 048 50 0.75 0.2 20 Hz 18 kHz 
(700 Hz)

100 kHz

8 448 50 . 0.75 0.2 20 Hz 3 kHz 
(80 kHz)

400 kH z

34 368 50 0.75 0.15 100 Hz 10 kHz 800 kHz

34 368 280 0.75 0.15 100 Hz 10 kHz 800 kH z

139 264 280 0.75 0.075 200 Hz 10 kHz 3 500 kHz

Note — For interfaces w ithin na tional netw orks the frequency values (f 2 and  f )  show n in parenthesis m ay be used.

1.3.3 Availability 

Under study.

This performance requirement will be defined taking into account Recommendations G.821, E.800 and 
CCIR Recommendation 557.

1.4 Fault conditions and consequent actions

1.4.1 Fault conditions

The digital sections should detect the following fault conditions.

1.4.1.1 Internal power failure o f  the line terminal equipment

Note — Line refers to both cable and radio-relay equipments.

1.4.1.2 Error ratio > 1 ■ 10~3

The consequent actions should be taken when the bit error ratio is considered to exceed 1 • 10~3. Some 
form of persistence check should be employed to establish with appropriate confidence that a fault condition does 
exist. In any case, the alarm indication should be given with 500 ms of the start of the fault condition; this period 
includes the detection and any persistence check time.

The alarm indication should be removed once it has been established, with appropriate confidence, that 
the fault condition has disappeared.
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1.4.1.3 Loss o f  the signal at the receiving terminal

Note — The detection of this fault condition is required only when it does not result in an indication 
“error ratio > 1 • 10~3”.

1.4.1.4 Loss o f  alignment when alphabetic line codes or additional fram es are used

Note — The detection of this fault condition is required only when it does not result in an indication 
“error ratio >  1 • 10-3”.

1.4.1.5 Loss o f  incoming interface signal

1.4.2 Consequent action

Further to the detection of a fault condition, appropriate actions should be taken as specified in 
Table 4/G.921.

TABLE 4/G .921

Fault conditions and consequent actions for digital sections based on the 2048 kbit/s hierarchy

E quipm ent Fau lt conditions

M aintenance alarm s A IS to

prom pt
deferred 

(see N ote)
Line side Interface side

Line term inal 
equipm ent

In ternal pow er failure yes if practicable if p racticable

Line side only

E rro r ra tio  >  1 • 10~3 yes yes

Loss o f  the signal a t the 
receiving term inal

yes yes

Loss o f  alignm ent when 
a lphabetic  line codes or 
add itional fram es are used

yes yes

Interface side only Loss o f  incom ing signal yes yes

Note  — As far as netw ork perform ance objectives are concerned, criteria  to  activate deferred m aintenance alarm  are needed. 
They should  be provided by the systems if  possible.

1.4.2.1 Prompt maintenance alarm indication generated to signify that performance is below acceptable standards 
and maintenance attention is required locally.

Note — The location and provision of any visual an d /o r audible alarm activated by the alarm indications 
given in § 1.4.2.1 above, is left to the discretion of each Administration.

1.4.2.2 AIS applied to the line side (see Notes 1 and 2).

1.4.2.3 AIS applied to the interface side.

Note 1 — The equivalent binary content o f the alarm indication signal (AIS) is a continuous stream of
ones.

Note 2 — The bit rate of this AIS should be within the tolerance limits defined in Table 1/G.921.

Note 3 — In the case of power failure apply AIS only if practicable.
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1.4.3 Time requirements fo r  application o f  A IS

In general, the AIS should be transmitted coincident with the detection of the fault conditions given in 
Table 4/G.921, except for AIS under the fault condition “error ratio > 1 • 10-3” ; in this latter case the time 
requirements given in § 1.4.1.2 should be respected.

Note — For wholly national digital sections and, with the agreement of the countries involved digital 
sections which cross international boundaries, an option to delay the transmission of an AIS of up to a few 
seconds may be needed when the application of an AIS is controlled by means of a G.921 threshold monitoring 
process based on the severely errored second G.821 parameter. Short downstream alarms in international digital 
links which are routed via wholly national digital sections may appear during these few seconds.

9.3 Digital line transmission systems on cable at non-hierarchical bit rates 

Recommendation G.931

D IG ITA L  L IN E  SE C T IO N S  AT 3152 K B IT /S

(former Recommendation G.921 o f  Volume I I I  o f  the Yellow Book)

1 Characteristics of interfaces

The digital interfaces at 3152 kbit/s should comply with the interface specification given in Annex A.

2 Performance standards

2.1 Error performance 

Under study.

2.2 Jitter

2.2.1 Lower limit o f  maximum tolerable jitter at the input 

Under study.

2.2.2 Maximum output jitter  

Under study.

2.2.3 Maximum output jitter in the absence o f  input jitter  

U nderstudy.

2.2.4 Jitter transfer function  ,

U nder study.

2.3 A vailability

Under study.

3 Fault conditions and consequent actions

Under study.
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A N N E X  A 

(to Recommendation G.931)

Interface at 3152 kbit/s

A.l Interconnection of 3152-kbit/s signals for transmission purposes is accomplished at a digital distribution 
frame.

A.2 The signal shall have a bit rate o f 3152 kbit/s ±  30 ppm.

A.3 One balanced twisted pair shall be used for each direction of transmission. The distribution frame jack
connected to a pair bringing signals to the distribution frame is termed the in-jack.

The distribution frame jack connected to a pair carrying signals away from the distribution frame is
termed the out-jack.

A.4 Test load impedance shall be 100 ohms, resistive.

A.5 A bipolar (AMI) code shall be used. In order to guarantee adequate timing information, the minimum
pulse density taken over any 130 consecutive time slots must be 1 in 8. The design intent is that the long-term
pulse density be equal to 0.5. In order to provide adequate jitter performance for systems, timing extracting
circuits should have a Q of 1200 ±  200 that is representable by a single tuned network.

A.6 The shape for an isolated pulse measured at either the out- or in-jack shall meet the requirements of
Table A -1/G.931. There is no necessity for pulse overshoot for this interface.

A.7 The peak-to-peak voltage within a time slot containing a zero (space) produced by other pulses meeting the 
specifications of Table A-1/G.931 should not exceed 0.1 of the peak pulse amplitude.

TA BLE A -1/G .931 

D igital in terface a t 3152 k b it/s

Location Digital d istritu tion  fram e

Bit rate 3152 k b it/s  ±  30 ppm

Pair(s) in each d irection o f  transm ission O ne balanced  tw isted pa ir

C ode B ipolar (A M I)

Test load  im pedance 100 ohm s, resistive

C/5O
V-»C/5

N om inal shape R ectangular

U<U
o<n

N om inal am plitude 3.0 volts

as
xso W idth (at 50% am plitude) 159 ±  30 ns

C/5

2 Rise and  fall tim es (20-80% o f  am plitude)
<  50 ns (difference betw een rise and  fall tim es shall be 
0 ±  20 ns)

Signal pow er (all is signal, m easured over 10 M H z 
bandw id th)

16.53 ±  2 dBm  [ratio o f  (pow er in +  pulses) to  (pow er 
in — pulses) shall be 0 ±  0.5 dB]
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9.4 Digital line systems provided by FDM transmission bearers

Recommendation G.941

D IG ITA L L IN E  SY ST EM S PR O V ID E D  BY FD M  T R A N S M ISS IO N  BEARERS

(Geneva, 1980; further amended)

The CCITT, 

considering

(a) that there is an urgent need to provide long-haul facilities mainly for nontelephony services (e.g. data, 
facsimile, visual telephony) for national use and for international interworking, and these non-telephony services 
need digital transmission at a low and medium bit rate (e.g. primary and secondary hierarchical levels);

(b) that long-haul digital links begin to be available, but that nevertheless the implementation of these 
facilities on a general basis will take some time;

(c) that it is possible to use analogue FDM  links specified in Recommendation G.211 [1], or the 
frequencies within or over the bandwidth used by analogue FDM line systems specified in Section 3 of the 
Series G Recommendations to carry a digital stream, and that some realizations are already available,

recommends

that the digital line systems provided by FDM  transmission bearers should comply with the following 
requirements:

1 General characteristics

Two basic methods can be used for the transmission of digital signals on FDM transmission bearers:
— the first method consists o f using either a part or the whole of the band normally employed for FDM  

systems [Data-in-Voice (DIV)],
— the second method consists o f using a band outside the one normally employed for FDM systems 

[Data-over-Voice (DOV)].

The international interconnection should be performed at digital hierarchical levels using the interfaces specified 
in Recommendation G.703.

Since these digital line systems on FDM transmission bearers could form part of a digital path, their 
performance standards in terms of error rate, jitter and availability should be in accordance with the relevant 
Recommendations in Section 9 of the Series G Recommendations concerning digital line sections at the corres
ponding bit rates.

The systems should be designed in such a way that the quality requirements given in the relevant 
Recommendations for the analogue circuit are still met.

Administrations intending to use digital line systems provided by FDM  bearers in their networks should 
ensure that compatible designs of equipment are used at each end of a link. For international links the systems to 
be used should be by the agreement of the Administrations concerned.

The application of digital line systems provided by FDM transmission bearers for the interconnection of 
digital and analogue networks is covered in Supplement No. 28.

2 Data-in-Voice systems

2.1 Characteristics of DIV systems providing digital transmission at hierarchical bit rates on analogue 
carrier-transmission systems specified in Recommendation G.211 [1].

Note — Examples of hierarchical DIV digital line systems are given in Annex A. Examples of DIV digital 
line systems at non-hierarchical levels either in the analogue or in the digital interfaces are given in Annex B.
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2.1.1 Digital interface

The DIV system digital interface should conform to the appropriate sections of the Recommenda
tion G.703.

2.1.2 Analogue interface

2.1.2.1 Frequency band

The DIV signal frequency band should be displaced into the frequency band specified in Recommenda
tion G.211, § 1.

2.1.2.2 Power level

The relative power level at the distribution frame should conform to the appropriate §§ of the 
Recommendation G.233.

The mean power level of the wideband signal over the frequency band specified in § 2.1.2.1 should not 
exceed —15 +  10 logio n dBmO, n being the total number of telephone channels in the analogue system which are 
replaced by the data channels.

In order to limit cross m odulation effects, the power level of any individual spectral component in the 
frequency band specified in § 2.1.2.1 should not exceed —10 dBmO.

2.1.3 Disturbances o f  the analogue signal by the D IV  signal

The total distributed noise produced by the DIV signal measured in any 3.1 kHz bandwidth corresponding 
to a telephone channel outside the frequency band specified in the Recommendation G.211, § 1 should be less 
than —73 dBmOp.

The single tone interference should be less than —73 dBmO.

2.1.4 D IV  system performance

The performance relating to error rate, jitter and availability should conform to the appropriate 
Recommendations of the G.900 series.

2.2 Characteristics o f the analogue link to carry the D IV  signal

The analogue link used to carry the DIV signal should include no more than three through connections. It 
could be necessary to avoid certain positions of the DIV signal band in the analogue carrier transmission system.

Note — Reference to H series Recommendations could be made concerning characteristics such as 
attenuation distortion, phase jitter and group-delay distortion.

3 Data-over-voice systems

3.1 Characteristics o f D O V systems providing 2048-kbit/s digital transmission on analogue FDM line systems 
defined by Recommendations G.332 [2], G.334 [3], G.344 [4], G.345 [5] and G.346 [6]

3.1.1 Digital interface

The digital interface of the DOV system should be as specified in Recommendation G.703, § 6.

3.1.2 Disturbances o f  the analogue signal by the D O V signal

The increase to the total distributed noise due to the DOV signal measured in any 4 kHz bandwidth
should be less than 750 pWOp for a reference length of 2500 km (less than 0.3 pWOp/km).

Note — The total distributed noise of the line when analogue and DOV signals are present should be
below 7500 pWOp for a reference length of 2500 km (less than 3 pWOp/km).

The level of single tone interference should be less than —70 dBmO.

3.1.3 D O V system performance

The performance relating to error rate, jitter and availability should be in accordance with Recommenda
tion G.921.
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3.2 Characteristics o f  the FDM line systems used to carry the D O V signal

To allow the through-connection of DOV signals on FDM  line systems, spurious analogue signals within 
the frequency band of the DOV signal should be suppressed before the coupling point up to a power level of 
-  60 dBmO within 4 kHz bandwidth.

A N N E X  A 

(to Recommendation G.941)

Examples of hierarchical DIV systems

A dm inistration Digital interface A nalogue interface D IV  system perform ance

N T T 1544 k b it/s  
Rec. G.703, § 2

M astergroup 
(812-2044 kHz) Rec. G.911

FR G 2048 k b it/s  
Rec. G.703, § 6

M astergroup 
(812-2044 kHz) Rec. G.921

NTT 6312 k b it/s  
Rec. G.703, § 3

M astergroup 
(812-2044 kHz) Rec. G.912

FR G 8448 k b it/s  
Rec. G.703, § 7

Superm astergroup 
(8516-12 388 kHz) Rec. G.921

Italy 8448 k b it/s  
Rec. G.703, § 7

15 supergroup assem. 
(312-4028 kHz) Rec. G.921

A N N E X  B 

(to Recommendation G.941)

Examples of systems other than those recommended 
in Recommendation G.941

(see Note 1)

A dm inistration Bit rate 
(k b it/s)

Analogue interface Design bit erro r ratio  for 
regeneration section

France 
(see N ote 2)

704 Supergroup 
(312-552 kHz) i o - 8

N etherlands 2048 2 supergroups i o - 8

N ote 1 — M odem s for the transm ission  o f  digital signals at 48-72 k b it/s  o r twice these b it rates are covered 
in R ecom m endations V.36 an d  V.37.

Note 2 — The digital in terface o f this D IV  equipm ent is at 2048 k b it/s  according to R ecom m endation  
G.703 § 6, and  with a fram e structure according to  R ecom m endation  G.704 § 3.3.1. Only 11 (including TSO) 
am ong the 32 tim e slots are effectively used: the useful bit rate is then equal to  10 tim es 64 k b it/s . The other 
characteristics o f  the DIV system satisfy to § 2 o f  this R ecom m endation.
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9.5 Digital line systems

Recommendation G.950

G EN ER A L C O N SID E R A T IO N S O N  D IG ITA L  L IN E SY ST EM S 

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

1 Introduction

Digital line systems are the means of providing digital line sections. Recommendations on digital line 
systems may recognize, for digital line sections operating at a given bit rate, specific transmission media and 
transmission techniques (e.g. coaxial cable, regenerative transmission, etc.). Performance requirements of digital 
line systems are for the guidance of systems designers and users (equipment design objectives) and may be related 
to hypothetical digital paths of defined constitution.

All digital line systems operating on the same medium at a given bit rate shall comply with the 
characteristics of the digital line section at the same bit rate.

2 General requirements for digital line systems

The following general requirements apply to all digital line systems on metallic pair cables and where 
applicable with appropriate interpretation, also to those on optical fibre cables.

2.1 Environmental conditions

2.1.1 Climatic conditions

Data concerning the classification of climatic stresses that can be expected for overground equipment is 
available in IEC Publication series No. 721. Conditions for underground equipment and further details for 
overground equipment need further study.

Note — Supplement No. 34 contains some information on climatic conditions in underground repeater 
housing.

2.1.2 Pressurization

The repeaters of digital line systems may be operated in pressurized housings.
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2.1.3 Protection against induced voltages and currents caused by lightning and power lines, etc.

The repeaters, line terminals and the power feeding arrangement should be protected against induced 
voltages and currents (caused by lightning or other sources) in accordance with Recommendation K.17.

The system shall be physically protected from the above induced voltages and currents so that no damage 
is sustained. In addition, the performance of the system shall not be adversely affected by steady state induced 
voltages and currents although it may be affected by surges for the duration of the surge in certain circumstances.

In addition the CCITT Directives [1] give guidance on these problems.

2.1.4 Protection against interference from  other sources

The performance of Digital Line Systems should not be affected significantly by interference from sources 
within stations such as fluorescent lamp, tools, ventilation plant, etc., and especially sources giving rise to pulse 
type interference. Performance degradation due to interferences from radio and broadcast transmitters should also 
be prevented.

Note — The Supplement No. 27 contains some information on possible measures to reduce effects from 
interference and measuring methods concerning interference.

2.1.5 Interference to other systems

Conducted and radiated emissions must not interfere with other equipment, radio and broadcast services. 
In particular, digital line systems must coexist in the same cable with other digital and analogue line systems. 
(Some restrictions might, however, be necessary for joint use of different line systems on symmetrical pair cables.)

Reference

[1] CCITT M anual Directives concerning the protection o f  telecommunication lines against harmful effects from  
electric power and electrified railway lines, ITU, Geneva, 1988.

Recommendation G.951

D IG ITA L L IN E  SY STEM S BASED O N  T H E  1544 K B IT /S  H IER A R C H Y  
O N  SY M M E T R IC  PA IR  CABLES

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

1 General

This Recommendation covers digital line systems for the transmission of signals based on the 1544 kbit/s 
hierarchy on symmetric pair cables and includes systems operating at the following bit rates:

1544 kbit/s,

3152 kbit/s,

6312 kbit/s.

2 Transmission medium

The system can be operated on symmetrical pair cables of various wire diameters and cable constructions 
including those given in Recommendations G.611, G.612, and G.613.
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3 Protection against interference from external sources

The digital line system can be disturbed by interference from telephone circuits carried within the same 
cable and by a switch when repeaters are installed in switching centres. Examples of possible ways of reducing the 
effect of this type of interference is the reduction of repeater section length near switching centres, segregation of 
pairs, the use of particular line codes, etc.

4 Overall design features

4.1 Availability

The availability objective of the system should be derived taking into account the availability requirement 
for the hypothetical reference digital section as given in draft Recommendation G.801.

4.2 Reliability

MTBF values should be specified for the line system as a whole taking into account the requirements 
concerning availability.

4.3 Repeater crosstalk-noise figures

Repeater crosstalk-nooise figures are defined in Annex A, together with suggested measurement techniques. 
Crosstalk-noise figures quantify the performance of digital regenerators which are subject to crosstalk interference. 
They are functions of BER, line system line code, cable characteristics, environmental conditions, and repeater 
spacing loss A0 (at half the line system baud rate).

At a BER =  10~x and over a loss range A\ <  A0 <  A2, crosstalk-noise figures should meet the following 
specifications:

a) NEXT-Noise Figure [R#] <  CA0 +  D*
b) FEXT-Noise Figure [R/r] <  E *

* It has not been possible to recommend specific values for parameters x, A \, A2, C, D and E.

4.4 Error Performance

The design objective for the error ratio of the individual repeater should take into account the network 
performance objectives given in Recommendation G.821.

5 Specific design features

5.1 Type o f  power feeding

Although CCITT does not recommend the use of a specific remote power-feeding system for this 
symmetrical line system, in practice only the constant current d.c. feeding via the phantom circuits of the two 
symmetrical pairs o f a system is used.

This symmetrical cable system may be subject to induced voltages and currents caused by lightning, power 
lines, railways, etc.

Precautions must be taken to protect the staff from any possible danger arising from the normal operating 
voltages and remote power-feed currents as well as from the induced voltages and currents.

Many national Administrations have issued detailed rules and regulations for the protection of persons. It 
is obligatory in most cases to meet these rules and regulations. In addition the CCITT Directives [1] give guidance 
on these problems.

Precautions are also needed for the protection of the equipment against induced voltages and currents. The 
equipment should therefore be designed in such a way that it passes the tests specified in Recommenda
tion K.17 [2].
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5.2 Repeater spacing and cable Jill

The specific repeater spacing cannot be recommended, but general considerations concerning system 
planning are contained in Annex B to this Recommendation.

5.3 Maintenance strategy

5.3.1 Type o f  supervision and fau lt location

In service monitoring or out-of-service fault location can be used.

5.3.2 Fault conditions and consequent actions

The fault conditions and consequent actions in this section should be complementary to those recom
mended for digital line sections.

A N N E X  A

(to Recommendation G.951)

Definition and measurement of repeaters crosstalk noise figures

A.l Definition

a) NEXT-Noise Figure [R^]

[Rn] -  T O  -  T O

o

IN =  mean square near-end crosstalk (NEXT) voltage produced by a single interfering regener
ator that would appear at the decision point if the NEXT loss were 0 dB at half the line 
system baud rate.

N0 — mean square NEXT interference voltage at decision point which procedures specified BER,
and depends on parameters which affect the decision process and reflects impairments 
arising from intersymbol interference and offsets from the optimum position of the decision 
threshold levels and sampling instants at the regenerator decision point.

E ( f )  = regenerator equalizer frequency transfer function.

P ( f )  = power spectral density (single sided) of line system line code.

fo =  half line system baud rate.

Quantities in square brackets are in dB, i.e. 

[X] = 10 logio | X\.

b) FEXT-Noise Figure [RF]

[Rf ] = [ /F] -  [N0]

h  -  |  | / / / o f  | E ( / ) f  | G ( / ) f  P ( f )  df.
0

IF = mean square far-end crosstalk (FEXT) voltage produced by a single interfering regenerator 
that would appear at the decision point if the FEXT loss were 0 dB at half the line system 
baud rate.
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N0 = mean square FEXT interference voltage at decision point which produces specified BER, 
and depends on parameters which affect the decision process and reflects impairments 
arising from intersymbol interference and offsets from the optimum position of the decision 
threshold levels and sampling instants at the regenerator decision points.

£ ( / ) ,  P ( f ) ,  fo as in a), and

G ( f )  = frequency transfer function o f cable.

A.2 Measurement

Method a) directly relates to the definition of crosstalk-noise figure and is therefore the reference 
measuring method. Methods b) and c) are the possible practical alternatives. M ethod c) avoids the use of a 
selective filter.

Method a)

The NEXT-Noise Figure and FEXT-Noise Figure can be measured using the configuration shown in 
Figure A -1/G.951 with the Function Switch in the N and F position, respectively. The measurement consists o f 
equating the r.m.s. voltages at A  and A 1, setting the artificial line to the desired loss A0, and then adjusting the 
variable attenuator until the desired BER =  10~* is achieved. The value of the attenuator, [R] dB, is then the 
NEXT-Noise Figure or FEXT-Noise Figure for the desired A0 and BER.

[Regenerator]3)
Regenerator 
under test

fQ = Half clock rate

Wideband Line code A1noise simulating 1R1
source filter

Variable
gain
amplifier

Variable
attenuator

a) The regenerator can be omitted if  the test signal generator provides the appropriate pulseshape.

F IG U R E  A-1/G.951 

NEXT and FEXT-Noise Figure measurement
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Method b)

The NEXT-Noise Figure [7?#] can be measured using “input S /  N  ratio” test sets by employing the test set 
in a “manual mode” and performing external measurements with a selective filter (see Figure A-2/G.951). The 
measurement consists of:

i) Set artificial line to 0 dB loss and using selective measure test signal power [So] dBm.

ii) Set artificial line to desired loss A0, adjust variable attenuator until desired BER =  10-x  is obtained, 
switch off test signal, and using selective filter, measure noise power [P] dBm.

iii) Then [R N] =  [S0] — [P] for desired A0 and BER.

Note — The degrading effect of clock jitter on NEXT-Noise Figure and FEXT-Noise Figure should be 
measured by superimposing appropriate jitter on the test signal.

Input S/N test set "manual m ode"

Power spectral 
density =  k PR (f) |f/f0| 3/2

FIGURE A-2/G.951 

NEXT-noise figure m easurement using input S/N test set

Method c)

The NEXT-Noise Figure [RN] can be measured using “input S / N  ratio” test sets in “manual mode” with 
the insertion of an additional variable attenuator between the test signal and the artificial line, as shown in 
Figure A-3/G.951).

The measurement procedure is as follows:

i) set the artificial line to 0 dB loss and the additional variable attenuator to A dB loss;

ii) regulate the variable gain amplifier until the power level of the variable attenuator input is equal to 
[Ql] — A dB, the power level of the artificial line output;

iii) set the artificial line to A dB loss and the additional variable attenuator to 0 dB loss;
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iv) adjust the variable attenuator until the desired BER =  10~* is reached. The attenuation value of the 
attenuator is [aN] dB;

v) calculate [R^] =  [a A] + A — [ WN]

where [WN] = 10 logi 7 P n ( f ) d f /  7 U r r K( f ) 4 f
I t Vo 1

in which Pr ( / )  =  spectral power density (single sided) of line code.

In would be better to obtain WN by measurement. O f course, the value of WN can also be calculated 
according to Pr{ / )  of AMI or HDB3 in a certain frequency range, for example, WN =  —3.59 dB in the range 
from 0 to 10 240 kHz.

Additional 
Power variable 
level attenuator

Spectral power 
density P(f)

n
f„ = half clock rate

Wideband
noise

L.

A or 0

M W

. J

Test [Q] 1
i Artificial

signal 1
1

line

Input S/N test set "manual mode"

0 or A

Variable
gain
amplifier

For ii), power 
levels from 
both points are 
adjusted to 
be equal

Variable 
I attenuator

[aN]

" I

© -

Regenerator 
under test

J

Error ratio
detector

T150U91-8S

FIGURE A-3/G.951 

NEXT-noise figure measurement using input S /N  test set

A N N E X  B 

(to Recommendation G.951)

Guidance notes for the satisfactory achievement of the 
error performance objectives

B.l To comply with the Network Performance Objectives (NPO) it is necessary to take into account many 
interrelated factors. Figure B-l/G.951 illustrates diagrammatically the interrelationship between all the factors that 
impact on this matter. The basis upon which digital line system installation planning guidelines are formulated is 
dependent on the circumstances of each Administration. For example, some Administrations may have cables with 
favourable characteristics, whilst at the same time the network may experience serious levels of unquantifiable 
interference (network effects). An Administration must, therefore, make a judgement as to the significance of each 
effect in their network and formulate cable utilization guidelines which satisfy the digital line section error 
performance requirements.
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cc ir i-M in

FIGURE B-1/G.951

Factors impacting on the error performance 
o f a digital line system on symmetrical pairs

The following notes highlight a number of im portant considerations concerning the formulation of system 
installation planning guidelines.

Note 1 — In the process o f establishing cable utilization guidelines the crosstalk noise figure is the only 
parameter describing the intrinsic quality o f the regenerator under crosstalk interference conditions. This 
parameter, which is based on the average power spectral density of the total crosstalk interference, provides a 
useful approxim ation to the system’s immunity to crosstalk from plesiochronous data streams, and is the correct 
measure for synchronous data streams provided the phases of the disturbing systems are randomized. It is also 
based on an assumption of random  data on the disturbing systems and therefore cannot be applied to the case of 
repetitive data patterns. However the use of scramblers effectively makes almost all data patterns appear to be 
random [3].

Note 2 — In an operational environment, regenerators may be subject to other sources of interference 
which are difficult to quantify and which may induce errors. In some instances specific interference mechanisms 
have been quantified and appropriate limits and testing procedures are reflected in national specifications. These 
aspects are currently under study within CCITT and as operational experience is gained it might be possible to 
introduce further tests that accomodate these other interference mechanisms.

Note 3 — Maximum cable utilization should be based on complying with the network performance 
objective. To satisfy this objective Administrations may adopt one of the following approaches:

i) In circumstances where Administrations are able to judge the significance of the “network effects” 
cable fill calculations should be based on an objective determined by discounting “network effects” 
from the network performance objective.

ii) In circumstances where Administrations are not able to judge the significance of the network effects, 
cable fill calculations should be based on the equipment design objective.
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Note 4 — The use of a reduced line symbol rate code provides a more favourable crosstalk environment, 
and this feature will impact on cable fill calculations.

Note 5 — When changing from a plesiochronous to a synchronous network operation, some cable 
crosstalk couplings and relative phasings of the system clocks lead to increases in system margins whilst others 
lead to reduced system margins by up to a maximum of 3 dB for practical systems. It is believed that there are 
more cases with increased margin than reduced margin and that there is therefore no need to introduce any extra 
margin when changing from plesiochronous to synchronous operations [3].

Scramblers may be used to ensure that the interference from several identical repetitive sequences does not exceed 
the levels occurring with random data.

References

[1] CCITT M anual Directives concerning the protection o f  telecommunication lines against harmful effects from  
electric power and electrified railway lines, ITU, Geneva, 1988.

[2] CCITT Recommendation Tests on power-fed repeaters using solid state devices in order to check the 
arrangements fo r  protection from  external interference, Vol. IX, Rec. K.17.

[3] SMITH, B. M. and POTTER, P. G. [June 1986] — Design Criteria for Crosstalk Interference between 
Digital Signals in M ultipair Cable, IE E E  Trans. Commun., Vol. COM-34, No. 6.

Recommendation G.952

D IG IT A L  L IN E SY ST EM S BASED O N  T H E  2048 kb it/s  
H IE R A R C H Y  O N  SY M M E T R IC  PA IR  CABLES

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

1 General

This Recommendation covers digital line systems for the transmission of signals based on the 2048 kbit/s 
hierarchy on symmetric pair cables and includes systems operating at the following bit rates:

2 048 kbit/s
8 448 kbit/s

34 368 kbit/s

The requirement for overall performance and interfaces of the corresponding digital line sections are given 
in Recommendation G.921.

2 Transmission medium

The system can be operated on symmetrical pair cables of various wire diameters and cable constructions 
including those given in Recommendations G.611, 612 and 613.

Note — 34 368 kbit/s systems should be operated on high performance cables and may require one cable 
for each direction of transmission.

3 Protection against interference from external sources

The digital line system can be disturbed by interference from telephone circuits carried within the same 
cable and by a switch when repeaters are installed in switching centres. Examples of possible ways of reducing the 
effect o f this type of interference are the reduction of repeater section length near switching centres, segregation of 
pairs, the use of particular line codes, etc.

4 Overall design features

4.1 Availability

The availability objective of the system should be derived taking into account the availability requirement
for the hypothetical reference digital section as given in draft Recommendation G.801.

Fascicle III.5 -  Rec. G.952 77



4.2 Reliability

MTBF values should be specified for the line system as a whole taking into account the requirements 
concerning availability.

4.3 Repeater crosstalk-noise figures

Repeater crosstalk-noise figures are defined in Annex A, together with suggested measurement techniques. 
Crosstalk-noise figures quantify the performance of digital regenerators which are subject to crosstalk interference. 
They are functions of BER, line system line code, cable characteristics, environmental conditions, and repeater 
spacing loss A0 (at half the line system baud rate).

At a BER =  10“ * and over a loss range A\ <  A0 <  A2, crosstalk-noise figures should meet the following 
specifications:

a) NEXT-Noise Figure [RN] <  CA0 + D*
b) FEXT-Noise Figure [RF] <  E*.
* It has not been possible to recommend specific values for parameters x, Au A2, C, D, and E.

Examples of the values used by some Administrations for 2 M bit/s systems are given below:

Exam ple X At a 2 C D E Test m ethod

i 6 5 40 1.1 14.7 17.5 a

ii 7 10 40 1.0 19 - b

iii 7 7 38 1.0 18 - b

N ote 1 — In  exam ple ii, a filter w ith a centre frequency o f  1020 kH z and  a bandw id th  o f 3.1 kH z is em ployed. 

N ote 2 — The values do no t include any allow ance fo r the effects o f  jitter.

4.4 Error performance

The design objective for the error ratio of the individual repeater should take into account the network 
performance objectives given in Recommendation G.821.

5 Specific design features

5.1 Type o f  power feeding

Although CCITT does not recommend the use of a specific remote power-feeding system for this 
symmetrical line system, in practice only the constant current d.c. feeding via the phantom circuits o f the two 
symmetrical pairs of a system is used.

This symmetrical cable system may be subject to induced voltages and currents caused by lightning, power 
lines, railways, etc.

Precautions must be taken to protect the staff from any possible danger arising from the normal operating 
voltages and remote power-feed currents as well as from the induced voltages and currents.

Many national Administrations have issued detailed rules and regulations for the protection of persons. It 
is obligatory in most cases to meet these rules and regulations. In addition the CCITT Directives [1] give guidance 
on these problems.

Precautions are also needed for the protection of the equipment against induced voltages and currents. The 
equipment should therefore be designed in such a way that it passes the tests specified in Recommenda
tion K.17 [2].

5.2 Repeater spacing and cable fill

A specific repeater spacing cannot be recommended, but general considerations concerning system
planning are contained in Annex B to this Recommendation.
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5.3 Maintenance strategy

5.3.1 Type o f  supervision and fa u lt location

In-service monitoring or out-of-service fault location can be used.

5.3.2 Fault conditions and consequent actions

The following fault conditions should be detected in addition to those specified in Recommendation G.921 
for the relevant digital sections, and the associated consequent actions should be taken:

a) failure of remote power feeding —
a prom pt maintenance alarm should be generated, if practicable.

b) low error ratio threshold exceeded —
this threshold is 1 • 10“ 5 for systems at 2048 and 8448 kbit/s 

and 1 • 10~6 for systems at higher bit rates;

a deferred maintenance alarm should be generated to signify that performance is deteriorating.

A N N E X  A 

(to Recommendation G.952)

Definition and measurement of repeaters crosstalk-noise figures

A.l Definition

a) NEXT-Noise Figure [R N]

[ R n ] -  [ I n ] ~  IN<A

°° i .3 /2  i i
In = f  | / / / o |  \ E ( f ) \ 2 P ( f ) d f

0

IN — mean square near-end crosstalk (NEXT) voltage produced by a single interfering regener
ator that would appear at the decision point if the NEXT loss were 0 dB at half the line
system baud rate.

N q =  mean square NEXT interference voltage at decision point which produces specified BER,
and depends on parameters which affect the decision process and reflects impairments 
arising from intersymbol interference and offsets from the optimum position of the decision 
threshold levels and sampling instants at the regenerator decision point.

£ ( / )  =  regenerator equalizer frequency transfer function.

P ( f )  =  power spectral density (single sided) of line system line code.

/o  =  half line system baud rate.

and quantities in square brackets are in dB, i.e.

[A-] =  10 log10 | X\.

b) FEXT-Noise Figure [/!f ]

[ « f 1 =  I / f ]  -  [AT0]

h  =  J | / //o  f  | £ ( / )  f  | G (J )  f  P ( f )  d f
0

IF =  mean square far-end crosstalk (FEXT) voltage produced by a single interfering regenerator
that would appear at the decision point if the FEXT loss were 0 dB at half the line system
baud rate.
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No =  mean square FEXT interference voltage at decision point which produces specified BER, 
and depends on parameters which affect the decision process and reflects impairments 
arising from intersymbol interference and offsets from the optimum position of the decision 
threshold levels and sampling instants at the regenerator decision points.

£ (/)>  P ( f ) ,  fo as in a), and

G ( /)  =  frequency transfer function of cable.

A.2 Measurement

Method a) directly relates to the definition of crosstalk-noise figure and is therefore the reference 
measuring method. Methods b) and c) are the possible practical alternatives. Method c) avoids the use of a 
selective filter.

Method a)

The NEXT-Noise Figure and FEXT-Noise Figure can be measured using the configuration shown in 
Figure A -1/G.952, with the Function Switch in the N and F position, respectively. The measurement consists of 
equating the r.m.s. voltages at A  and A u setting the artificial line to the desired loss A0, and then adjusting the 
variable attenuator until the desired BER =  10-x is achieved. The value of the attenuator, [R]dB, is then the 
NEXT-Noise Figure or FEXT-Noise Figure for the desired A0 and BER.

[Regenerator]3*

Test
signal

Artificial
line

Regenerator 
under test

C\
>

Bit error 
ratioJ

[f/fol

Function
switch

[f/fol*
F \  n

Differential
RMS

FEXT
Network

Wideband
noise
source

Variable
gain
amplifier

Line code 
simulating 
filter

Al
lRl.

NEXT
Network

fO = Half c lo ck  ra te

Variable
attenuator

a) The regenerator can be om itted if the teste signal generator provides the appropriate pulseshape.

F I G U R E  A - 1/G . 9 5 2  

NEXT and FEXT-Noise Figure measurement

80 Fascicle III.5 -  Rec. G.952



Method b)
\

The NEXT-Noise Figure [R N] can be measured using “input S /N  ratio” test sets by employing the test set 
in a “manual mode” and performing external measurements with a selective filter, see Figure A-2/G.952. The 
measurement consists of:

i) set artificial line to 0 dB and using selective measure test signal power [So] dBm.

ii) Set artificial line to desired loss A0, adjust variable attenuator until desired BER =  10~* is obtained, 
switch off test signal, and using selective filter, measure noise power [P ] dBm.

iii) Then [Rn] =  [<S0] ~  [^1 f° r desired A0 and BER.

Note — The degrading effect o f clock jitter on NEXT-Noise Figure and FEXT-Noise Figure should be 
measured by superimposing appropriate jitter on the test signal.

Input S/N test set "manual mode"

Power spectral 
density =  k PR (f) |f/f0| 3/2

FIGURE A-2/G.952 

NEXT-noise figure measurement using input S/N test set

Method c)

The NEXT-Noise Figure [Rn] can be measured using “input S /N  ratio” test sets in “manual mode” with 
the insertion of an additional variable attenuator between the test signal and the artificial line, as shown in 
Figure A-3/G.952.

The measurement procedure is as follows:

i) set the artificial line to 0 dB loss and the additional variable attenuator to A dB loss;

ii) regulate the variable gain amplifier until the power level o f the variable attenuator input is equal to 
[Ql] — A dB, the power level o f the artificial line output;

iii) set the artificial line to A dB loss and the additional variable attenuator to 0 dB loss;

iv) adjust the variable attenuator until the desired BER =  10“ * is reached. The attenuation value of the 
attenuator is [aN] dB;
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v) calculate [Ryvl =  [aN] + A — [W^]

where [ WN] =  10 log) J P * ( f ) d f /  J \ £ \ v l PR( f ) d f
n n JO

in which PR(/ )  =  spectral power density (single sided) of line code.

In would be better to obtain WN by measurement. O f course, the value of WN can also be calculated 
according to PR( f )  of AMI or HDB3 in a certain frequency range, for example, WN — —3.59 dB in the range 
from 0 to 10 240 kHz.

FIGURE A-3/G .952  

NEXT-noise figure measurement using input S /N  test set

A N N E X  B

(to Recommendation G.952)

Guidance notes for the satisfactory achievement of the 
error performance objectives

B.l To comply with the Network Performance Objectives (NPO) it is necessary to take into account many 
interrelated factors. Figure B -l/G .952 illustrates diagrammatically the interrelationship between all the factors that 
impact on this matter. The basis upon which digital line system installation planning guidelines are formulated is 
dependent on the circumstances of each Administration. For example, some Administrations may have cables with 
favourable characteristics, whilst at the same time the network may experience serious levels of unquantifiable 
interference (network effects). An Administration must, therefore, make a judgement as to the significance of each 
effect in their network and formulate cable utilization guidelines which satisfy the digital line section error 
performance requirements.
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FIGURE B-1/G.952

Factors impacting on the error performance 
of a digital line system on symmetrical pairs

The following notes highlight a number of im portant considerations concerning the formulation of system 
installation planning guidelines.

Note 1 — In the process of establishing cable utilization guidelines the crosstalk-noise figure is the only 
parameter describing the intrinsic quality of the regenerator under crosstalk interference conditions. This 
parameter, which is based on the average power spectral density of the total crosstalk interference, provides a 
useful approximation to the system’s immunity to crosstalk from plesiochronous data streams, and is the correct 
measure for synchronous data streams provided the phases of the disturbing systems are randomized. It is also 
based on an assumption of random data on the disturbing systems and therefore cannot be applied to the case of 
repetitive data patterns. However the use of scramblers effectively makes almost all data patterns appear to be 
random [3].

Note 2 — In an operational environment, regenerators may be subject to other sources of interference 
which are difficult to quantify and which may induce errors. In some instances specific interference mechanisms 
have been quantified and appropriate limits and testing procedures are reflected in national specifications. These 
aspects are currently under study within CCITT and as operational experience is gained it might be possible to 
introduce further tests that accommodate these other interference mechanisms.

Note 3 — Maximum cable utilization should be based on complying with the network performance 
objective. To satisfy this objective Administrations may adopt one of the following approaches:

i) In circumstances where Administrations are able to judge the significance of the “network effects” 
cable fill calculations should be based on an objective determined by discounting “network effects” 
from the network performance objective.

ii) In circumstances where Administrations are not able to judge the significance of the network effects, 
cable fill calculations should be based on the equipment design objective.
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Note 4 — The use of a reduced line symbol rate code provides a more favourable crosstalk environment, 
and this feature will impact on cable fill calculations.

Note 5 — When changing from a plesiochronous to a synchronous network operation, some cable 
crosstalk couplings and relative phasings of the system clocks lead to increases in system margins whilst others 
lead to reduced system margins by up to a maximum of 3 dB for practical systems. It is believed that there are 
more cases with increased margin than reduced margin and that there is therefore no need to introduce any extra 
margin when changing from plesiochronous to synchronous operations [3].

Scramblers may be used to ensure that the interference from several identical repetitive sequences does not 
exceed the levels occurring with random  data.
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Recommendation G.9S3

DIGITAL LINE SYSTEM S BASED O N  THE  

1544 kbit/s HIERARCHY O N COAXIAL PAIR CABLES

(Malaga-Torremolinos, 1983; amended at Melbourne, 1988)

1 General

This Recommendation covers digital line systems for the transmission of signals based on the 1544 kb it/s
hierarchy on coaxial pair cables and includes systems conveying the following bit rates:

44 736 kbit/s 
97 728 kbit/s

2 Transmission media

The systems can be operated on coaxial pairs, as defined in the Series G.620 Recommendations, in
accordance with Table 1/G.953.

TABLE 1/G.953  

Transmission media

System (k b it/s) C able R ecom m endation

44 736 G.623

97 728 G.623

3 Overall design features

3.1 Availability

The availability objective of the system should be derived taking into account the availability requirement
for the hypothetical reference digital section given in Recommendation G.801.
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3.2 Reliability

MTBF values should be specified for the line system as a whole taking into account the requirements 
concerning availability.

3.3 Repeater noise margin

Repeater Noise Margin is defined in Annex A together with suggested measurement techniques. The Noise 
Margin quantifies the performance of digital regenerators for coaxial pairs. This is a function of BER and 
repeater spacing loss A0 (at half the line system baud rate).

At a BER =  10~7 and over the loss range of the system A\ <  A0 <  A2, the Noise Margin should meet the 
following specification:

Noise Margin (M ) > B + C (A2 — A0)

It has been possible to recommend specific values for parameters A u A2, B  and C.

Note — The degrading effect of timing jitter on Noise Margin should be measured by superimposing 
appropriate jitter on the test signal.

3.4 Error performance

The design objective for the error ratio of the individual repeater should take into account the network 
performance objectives given in Recommendation G.821.

4 Specific design features

4.1 Type o f  power feeding

Although CCITT does not recommend the use of a specific remote power-feeding system for these coaxial 
line systems, in practice only the constant current d.c. feeding via the inner conductors of the two coaxial pairs of 
a system is used.

These coaxial cable systems may be subject to induced voltages and currents caused by lightning, power 
lines, railways, etc.

Precautions must be taken to protect the staff from any possible danger arising from the normal operating 
voltages and remote power-feed currents as well as from the induced voltages and currents.

Many national Administrations have issued detailed rules and regulations for the protection of persons^ It 
is obligatory in most cases to meet these rules and regulations. In addition the CCITT Directives [1] give guidance 
on these problems.

Precautions are also needed for the protection of the equipment against induced voltages and currents. The 
equipment should therefore be designed in such a way that it passes the tests specified in Recommenda
tion K.17 [2].

4.2 Nominal repeater spacing

A specific repeater spacing is not recommended but in practice the nominal values indicated in 
Table 2/G.953 are used by most Administrations:

TABLE 2/G .953 

Nominal repeater spacings

N om inal repeater spacing (km)

System (k b it/s ) C able R ecom m endation a) G.623

44 736 -

97 728 4.5

a) R ecom m endation  G.623 refers to  2 .6/9.5 mm coaxial pairs.
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4.3.1 Type o f supervision and fau lt location

In-service monitoring or out-of-service fault location can be used.

4.3.2 Fault conditions and consequent actions

The fault conditions and consequent actions should be complementary to those recommended for digital 
line sections.

A N N E X  A 

(to Recommendation G.953)

Definition and measurement of repeater noise margin

A.l Definition

The noise margin m„:

m„ =  S N R / S N R er (A-l)

where:

S N R  = S N R th ■ F( t,  E R ) (A-2)

The product SN R,h ■ F(t, ER)  can be considered the actual signal-to-noise ratio SNR, being the measure 
for the regenerator performance.

SN R,h is the theoretical signal-to-noise ratio determined by the system parameters such as output pulse, 
section loss, noise figure of the regenerator input amplifier, etc.

F(t, ER)  is the reduction factor due to an off-set from the optimum timing instant (including phase jitter)
in conjunction with the pulse realized S(t) ,  the intersymbol interference I (t )  and any other
disturbance which causes a corruption in the information signal ( Ic).

Note -  The intersymbol interference and other disturbances are fluctuating processes with bounded 
distributions. The “mean” reduction factor depends on ER, and, for a ternary signal, is given by:

4.3 Maintenance strategy

F(t, E R ) = ^  -  2 
S (  0)

/( / )  Ic
(A-3)

S(0) S(0)J

where S(0) is the realized pulse at t =  0 giving the maximum amplitude.

S N R er is the signal-to-noise ratio required for an error ratio equal to ER. For a ternary signal the 
relation between ER  and S N R er is given by the known Gaussian distribution:

(A-4)ER  =  -  P[E] =  ——  f e-*"2 dx  
3 3j/2k J Ra

A .l  Derived definitions

The noise marging can be measured by applying an external disturbing signal. For that purpose more 
practical definitions are derived.

A.2.1 S N R er (giving an error ratio ER) can be achieved by injecting sufficient white noise into the input o f the 
regenerator:

S N R er =

where

N t

N t + Ne
■ S N R  (A-5)

N t = thermal noise that appears at the decision point during normal operation.

N e =  mean power of the external noise that appears at the decision point to induce an error rate ER.
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Combining (A-l) and (A-5) results in the noise margin M :

M  = 20 log mn =  10 log (1 +  —  ) (A-6)
V N t )

oo

N e =  N 0 |  |£ ( / ) |2 d f  (A-7)
0

oo

ATr  -  k T  f  | £ ( / ) |2 F ( / )  <// (A-8)
0

JV0 =  power density of the external noise that is superimposed on the signal

E ( f ) =  transfer function of the regenerator’s equalizer

k ,T  = Boltzmann constant and absolute temperature

F ( f ) =  noise figure of the equalizer amplifier of the regenerator

A.2.2 By injecting a sine wave disturbing signal, a second definition for m„ can be derived.

This disturbance causes a decreasing F(t, ER),  which can be defined by:

Fd(t, ER)  =  S N R er/ S N R , h

Next [in accordane with (A-l) and (A-2)],

F(t, ER)  = m„ ■ S N R er/ S N R , h

Substraction gives:

F{t, ER)  -  Fd(t, ER)  = 2 -  (mn -  1) S N R er/ S N R , h
o (0)

where Is/ S ( 0) is the normalized disturbing signal at the decision point.

Substitution of SNR,h = S (0 ) /2 ]/NtRq and some rearrangements results in the noise margin:

M =  20 log 1 - ( ----------- 7' ,— =_ I (A-9)
\  S N R f„ ■ N tRq J

1, -  S d ■ \E( fd)\ • a, (A-10)

Sd =  the magnitude of the disturbing signal at the input of the regenerator

f d = the frequency of the disturbing signal

ac =  a correction factor taking into account the effect of the disturbance on the peak detector of the
automatic equalizer

Ro = the real part of the characteristic impedance of the cable.

A.3 Measurements *

Method A is based on the definition directly related to the noise marging (A-6) and therefore, is the
reference test method. Methods B and C are alternative test methods.
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Method A (Figure A -l/G .953)

The values of N E and N T are measured directly at the decision point. The value of N T is measured in the 
absence of both a signal and and externally applied noise. Under these conditions the automatic gain 
control (AGC) of the equalizer must be externally controlled to a level appropriate to the corresponding cable 
attenuation. With the signal restored, the level of the externally applied noise is adjusted to give the desired BER. 
The noise level (N T +  NE) is now measured with the signal removed and with the AGC set at the same value as 
in the measurement of N T.

Noise
generator

FIGURE A-1/G .953 

Measurement o f noise margin (M ethod A)

Method B (Figure A-2/G.953)

This method realizes a measurement without the need to access the decision point. The applied noise at the 
input, to cause a given BER, is measured directly. The corresponding value at the decision point and also the 
thermal noise ( N T) are evaluated by means of the transfer function and the noise figure of the amplifier equalizer.

Note — Both the transfer and the noise figure of the amplifier equalizer need to be calculated and 
measured on a sample of repeaters before this method can be applied to a particular repeater design.

Method C (Figure A-2/G.953)

This method is similar to the previous method (B) except that in this case the applied disturbance is a sine 
wave signal. This applied signal at the input, to cause a given error ratio, is likewise measured directly.

The corresponding disturbance at the decision point ( /s) as well as the thermal noise voltage (]/N tRq ) are 
evaluated by means of the transfer function, the noise figure of the equalizer and the correction factor ac, which 
have to be determined.

Note — It follows from (A-8) and (A-9):

M  = 20 log (1 +  S d • X / S N R e r )

where X =  \ E ( fd)\ •

being an unknown factor, which has to be determined on the basis o f measurements on a sample of prototype 
regenerators before this method can be applied to a particular regenerator design.

For this purpose, the noise margin of the prototype regenerator needs to be measured in accordance with the 
reference test method (A).

Note 2 -  This method allows the presence of an LBO-network at the regenerator input. In constrast to 
method B it is not necessary to insert a complementary filter in the injection path.

Note 3 — To obtain the most accurate measurement the disturbing frequency should be around the 
Nyquist frequency.
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Regenerator 
under test

a) Can be deleted in Method C.

FIGURE A-2/G .953  

Measurement o f  noise margin (M ethods B and C)
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Recommendation G.954

DIGITAL LINE SYSTEM S BASED O N  THE 2048 kbit/s 

HIERARCHY O N COAXIAL PAIR CABLES

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

1 General

This Recommendation covers digital line systems for the transmission of signals based on the 2048 kb it/s 
hierarchy on coaxial pair cables and includes systems conveying the following bit rates:

8 448 kbit/s 
34 368 kbit/s 

139 264 kbit/s 
4 x 139 264 kbit/s

In the case of 4 x 139 264 kb it/s systems, a digital line muldex equipment combines the functions of 
multiplexing four digital signals at 139 264 kbit/s and of a line transmission equipment. Details o f the digital 
multiplexing strategy are given in Annex B to this Recommendation.

The requirements for overall performance and interfaces of the corresponding digital line section are given 
in Recommendation G.921.

2 Transmission media

The systems can be operated on coaxial pairs, as defined in the series G.620 Recommendations, in
accordance with Table 1 /G.954.
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TA BLE 1 /G .954  

Transmission media

System (k b it/s) C able R ecom m endation

8 448 G .621; G.622

34 368 G .621; G.622; G.623

139 264 G.622; G.623

4 x 139 264 G.623

3 Overall design features

3.1 Availability

The availability objective of the system should be derived taking into account the availability requirement 
for the hypothetical reference digital section given in Recommendation G.801.

3.2 Reliability

MTBF values should be specified for the line system as a whole taking into account the requirements 
concerning availability.

3.3 Repeater noise margin

Repeater Noise Margin is defined in Annex A together with suggested measurement techniques. The Noise 
Margin quantifies the performance of digital regenerators for coaxial pairs. This is a function of BER and 
repeater spacing loss A0 (at half the line system baud rate).

At a BER =  10~7 and over the loss range of the system A t <  A0 <  A2, the Noise Margin should meet the 
following specifications:

Noise Margin (M ) > B + C (A2 — A0)

It has not been possible to recommend specific values for parameters A u A2, B and C.

Note — The degrading effect o f timing jitter on Noise Margin ‘should be measured by superimposing 
appropriate jitter on the test signal.

Examples of the values used by some Administrations are given below:

At (dB) A2 (dB) B  (dB) C

8 448 k b it/s  systems 35 85 9 1

34 84 7.5 0.7

34 368 k b it/s  systems 56 82 6 0.5
45 75 12 1

139 264 k b it/s  systems
65 84 5.5 0.7
60 84 7.5 0.7 — »  1

N ote  — The values do not include any allow ance fo r the effects o f jitter.

90 Fascicle III.5 — Rec. G.954



3.4 Error performance

The design objective for the error ratio of the individual repeater should take into account the network 
performance objectives given in Recommendation G.821.

4 Specific design features

4.1 Type o f  power feeding

Although CCITT does not recommend the use of a specific remote power-feeding system for these coaxial 
line systems, in practice only the constant current d.c. feeding via the inner conductors of the two coaxial pairs of 
a system is used.

These coaxial cable systems may be subject to induced voltages and currents caused by lightning, power 
lines, railways, etc.

Precautions must be taken to protect the staff from any possible danger arising from the normal operating 
voltages and remote power-feed currents as well as from the induced voltages and currents.

Many national Administrations have issued detailed rules and regulations for the protection of persons. It 
is obligatory in most cases to meet these rules and regulations. In addition the CCITT Directives [1] give guidance 
on these problems.

Precautions are also needed for the protection of the equipment against induced voltages and currents. The 
equipment should therefore be designed in such a way that it passes the tests specified in Recommenda
tion K.17 [2].

4.2 Nominal repeater spacing

A specific repeater spacing is not recommended but in practice the nominal values indicated in Table 2 are 
used by most Administrations:

TABLE 2 /G .954  

Nominal repeater spacings

N om inal repeater spacing (km)

System (k b it/s)
C able R ecom m endation a)

G.621 G.622 G.623

8 448 4.0 - -

34 368 2.0
4.0

(N ote) -

139 264 - 2.0
4.5

(N ote)

4 x 139 264 - - 1.5

a) G.621 refers to  0 .7 /2 .9  mm coaxial pairs.
G.622 refers to  1 .2/4.4 mm coaxial pairs.
G.623 refers to 2.6/9.5 mm coaxial pairs.

Note  — One A dm inistra tion  em ploys a nom inal repeater spacing o f  3 km.

4.3 Maintenance strategy

4.3.1 Type o f  supervision and fau lt location

In-service monitoring or out-of-service fault location can be used. For bit rates equal to or above 139 264
kbit/s in-service monitoring is recommended.
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The following fault conditions should be detected in addition to those specified in Recommendation G.921 
for the relevant digital sections, and the associated consequent actions should be taken:

a) failure of remote power feeding —
a prom pt maintenance alarm should be generated, if practicable;

b) low error ratio threshold exceeded —
this threshold is 1 • 10“ 5 for systems at 8448 kbit/s

and 1 • 10~6 for systems at higher bit rates;

a deferred maintenance alarm should be generated to signify that performance is deteriorating.

4.3.2 Fault conditions and consequent actions

A N N E X  A 

(to Recommendation G.954)

Definition and measurement of repeater noise margin

A. 1 Definition

The noise margin m„ :

m„ = S N R / S N R er (A-l)

where

SNR  =  SN R ,h • F(t, ER)  (A-2)

The product SNR,h • F (t, E R ) can be considered the actual signal-to-noise ratio SN R  being the measure
for the regenerator performance.

SN R ^  is the theoretical signal-to-noise ratio determined by the system parameters such as output pulse, 
section loss, noise figure of the regenerator input amplifier etc.

F(t, ER)  is the reduction factor due to an off-set from the optimum timing instant (including phase jitter) 
in conjunction with the pulse realized S(t) ,  the intersymbol interference I{t)  and any other
disturbance which causes a corruption in the information signal ( Ic).

Note — The intersymbol interference and other disturbances are fluctuating processes with bounded 
distributions. The “mean” reduction factor depends on ER, and, for a ternary signal, is given by :

F(t, ER)  = SO)  
5 ( 0)

/ ( 0
5(0) 5(0)1

(A-3)

where 5(0) is the realized pulse at t =  0 giving the maximum amplitude.

S N R Er is the signal-to-noise ratio required for an error ratio to ER. For a ternary signal the relation 
between ER  and S N R Er is given by the known Gaussian distribution:

4 4
ER  =  -  P[E] = — =  

3 3 j/2jt
|  e v ' 2 dx

S N R f;R

(A-4)

A.2 Derived definitions

The noise margin can be measured by applying an external disturbing signal. For that purpose more 
practical definitions are derived.

A.2.1 S N R Er (giving an error ratio E R )  can be achieved by injecting sufficient white noise into the input o f the 
regenerator:

S N R er  =
N t 

N f  +  N r
■ SN R (A-5)
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where

N t = thermal noise that appears at the decision point during normal operation.

Ne =  mean power of the external noise that appears at the decision point to induce an error rate ER. 

Combining (A-2) and (A-5) results in the noise margin M :

M  = 20 log mn = 10 log 1 1 +  ^  J  (A-6)

N e = N 0 |  \E(f) \2 d f  (A-l)
o

N t -  k T  ]  |£ ( / ) |2 F ( f )  d f  (A-8)
0

N 0 = power density of the external noise that is superimposed on the signal

E ( f )  = transfer function of the regenerator’s equalizer

k , T  = Boltzmann constant and absolute temperature

F ( f )  = noise figure of the equalizer amplifier o f the regenerator

A.2.2 By injecting a sine wave disturbing signal, a second definition for m„ can be derived.

This disturbance causes a decreasing F(t, ER),  which can be defined by:

Fd(t, ER)  =  S N R ER/ S N R th

Next [in accordance with (A-l) and (A-2)]

F(t, ER)  =  mn ■ S N R ER/ S N R lh

Substraction gives:

F(l, E R ) -  Fd(t, ER) =  2 -  (m„ -  1) S N R e„ /S N R ,h
o(0)

where 7J/5 '(0) is the normalized disturbing signal at the decision point.

Substitution of SNR,h =  S(0) /2] jNTRo and some rearrangements results in the noise margin:

M  =  20 log 1 • (  Is . )
V S N R • i NrRn /

(A-9)
S N R er • |/N j Rq

Is = Sd ■ \E( fd)\ ■ ac (A-10)

Sd =  the magnitude of the disturbing signal at the input of the regenerator

f d =  the frequency of the disturbing signal

ac — a correction factor taking into account the effect of the disturbance on the peak detector of the
automatic equalizer

Ro = the real part of the characteristic impedance of the cable.

A.3 Measurements

Method A is based on the definition directly related to the noise margin (A-6) and therefore, is the
reference test method. Methods B and C are alternative test methods.
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Method A (Figure A -l/G .954)

The values of NE and N T are measured directly at the decision point. The value of N T is measured in the 
absence of both a signal and an externally applied noise. Under these conditions the automatic gain control 
(AGC) of the equalizer must be externally controlled to a level appropriate to the corresponding cable attenuation. 
With the signal restored, the level of the externally applied noise is adjusted to give the desired BER. The noise 
level (N t +  N e ) is now measured with the signal removed and with the AGC set at the same value as in the 
measurement of N T.

Noise
generator

F IG U R E  A -1/G .954 

Measurement o f noise margin (M ethod A)

Method B (Figure A-2/G.954)

This method realizes a measurement without the need to access the decision point. The applied noise at the 
input, to cause a given BER, is measured directly. The corresponding value at the decision point and also the 
thermal noise (N T) are evaluated by means of the transfer function and the noise figure of the amplifier equalizer.

Note — Both the transfer function and the noise figure of the amplifier equalizer need to be calculated 
and measured on a sample of repeaters before this method can be applied to a particular repeater design.

Method C (Figure A-2/G.954)

This method is similar to the previous method (B) except that in this case the applied disturbance is a sine 
wave signal. This applied signal at the input, to cause a given error ratio, is likewise measured directly.

The corresponding disturbance at the decision point ( Is) as well as the thermal noise voltage (]/ N tRq ) are 
evaluated by means of the transfer function, the noise figure of the equalizer and the correction factor ac, which 
have to be determined.

Note 1 — It follows from (A-8) and (A-9):

M  =  20 log (1 +  Sd • X / S N R e r )

where X  = \E{ fd)\ ■ ac/ f t h R o

being an unknown factor, which has to be determined on the basis of measurements on a sample of prototype 
regenerators before this method can be applied to a particular regenerator design.

For this purpose, the noise margin of the prototype regenerators needs to be measured in accordance with the
reference test method (A).
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Note 2 — This method allows the presence of an LBO-network at the regenerator input. In contrast to 
method B it is not necessary to insert a complementary filter in the injection path.

Note 3 — To obtain the most accurate measurement the disturbing frequency should be around the 
Nyquist frequency.

Regenerator 
under test

a) Can be deleted in Method C.

FIG U R E  A -2/G .954 

Measurement o f noise margin (Methods B and C)

A N N E X  B 

(to Recommendation G.954)

Digital multiplexing strategy for 
4 x 139 264 kbit/s systems

4  digital line sec tio n s a t 139 2 6 4  k b it/s

Line bit ra te  5 6 4  9 9 2  k b it/s

DLM 
transm itting  side

4  in terfaces at 
140 M bit/s 

(in acco rd an ce  with 
R ecom m endation G .703)

DLM
receiving side CCITT -  4 6 4 0 0

4  in terfaces at 
140 M bit/s 

(in acco rd an ce  with 
R ecom m endation  G .703)

F IG U R E  B-1/G .954 

DLM  digital line muldex

B.l General

The digital multiplexing strategy is based on the use of positive justification and combines four
139 264 kbit/s tributaries into one composite signal.
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B.2 Bit rate

The nominal bit rate should be 564 992 kbit/s. The tolerance on that rate should be ± 1 5  parts per 
million (15 ppm).

B.3 Frame structure

Table B-1/G.954 gives:
— the tributary bit rate and the number of tributaries,
— the number of bits per frame,
— the bit numbering scheme,
— the bit assignment,
— the bunched frame alignment signal.

Note — Possible alternative frame structures with the characteristics indicated in Appendix II are left for 
further study.

B.4 Loss and recovery o f  fram e alignment

Loss of frame alignment should be assumed to have taken place when four consecutive frame alignment
signals have been incorrectly received in their predicted positions.

When frame alignment is assumed to be lost, the frame alignment device should decide that such 
alignment has effectively been recovered when it detects the presence of three consecutive frame alignment signals.

The frame alignment device, having detected the appearance of a single correct frame alignment signal,
should begin a new search for the frame alignment signal when it detects the absence o f the frame alignment
signal in one of the two following frames.

Note — As it is not strictly necessary to specify the detailed frame alignment strategy, any suitable frame 
alignment strategy may be used provided the performance achieved is at least as efficient in all respects as that 
obtained by the above frame alignment strategy.

TABLE B -l/G .9 5 4  

564 992 kbit/s multiplexing frame structure

T ribu tary  bit rate  (kb it/s) 139 264

N um ber o f  tributaries 4

Fram e structure Bit num ber

Se t I
Fram e alignm ent signal (binary  con ten t under study) 1 to  12
Bits from  tributaries 13 to  384

Sets I I  to VI

Justification  service bits C/„(n =  1 to 5) (see Note) 1 to 4
Bits from  tributaries 5 to  384

Set V II
R em ote alarm  indication , spare fo r national use 1 to  4
Bits from  tributaries available fo r justification 5 to  8
Bits from  tributaries 9 to 384

Fram e length 2688 bits
Bits per tributary 663 bits
M axim um  justification  rate per tribu tary 210 190 b it/s
N om inal justification  ratio 0.4390

N ote -  Cjn indicates the n ,h justification  service b it o f  o f  the j ,h tributary. 
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B.5 Multiplexing method

Cyclic bit interleaving in the tributary numbering order and positive justification is recommended. The 
justification control signal should be distributed and use the Cjn bits (n =  1, 2, 3, 4, 5), see Table B-1/G.954. 
Positive justification should be indicated by the signal 11111, no justification by the signal 00000. Majority 
decision is recommended.

Table B -l/G .954 gives the maximum justification rate per tributary and the nominal justification ratio.

B.6 Jitter

B.6.1 Jitter transfer characteristics (under study).

B.6.2 Tributary output jitter (under study).

B.7 Service digits

The first four bits in Set VII of the pulse frame are available for service functions. The first o f these bits is
used to indicate a prom pt alarm condition, see Table C-l/G .954.

Note — A possible solution for scrambler and frame alignment signal is given in Appendix I.

A P P E N D IX  I 

(to Annex B of Recommendation G.954)

A possible solution for scrambler and frame 
alignment signals for a digital line system 

at 4 x 139 264 kbit/s

1.1 Reset scrambler

It is proposed to use a “reset scrambler”, i.e. one which is reset at the start o f each frame. Advantages of 
such a scrambler [3] as compared to a free-running or “self-synchronizing” scrambler, are:

— no error multiplication, and
— no necessity to provide additional measures to avoid periodic output signals.

If  it is accepted that with an all 1 or all 0 input signal (e.g. with AIS on all four tributaries) the output 
does not precisely correspond to a 2” — 1 pseudorandom sequence but represents an approximately random 
sequence, fully adequate for timing recovery on the line, a scrambler may be realized (Figure I-1/G.954) which 
has additional favourable features:

— The scrambler works at «  141 M bit/s. Four sequences delayed with respect to each other (A0, A2, A5
and A6) are used to scramble the individual tributaries T1 . . .  T4; the four scrambled signals (c, d, e,
f ) are then multiplexed.

— Simple circuitry, hence easy realization at the high speed involved, and low power consumption.
— After resetting, the scrambler generates the frame alignment signal.

1.2 Frame alignment signal

The frame alignment signal, generated at the start o f each pulse frame, is

111110100000

and is thus identical to that of the 139 M bit/s signal according to Recommendation G.751.

The frame alignment signal will not be imitated by all 0 or all 1 signals even if these occur in any
combination in the four tributaries.
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3 0 0 0 1 1 1 1 1 1 A5 A6 AO A2 T 1 T2 T3 T4
4 0 0 0 0 1 1 1 1 1 A5 A6 AO A2 T 1 T2 T3 T4 Scram bled
5 0 0 0 0 0 1 1 1 1 A5 A6 AO A2 T 1 T2 T3 T4
6 0 0 0 0 0 0 1 1 1 A5 A6 AO A2 T 1 T2 T3 T4
7 1 0 0 0 0 0 0 1 1 A5 A6 AO A2 T 1 T2 T3 T4
8 0 1 0 0 0 0 0 1 1 A5 A6 AO A2 T 1 T2 T3 T4

FIGURE 1-1/G.954 

Reset scram bler and m ultiplexer
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A P PE N D IX  II 

(to Annex B of Recommendation G.954)

Possible alternative multiplex frame structures

Other multiplex frame structures at 564 992 kbit/s are possible which still retain the same per tributary 
frame structure as implied by the multiplex frame structure given in Figure I-1/G.954.

These alternative multiplex frame structures are based on the cyclic interleaving of groups of bits from 
tributaries and such methods of multiplexing can have implementation advantages when alphabetic line codes 
such as 6B4T are used. Integration of the multiplex and the line code conversion functions can reduce the speed 
requirements of the associated circuitry.

Equipments based on these alternative multiplex frame structures, provided that they adopt the same 
multiplex frame length, the same number of bits per tributary, the same maximum justifications rate and the same 
nominal justification ratio, are consistent with the network performance offered by equipments using the 
multiplexing method described in the body of this Recommendation.

A N N E X  C 

(to Recommendation G.954)

Fault conditions and consequent actions for 
digital lines systems at 4 x 139 264 kbit/s

f

C.l Fault conditions

The digital line system 4 x 139 264 kbit/s should detect the following fault conditions:

C.1.1 Failure of internal power supply.

C .l.2 Failure of power feeding of regenerators.

C .l.3 Error ratio 1 • 10~3.

Note — The criteria for activating and deactivating o f these alarm indications are under study.

C .l.4 Error ratio 1 • 10-6.

C .l.5 Loss of incoming line signal.

Note — The detection of this fault condition is required only when it does not result in an indication of 
loss of frame alignment.

C .l.6 Loss of frame alignment.

C .l.7 Loss of line word alignment when alphabetic line codes are used.

Note — The detection o f this fault condition is required only when it does not result in an indication 
“Error ratio 1 • 10-3”.

C .l.8 Loss of incoming signal on a tributary.

C .l.9 Remote alarm indication.
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C.2 Consequent actions

Further to the detection of a fault condition, appropriate actions should be taken as specified in 
Table C -l/G .954.

TABLE C -1/G .954 

Fault conditions and consequent actions

M ain tenance alarm s
Alarm

A IS applied, 
see § C.2

E quipm ent Fault conditions

Prom pt D eferred

indication  
to  the 

rem ote line 
muldex 

generated

to all the 
tributaries

to  the 
relevant 

tim e slot o f  
the 

com posite 
signal

Failure o f  in ternal pow er Yes Yes, if

M uldex
supply practicable

Failure o f  pow er feeding 
o f  regenerators

Yes Yes, if 
practicable

E rro r ra te  1 x  10-3 Yes Yes Yes

E rro r ra te  1 x  10-6 Yes

Loss o f  incom ing signal Yes Yes Yes

Receiving side only Loss o f  fram e alignm ent Yes Yes Yes
of line muldex 
(See Figure 2/G .901)

Loss o f  line word 
alignm ent when alphabetic  
line code is used

Yes Yes Yes

D etection o f  rem ote alarm
indication

T ransm itting  side only o f 
line m uldex (See 
Figure 2 /G .901)

Loss o f  incom ing signal on 
a tribu tary Yes Yes

Note — A Yes in the table signifies th a t a certain  action should be taken as a consequence o f  the relevant fault condition . An 
open space in the table  signifies that the relevant action should not be taken as a consequence o f the relevant fault condition , if  
this condition  is the only one present. I f  m ore than  one fault condition  is sim ultaneously present the relevant action  should be 
taken if, for at least one o f the conditions, a Yes is defined in relation  to this action.

C.2.1 Prompt maintenance alarm indication generated to signify that performance is below acceptable standards 
and maintenance attention is required locally.

C.2.2 Deferred maintenance alarm indication generated to signify that performance is deteriorating.

Note — The location and provision of any visual an d /o r audible alarm activated by the alarm indications
given in §§ C.2.1 and C.2.2 above, is left to the discretion of each Administration.
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C.2.3 AIS applied to all the tributaries (see Notes 1 and 2 below).

C.2.4 AIS applied to the relevant time slot of the composite signal (see Note 1 below).

C.2.5 Alarm indication to the remote muldex generated.

Note 1 — The equivalent binary content of the Alarm Indication Signal (AIS) is a continuous stream
of Is.

Note 2 — The bit rate o f this AIS should be within ±  15 ppm of the nominal bit rate.
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[1] CCITT M anual Directives concerning the protection o f  telecommunication lines against harmful effects from  
electric power and electrified railway lines, ITU, Geneva, 1988.
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Recommendation G.955

D IG ITA L  L IN E  SY ST EM S BASED O N  T H E  1544 K B IT /S  H IE R A R C H Y  
O N  O P T IC A L  FIBRE CABLES

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

1 General

This Recommendation covers digital line systems for the transmission of signals based on the 1544 kb it/s 
hierarchy on optical fibre cables and includes systems conveying the following bit rates:

1 544 kbit/s

3 152 kbit/s
6 312 kbit/s

32 064 kbit/s
44 736 kbit/s

n x  44 736 kbit/s 
97 728 kbit/s

4 x 97 728 kbit/s.

The aim of this Recommendation is to achieve longitudinal compatibility on elementary cable sections of 
different digital line systems, i.e. the possibility of installing digital line systems, produced by different m anufac
turers, on the same optical fibre cable.

For the purpose of this Recommendation, optical fibre digital line systems can be represented as in 
Figure 1/G.955. The system may have no intermediate regenerators as in Figure la/G .955, one intermediate 
regenerator as in Figure lb/G .955, or a larger number depending on the system design and route length.

This Recommendation covers requirements for equipment intended to meet the relevant performance 
objectives of Recommendation G.821 under all normally envisaged operating conditions. In any event Recommen
dation G.821 remains the overriding performance objective of the network.

Other (synchronous optical) hierarchical rates are presently under consideration. Such rates to be
considered in this Recommendation require further study.
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r T

a)

V  T

T150USWJ

T, T' Equipment interface in accordance with Recommendation G.703.
S Point on the optical fibre just after the transm itter (TX) or the regenerator (REG) optical connector (C).
R Point on the optical fibre just before the receiver (RX) or the regenerator (REG) optical connector (C).

N ote — Additional connectors at a distribution frame (if used) are considered to be part of the fibre link and to be located between points S 
and R.

F IG U R E  1/G.955

2 Type of transmission medium

Multimode or single-mode optical fibres conforming to Recommendations G.651 or G.652 respectively are 
considered suitable for these systems. Operation may be in the region of either 850 nm, 1300 nm or 1550 nm or 
some other wavelength depending on the fibre and system type employed. The attenuation considered the most 
appropriate for operation at the various bit rates and wavelengths will be chosen by the Administrations in 
relation to the characteristics of the link to be realized and in accordance with this Recommendation. Similarly, 
splice losses, connector losses and the cable margin must be chosen together with the attenuation of the optical 
fibre in order to achieve the overall attenuation specified in § 4.

3 System margin

For the purpose of this Recommendation, the total system margin (Figure la/G .955), or regenerator 
section margin (Figure lb/G .955), is subdivided into two main contributions. The disposition of these margins is 
shown in Figure 2/G.955.

3.1 Cable margin (Mc)

The cable margin, Mc, covers allowances for:

i) future modifications to the cable configuration (additional splices, increased cable lengths, etc.);

ii) fibre cable performance variations due to environmental factors; and

iii) degradation of any connector between points S and R when provided.

3.2 Equipment margin (Me)

The equipment margin, Me, covers allowances for the effect of time and environmental factors on 
equipment performance (e.g., launched power, receiver sensitivity, equipment connector degradations).

Note 1 — The design margin, which covers the allowance for the tolerances on the characteristics of the 
various components of the system, is not considered because worst case values for such characteristics are reflected 
in the specifications of § 4.
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Note 2 — The system margin is in relation to a BER threshold of 1 • 10“ 10 even though for practical 
reasons the measurements of receiver sensitivity may be carried out at other thresholds.

Note 3 — The worst case approach adopted in this Recommendation leaves some additional margin in 
operating systems which can be considered as an unallocated margin.

4 System specifications

The optical link of a regenerator section can be represented as in Figure 2/G.955 from the point of the 
system specifications.

r  t

T1501260-M

FIGURE 2/G.955

As a minimum requirement for typical commercially available systems, the transmitter and the receiver 
shall be designed so that the error performance requirements of § 4.2 are obtained with an optical path as defined 
in § 4.6 and § 4.7.

4.1 Regenerator section lengths

The regenerator section length achievable with the systems specified in this recommendation is related to 
the fibre characteristics and the specific capabilities of the transm itter/receiver equipment. Exemples are given in 
Annexes A and B.

For multimode systems, the description of the baseband response with a single value (the — 3 dB optical 
bandwidth) may not be sufficient to determine the suitability of the fibre for the specified system. In some cases, a 
more detailed description of this characteristic or the description of the impulse response may be necessary. 
Additionally, the overall — 3 dB optical bandwidth is assumed to include modal and chromatic contributions.

For single-mode systems, a principle characteristic is that, for a given section length, they exhibit less pulse 
broadening than multimode systems, provided that the central wavelength of the laser is sufficiently close to the 
fibre’s zero-dispersion wavelength.

In general, for single-mode fibre systems employing laser sources operating near or below a nominal bit
rate of 6 x 44 736 kbit/s, the regenerator section length is expected to be limited by loss and not by dispersion.
At higher bit rates, the regenerator section length may be limited by dispersion. Therefore, it is desirable to check
whether a regenerator section length is limited by loss or dispersion.

Loss-limited systems: the loss-limited regenerator section length can be calculated taking into account the 
system gain, the loss introduced by the sum of connector and splice losses, fibre attenuation at the operating 
wavelength, cable margin, and the additional loss due to any dispersion penalty (including mode partition noise).

Dispersion-limited systems: the dispersion-limited regenerator section length is dependent upon the receiver 
tolerance to pulse distorsion (e.g., due to the transmitter source spectral characteristics, mode partition noise, and 
the fibre chromatic dispersion). Administrations should consult with suppliers to determine dispersion-limited 
lengths for their applications. Dispersion-limited systems require further study.

4.2 Error performance

Digital line systems in this Recommendation consider a maximum regenerator section length with a BER
not worse than 1 • 10~10. The error performance should be consistent with the overall performance in Recommen
dation G.821.
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4.3 Receiver dynamic range

The optical receiver dynamic range should be at least sufficient to provide a range of automatic gain 
control to compensate for equipment production tolerances and the effects of temperature and ageing. It is 
desirable that the dynamic range of the receiver should also minimize the need for line build-out attenuators.

4.4 Optical source

Multimode systems may employ either lasers or light-emitting diodes as sources. Single-mode systems 
generally employ lasers, although light-emitting diodes may have specific applications at certain bit rates. 
Single-mode systems using light-emitting diodes require further study.

4.5 Operating wavelength range

The nominal wavelengths of S50 nm and 1300 nm imply possible use anywhere in the range of 820-910 nm 
and 1270-1330 nm respectively, for systems operating up to and including nominal bit rates near 
3 x 44 736 kbit/s. For higher than a nominal bit rate near 3 x 44 736 kb it/s the 1300 nm range is reduced to 
1285-1330 nm. The range for the region around 1550 nm is under study.

Note 1 — For single-mode systems operating in the 1300 nm range, the lower wavelength limit is 
determined from consideration of dispersion and cut-off wavelength effects, while the upper wavelength limit is 
due to consideration of dispersion and attenuation. In particular it should be noted that the range quoted in this 
Recommendation is restricted compared to the dispersion range of 1270-1340 nm quoted in Recommenda
tion G.652, because of the possibility of OH peak related excess losses. To ensure satisfactory system operation the 
cut-off wavelength of the shortest length of cabled fibre in a single-mode elementary cable section must not exceed 
the operating wavelength. The second order (LPn ) mode should be sufficiently attenuated along the fibre such that 
at the detector modal noise and bimodal dispersion effects are negligible.

Note 2 — The nominal wavelength ranges specified above are for LEDs and multilongitudinal mode 
(MLM) lasers. Single longitudinal mode (SLM) lasers require further study.

4.6 Recommended optical path allowances fo r  multimode fibre systems

The optical path allowances between points S and R are given in Table 1/G.955 for multimode fibre 
systems employing LEDs or MLM lasers. These allowances include the cable margin, Mc, and comprise the 
overall attenuation and 3 dB optical bandwidth. These allowances represent the worst case parameter values 
derived from current practice within which a given system can be designed. Trade-offs among bandwidth, 
attenuation, dispersion, coding, etc. can vary these parameters.

The calculation of attenuation between points S and R should consider the variation of the optical fibre 
loss over the actual wavelength range of the optical fibre.

4.7 Recommended optical path allowances fo r  single-mode fibre systems

The optical path allowances between points S and R are given in Table 2/G.955 for single-mode fibre 
systems employing LEDs or MLM lasers. These allowances include the cable margin, Mc, and comprise the 
overall attenuation and dispersion. These allowances represent the worst case parameter values derived from 
current practice within which a given system can be designed. Trade-offs among attenuation, dispersion, 
coding, etc. can vary these parameters.

The calculation of attenuation between points S and R should consider the variation of the optical fibre
loss over the actual wavelength range of the optical source.
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TABLE 1/G.955

Recommended optical path allowances for digital line systems on multimode optical fibre
conforming to Recommendation G.651 with a single optical transmission signal

N om inal b it rate 
(k b it/s)

N om inal wavelength 
(nm )

Source type

A llow ances betw een S and  R 
at 1 x 1 0 - 10 BER

M axim um  attenuation  
(dB)

M inim um  overall 
— 3 dB optical 

bandw id th  
(M H z)

6312

850
Laser 47 17

LED 34 17

1300
Laser 34 17

LED 21 17

32 064

850
Laser a) a)

LED a) a)

1300
Laser 33 65

LED a) a)

44 736

850
Laser 42 62

LED 29 62

1300
Laser 33 62

LED 21 62

2 x 44 736

850
Laser 42 90

LED a) a)

1300
Laser 30 81

LED a) a)

97 728

850
Laser ‘ a). a)

LED a) a)

1300
Laser 31 100

LED a) a)

3 x 44 736

850
Laser a) a):

LED a) a)

1300
Laser 28 120

LED a) a)

a) Values under study.

Note 1 — Values given in this tab le are  for source types o ther than  single longitudinal m ode (SLM ) lasers. 

N ote 2  — Refer to  § 4.1, regenerator section lengths, for o ther considerations.
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TABLE 2/G.955

Recommended optical path allowances for digital line systems on single-mode optical fibre
conforming to Recommendation G.652 with a single optical transmission signal

N om inal b it rate 
(k b it/s)

N om inal wavelength 
(nm ) Source type

Allowances betw een S and  R 
at 1 x 10~10 BER

M axim um  attenuation  
(dB)

M axim um  dispersion 
(p s/n m )

44 736
1300 Laser 32 N /A

1550 Laser a) a)

2 x 44 736
1300 . Laser 28 N /A

1550 Laser a) a)

97 728
1300 Laser 31 a)
1550 Laser a) a)

3 x 44 736
1300 Laser 28 N /A

1550 Laser a) a)

4 x 44 736
1300 Laser 26 N /A

1550 Laser a) a)

6 x 44 736
1300 Laser 26 (N ote  2)

1550 Laser a) a)

4 x 97 728
1300 Laser 28 (N ote  2)

1550 Laser a) a)

9 x 44 736
1300 Laser 26 (N ote  2)

1550 Laser a) a)

12 x 44 736
1300 Laser 24 (N ote  2)

1550 Laser a) a)

18 x 44 736
1300 Laser 24 (N ote  2)

1550 Laser a) a)

24 x 44 736
1300 Laser 24 (N ote  2)

1550 Laser a) a)

36 x 44 736
1300 Laser 23 (N ote  2)

1550 Laser a) a)

a) Values under study.

N /A  — N ot applicable.

Note 1 — Values given in this tab le  are fo r source types o ther than  single longitudinal m ode (SLM ) lasers.

N ote 2 — R egenerator section lengths m ay be d ispersion-lim ited. Specific values are dependen t upon several factors and  require 
fu rther study. Refer § 4.1, regenerator section lengths, for o ther considerations.
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4.8 System margin

The cable margin, Mc, and equipment margin, M e, depend on the system characteristics and environ
mental conditions. Administrations should review the value of these margins, in cooperation with suppliers, 
relative to their applications and their maintenance strategies. Different maintenance strategies may require 
different values of margins.

4.9 Trade-off considerations

The allowances for digital line systems found in Tables 1 /G.955 and 2/G.955 are aimed at specifying 
minimum requirements for transmission systems with maximized section lengths. However, for applications not 
requiring maximized section lengths, more economical equipment designs can be used. Parameters for such 
equipment may differ from those in Tables 1 /G.955 and 2/G.955 by allowing trade-offs to be made.

Furthermore, remote power feeding and remote supervision of intermediate regenerators may not be 
necessary.

4.10 Wavelength division multiplexing

The requirements for digital line systems employing wavelength division multiplexing techniques operating 
either within the same wavelength region or in separate wavelength regions are under study.

5 Power feeding

Power feeding arrangements, if any, require further study.

6 Working conditions

See Recommendation G.950.

7 Overall design features

Under study.

8 Maintenance strategy

8.1 Type o f  supervision and fau lt location

In-service monitoring or out-of-service fault location can be used. In the absence of suitable metallic 
conductors in the optical cable, the supervision of the intermediate regenerator, where appropriate, should be 
provided by the same two optical fibres used for the line systems, or other fibres within the cable.

8.2 Fault conditions and consequent actions

The fault conditions and consequent actions should be complementary to those recommended for digital 
line sections. For systems with a laser, means to detect laser deterioration is considered advisable. For this fault 
condition, a deferred maintenance alarm indication is considered adequate.

9 Safety considerations

The Recommendations for guidance for the safe use, maintenance, and service of Fibre Optic Communica
tions Systems (FOCS) utilizing lasers of LEDs with output wavelengths between 400 nm and 3000 nm are 
currently under study by the I EC. This includes the operating wavelength ranges defined in § 4.5 and will be 
considered in this Recommendation when completed.
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ANNEX A

Example of calculation of the regenerator section length 
for a 6 Mbit/s laser-based system operating at 850 nm 

on multimode fibre

(to Recommendation G.955)

A.l The regenerator section length can be calculated considering that at the end of the optical path between 
points S and R (see Figure 2/G.955) the overall attenuation should not exceed 47 dB and the overall bandwidth 
should be not less than 17 MHz. In the following example, a nearly equilibrium mode distribution is assumed at 
point S.

A.2 For loss-limited applications, the maximum regenerator section length can be obtained as an example and 
without reference to any particular situation, as follows:

— attenuation of the optical fibres at 850 nm
— attenuation of the splices
— cable margin (Mc)

Total

Regenerator section length =  12.4 km.
3.o

The above assumes that no connectors are provided between points S and R

A.3 Concerning the bandwidth, in order to obtain such a regenerator section length and to respect the overall 
limit o f 17 MHz, Fibres with a bandwidth of 106 MHz should be used if the bandwidth addition factor is 0.75. For 
additional information on the calculation o f bandwidth for elementary cable sections, refer to Recommenda
tion G.651.

A N N E X  B 

(to Recommendation G.955)

Example of calculation of the regenerator section length for a 
12 x 45 Mbit/s laser-based system operating at 1300 nm 

on single-mode fibre

B.l The regenerator section length can be calculated considering that at the end of the optical path between
points S and R (see Figure 2/G.955 in the text o f the Recommendation) the overall attenuation should not exceed 
28 dB for systems in the wavelength range of 1270 to 1330 nm.

B.2 Concerning the attenuation, the regenerator section length can be obtained as an example and without
reference to any particular situation, as follows:

— attenuation of the optical Fibres at 1300 nm 0.40 dB /km
— attenuation of the splices 0.15 dB /km
— cable margin (Mc) 0.15 dB /km

Total 0.70 dB /km

Regenerator section length 28 dB/0.7 dB/km  =  40 km.

Note 1 — The above assumes that no connectors are provided between the points S and R.

Note 2 — A  suitable adjustment should be made to the Fibre attenuation in the above budget for systems 
operating at wavelengths other than 1300 nm to account for the Fibre spectral attenuation variation.

B.3 For systems operating at higher bitrates, the regenerator section lengths may be dispersion-limited. A
specific illustration is dependent upon several factors (as in § 4.1) and requires further study.

3.0 dB /km  
0.4 dB /km  
0.4 dB /km

3.8 dB /km
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Recommendation G.956

D IG ITA L  L IN E  SY ST EM S BASED O N  T H E  2048 K B IT /S  H IER A R C H Y  

O N  O PTIC A L  FIBRE CABLES

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

1 General

This Recommendation covers digital line systems for the transmission of signals based on the 2048 kbit/s 
hierarchy on optical fibre cables and includes systems conveying the following bit rates:

2 048 kbit/s

8 448 kbit/s

34 368 kbit/s

139 264 kbit/s
4 x 139 264 kbit/s (see Note).

Note — Systems at higher bit rates are under study (for the time being, these bit rates are in the area of
1.2 G b it/s  an d /o r 2.4 Gbit/s).

The requirements for overall performance and interfaces of the corresponding digital line sections are 
given in Recommendation G.921.

The aim of this Recommendation is to achieve longitudinal compatibility on elementary cable sections of 
different digital line systems, i.e. the possibility of installing digital line systems, produced by different manufac
turers, on the same optical fibre cable.

For the purpose of this Recommendation, optical fibre digital line systems can be represented as in 
Figure 1/G.956. The system may have no intermediate regenerators as in Figure la/G .956, one intermediate 
regenerator as in Figure lb/G .956 or a larger number depending on the system design and route length.

' This Recommendation covers requirements for equipment intended to meet the relevant performance 
objectives of Recommendations G.821 and G.921 under all normally envisaged operating conditions. In any event, 
Recommendation G.821 remains the overriding performance objective o f the network.

H T V
c  s

{77)
R C
n RX

11
______i i1 A k  ... o W ?!

i i

r
a)

T1501370-88

b)

T, T' Equipment interface in accordance with Recommendation G.703.
S Point on the optical fibre just after the transm itter (TX) or the regenerator (REG) optical connector (C).
R Point on the optical fibre just before the receiver (RX) or the regenerator (REG) optical connector (C).

Note -  Additional connectors at a distribution frame (if used) are considered to be part o f the fibre link and to be located between points S 
and R.

FIGURE 1 /G .956
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2 Type of transmission medium

Multimode or single-mode optical fibres conforming to Recommendations G.651 or G.652 respectively are 
considered suitable for these systems. Operation may be in the region of either 850 nm, 1300 nm or 1550 nm or 
some other wavelength depending on the fibre and system type employed. The attenuation considered the most 
appropriate for operation at the various bit rates and wavelengths will be chosen by the Administrations in 
relation to the characteristics of the link to be realized and in accordance with this Recommendation. Similarly, 
splice losses, connector losses and the cable margin must be chosen together with the attenuation of the optical 
fibre in order to achieve the overall attenuation specified in § 4.

3 System margin

For the purpose of this Recommendation, the total system margin (Figure la/G .956), or regenerator 
section margin (Figure lb/G .956), is subdivided into two main contributions. The disposition of these margins is 
shown in Figure 2/G.956.

3.1 Cable margin (Mc)

The cable margin, Mc, covers allowances for:

i) future modifications to the cable configuration (additional Splices, increased cable lengths, etc.);

ii) fibre cable performance variations due to environmental factors; and

iii) degradation of any connector between points S and R when provided.

3.2 Equipment margin (Me)

The equipment margin, M e, covers allowances for the effect of time and environmental factors on 
equipment performance (e.g., launched power, receiver sensitivity, equipment connector degradations).

Note 1 — The design margin, which covers the allowance for the tolerances on the characteristics of the
various components of the system, is not considered because worst case values for such characteristics are reflected
in the specifications of § 4.

Note 2 — The system margin is in relation to a BER threshold of 1 • 10“ 10 even though for practical 
reasons the measurements of receiver sensitivity may be carried out at other thresholds.

Note 3 — The worst case approach adopted in this Recommendation leaves some additional margin in 
operating systems which can be considered as an unallocated margin.

4 System specifications

The optical link of a regenerator section can be represented as in Figure 2/G.956 from the point of the 
system specifications.

r

T1S0U8M8

FIGURF 2/G .956
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As a minimum requirement for maximum section length, the transmitter and the receiver shall be designed 
so that the error performance requirements of § 4.2 are obtained with an optical path as defined in § 4.6 or § 4.7.

4.1 Regenerator section lengths

The regenerator section length achievable with the systems specified in this Recommendation is related to 
the fibre characteristics. For loss-limited systems, the regenerator section length can be calculated taking into 
account splice losses, cable margin, the values of the fibre attenuation at the operating wavelength and the 
possible presence of connectors between S and R. Examples are given in Annexes A and B.

4.2 Error performance

The digital line systems described in this Recommendation are required to provide error performance in 
accordance with “section quality classification 1”, defined in Recommendation G.921. Recognising that systems 
are required to meet a “degraded minute” threshold of at least 1 • 10-6, and that future systems should be capable 
of meeting a “degraded minute” threshold of 1 • 10-7, the transmitter and receiver shall be designed so that a 
BER not worse than 1 • 10“ 10 is obtained when operating over an optical path between points S and R 
corresponding to the relevant values given in Table 1/G.956 for multimode fibre systems and Table 2/G.956 for 
single-mode fibre systems.

4.3 Receiver dynamic range

The optical receiver dynamic range should be at least sufficient to provide a range of automatic gain 
control to compensate for equipment production tolerances and the effects of temperatures and ageing. It is 
desirable that the dynamic range of the receiver should also minimize the need for line building out attenuators.

4.4 Optical source

Multimode systems may employ either lasers or light-emitting diodes as sources. Single-mode systems 
generally employ lasers, although light-emitting diodes may have specific applications at certain bit rates. 
Single-mode systems using light-emitting diodes require further study.

4.5 Operating wavelength range

The nominal wavelength of 850 nm and 1300 nm imply possible use anywhere in the range 820-910 nm 
and 1270-1330 nm respectively, for systems operating up to and including 140 M bit/s. For systems at a nominal 
bit rate of 4 x 140 M bit/s, the 1300 nm range is reduced to 1285-1330 nm. The range for the region around 
1550 nm is under study.

Note — For single-mode systems operating in the 1300 nm range, the lower wavelength limit is deter
mined from consideration of dispersion and cut-off wavelength effects, while the upper wavelength limit is due to 
consideration of dispersion and attenuation. In particular it should be noted that the range quoted in this 
Recommendation is restricted compared to the dispersion range of 1270-1340 nm quoted in Recommenda
tion G.652, because of the possibility of OH peak related excess losses. To ensure satisfactory system operation, 
the cut-off wavelength of the shortest length of cabled fibre in a single-mode elementary cable section must not 
exceed the operating wavelength. The second order (LPn ) mode should be sufficiently attenuated along the fibre 
such that at the detector modal noise and bimodal dispersion effects are negligible.

4.6 Optical path requirements fo r  multimode fibre systems

The optical path allowances between points S and R are given in Table 1/G.956 for multimode fibre 
systems. These allowances include the cable margin, Mc, and comprise the overall attenuation and 3 dB optical 
bandwidth.

The calculation of attenuation between points S and R should consider the variation of the optical fibre
loss over the actual wavelength range of the optical source.
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TABLE 1/G.956

Recommended optical path allowance for digital line systems on multi-mode optical fibre
conforming to Recommendation G.651 with a single optical transmission signal

N om inal b it rate
(k b it/s )  :

N om inal w avelength 
(nm )

Source type

A llowances betw een S and  R  
at 1 x 10- 10 BER

M axim um  attenuation  
(dB)

M inim um  overall —3 
dB op tical bandw id th  

(M H z)

2 048

•850 !
Laser 51 10

D E L a) 10

1300
Laser 46 10

D EL 30 10

8 448

850
Laser 47 20

D EL a) a)

1300
Laser a) a)

D E L a) a)

34 368

850
Laser 41 50

D E L a) a)

1300
Laser 35 50

D E L 22 b) 50

139 264

850
Laser 35 100

D EL a) a)

1300
Laser 27 100

D EL 18 b) 100

a) Values under study.

b) Provisional value.

N o te !  — The description o f the baseband  response with a single value (the — 3 dB optical bandw idth) m ay no t be sufficient to 
determ ine the suitability  o f  the fibre for the specified system. A quasi-G aussian im pulse response m ay be assum ed for design 
purposes bu t a m ore detailed descrip tion  o f  the fibre response m ay be necessary in som e cases.

Note 2 — In the case o f  L ED  systems fo r the values given in the tab le  the optical fibre is assum ed to  have a nom inal num erical 
apertu re  o f 0.20-0.21. A dditionally  the overall —3 dB optical bandw id th  (m odal +  chrom atic) is assum ed to  be m easured with 
an optical source having a  m axim um  linew idth (FW H M ) o f  60 nm  and  100 nm  centred  at 850 nm and  1300 nm  respectively.

4.7 Optical path requirements fo r  single-mode fibre systems

The optical path allowances between points S and R are given in Table 2/G.956 for single-mode fibre 
systems. These allowances include the cable margin, Mc, and comprise the overall attenuation and dispersion.

The calculation of attenuation between points S and R should consider the variation of the optical fibre
loss over the actual wavelength range of the optical source.
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TABLE 2/G.956

Recommended optical path allowances for digital line systems on single-mode optical fibre
conforming to Recommeandation G.652 with a single optical transmission signal

N om inal b it rate 
(k b it/s)

N om inal wavelength 
(nm )

Source type

A llowances betw een S and  R 
at 1 x  1 0 - ' °  BER

M axim um  attenuation  
(dB)

M axim um  dispersion 
(p s /n m )

2  0 4 8
1 3 0 0 Laser 4 6 N /A

1 5 5 0 Laser a) a)

8  4 4 8
1 3 0 0 Laser 4 0 N /A

1 5 5 0 Laser a) a)

3 4  3 6 8
1 3 0 0 Laser 3 5 N /A

1 5 5 0 Laser a) a)

1 3 9  2 6 4
1 3 0 0 Laser

2 8

(N o te  2 )  ,

3 0 0  

(N ote  3 )

1 5 5 0 Laser a) a)

4  x 1 3 9  2 6 4
1 3 0 0

Laser
(Fabry-Perot)

2 4
1 2 0  

(N ote  1)

1 5 5 0 Laser a) a)

a) Values under study.

N /A  N o t applicable.

N ote 1 — This value indicates the m axim um  perm issible dispersion  for 4 x  139 264 k b it/s  system s at the  lim its o f  the operating  
wavelength range specified (1285 and  1330 nm). The system supplier will need to  determ ine any resu ltan t design penalty  
considering  the effect o f m ode partition  noise, chrom atic dispersion, etc. due to  the spectral characteristics o f  the optical source. 
For reliable operation  o f  systems it m ay be necessary to  lim it the m axim um  dispersion a t the system operating  w avelength to  less 
than  100 p s /n m ; this can be achieved by confin ing  the system  operating  wavelength to  a reduced wavelength range close to  the 
fibre dispersion zero.

N ote 2 — For app lication  in which the ch ief objective is to  m axim ize the regenerator section length, values could  be h igher than  
28 dB (e.g. 31 dB).

Note 3 — This value indicates the m axim um  possible dispersion  for 139 264 k b it/s  system s at the lim it o f  the operating  
wavelength range specified (1270-1330 nm). To optim ize the system design it m ay be necessary to  lim it m axim um  dispersion at 
the system operating  w avelength to  less th an  300 p s /n m . This can be achieved by confin ing  the system operating  wavelength to  a 
reduced w avelength range close to  the fibre d ispersion zero.

4.8 Equipment margin (Me)

The equipment margin as defined in § 3.2 depends on the system characteristics, the environmental 
conditions and on the maintenance strategy. Administrations will need to choose a suitable value in cooperation 
with the system supplier for their applications.

A minimum margin of 3 dB is considered appropriate for systems using temperature stabilised lasers and 
PIN  detectors, which operate in a typical station environment.

Greater margins may be necessary in systems using light emitting diodes or non-temperature stabilised 
lasers, or in systems operating in an outdoor environment.
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4.9 Systems fo r  short haul applications

The allowances for digital line systems found in Tables 17G.956 and 2/G.956 are aimed at specifying 
minimum requirements for transmission systems with maximized section lengths. However, for applications not 
requiring maximized section lengths, more economical equipment can be used. Parameters for such equipment 
may differ from those in Tables 1/G .956 and 2/G.956 by allowing trade-offs to be made.

Furthermore, remote power feeding and remote supervision of intermediate regenerators may not be 
necessary.

4.10 Wavelength division multiplexing

The requirements for digital line systems employing wavelength division multiplexing techniques operating 
either within the same wavelength region or in separate wavelength regions are under study.

5 Power feeding

The use of dependent regenerative repeaters is not generally required for optical fibre systems. It is not, 
therefore, necessary to recommend a specific remote power-feeding system.

Where remote power-feeding is required for specific applications, only constant current dc feeding should 
be used.

Where local power feeding is required a dc-voltage is sufficient.

Precautions must be taken to protect staff from any possible danger arising from the normal operating 
voltages and remote power-feed currents as well as from induced voltages and currents. Appropriate safety 
measures should be adopted to ensure that under abnormal conditions the requirements of IEC Recommenda
tion 479 are met.

Precautions are also needed for the protection of the equipment against induced voltages and currents.

Note — Precautions against induced voltages and currents require further study. The K-Series Recommen
dations may be relevant to this study.

6 Working conditions

See Recommendation G.950.

7 Overall design features

Under study.

8 Maintenance strategy

8.1 Type o f  supervision and fa u lt location

In-service monitoring or out-of-service fault location can be used. For bit rates equal to or above 
139 264 kbit/s, in-service monitoring is recommended. In the absence of suitable metallic conductors in the optical 
cable the supervision of the intermediate regenerator, where appropriate, should be provided by the same two 
optical fibres used for the line systems.

8.2 Fault conditions and consequent actions

The following fault conditions should be detected in addition to those specified in Recommendation G.921 
for the relevant digital sections, and the associated consequent actions should be taken:

a) failure of remote power feeding (if applicable) —
a prom pt maintenance alarm should be generated, if practicable;

b) low error ratio threshold exceeded —
this threshold is 1 • 10~5 for systems at 2048 and 8448 kbit/s 

and 1 • 10"6 for systems at higher bit rates;

a deferred maintenance alarm should be generated to signify that performance is deteriorating.
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Furthermore, for systems with a laser, means to detect laser deterioration are considered advisable. For this 
fault condition, a deferred maintenance alarm indication is considered adequate.

9 Safety considerations

The recommendations for guidance for the safe use, maintenance and service of Line Systems on Optical 
Fibre Cables with operating wavelengths between 400 nm and 3000 nm are currently under study by the I EC. This 
includes the operating wavelength ranges defined in § 4.5 and will be considered in this Recommendation when 
completed.

A N N E X  A 

(to Recommendation G.956)

Example of calculation of the regenerator section length 
for a 34 Mbit/s laser-based system operating at 1300 nm 

on multimode fibre

A.l The regenerator section length can be calculated considering that at the end of the optical path between 
points S and R (see Figure 2/G.956 in the text of the Recommendation) the overall attenuation should not exceed 
35 dB and the overall bandwidth should be not less than 50 MHz. In the following example, a nearly equilibrium 
mode distribution is assumed at point S.

A.2 Concerning the attenuation, the regenerator section length can be obtained as an example and without 
reference to any particular situation, as follows:

— attenuation of the optical fibres at 1300 nm
— attenuation of the splices
— cable margin (Mc)

Total
35Regenerator section length =  22 km.
1.6

The above assumes that no connectors are provided between points S and R

Note — If the fibre attenuation at the operating wavelength is different from that at 1300 nm, a suitable 
allowance should be considered in the above budget.

A.3 Concerning the bandwidth, in order to obtain such a regenerator section length and to respect the overall 
limit of 50 MHz, Fibres with a bandwidth of 500 MHz should be used if the bandwidth addition factor is 0.75. For
additional information on the calculation of bandwidth for elementary cable sections, refer to Recommenda
tion G.651.

A N N E X  B 

(to Recommendation G.956)

Example of calculation of the regenerator section length 
for a 4 x 140 Mbit/s laser-based system operating at 1300 nm 

on single-mode fibre

B.l The regenerator section length can be calculated considering that at the end of the optical path between 
points S and R (see Figure 2/G.956 in the text of the Recommendation) the overall attenuation should not exceed 
24 dB and the overall dispersion should not exceed 120 ps/nm  for systems in the wavelength range 1285-1330 nm.

1.0 dB /km  
0.3 dB /km  
0.3 dB /km

1.6 dB /km
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B.2 Concerning the attenuation, the regenerator section length can be obtained as an example and without 
reference to any particular situation, as follows:

— attenuation of the optical fibres at 1300 nm 0.40 dB /km
— attenuation of the splices 0.15 dB /km
— cable margin (M c) 0.15 dB /km

Total 0.70 dB /km
Regenerator section length y y  =  34 km.

The above assumes that no connectors are provided between points S and R.
Note — A suitable adjustment should be made to the fibre attenuation in the above budget for systems 

operating at wavelengths other than 1300 nm to account for the fibre spectral attenuation variation.

B.3 Concerning the dispersion the single-mode fibre described in Recommendation G.652 is adequate to obtain 
such a regenerator section length and to respect the overall limit of 120 ps/nm . Where the fibre dispersion needs 
to be limited to 100 ps/nm , a restricted wavelength range of 1293-1327 nm would be required for a fibre with the 
dispersion as specified in Recommendation G.652.

9.6 Digital section and digital transmission systems for ISDN customer access

Recommendation G.960

D IG ITA L SE C T IO N  FO R  ISD N  BASIC RATE A C C ESS

(Melbourne, 1988)

1 General

1.1 Scope

This Recommendation describes the characteristics of a digital section for the ISDN basic rate access 
between the user network interface (at T reference point, defined in Recommendation 1.411) and the local 
exchange (at V] reference point defined in Recommendation Q.512) supporting the recommended channel struc
ture 2B +  D and the required additional functions.

In this Recommendation and unless otherwise indicated, the term TE is used to indicate terminating 
layer 1 aspects of TE1, TA and NT2 functional groups.

When the term TE indicates terminating layer 1 aspects of TE1, then according to Figure 2/1.411, the 
S and T reference points coincide.

The terminology used in this Recommendation is very specific and not contained in the relevant 
terminology Recommendations. Therefore Annex B to this Recommendation provides terms and definitions used 
in this Recommendation.

1.2 Configuration

Figure 1 /G .960 shows the boundaries of the digital section in relation to the digital system definition.

The concept of the digital section is used in order to allow a functional and procedural description and a 
definition of the network requirements.

Note that reference point T and V* are not identical and therefore the digital section is not symmetric.

The concept of a digital transmission system is used in order to describe the characteristics of a 
implementation, using a specific medium, in support of the digital section.

Note — The T and V reference points are defined in Recommendations 1.411 and Q.512.
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TE

Digital transmission system
Note

NT1 LT

Reference point
Digital section

ET

V,
Reference point

T1803421-88

ET Exchange term ination 
LT Line term ination 
NT Network term ination 
TE Terminal equipm ent

N ote — Digital transmission system refers to  either a line system using metallic pairs, optical fibres or radio systems.

FIG U R E  1/G .960 

Digital section and transmission system boundaries

1.3 Application

The basic access digital section may be applied as given in Figure 2/G.960 for:

— direct access to the local exchange (Vr reference point);

— access via a basic access multiplex equipment (V4-interface) to the local exchange;

— access via a basic access concentrator (V2-interface) to the local exchange;

1.4 Abbreviations

A number of abbreviations are used in this Recommendation. Some of them are commonly used in the 
ISDN reference configuration while others are created only for this Recommendation. The last one are given in 
the following:

Cyi Control Channel at V, reference point

DS Digital Section

FE Function Element used between ET and LT

FII Failure Indication Information

INFO Information element defined at the user network interface

SIG Signal between LT an NT1

2 Modelling and relationship between the digital section and the ET

The general model shown in Figure 3/G.960 depicts the whole ISDN customer access layer 1 and adjacent 
entities and provides the basis to describe the functions performed by the digital section and those performed by 
TE, ET and system management and how various functions are grouped. In particular, according to this model 
the activation/deactivation procedures and maintenance functions specified in this Recommendation are not 
confined to functions performed by the digital section but include functions associated with ET layer 1.
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TE

TE

TE

- •  NT1
Note 2

Digital section

NT1
Note 2

LT

Digital section

- t -
V,

- J
Multiplexer

- -  NT1 Note 2 LT

Digital section
Concentrator

Local exchange

■ H LT
Note 1

ET
V.

T1808720-88

N ote 1 — The LT may be integrated together with the ET  or separate (as integral part or outside of the local exchange).
Note 2  — In case o f a digital section using a digital transmission system for metallic pairs the application of one regenerator may be foreseen.
Note 3  — Local and remote applications are envisaged. For the remote case a transparent link between the remote multiplexer or concentrator 
and the local exchange will be used.

F IG U R E  2 /G .960 

Application o f the digital section

This model includes primitive procedures between ET layer 1, ET layer 2 and system management:

i) 1.430 to I.440/I.441 interactions between ET layer 1 and ET layer 2, and ET layer 1 and system 
management based on PH and MPH primitives, respectively, as defined in Recommendation 1.430. 
These interactions are for the support o f functions specified in Recommendations 1.440 and 1.441;

ii) interactions between ET layer 1 and system management for the support of functions associated with 
the digital section, based on MPH primitives.

The primitive procedures within TE comply with the specification according to Recommendation 1.430.

This model does not constrain layer 1 arrangements between LT and NT1, (it is also applicable to remote 
access as shown in Figure 2/G.960), or the digital transmission system technology.
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Digital section4------------- 2---------------------------- ►

N ote 1 — The digital transmission system refers to either a digital line transmission system using a metallic pair o f wires, optical fibre or 
radio system.
Note 2 — SIG, F E  and primitives refer to an exchange o f information. It does not imply any specific coding nor implementation. Some of 
these functions may be terminated in the LT and do not pass the digital transmission system.
N ote 3 — The term system management corresponds to both system management and layer management as defined in Recommendation Q.940.

F IG U R E  3/G .960 

General model o f  ISD N  customer access layer I and adjacent entities

3 Functions

Figure 4/G.960 shows the functions which have to be supported by the basic access digital section.

3.1 B channel

This function provides, for each direction of transmission, two independent 64 kbit/s channels for use as 
B Channels (as defined in Recommendation 1.412).

3.2 D channel

This function provides, for each direction of transmission, one D Channel at a bit rate of 16 kb it/s (as 
defined in Recommendation 1.412).

3.3 Bit timing

This function provides bit (signal element) timing to enable the receiving equipment to recover information 
from the aggregate bit stream. Regarding the V] reference point, the bit timing function is used for both transmit 
and receive data.

3.4 Octet timing

This function provides 8 kHz octet timing for the B Channels.
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T reference po in t Digital section V , reference poin ts

2 B Channels

D Channel

Bit timing

Octet timing

Activation (Note 3)

Deactivation (Note 3)

Power feeding

Operation and maintenance

Note 1 

Note 1

Note 2 

Note 1

THIM551-M

N ote 1 — These functions are conveyed by the C V1 channel across the Vj reference point.
N ote 2  — This function is optional.
N ote 3 — The activation and deactivation functions are concerned with the operation o f the 
digital section and the user-network interface. However, for consistency with Recommen
dations 1.430, they are described as separate functions.

F IG U R E  4 /G .960 

Functions o f  the digital section

3.5 Activation

3.5.1 Activation from  E T

This function places all the functions of the digital section into a normal operating mode and supports the 
activation of the interface at the T reference point according to Recommendation 1.430. This takes into account:

— power down mode;

— initial power up;
— a failure condition.

The procedures and exchange of information are described in § 5 of this Recommendation.

An activation should be possible to a state which allows maintenance actions to be performed in the 
digital section even when there is no customer equipment connected to the T reference point.

In the case of a basic access digital section making use of a digital transmission system for a metallic line 
one additional mode of operation may be applied for activation/deactivation, which is to activate/deactivate the 
digital section only. This is optional.

3.5.2 Request fo r  activation from  TE

This function supports activation of the digital section and of the interface at the T reference point 
according to Recommendation 1.430.

These functions are conveyed by the CVi channel (see § 7).
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3.6 Deactivation

This function is specified in order to permit the interface at the T reference point and the digital section to 
be placed in a low power consumption mode. The procedures and exchange of information are described in § 5 of 
this Recommendation.

Deactivation should be initiated only by the exchange (ET).

This function is conveyed by the CVi channel (see § 7).

3.7 Power feeding

This function provides for remote power feeding of NT1 and optionally the TE via the user network 
interface in accordance with Recommendation 1.430, § 9.

3.8 Operation and maintenance

This function supports required actions and information for operating and maintaining the digital section 
controlled by the ET as defined in Recommendation L603.

Four categories of functions have been identified:
— commands regarding LT, regenerator, or N T1;
— information from LT, regenerator, or N T1;
— indications of fault conditions;
— control of digital section power feeding.

These functions are conveyed by the CVi channel (see § 7).

4 Network performance

4.1 Availability

The definition of availability is given in Annex A of Recommendation G.821. The availability objective of 
the digital section should be consistent with the availability requirement for the hypothetical reference digital 
section as given in Recommendations G.801 and 1.350.

4.2 Signal transfer delay

Signal transfer delay is specified for B Channels and is defined as absolute signal delay between T and V! 
reference points for each direction of transmission. The value is for further study. The relevant Recommendations 
have to be taken into account (e.g. signal transmission delay when the signal represents speech must be taken into 
account as one component of the end-to-end delay requirement of Recommendation G.114).

4.3 Error performance

Error performance must be consistent with the requirements given in Recommendation G.821.

4.4 Jitter

4.4.1 Output/input jitter at T  reference point

The requirements are defined in § 8 o f Recommendation 1.430.

4.4.2 Jitter at V, reference point

The input jitter limits are for further study.

5 Activation/deactivation

5.1 Functional capabilities

The digital section provides the layer 1 signalling capability and the necessary procedures to enable:

5.1.1 Customer equipment at the user side o f  reference point T

to activate the layer 1 o f  the user-network interface at reference point T and, if not already activated, the 
digital section.
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5.1.2 Equipment at the network side o f  Vt reference point to

a) activate:
1) the layer 1 of the user-network interface at reference point T and, if not already activated, the

digital section (this activation is related to call control), or
2) the digital section only (this activation is related to controlling the configuration of the access; it 

is a network opinion),

b) deactivate:
1) the layer 1 of the user-network interface at reference point T and the digital section, or
2) the layer 1 of the user-network interface at reference point T only.

The functional capabilities defined in § 5.1.2 a) 2) allow maintenance actions in the digital section which
do not impact the deactivated user-network interface at reference point T to be performed and make provision for 
the implementation of a non-transparent loopback 2. If  required in some applications, they also permit the digital 
section to be placed in a mode where the full information transfer capability is available while the user-network 
interface at reference point T remains deactivated.

The procedures for the activation or deactivation of the layer 1 of the user-network interface at reference 
point T comply with the Recommendation 1.430, § 6.2. These procedures are based on a repertoire of INFO 
signals as defined in Recommendation 1.430 (Table 2/1.430).

The procedures at Vi reference point are based on a repertoire of function elements (FEs). These FEs have 
specific relationships to primitives between the ET layer 1 and ET layer 2, and ET layer 1 and system 
management for the activation or deactivation of the layer 1 of the user-network interface in accordance with 
Recommendation 1.430, § 6.2 and Recommendation 1.440 and 1.441. The means for defining these interactions are 
the primitive procedures (see Figure 5/1.430) based on a repertoire of PH- and MPH-primitives.

5.2 Modelling

5.2.1 General

The model for activation/deactivation procedures is given in § 2.
It is recognized that activation/deactivation is a process between customer equipment and local exchange 

requiring appropriate functionality at both ends. The model contained in § 2 includes the functional blocks 
relevant to activation/deactivation and depicts the primitives related to the activation/deactivation procedures.

5.2.2 Partitioning o f  functions

Recommendation 1.430 defines the network side of the user-network interface at reference point T as one 
functional block which supports the layer 1 activation/deactivation procedures across the T reference point and 
the primitive procedures at the ET layer 1/ET  layer 2 boundary and ET layer 1 /system management boundary. 
This block includes the functional groupings NT1, LT and ET layer 1.

This concept is described in terms of a state machine, called the G state machine in Recommenda
tion 1.430.

In order to describe the relationship between signals across the user-network interface at reference point T 
and function elements across reference point Vj, and the relationship between function elements across reference 
point Vi and primitives, two state machines are defined. One in the digital section (DS virtual state machine), and 
one at the network side of the Vi reference point (ET layer 1 virtual state machine). Figure 5/G.960 illustrates this 
approach.

In addition to primitives defined in Recommendation 1.430 and 1.441 related to call control, 
Figure 5/G.960 also introduces a new set o f primitives related to configuration control and the control of 
loopbacks. Partitioning of activation/deactivation procedures between two state machines is used for the 
convenience of easy and accurate description. The ET layer 1 state machine is to be viewed as virtual, not 
intended to imply any particular implementation.

However, in order to implement a customer access the virtual DS state machine has to be partitioned 
further. Figure 6/G.960 shows the partition of the DS state machine into NT1 state machine (NT-states) and LT 
state machine (LT-states).

The NT1 state machine supports user-network interface procedures in accordance with Recommenda
tion 1.430 based on the INFOs, and interacts with the LT state machine by means of a signal repertoire (SIGs) 
which has to be supported by the line transmission system. The LT state machine interacts with the ET layer 1 
state machine by means of a set of function elements (FEs). The ET layer 1 state machine contains those states 
which represent the local exchange view of the status of the interface at reference point T and the digital section. 
It supports the already specified primitive procedures to provide services to ET layer 2 and system management in 
accordance with Recommendation 1.430, and additional primitive procedures for the support of functions 
associated with the digital section.
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5.2.3 Location o f  timers T1 and T2

In the following description of the DS and ET layer 1 state machines, timer T1 will be associated with ET 
layer 1 (ET layer 1 state machine) while timer T2 will be associated with the digital section (DS state machine).

The association of timer T1 with layer 1 o f the ET is applied for the convenience of easy description but 
may be implemented anywhere while being functional part o f the ET. The exact location of timer T2 within the 
digital section does not impact the description of the DS state machine.

5.3 Activation/deactivation procedures

The procedures allow the activation/deactivation of the user-network interface at reference point T. The 
activation may be invoked by either side while deactivation may only be invoked by the network. The overall 
activation/deactivation procedures can be divided into three classes:

a) basic procedures for call control used to activate the layer 1 of the user-network interface at the
T reference point and if not already activated, the digital section;

b) procedures to control loopbacks;
c) procedures to control the configuration.

5.3.1 Basic characteristics o f  the procedures

5.3.1.1 Priority

Priority refers to contention resolution between activation/deactivation requests which have been invoked 
concurrently.

If contention between conflicting activation/deactivation requests from layer 2 and system management 
occurs it is resolved in the ET layer 1 state machine, which will then pass to the Vt reference point a coordinated 
set o f Function Elements (FEs). Table 1/G .960 shows the ET layer 1 state machine priority order.

TABLE 1/G .960  

Priority order o f request in the ET layer 1 state machine

T ype o f  request Priority  order

D eactivation  request '

Loopback

Call contro l activation request

Digital section only ac tiv a tion /deac tiva tion  request from  the ET side

3 (highest) 

2 

1

0 (lowest)

If contention between conflicting activation/deactivation requests from ET side and user side occurs it is 
resolved in the DS state machine. Table 2/G.960 shows the DS state machine priority order.

TA B LE 2 /G .960  

Priority order o f requests in the D S state machine

Type o f  request Priority  order

R equest from  ET side except digital section only  activation 

Call control activation request from  user side

D igital section only activ atio n /d eac tiv a tio n  request from  the  ET side

2 (highest) 

1

0  (lowest)
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5.3.1.2 System management

Some assumptions related to the system management are described in Annex A.

5.3.1.3 Loopbacks

In case a transparent loopback 2 is applied, the NT1 shall send IN FO  4 frames toward the user with the 
D-echo-channel set to binary ZERO.

With a transparent loopback 1, the NT1 (when able to activate the user-network interface at the T 
reference point) shall send IN FO  4 frames toward the user with the D-echo-channel set to binary ZERO or 
operating normally.

5.3.1.4 Protection o f  layer 2 fram es

According to Recommendation 1.430 § 6.2.6.1 a TE is allowed to take up to 100 ms to synchronize on
INFO 2, no lower time limit is defined. The different time each TE may take to synchronize on INFO 2 affects
the offering of an incoming call in layer 1 multiple terminal arrangements. The fastest TE notifies to the network 
that the access is activated and the message offering the incoming call (SETUP) may be transmitted (TE ready to 
receive the message) while other TEs are not yet ready to receive the message.

This could result in the slow TEs loosing all or part of the incoming messages (layer 2 frames).

The protection mechanism is for further study.

5.3.1.5 Structure o f  the tables

Both the DS state transition table and the ET layer 1 state transition table are structured such that (he 
three classes of the activation/deactivation procedures described at the beginning of § 5.3 are clearly separated. 
This allows implementation of the basic procedure only.

5.3.1.6 Transmission o f  INFO 2

In the following procedures two different internal events of the digital section are considered to start 
transmission of INFO 2:

a) the transmission system is synchronized in the direction LT to NT1

b) the transmission system is synchronized in both directions of transmission (see Note 2, Table 3/G.960)

5.4 Description o f  the state transtition tables

5.4.1 Description o f  the D S state transition table

5.4.1.1 Digital section states (DS-states)

Hereafter are defined the states that the digital section may enter as a result of: INFOs received across 
reference point T, function elements (FEs) received across reference point Vi, or internal events.

The DS-states are classified according to the functionality they support as follows:

i) DS l.X  states for the support of functionality according to Recomendation 1.430;

ii) DS 2.X states for the support of functionality related to loopbacks (these states complement DS l.X 
states);

iii) DS 3.X states for the support of functionality related to digital section only activation/deactivation 
(these states complement DS l.X  states).

The X represents the specific state within each mode. Some values of X are not used in mode 2 and 3 in 
order to have a consistent use of them.
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5.4.1.1.1 State DS 1.0 (fully deactivated): in this state state, the digital section is in a non-operational mode and 
as seen from the user side of reference point T, the network side is in state G1 according to Recommenda
tion 1.430 § 6.2.I.2.I.

5.4.1.1.2 State DS 1.1 (pending activation access): this transitional state is entered when an activation of the 
access was requested by the network (by means of either the PH- or MPH-ACTIVATE-REQUEST primitive) or 
the user (by means of INFO 1 across T reference point) while the digital section was in the state DS 1.0. An 
awake process takes place to establish the digital section conditions which allow the transmission of IN FO  2 
across T reference point. As seen from the user side of reference point T, the network side is in state G1 according 
to Recommendation 1.430 § 6.2.1.2.1.

5.4.1.1.3 State DS 1.2 (transitional state access activation): when entering this transitional state the network
initiates transmission of INFO 2 across reference point while waiting for the digital section to be fully
synchronized and the receipt of INFO 3. As seen from the user side of reference point T, the network side is in 
state G2 according to Recommendation 1.430 § 6.2.1.2.2.

5.4.1.1.4 State DS 1.3 (digital section fully activated): in this transitional state, the digital section is synchronized 
in both directions of transmission and the network sends INFO 2 across T reference point while waiting for 
INFO 3. As seen from the user side of reference point T, the network side is in state G2 according to 
Recommendation 1.430 § 6.2.1.2.2. This state is also entered if loss of synchronization occurs at reference point T 
while in the state DS 1.5.

5.4.1.1.5 State DS 1.5 (interface at T activated): this is the normal active stable state where the layer 1 service is 
available to the higher layers. The network sends INFO 4 across T reference point and as seen from the user side, 
the network side is in state G3 according to Recommendation 1.430 § 6.2.1.2.3.

5.4.1.1.6 State DS 1.6 (pending deactivation access): this transitional state is entered if the system management 
instructed the digital section to deactivate the access. As seen from the user side of reference point T, the network
side is in state G4 according to Recommendation 1.430 § 6.2.1.2.4.

5.4.1.1.7 State DS 1.7 (transitional state access deactivation): in this transitional state, the interface at reference 
point T is already deactivated. The deactivation of the digital section is in progress. As seen from the user side of 
reference point T, the network side is in state G1 according to Recommendation 1.430 § 6.2.1.2.1.

5.4.1.1.8 State DS 1.8 (transitional state access deactivation): in this transitional state, the digital section is 
already deactivated. The deactivation of the interface at reference point T is in progress. As seen from the user 
side of reference point T, the network side is in state G4 according to Recommendation 1.430 § 6.2.1.2.4.

5.4.1.1.9 States DS 2.X: for further study.

5.4.1.1.10 State DS 3.1 (pending activation digital section only): this transitional state is entered when an 
activation of the digital section only was requested by the network (by means of the M PH-DIGITAL SECTION 
ACTIVATE-REQUEST primitive, MHP-DSAR). The digital section was previously in the state DS 1.0 or a
deactivation of the access was previously in progress. As seen from the user side of reference point T, the network
side is in state G1 according to Recommendation 1.430 § 6.2.1.2.1.

5.4.1.1.11 State DS 3.2 (transitional state digital section activation): this transitional state is entered when an
activation of the digital section only was requested by the network (by means of the M PH-DIGITAL SECTION 
ACTIVATE-REQUEST primitive, MPH-DSAR). The deactivation of the access was previously in progress. As 
seen from the user side of reference point T, the network side is in state G4 according to Recommendation 1.430 
§ 6.2.1.2.4.

5.4.1.1.12 State DS 3.3 (digital section only activated): in this stable state, the digital section is synchronized in 
both directions of transmission and this has been notified to the system management by means of the 
M PH-DIGITAL SECTION ACTIVATE-INDICATION primitive (MPH-DSAI). The network sends INFO 0 
across T reference point. As seen from the user side of reference point T, the network side is in state G1 according 
to Recommendation 1.430 § 6.2.1.2.1.

5.4.1.1.13 State DS 3.4 (pending activation interface): this transitional state is entered when an activation of the 
interface was requested by the network (by means of either the PH- or MPH-ACTIVATE-REQUEST primitive) or 
the user (by means of INFO 1 across the T reference point) while the digital section was already in the activated 
state, state DS 3.3. The network immediately transmits INFO 2 across the T reference point. As seen from the user 
side of reference point T, the network side is in state G2 according to Recommendation 1.430 § 6.2.1.2.2.
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5.4.1.1.14 State DS 3.6 (pending deactivation interface): this transitional state is entered if the system mana- 
gemnt instructed the digital section to deactivate the interface at reference point T but to remain activated. As seen 
from the user side of reference point T, the network side is in state G4 according to Recommendation 1.430 
§ 6.2.I.2.4.

5.4.1.2 Repertoire o f  signals across the user-network interface at the T  reference point 

The definition of INFO signals is contained in Recommendation 1.430 § 6.2.2.

5.4.1.3 Repertoire o f  function elements at the V/ reference point

The function elements represent input signals which are consumed if a state transition occurs, even if it is 
a null transition (remain in the same state), and are not longer available to initiate one more state transition.

The following repertoire of function elements associated with the activation/deactivation procedures is 
defined:

-  FE 1 (LT ET) activation request for the interface at reference point T

-  FE 2 (LT -*• ET) request to start timer T1 within ET layer 1

-  FE 3 (LT -*• ET) the digital section is activated

-  FE 4 ( L T -  ET) user-network interface at the T reference point is activated or loopback 
operated

-  FE 5 (LT «- ET) deactivation request for the digital section and interface at reference point T

-  FE 6 (LT — ET) the digital section is deactivated and the interface at reference point T will be 
has been deactivated

-  FE 7 (LT — ET) error indication

-  FE 8 (LT «- ET) activation request for loopback 2

-  FE 9 (LT «- ET) activation request for loopback 1

-  FE 10 (LT «- ET) activation request for loopback 1A

-  FE 11 (LT «- ET) request to enter a state where the digital section only is activated

5.4.1.4 Specification o f  the procedures

5.4.1.4.1 Procedures across the user-network interface at reference point T

The digital section supports the procedures across the user-network interface at reference point T in 
accordance with Recommendation 1.430 § 6.2.

5.4.1.4.2 Digital section state transition table

The state transition table, see Table 3/G.960, specifies the procedures. It includes the actions to be taken 
on various events while in a specific state (see § 5.4.1.1 for the definition of the states). In particular, the actions to 
support the activation/deactivation procedures across the reference point T in accordance with Recommenda
tion 1.430 (sequence of INFOs in compliance with 1.430). The procedures for loopback operation require further 
study.
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T A B L E  3 / G . 9 6 0  

Sta te  transition table of digital section (D S  sta te  machine)

S t a t e  n u m b e r
D S  1 . 0 D S  1 . 1 D S  1 . 2  

( N o t e  2 )
D S  1 . 3  

( N o t e  2 )
D S  1 . 5 D S  1 . 6 D S  1 . 7  

( N o t e  3 )
D S  1 . 8  

( N o t e  3 )
D S - s t a t e s  r e l a t e d  t o  l o o p b a c k s

D S  3 . 1 .  D S  3 . 2 D S  3 . 3 D S  3 . 4 D S  3 . 6

I N F O
S E N T

I N F O  0 I N F O  0 I N F O  2 I N F O  2 I N F O  4 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  2 I N F O  0

F E  1 D S  1 . 1 n a n a n a n a D S  1 . 1 D S  1 . 1 D S  1 . 1
D S  1 . 1

n a
D S  3 . 4

n a
D S  3 . 4

F E  5 n a
S t a r t  T 2  

D S  1 . 6

S t a r t  T 2  

D S  1 . 6

S t a r t  T 2  

D S  1 . 6

S t a r t  T 2  

D S  1 . 6
n a n a n a

D S  1 . 7 D S  1 . 6 D S  1 . 7
“

D S  1 . 6

R e c e i v i n g  
I N F O  0  

( N o t e  1 )
- - - -

F E  7  

D S  1 . 3 D S  1 . 7
-

D S  1 . 0 D S  3 . 1
“ -

D S  3 . 3

R e c e i v i n g  

I N F O  0

F E  2  

D S  1 . 1
- - - / -

F E  2  

D S  1 . 1
-

F E  2  

D S  1 . 1
-

F E  2  

D S  3 . 4
- -

R e c e i v i n g  
I N F O  3

/ - -
F E  4  

D S  1 . 5
- “ / / - -  ' -

F E  4  

D S  1 . 5
“

L o s t  f r a m i n g  
a t  T
( N o t e  1 )

/ - - -
F E  7  

D S  1 . 3
- / / - - - / -

E x p i r y  o f  
t i m e r  T 2 - - - - -

D S  1 . 7 D S  1 . 0
-
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“ -
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I N F O  2

-
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- - - - -

F E  3  
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- “ -
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f u l l y
d e a c t i v a t e d

- - - -
F E  6  

D S  1 . 8

F E  6  

D S  1 . 0
- - - - - -
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TABLE 3/G .960 (cont.)

S t a t e  n u m b e r
D S  1 . 0 D S  1 . 1 D S  1 . 2  

( N o t e  2 )
D S  1 . 3  

( N o t e  2 )
D S  1 . 5 D S  1 . 6 D S  1 . 7  

( N o t e  3 )
D S  1 . 8  

( N o t e  3 )
D S - s t a t e s  r e l a t e d  t o  l o o p b a c k s

D S  3 . 1 D S  3 . 2 D S  3 . 3 D S  3 . 4 D S  3 . 6

I N F O
s e n t

I N F O  0 I N F O  0 I N F O  2 I N F O  2 I N F O  4 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  2 I N F O  0

F E  8

F E  9

F E  1 0

F E  1 1
D S  3 . 1

- -
S t a r t  T 2  

D S  3 . 6

S t a r t  T 2  

D S  3 . 6 D S  3 . 2 D S  3 . 1 D S  3 . 1 n a n a n a
S t a r t  T 2  

D S  3 . 6
n a

N ote 1 — In  the case o f  the receipt o f IN F O  0 o r lost fram ing  at the T  reference p o in t, FE  7 m ay n o t be p rov ided  in som e netw orks in  accordance w ith R ecom m endation  1.430 (see N ote  3 to  
T able 4/1.430).

N ote 2 — I f  transm ission  o f IN F O  2 starts when the d igital section is synchronized in bo th  d irections, the  events “ ready to  transm it IN F O  2” an d  “digital section fully activated” coincide and  
state  DS 1.2 and  DS 1.3 can  be merged.

— The states DS 1.7 and  DS 1.8 have been included to  reflect the full scope o f  possible deactivation  procedures. Three possible im plem entations have been considered:

The sequence o f events (“digital section fully deactivated” , “expiry o f  tim er T2 or “receiving IN F O  0”) is n o t determ ined. T hen bo th  states, DS 1.7 an d  DS 1.8 have to  be considered. 
The sequence o f  events is determ ined as the “digital section fully deac tiva ted” condition  alw ays occurs after “expiry o f  tim er T 2” o r “ receiving IN F O  0” . Then state DS 1.7 ony has to
be considered.
The “digital section fully deactivated” condition  alw ays occurs p rio r to  “expiry o f  tim er T2” o r “ receiving IN F O  0” . T hen direct tran s itio n  from  state  DS 1.6 to  state DS 1.0 on “expiry
o f  tim er T 2” or “ receiving IN F O  0” may be considered. I f  this case applies, the d igital section has to  m ake provision th a t FE 6  is issued.

N o state change, no action w hen event occurs.
Im possible event due to  in trnal reasons or peer-to-peer procedures.
N o action ; this event m ay occur or m ay be im possible.
Issue function  elem ent FE . .  across Vi reference point.

E nter state DS a.b.

1)
2)

3)

/
na
F E . .  
DS a.b.



5.4.2 Description o f  the E T  layer 1 state transition table

5.4.2.1 E T  layer 1 states (ET-states)

Hereafter are defined the states that the ET layer 1 may enter as a result of: function elements (FEs) 
received across reference point Vi, service primitives received (PH-, MPH-primitives), or internal events.

The ET-states are classified according to the functionality they support as follows:

i) ET l.X  states for the support of functionality according to Recommendation 1.430;

ii) ET 2.X states for the support of functionality related to loopbacks (these states complement ET l.X 
states);

iii) ET 3.X states for the support of functionality related to digital section only activation/deactivation 
(these states complement ET l.X  states).

5.4.2.1.1 State ET 1.0: the access (interface at reference point T and digital section) is in a stable state
(deactivated or activated). Timer T1 is not running.

5.4.2.1.2 State ET 1.1: an activation has been initiated to establish a call. Timer T1 is running.

5.4.2.1.3 State ET 2.0: the access is in a loopback state. Timer T1 is not running.

5.4.2.1.4 State ET 2.1: a loopback request has been issued. Timer T1 is running.

5.4.2.1.5 State ET 3.0: the access is in a stable state. The digital section only is activated while the interface at
the T reference point is deactivated or activated. Timer T1 is not running.

5.4.2.1.6 State ET 3.1: an activation has been initiated to establish a call. When the activation of the interface at
the T reference point was invoked, the digital section was already activated. Timer T1 is running.

5.4.2.1.7 State ET 3.2: this is a transitional state which is entered when the digital section only activation has 
been invoked. Timer T1 is running.

5.4.2.2 Repertoire o f  PH- and MPH-primitives within E T  fo r  the suppport o f  functions specified in Recommenda
tions 1.440 and 1.441. They are related to call control

The repertoire of these primitives is defined in Recommendations 1.430 § 6.2.1 and 1.441 § 4.1.

The M PH-EI primitive used in this Recommendation includes the M PH-EI primitive as defined in 
Recommendation 1.430, § 6.2.1.5. In addition, it notifies to the system management configuration control an error 
condition if the activation or loopback operation attempt failed (see § 5.4.2.3).

5.4.2.3 Repertoire o f  MPH-primitives within E T  fo r  the support offunctions associated with the digital section

The primitives below permit the digital section to change between two modes. In the first one, full 
information transfer capability of the digital section is available whatever the status of the user-network interface 
at reference point T is. In the second one, full information transfer capability of the digital section is available 
only if the user-network interface at reference point T has to be or is activated. They are related to configuration 
control.

i) MPH-DIGITA1 SECTION ACTIVATE-REQUEST (MPH-DSAR)
The MPH-DSAR primitive is used to request the digital section to maintain the full information 
transfer capability disregarding the state of the T reference point. The configuration control has to 
make provision that this primitive is issued only if the access is deactived.
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ii) M PH-DIGITAL SECTION ACTIVATE-INDICATION (MPH-DSAI)
The MPH-DSAI primitive is used to indicate that the digital section is in a mode capable to maintain 
the full information transfer capability whatever the status of the user-network interface at reference 
point T is.

iii) M PH-DIGITAL SECTION DEACTIVATE-REQUEST (M PH-DSDR)
The M PH-DSDR primitive is used to restore the mode where the status of the digital section is 
controlled by those primitives (PH-ACTIVATE-REQUEST, or MPH-ACTIVATE-REQUEST as 
appropriate, and M PH-DEACTIVATE-REQUEST) which are used for the activation/deactivation of 
the interface at reference point T. This includes the deactivation o f the digital section if the interface 
at reference point T has previously been deactivated. The configuration control has to make provision 
that this primitive is issued only if the interface at reference point T is deactivated.

iv) M PH-DIGITAL SECTION DEACTIVATE-INDICATION (M PH-DSDI)
This primitive supports a confirmed deactivation service. It is issued when the digital section is fully 
deactivated. Depending on deactivation procedures the interface at the T reference point is already or 
not yet deactivated.

v) M PH-ERROR-INDICATION (MPH-EI)
The MPH-EI primitive is used to notify the system management if the activation or loopback 
operation attempt failed.

vi) M PH-AW AKE-INDICATION (MPH-AWI)
This primitive notifies the network side management that the activation of the interface at reference 
point T has been invoked by the user side. It may be used by the ET to assign the resources required 
to support layer 2.

The primitives below are associated with maintenance functions based on loopbacks. The activate request 
primitives include the activation of the digital section and possibly the user-network interface at reference point T. 
The establishment of the requested loopback is notified to the requester by means of the MPH-AI primitive. The 
deactivation of a loopback is invoked by means of the M PH-DSDR primitive, or alternatively the M PH-DR 
primitive, as appropriate.

MPH-L2AR: activation request for loopback 2

MPH-L1AR: activation request for loopback 1

MPH-L1AAR: activation request for loopback 1A

The primitives below are used for other test purposes than loopbacks (continuidy test).

MPH-AR: activation request of the interface at the T reference point and the digital section for
continuity test purpose.

MPH-AI: activation indication of the interface at the T reference point and of the digital section.

5.4.2.4 E T  layer 1 state transition table

The state transition table, Table 4/G.960, specifies the procedures. It includes the actions to be taken on 
various events while in a specific state (see § 5.4.2.1 for the definition of the states). It specifies the interactions 
with ET layer 2 and system management which are required to support the layer interface procedures in 
accordance with Recommendation 1.430 (sequences of PH- and MPH-primitives in compliance with 1.430) and the 
interactions across the layer interface between ET layer 1 and system management for the support of functions 
associated with the digital section (see § 5.4.2.3 for the definition of the related MPH-primitives).
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TABLE 4/G.960

State transition table o f ET layer 1 
(ET layer 1 state machine)

— N o state change, no action when event occurs

| Im possible event by the defin ition  o f  the layer 1 service
/  Im possible event due to in ternal reasons or peer-to-peer procedures

132 Fascicle III.5 — Rec. G.960



PH -A I Issue P H -A C T IV A T E -IN D IC A T IO N  prim itive
PH -D I Issue PH -D E A C T IV A T E -IN D IC A T IO N  prim itive

M PH -A W I Issue M P H -A W A K E -IN D IC A T IO N  prim itive
M PH -A I Issue M P H -A C T IV A T E -IN D IC A T IO N  prim itive
M PH -D I Issue M PH -D E A C T IV A T E -IN D IC A T IO N  prim itive
M PH -D SD I Issue M P H -D IG IT A L  SE C T IO N  D E A C T IV A T E -IN D IC A T IO N  prim itive

M PH -E I Issue M P H -E R R O R -IN D IC A T IO N  prim itive
FE.. Issue function elem ent FE.. across VI reference po in t
ET ab E nter state ET a.b

Note 1 -  The prim itives M PH -D SA R  and  M PH -D SD R  are allow ed only if  the T  reference p o in t is deactivated. The 
m anagem ent has to meet this requirem ent.

Note 2 — This event occurs in the case o f a collision betw een the  M PH -D SA R  prim itive and  the M PH -A W I prim itive (o r the 
M PH -D SA I prim itive, if  m anagem ent ignores the M PH -A W I prim itive) at the boundary  between ET layer 1 and  m anagem ent. 
This collision has been caused by concurren t invokation  o f  digital section only activation  and access activation  from  the user 
side.

Note 3 — This event occurs in the case o f  a collision betw een the function  elem ents FE  1 and  FE  2 at reference p o in t V I. This 
collision has been caused by concurren t invokation  o f an activation  o f  the in terface from  the user side and  netw ork  side.

Note 4 — These events occur if  tim er T1 expires concurrently  with the com pletion o f  a task which the digital section indicates 
fo ET layer 1 by m eans o f  the ap p ro p ria te  function  elem ent (FE  3 and  FE 4). It is a situation  caused by excessive delay w ithin 
the digital section. In some cases it is advantageous to issue the ap propria te  prim itive to  notify  to  m anagem ent the status o f  the 
custom er access subsequent to  the e rro r ind ication  which w ould have been conveyed in an M PH -E I prim itive. This provides the 
m anagem ent with the inform ation  to  in itiate  the optim um  recovery procedure.

Note 5 — This event occurs if  tim er T1 expired  and m anagem ent invokes a deactivation  as a consequence o f  the receipt o f  the 
M PH -E I prim itive. In particu lar this recovery seems to  be useful in case o f  excessive delays (see N ote 4).

5.4.2.5 Primitive procedures fo r  the support o f  functions specified in Recommendations 1.440 and 1.441

The sequences of PH- and MPH-primitives which are valid between ET layer 1 and ET layer 2. and ET 
layer 1 and system management, respectively, for the support of functions specified in Recommendations 1.440 
and 1.441 and the ET layer 1 states as perceived by ET layer 2 and system management as a result o f primitives 
transferred between entities are specified in Recommendation 1.430 § 6.2.1.6.

5.4.2.6 Primitve procedures fo r  the support o f  functions associated with the digital section

The allowed sequences of MPH-primitives between ET layer 1 and system management for the support o f 
functions associated with the digital section are specified in the state transition diagram, Figure 7/G.960. This 
state transition diagram defines the ET layer 1 states that system management perceives ET layer 1 to be in as a 
result of primitives transferred across the corresponding layer interface.
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T1S08730-85

Note — The actions to be taken when entering the states “ Loss o f signal or synchronization at interface” , “ Activation of digital section 
failed” , “ Activation of interface at T  failed”  and “ User invoked activation of interface at T  failed”  require further study.

F IG U R E  7 /G .960

Valid MPH-primitive sequences and ET layer 1 states as perceived by system 
management configuration control
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5.5 Activation time

For activation from the user side the activation time is measured at the T reference point between the 
initiation of the sending of INFO 1 to the interface at the T reference point and the receipt of INFO 4 from the 
digital section.

For activation from the network side the activation time is defined between Functional Element 1 and 
Functional Element 4 at the V( reference point.

The activation time is specified for a digital section on which a bit error rate lower than the value x (see 
Note 1) can be achieved when activated.

5.5.1 Maximum activation time (see Note 2) fo r  activation occuring immediately after a deactivation (without any 
intervening loopback or powering action) (see Note 4):

Metallic pair cable transmission system
i) without regenerator: 300 ms
ii) with regenerator: 600 ms

5.5.2 Maximum activation time (see Note 2) fo r  activation occurring after the first powering on o f  a digital section:

i) without regenerator: 10 sec
ii) with regenerator: 10 sec

Note 1 — The exact test conditions are for further study.

Note 2 -  The specified value for activation time is understood as a 95%-value. This means that for 95%
of performed activations the activation time must be lower than the specified value.

Note 2 — The values take into account the response time of TE for sending INFO 3 on receipt o f 
INFO 2.

Note 4 — Timer T1 being a functional part of the ET it may be physically implemented in the ET. In this
case, its value may be adjusted according to the characteristics o f the transmission system between the ET and the 
digital section when it exists (e.g. in case of a satellite transmission system a value of 1000 ms has to be taken into 
account).

6 Operation and maintenance

6.1 General

This paragraph describes the operation and maintenance functions for the digital section of the ISDN 
basic rate access. For the time being only functions for a digital transmission system for a metallic line are 
defined.

Operation functions related to activation/deactivation procedure are specified in § 5.

Further assumptions regarding the system management are given in Annex A.

The maintenance functions recommended in 1.603 provide the capability to maintain the digital section to 
the level of Network Performance given in § 4 of this Recommendation.

It must be possible to test and maintain the digital section in accordance with Recommendation 1.603 
regardless of the customer equipment.

The main features are:
a) control of maintenance and test support facilities;
b) monitoring of the functional elements to provide operating and performance information and fault 

condition indications;
c) maintenance communication facility.

6.2 Control facilities

6.2.1 Loopbacks

6.2.1.1 Loopback implementation

The location and characteristics of loopbacks are defined in Recommendation 1.603.
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The loopbacks are controlled by ET system management.

A normal call activation request cannot override a request for loopback 1, la  or 2.

The procedure for loopback operation always starts from the deactivated state of the digital section.

6.2.1.2 Loopback procedure

One possible sequence is:

a ) ET generates an operation command for the required loopback;
b) ET receives MPH-AI;

c) ET performs the test;

d) ET generates a release command;

e) ET receives MPH-DI.

6.2.2 Auxiliary equipment line switchover

The function provides control of switchovers across the Vj reference point:
a) to switch the line from the LT to a line measurement device;
b) to switch the line from the normal LT to a standby LT;
c) to switch the LT to test NT1 located in the local exchange.

This function is optional. The function definition, control options and procedures are for further study.

6.2.3 Control o f  functions in the NT1

This function allows control o f specific functions within the NT1 and is for further study.

An example of such a function: control of switching between normal and restricted power at the user 
network interface.

6.2.4 Information request

This function allows the ET to request from the LT, regenerator and NT1 specific status reports.

6.2.5 Power switch o n /o ff  to the line

This function allows switching of the power to the line, and may be automatically applied upon reception 
of a power feed failure indication.

6.2.6 Continuity test

The continuity test is described in Recommendation 1.603.

The continuity test is controlled by the ET and is initiated by MPH-AR. System management decides when
the test is passed (i.e. on reception of M PH-DSAI or MPH-AI). When the system management receives M PH-EI 
(expiry T l) the test is considered to be failed. See also Annex A to this Recommendation.

6.3 Monitoring

6.3.1 Functions

The following operational conditions are monitored throughout the section:
a) the defect conditions;
b) the power feed arrangements;
c) transmission performance.

6.3.2 Implementation aspects

M onitoring capabilities must be provided in the digital section (see Recommendation 1.603). The handling 
and processing of the information is implementation dependent. For example:

a) the use of registers/counters in functional groups, the use of explicit commands and responses to 
establish status reports;

b) the transfer of information to the exchange, either when a defect condition occurs or on a regular
basis. This information is then processed by entities outside the digital section.
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6.3.3 Anomaly and defect conditions and consequent action

6.3.3.1 Defect conditions

The following defect conditions are examples:
i) excessive error rate;
ii) loss of incoming signal;
iii) loss of frame alignment;
iv) power feed failure.

Note — One example of an anomaly is a transmission error.

6.3.3.2 Consequent actions

Further to the detection of a defect condition appropriate actions should be taken as specified in Table 
5 /G.960.

Defect indication information (FII) is automatically transmitted from the digital section to the ET.

TABLE 5 /G .960 

Defect conditions and consequent actions

E quipm ent
Defect

C onsequent actions

conditions
F II Signal at V, Signal a t T

LT
Excessive erro r rate  
(N ote  1)

Yes FFS FFS

Line side Loss o f signal Yes FE 7 (N ote 4) IN F O  (N ote  5)

Loss o f fram e Yes FE 7 (N ote 4) IN F O  (N ote  5)

N T
Excessive e rro r rate  
(N ote  1)

Yes FFS FFS

Line side Loss o f  signal Yes N ot applicable IN F O  (N ote  5)

Loss o f fram e Yes N ot applicable IN F O  (N ote  5)

N T  at T Loss o f  signal Yes (N ote  3) FE 7 (N ote 4)
N ot applicable 

(N ote  3)

Loss o f  fram e Yes (N ote  3) FE 7 (N ote  4) N ot applicable

N T Loss o f  power Yes (N ote  2) FFS IN F O  0

FFS For fu rther study

N ote 1 — I f  processed in the digital section.

N ote 2 — D epending on pow er feed arrangem ents, optional.

N ote 3 — O ptional.

Note 4 — This signal is defined in § 5.

Note 5 — W hether an existing IN F O  as defined in R ecom m endation 1.430 m ay be used is fo r fu rther study.

6.3.4 Error performance monitoring

6.3.4.1 General

Provision has to be made in order to m onitor the error performance of the digital section and to report on 
such performance.
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The digital section must deliver to the ET the necessary information to allow it to evaluate the error 
performance parameters defined in Recommendation G.821.

6.3.5 Status report functions

Status report functions cover information which relate to the overall operation and performance of the 
digital section. The information may be transmitted either automatically or under request of ET.

Listed below are descriptions of the status; report functions:

i) Transmission errors
This information, derived in the digital section, allows the ET to evaluate the transmission error 
performance.

ii) Loopback 1 status
This information, sent from the LT, gives the status o f loopback 1.

iii) Loopback 1A status
This information, sent from the regenerator, gives the status of loopback 1A.

iv) Loopback 2 status
This information, sent from the NT1, gives the status of loopback 2.

v) User network interface power feed  status
This information indicates the status of the user network interface at T reference point power 
feed, e.g. normal or restricted power feed mode.

vi) User network interface power feed  fau lt
This information indicates a failure of the normal or restricted power source.
This function may be split into two reports.
This information is reported on request of the ET.

vii) User network interface power feed  overload
This information indicates that the power drawn from any source within the NT1 exceeds the 
maximum power that is available.
This information is reported on request of the ET.

viii) Defect indication information
This information is transmitted automatically under conditions specified in § 6.3.3.1.

6.3.4.2 Error performance parameters

TA BLE 6 /G .960  

Status report functions

Function Location M an d a to ry /o p tio n a l

T ransm ission errors LT M
R EG . 0

N T 0

Loopback 1 status (N ote) LT M

Loopback 1A status (N ote) REG. M

L oopback 2 status (N ote) NT1 M

T  reference po in t pow er feed status NT1 O

T reference po in t pow er feed fault NT1 0

T reference po in t pow er feed overload NT1 0

FII LT M
REG. M

N T M

Note — The information may be implicit (e.g., activation indication).
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These status reports will be dependent upon the type of digital transmission system used and require 
further study.

Some examples of a particular system are given in Table 7/G.960.

6.3.6 System dependent status report functions

TABLE 7/G .960 

System dependent status report functions

Function Location

Line test relay state LT

LT test relay state LT

Rem ote pow er switch state LT

Rem ote pow er feed LT

Induced overvoltage on line LT

A bnorm al curren t condition LT

Receive eye opening LT
REG.
NT1

Echo cancellation coefficients LT
REG.
NT1

Battery test N T

7 Control channel CVi

This control channel provides, for each direction of transmission, the capability to transfer the commands, 
status report information and FII.

Although described as a single channel, the control channel may be realized by a number of sub-channels 
which may use different transport mechanisms (as appropriate to the functions). Even though some of the 
functions mentioned in § 6 have optional status, the CVi channel shall have the capability to convey all the control 
information to allow their implementation.

A N N E X  A 

(to Recommendation G.960)

SYSTEM MANAGEMENT REQUIREM ENTS

A.l Introduction

This Recommendation specifies the required functions of the digital section and the ET layer 1. In order to 
ensure correct operation, it is necessary to take into account the assumptions made about the management 
functions involved. It is assumed that the structure of the management is as given in CCITT Recommenda
tion Q.940.

In this Recommendation, distinction is made between ET layer 1 and system management only. Where the 
term system management is used it corresponds to both system management and layer management as defined in 
Recommendation Q.940.
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A.2 System management requirements

A .l  A General

System management shall not initiate more than one action at a time towards the ET layer 1. An action is 
delimited by the primitive which is issued by system management and the corresponding primitive which confirms 
completion of the task.

A.2.2 Error indications

The management entity takes account of the sequence of primitives before and after the reception of 
MPH-EI. From the sequence of the primitives, the system management may determine the cause of the M PH-EI 
primitive (e.g. unsuccessful activation of the interface, unsuccessfull activation of the access, loss of synchroniza
tion or signal at the interface at reference point T).

Upon the occurence of an error, the ET layer shall notify this event to the system management by means 
of the primitive MPH-EI. The system management must decide which appropriate actions should be taken 
(e.g. hold or abandon call, initiate M PH-DR or MPH-DSDR).

A.2.3 Loopback operations

The system management should take into account that when the ET layer 1 is in loopback operation it 
does not send any primitives to ET layer 2.

If  a primitive is sent by ET layer 2 to ET layer 1 during loopback operation, it will be ignored by ET
layer 1.

The setting of a loopback is initiated by the system management by issuing a primitive MPH-LxAR where 
by x indicates the type o f loopback 2, 1 or 1 A.

The setting of the loopbacks 1, 2 and 1A is confirmed to the system management by means of the 
MPH-AI primitive. The system management should be able to interpret this MPH-AI as a loopback confirmation 
and not as a normal activation indication by taking into account the sequence of the primitives.

A.2.4 Continuity test

The continuity test is initiated by the system management using the primitive MPH-AR. The system 
management must decide when the test is passed (i.e. on reception of MPH-DSAI or MPH-AI). If  the system 
management receives M PH-EI (expiry T l) the test is considered to be failed.

If the test is passed, the system management should check whether a call establishment has been 
progressed or if there is a call available before sending MPH-DR.

A.2.5 Information to be sent in the D channel during loopback operation

The information sent in the D channel should not imitate any HDLC pattern. However, it is in the 
responsibility of the system management to decide to send the required pattern for fault localisation.

A.2.6 Configuration control

The system management shall ensure that any action related to configuration control will be issued only 
when the T reference point is deactivated.

A N N E X  B 

(to Recommendation G.960)

Vocabulary of terms used in connection with 
Recommendations 1.430, 1.431, G.960 and G.961

Introduction

This Annex provides a vocabulary of terms and definitions that are appropriate to layer 1 aspects of the 
ISDN customer access for basic access and primary rate access.
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It should be considered in relation to Recommendations 1.430, 1.431, G.960 and G.961 since its scope is 
limited to these Recommendations. It is provided for a clear understanding of these Recommendations and will be 
reviewed during the next Study Period for alignment with Recommendations produced by other bodies.

A small number of terms in this Annex are duplicated in other Recommendations (e.g. Recommenda
tion 1.112 an d /o r Recommendation G.701). References to these are given in parenthesis as an aid to ensuring 
consistency between the Recommendations in the event o f future amendments (e.g. “complete loopback {M.125}”). 
Where the term is defined differently, but the spirit is maintained, the reference is shown as in the following 
example: “functional group [{1.112, 419}]”.

According to the conventions applied in this Annex 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: “line [loop]”.

Where a truncated term is widely used in an understood context the complete term is quoted following the 
colloquial form, for example: “multiplex, digital multiplex equipment”.

Paragraph B.7 contains an alphabetical list o f all o f the terms contained in this Recommendation.

Paragraph B.8 illustrates the general aspects of the terminology.

Paragraph B.9 explains the V reference point, V interface, and interface point concept.

B.l General

101 basic access, basic rate access

A user-network access arrangement that corresponds to the interface structure composed of two B-channels 
and one D-channel. The bit rate of the D-channel for this type of access is 16 kbit/s.

102 primary rate access

A user-network access arrangement that corresponds to the primary rates of 1544 kb it/s and 2048 kbit/s. 
The bit rate of the D-channel for this type o f access is 64 kbit/s. The typical primary rate interface structures are 
as given in Recommendations 1.412 and 1.431.

103 local exchange, ISDN local exchange

The exchange which, in addition to the switching function, contains the exchange termination for the 
ISDN customer accesses.

104 line termination (LT) (abbreviated)

The functional group containing at least the transmit and receive functions terminating one end of a 
digital transmission system.

105 exchange termination (ET) (abbreviated)

The functional group containing at least the layer 2 and layer 3 network side functions o f the 1.420 
interface at the T  reference point.

Note 1 — This may not be true if concentrators or other intelligent equipment are located in the local line 
distribution network.

Note 2 — The ET is not the switching function. The extent to which the ET supports call control 
processing and management is not defined.

106 network termination (NT) (abbreviated)

The functional group on the network side of a user-network interface.

Note — In Recommendations 1.430 and 1.431, “NT” is used to indicate network terminating layer 1 
aspects o f N Tl and NT2 functional groups.
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107 terminal equipment (TE) (abbreviated)

The functional group on the user side of a user network interface.

Note — In Recommendations 1.430 and 1.431, “TE” is used to indicate terminal terminating layer 1 
aspects of TE1, TA and NT2 functional groups.

108 functional group [{1.112, 419}]

A set of functions that may be performed by a single equipment.

Note 1 — The transmission medium is not part of any functional group.

Note 2 — Regenerators, multiplexers and concentrators are functional groups which are outside the scope
of Recommendation 1.411.

109 access connection element [subscriber access] [{1.324}]

The equipment providing the concatenation of functional groups between and including the exchange 
termination and the NT1. The term should be qualified by the type of access supported. That is:

— basic access connection element

— primary rate access connection element.

110 customer equipment [subscriber installation] [{1.324}]

The concatenation of equipment on the user side of the T reference point (i.e. TAs, TE2s, T E ls NT2 and 
associated transmission media). In the case of multiple access, the customer equipment includes all the equipment 
on the user side of all those accesses comprising the multiple access.

Note 1 — This term should not imply or restrict ownership or responsibility for providing equipment.

Note 2 — The terms “user equipment” and “subscriber equipment” are deprecated.

111 ISDN customer access [ISDN subscriber access]

The equipment providing the concatenation of all functional groups relevant to an individual or group of 
related access connection elements (i.e. customer equipment and access connection element).

Note — This term should not imply or restrict ownership or responsibility for providing equipment.

112 direct access, direct access connection element

A specific access connection element in which the basic access digital section or primary rate access digital
section is directly connected to the exchange termination at a Vj or V3 reference point respectively.

113 remote access, remote access connection element

A specific access connection element in which the digital section is not directly connected to the exchange 
termination but is connected through a multiplexer or concentrator.

114 reference point {1.112, 420}

A conceptual point at the conjunction of two non-overlapping functional groups.

Note — Each reference point is assigned a prefix letter, for example: T reference point.
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115 interface, physical interface {1.112, 408; G.701, 1008}

The common boundary between physical equipment.

116 user network interface [customer network interface] {1.112, 409}

An interface, at which the access protocols apply, and which is located at the S or T reference point.

117 V interface

A digital interface which usually coincides with the V reference point.

Note 1 — A specific V interface is denoted by a suffix number.

Note 2 — The V interfaces are internal network interfaces.

118 Vi reference point

A V reference point at the network side of a basic access digital section for the provision of a single basic
access.

Note — The Vi interface is a functional boundary between the exchange termination and the line 
termination and may or may not exist as a physical interface. The V] interface structure is comprised of two 
B-channels, one D-channel, and a Cvi-channel.

119 V2 reference point

A V reference point at the network side of a concentrator for the provision of a number of basic an d /o r 
primary rate accesses.

120 V3 reference point

A V reference point at the network side of a primary rate access digital section for the provision of a 
single primary rate access.

121 V4 reference point

A V reference point at the network side of a multiplexer supporting several basic access digital sections.

B.2 Digital transmission

201 Digital link, digital transmission link [{1.112, 302; G.701, 3005}]

The whole of the means of digital transmission of a digital signal o f specified rate between specified 
reference points.

Note — A digital link comprises one or more digital sections and may include either a multiplexer or 
concentrator, but not switching.

202 digital access link

A digital link between the T reference point and the V reference point in the case of remote access only.

203 digital section [section) [{G.701, 3007}]

The whole of the means of digital transmission of a digital signal of specified rate between two consecutive 
reference points. The term should be qualified by the type of access supported, or by a prefix denoting the 
V interface at the digital section boundaries. For example:

— basic access digital section;
— primary rate access digital section;
— Vx digital section.
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204 digital section boundaries

The reference points at the near and far ends of the digital section.

205 digital system, digital transmission system [system] [{G.701, 3014}]

A specific means of providing a digital section.

Note — For a specific type of system this term may be qualified by the insertion of the name of the 
transmission medium employed by that specific system. Some examples are:

— digital line transmission system;
— digital radio system;
— digital optical transmission system.

206 transmission method

The technique by which the transmission system transmits and receives signals via the transmission 
medium.

207 echo cancellation

A transmission method used in digital transmission systems in which bi-directional transmission occurs 
simultaneously on the same line and in the same frequency band. An echo canceller is required to attenuate the 
echo of the near-end transmission.

208 time compression multiplex (burst mode]

A transmission method used in digital transmission systems in which bi-directional transmission occurs in 
non-overlapping uni-directional bursts.

209 multiplex, digital multiplex equipment [{G.701, 4017}]

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

210 static multiplex [fixed multiplex]

A multiplex where each tributary channel is assigned to one or more main-stream time-slots and the 
assignment is fixed.

211 dynamic multiplex [statistical multiplex]

A multiplex where signalling information of some or all tributary D-channels is assigned to a lesser 
number of main-stream time-slots on a statistical basis, but the assignment o f other channels is fixed.

212 concentrator, digital concentrator

Equipment containing the means to combine, in one direction, a number of basic accesses, a n d /o r primary 
rate accesses into a lesser number o f time-slots by omitting the idle channels an d /o r redundancy, and to perform 
the corresponding separation in the contra-direction.

B.3 Signalling

301 INFO

A defined layer 1 signal with specified meaning and coding at a basic access user-network interface.
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302 SIG

A signal representing an exchange of layer 1 information between line terminations of a digital 
transmission system for basic access.

303 function elements (FEs) (abbreviated)

A signal representing a functional exchange of layer 1 information at the Vi interface.

304 control channel; C-channel [service channel]

Additional dedicated transmission capability provided at a reference point or interface, or transported by a 
digital transmission system, to support the execution of management functions.

Note — The control channel at a specific reference point, interface or type of transmission system is 
denoted by an appropriate suffix. For example:

— Cvj: channel — the control channel at the Vj interface

— C L: channel -  the control channel at the line.

B.4 Activation/deactivation

401 deactivation

A function which places a system, or part o f a system, into a non-operating or partially operating mode 
where the power consumption of the system may be decreased (low power consumption mode).

402 activation

A function which places a system, or part o f a system, which may have been in a low power consumption 
mode during deactivation, into its fully operating mode.

403 permanent activation

Activation of a system, or part of a system, that will not be deactivated even when it is not required to be 
fully operating.

404 line activation

The function which requires the digital line transmission system to be activated but which may also 
activate the user-network interface.

405 line-only activation

The function which requires the activation of only the digital line transmission system and does not 
activate the user-network interface.

406 one-step activation

A type of activation which invokes a sequence of actions to activate the digital line transmission system 
and user-network interface from a single command.

407 two-step activation

A type of activation which is initiated by one command to invoke a sequence of actions to activate the 
digital line transmission system and continued by a second command to invoke a sequence of actions to activate 
the user-network interface.
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408 one-step deactivation

Deactivation of the digital line transmission system and user-network interface invoked by a single 
command.

409 user-network interface only deactivation

Deactivation of the user-network interface which does not deactivate the digital line transmission system.

B.5 Loopbacks

501 loopback, digital loopback {M.125} [test loop! [{1.112 G}]

A mechanism incorporated into a piece of equipment whereby a bi-directional communication path may 
be connected back on itself so that some or all of the information contained in the bit stream sent on the transmit 
path is returned on the receive path.

502 loopback type

The characteristic of a loopback which specifies the relationship between information entering the 
loopback and the information leaving the loopback in the contra-direction.

503 complete loopback {M.125}

A physical layer 1 mechanism which operates on the full bit stream. At the loopback point, the receive bit 
stream shall be transmitted back towards the transmitting station without modification.

Note — The use of the term “complete loopback” is not related to implementation since such a loopback 
may be provided by means of active logic elements or controlled unbalance of a hybrid transformer, etc. At the 
control point only the information channels may be available.

504 partial loopback {M.125} [echoing loopback]

A physical layer 1 mechanism which operates on one or more specified channels multiplexed within the 
full bit stream. At the loopback point, the received bit stream associated with the specified channel(s) shall be 
transmitted back towards the transmitting station without modification.

505 logical loopback {M.125}

A loopback which acts selectively on certain information within a specified channel or channels and may 
result in some specified modification of the looped information. Logical loopbacks may be defined to apply at 
any layer, depending on the detailed maintenance procedures specified.

506 loopback point [{M.125}]

The precise location of the loopback.

507 loopback control mechanism [control mechanism] {M.125}

The means by which the loopback is operated and released from the loopback control point.

508 loopback control point [control point] {M.125}

The point which has the ability to directly control loopbacks. The loopback control point may receive 
requests for loopback operation from several loopback requesting points.

509 loopback requesting point [{M.125}]

The point which requests the loopback control point to operate loopbacks.
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510 loopback application {M.125}

The maintenance phase for which the loopback operation is used.

511 forward signal

The signal transmitted beyond the loopback point.

Note — The forward signal may be a defined signal or unspecified.

512 loopback test pattern [{M.125}]

The information transmitted during the operation of the loopback in the channel or channels which are to 
be redirected by the loopback.

513 transparent loopback {M.125}

A transparent loopback is one in which the signal transmitted beyond the loopback point (the forward
signal) when the loopback is activated, is the same as the received signal at the loopback point. See Figure
B -l/G.960.

Loopback point

Transparent, complete loopback
1 •____________ (Complete loopback of full b it stream,

transparent with regard to  bit stream 
-• in forward direction)

)
V  T1802020-49

X Signal inhibited in order to avoid interference with looped signal

FIG U R E  B -1/G .960

514 non-transparent loopback {M.125}

A non-transparent loopback is one in which the signal transmitted beyond the loopback point (the forward 
signal) when the loopback is activated is not the same as the received signal at the loopback point. The forward 
signal may be a defined signal or unspecified. See Figure B-2/G.960.

Loopback point

Non-transparent, complete loopback 
(Complete loopback of full bit stream, 
non-transparent with respect to 
bit stream in forward direction)

T1402025-49

X Signal inhibited in order to  avoid interference with looped signal 
L1 Device which changes or inhibits the transferred signal

FIGURE B-2/G.960
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B.6 local line distribution network

601 local line distribution network

A network of cables and wires which are currently installed between a local exchange and customer 
premises.

602 twisted pair

A line or part o f a line which has each (insulated) conductor twisted around the other to reduce the effect 
of induction from stray electromagnetic an d /o r electrostatic fields.

Note — This definition also applies to twisted quad except that two pairs are twisted together.

603 exchange cable

A cable forming part of the local line distribution network, used in the local exchange between the line 
termination and main distribution frame.

604 main cable

A cable used in the local line distribution network between the main distribution frame and a cross 
connection point.

605 distribution cable

A cable used in the local line distribution network between the cross connection point and a distribution
point.

606 installation cable [subscriber cable]

A cable or single pair o f metallic wires used in the local line distribution point and the customer premises.

607 bridged tap

A length of unused open circuit line that is “T”ed to the customer line to provide flexibility in the local 
line distribution network.

Note — Bridged taps are not used in all local line distribution networks.

608 open wire

A pair of suspended and often uninsulated metallic wires which run parallel to each other.

Note — Overhead installation cables in common use between distribution poles and customer premises 
are not open wires.

609 loading coil

A device used to modify the electric characteristics of a line to give relatively constant attenuation over the 
voice-frequency range, but which gives relatively high attenuation beyond that range.
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610 crosstalk

A phenomenon by which an unwanted signal is introduced into a line through coupling to one or more 
other lines.

611 intrasystem crosstalk

Crosstalk between lines sharing the same cable on which the same type of transmission system is used on 
each line.

612 intersystem crosstalk

Crosstalk between lines sharing the same cable and on which different types of transmission systems are 
used on each line.

613 near-end crosstalk (NEXT) (abbreviated)

Crosstalk where the coupling is occurring at or near to the transmitter.

614 far-end crosstalk (FEXT) (abbreviated)

Crosstalk where the coupling is occurring at or near to the end of the line furthest from the transmitter!

615 line [loop]

The transmission medium between line terminations. The term may be qualified by the type of medium 
used, for example:

— metallic line: a pair o f metallic (usually copper) wires,

— optical line: one optical fibre (bi-directional transmission), or one pair of fibres (uni-directional
transmission).

616 local line [subscriber line]

An individual line which is continuous between the line termination (LT) and the customer premises, 
passing through the exchange, main, distribution and installation cables.

617 digital local line

A local line which is used by a digital transmission system.

Note — Regenerators are not part of the line but may be inserted between two line lengths. • *
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B.7 Alphabetical list o f  terms contained in this Annex

109 access connection element
402 activation 103 local exchange
101 basic access 616 local line
101 basic rate access 601 local line distribution network
607 bridged tap 505 logical loopback
208 [burst mode] 615 [loop]
304 C-channel 501 loopback
503 complete loopback 510 loopback application
212 concentrator 507 loopback control mechanism
304 control channel 508 loopback control point
507 [control mechanism] 506 loopback point
508 [control point] 509 loopback requesting point
610 crosstalk 512 loopback test pattern
110 customer equipment 502 loopback type
116 [customer network interface] 604 main cable
401 deactivation 209 multiplex
202 digital access link 613 near-end crosstalk (NEXT) (abbreviated)
212 digital concentrator 106 network termination (NT) (abbreviated)
201 digital link 514 non-transparent loopback
617 digital local line 406 one-step activation
501 digital loopback 408 one-step deactivation
209 digital multiplex equipment 608 open wire 

partial loopback203 digital section 504
204 digital section boundaries

403 permanent activation
205 digital system

115 physical interface
201 digital transmission link

102
205

primary rate access
digital transmission system

114 reference point
112 direct access

113
112 direct access connection element

remote access

605 distribution cable
113 remote access connection element

211 dynamic multiplex 203 [section]

207 echo cancellation 304 [service channel]

504 [echoing loopback] 302 SIG

603 exchange cable 210 static multiplex

105 exchange termination (ET) (abbreviated) 211 [statistical multiplex]

614 far-end crosstalk (FEXT) (abbreviated) 109 [subscriber access]

210 [fixed multiplex] 606 [subscriber cable]

511 forward signal 110 [subscriber installation]

303 function element [FEs) (abbreviated) 616 [subscriber line]

108 functional group 205 [system]

301 INFO 107 terminal equipment; (TE) (abbreviated)

606 installation cable 208 time compression multiplex

115 interface 206 transmission method

612 intersystem crosstalk 513 transparent loopback

611 intrasystem crosstalk 602 twisted pair

111 ISDN customer access 407 two-step activation

103 ISDN local exchange 116 user-network interface

111 [ISDN subscriber access] 409 user-network interface only deactivation

615 line 117 V interface

404 line activation 118 Vj reference point

405 line-only activation 119 V2 reference point
104 line termination (LT) (abbreviated) 120 V3 reference point
609 loading coil 121 V4 reference point
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Illustration o f  the general aspects o f the terminology ISD N  customer access
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Customer equipment
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FIGURE B-3/G.960
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B.9 Clarification o f  the V reference point, V interface, and interface point concept

B.9.1 The Vt reference point and the V3 reference point are always on the network side of the line termination 
and are applicable to individual (low order) accesses.

A reference point, when physically realized by an interface, requires the specification o f at least two 
interface points. See Figure B-4/G.960.

o

T1806791-89

FIGURE B-4/G.960

B.9.2 Interface point

One of at least two physical locations associated with an interface. The interface points mark the end of 
the transmission medium which supports the interface and may be the location of connectors (if used).

The reach of any interface may be extended by the use of a transmission system, providing that the 
transmission system is transparent in regards to the functions transported by the interface. In such a case, two 
further interface points would be required. See Figure B-5/G.960.

Medium Medium

T18068O1-89

Note — The insertion of a transmission system to a specific interface may be limited by 
performance related requirements.

FIGURE B-5/G.960

B.9.3 A group of individual accesses may be multiplexed or concentrated together to comprise a higher order 
access (i.e. V2 or V6 for basic access higher order interfaces).

There is only one V reference point at which the V interfaces may be implemented (between LT and ET). 
See Figure B-6/G.960.

This approach aligns with the use of IB and IA interface points in Recommendations 1.430 and 1.431.

— with the modelling technique used so far;

— with the terminology used so far;

— with the fact that an S or T reference point may support a range of interfaces (Recommenda
tions I.430/I.431);

— does not contradict Recommendation Q.512.
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a) Low order interface application

TU068U-t9

b) High order interface application 
M/C Multiplexer or concentrator

Note — Ig and IA are the interface points supporting Vj or V3 interfaces. Ic  and Iq  are 
the interface points supporting V j  or V4 interfaces.

FIGURE B-6/G.960

Recommendation G.961

D IG IT A L  T R A N S M ISS IO N  SY ST EM  O N  M E T A L LIC  L O C A L  

L IN E S  FO R  ISD N  BASIC RATE A C C ESS

(Melbourne, 1988)

1 General

1.1 Scope

This Recommendation covers the characteristics and parameters of a  digital transmission system at the 
network side of the NT1 to form part o f the digital section for the ISDN basic rate access.

The system will support the

— full duplex;

— bit sequence independent

transmission of two B-channels and one D-channel as defined in Recommendation 1.412 and the supplementary 
functions of the digital section defined in Recommendation 1.603 for operation and maintenance.

The terminology used in this Recommendation is very specific and not contained in the relevant 
terminology Recommendations. Therefore Annex B to Recommendation G.960 provides a num ber of terms and 
definitions used in this Recommendation.
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1.2 Definition

Figure 1/G.961 shows the boundaries of the digital transmission system in relation to the digital section.

v.

ET

Reference point

4--------

Reference point
Digital section

T1803422-8S

N ote — In this Recommendation digital transmission system refers to a line system using metallic lines. The use 
o f  one intermediate regenerator may be required.

F IG U R E  1/G .961 

Digital section and transmission system boundaries

The concept o f the digital section is used in order to allow a functional and procedural description and a 
definition of the network requirements. Note that the reference points T and Vi are not identical and therefore the 
digital section is not symmetric.

The concept of a digital transmission system is used in order to describe the characteristics of an
implementation, using a specific medium, in support o f the digital section.

1.3 Objectives

Considering that the digital section between the local exchange and the customer is one key element of the 
successful introduction of ISDN into the network the following requirements for the specification have been taken 
into account:

— to meet the error performance specified in Recommendation G.960;
— to operate on existing 2-wire unloaded lines, open wires being excluded;
— the objective is to achieve 100% cable fill for ISDN basic access without pair selection, cable 

rearrangements or removal of bridged taps (BT) which exist in many networks;
— the objective to be able to extend ISDN basic access provided services to the majority of customers 

without the use of regenerators. In the remaining few cases special arrangements may be required;
— coexistence in the same cable unit with most o f the existing services like telephony and voice band 

data transmission;
— various national regulations concerning EM I should be taken into account;
— power feeding from the network under normal or restricted conditions via the basic access shall be

provided where the Administration provides this facility;
— the capability to support maintenance functions shall be provided.

1.4 Abbreviations

A number of abbreviations are used in this Recommendation. Some of them are commonly used in the
ISDN reference configuration while others are created only for this Recommendation. The last one is given in the
following:

BER bit error ratio
BT bridged tap
CISPR Comite international special de perturbation radioelectrique (now part of IEC)
CL control channel o f the line system
ECH echo cancellation
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EMI electro-magnetic interference
DLL digital local line
DTS digital transmission system
NEXT near-end crosstalk
PSL power sum loss
TCM time compression multiplex
UI unit interval

2 Functions

Figure 2/G.961 shows the functions of the digital transmission system on metallic local lines.

NT1 LT

2 B channels

D channel

Bit timing

Octet timing

Frame alignment

Activation

Deactivation

Note 2
Power feeding

Operations and maintenance

T1804570-87

N ote 1 — The optional use o f one regenerator must be foreseen.
Note 2 — This function is optional.

FIG U R E  2/G .961 

Functions o f  the digital transmission system

2.1 B-channel

This function provides, for each direction of transmission, two independent 64 kbit/s channels for use as 
B-channels (as defined in Recommendation 1.412).

2.2 D-channel

This function provides, for each direction of transmission, one D-channel at a bit rate o f 16 kbit/s, (as 
defined in Recommendation 1.412).

2.3 Bit timing

This function provides bit (signal element) timing to enable the receiving equipment to recover information
from the aggregate bit stream. Bit timing for the direction NT1 to LT shall be derived from the clock received by
the NT1 from the LT.

2.4 Octet timing

This function provides 8 kHz octet timing for the B-channels. It shall be derived from frame alignment.

Fascicle III.5 -  Rec. G.961 155



2.5 Frame alignment

This function enables the NT1 and the LT to recover the time division multiplexed channels.

2.6 Activation from  L T  or NT1

This function restores the Digital Transmission system (DTS) between the LT and NT1 to its normal 
operational status. Procedures required to implement this function are described in § 6 of this Recommendation.

Activation from the LT could apply to the DTS only or to the DTS plus the customer equipment. In case 
the customer equipment is not connected, the DTS can still be activated.

Note — The functions required for operation and maintenance of the NT1 and one regenerator (if 
required) and for some activation/deactivation procedures are combined in one transport capability to be 
transmitted along with the 2B +  D-channels. This transport capability is named the CL-channel.

2.7 Deactivation

This function is specified in order to permit the NT1 and the regenerator (if it exists) to be placed in a low 
power consumption mode or to reduce intrasystem crosstalk to other systems. The procedures and exchange of 
information are described in § 6 of this Recommendation. This deactivation should be initiated only by the 
exchange (ET). See Note in § 2.6.

2.8 Power feeding

This optional function provides for remote power feeding of one regenerator (if required) and NT1. The 
provision of wetting current is recommended.

Note — The provision of line feed power to the user-network interface, normal or restricted power
feeding as defined in Recommendation 1.430 is required by some Administrations.

2.9 Operations and maintenance

This function provides the recommended actions and information described in Recommendation 1.603.

The following categories of functions have been identified:
— maintenance command (e.g., loopback control in the regenerator or the NT1);
— maintenance information (e.g., line errors);
— indication of fault conditions;
— information regarding power feeding in NT1.

See Note in § 2.6.

3 Transmission medium

3.1 Description '

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

A local line distribution network employs cables of pairs to provide services to customers.

In a local line distribution network, customers are connected to the local exchange via local lines.

A metallic local line is expected to be able to simultaneously carry bi-directional digital transmission 
providing ISDN basic access between LT and N Tl.

To simplify the provision of ISDN basic access, a digital transmission system must be capable of 
satisfactory operation over the majority o f metallic local lines without requirement of any special conditioning. 
Maximum penetration of metallic local lines is obtained by keeping ISDN requirements at a minimum.

In the following, the term Digital Local Line (DLL) is used to describe a metallic local line that meets 
minimum ISDN requirements.

3.2 Minimum IS D N  requirements

a) No loading coils;

b) No open wires;

c) When BTs are present, some restrictions may apply. Typical allowable BT configurations are 
discussed in § 4.2.1.
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3.3 D LL physical characteristics

In addition to satisfying the minimum ISDN requirements, a DLL is typically constructed of one or more 
twisted-pair segments that are spliced together. In a typical local line • distribution network, these twisted-pair 
segments occur in different types of cables as described in Figure 3/G.961.

Exchange
cable

NT1
Installation
cable

Distribution
cable

Main
cable

Cross-
connect
point

Cross-
connect
point

LT

T1804581-88

Main
distribution
frame

FIG U R E  3/G .961 

D L L  physical model

3.4 D LL electrical characteristics

3.4.1 Insertion loss

The DLL will have non-linear loss versus frequency characteristic. For any DLL of a particular gauge mix, 
with no BTs and with an insertion loss of x  dB at 80 kHz, the typical behaviour of its insertion loss versus 
frequency is depicted in Figure 4/G.961.

Frequency (log scale) T1808740-88

N ote — The maximum value o f x  ranges from 37 dB to 50 dB at 80 kHz. The minimum value could be close 
to  zero.

FIG U R E  4/G .961 

Typical insertion loss characteristic without presence of BTs
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3.4.2 Group delay

Typical ranges of values o f DLL group delay as a function of frequency are shown in Figure 5/G;961.

10'1 1 10 80100 1000 kHz
Frequency (log scale) T1808750-88

Note — The maximum value of one-way group delay (T) ranges from 30 to 60 microseconds at 80 kHz.

FIG U R E  5/G .961 

Typical group delay characteristic

3.4.3 Characteristic impedance

Typical ranges of values of the real and imaginary parts of the characteristic impedance of twisted pairs in 
different types of cables are shown in Figure 6/G.961.
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FIG U R E  6 /G .961

Typical ranges o f values o f real and imaginary parts 
o f  characteristic impedance

3.4.4 Near-ehd crosstalk (NEXT)

The DLL will have finite crosstalk coupling loss to other pairs sharing the same cable. Worst-case NEXT 
power sum loss (PSL) varies from 44 to 57 dB at 80 kHz (refer to § 4.2.2).

The DLL loss and PSL ranges have been independently specified. However, it is not required that all 
points in both ranges be satisfied simultaneously. A combined DLL loss/PSL representation is shown in 
Figure 7/G.961 to define the combined range of operation.

dB

(linear scale) Tl«o«770-88
Power sum loss at 80 kHz

FIG U R E  7/G .961

Combined representation o f DLL loss/PSL  range 
o f  operation
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3.4.5 Unbalance about earth

The DLL will have finite balance about earth. Unbalance about earth is described in terms of longitudinal 
conversion loss. Worst-case values are shown in Figure 8/G.961.

dB

Frequency (log scale) Tuomo-it

FIG U R E  8/G .961 

Worst-case longitudinal conversion loss versus frequency

3.4.6 Impulse noise

The DLL will have impulse noise resulting from other systems sharing the same cable as well as from 
other sources.

4 System performance

4.1 Performance requirements

Performance limits for the digital section are specified in § 4 of Recommendation G.960. The digital 
transmission system performance must be such that these performance limits are met. For that purpose, a digital
transmission system is required to pass specific laboratory performance tests that are defined in the next sections.

4.2 Performance measurements

Laboratory performance measurement of a particular digital transmission system requires the following 
preparations:

a) definition of a  number of DLL models to represent physical and electrical characteristics encountered 
in local line distribution networks;

b) simulation of the electrical environment caused by finite crosstalk coupling loss to other pairs in the 
same cable;

c) simulation of the electrical environment caused by impulse noise;
d) specification o f laboratory performance tests to verify that the performance limits referred to in § 4.1 

will be met.

4.2.1 DLL physical models

For the purposes of laboratory testing o f performance of a digital transmission system providing ISDN 
basic access, some models representative of DLLs to be encountered in a particular local line distribution network 
are required. The maximum loss in each model is optionally set between 37 and 50 dB at 80 kHz to satisfy 
requirements of the particular network. Similarly, the lengths o f BTs are optionally set within the range defined in 
Figure 9/G.961.
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Note 1 — The value o f x  varies from 37 to 50  dB at 80 kHz.
Note 2 — Equivalent gauges can be used. For example 0.6 mm is equivalent to A W G  22. A W G  
stands for American W ire Gauge.

FIG U R E  9 /G .961 

DLL physical models for laboratory testing

4.2.2 Intrasystem crosstalk modelling

4.2.2.1 Definition o/intrasystem crosstalk

Crosstalk noise in general results due to finite coupling loss between pairs sharing the same cable, 
especially those pairs that are physically adjacent. Finite coupling loss between pairs causes a vestige of the signal 
flowing on one DLL (disturber DLL) to be coupled into an adjacent DLL (disturbed DLL). This vestige is known 
as crosstalk noise. Near-end crosstalk (NEXT) is assumed to be the dom inant type of crosstalk. Intrasystem 
NEXT or self NEXT results when all pairs interfering with each other in a cable carry the same digital 
transmission system. Intersystem NEXT results when pairs carrying different digital transmission systems interfere 
with each other. Definition of intersystem NEXT is not part o f this Recommendation.
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Intrasystem NEXT noise coupled into a disturbed DLL from a number of DLL disturbers is represented 
as being due to an equivalent single disturber DLL with a coupling loss versus frequency characteristic known as 
PSL. Worst-case PSL encountered in a local line distribution network is defined in Figure 10/G.961. All DLLs are 
assumed to have fixed resistance terminations of Ro ohms. The range of Ro  is 110 to 150 ohms.

dB

T18M631-8S 

Frequency (log scale)

FIGURE 10/G.961 

Worst-case power sum loss (PSL)

4.2.2.2 Measurement arrangement

Simulation of intrasystem NEXT noise is necessary for performance testing of digital transmission systems. 
Intrasystem noise coupled into the receiver of the disturbed DLL depends on:

a) Power spectrum of the transmitted digital signal. The power spectrum is a function of the line code 
and the transmit filter.

b) Spectrum shaping due to the PSL characteristic of Figure 10/G.961.

The measurement arrangement of Figure 11/G.961 can be used for testing of performance with intrasystem 
crosstalk noise.

T12(M&41-88

FIGURE 11/G.961 

Crosstalk noise simulation and testing
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The measurement arrangement in Figure 11/G.961 is described in the following:

a) Box 1 represents a white noise source of constant spectral density. Spectrum is flat from 100 Hz to 
500 kHz rolling off afterwards at a rate >  20 dB/decade.

b) Box 2 is a variable attenuator.
c) Box 3 is a Filter that shapes the power spectrum to correspond to a particular line code and a

particular transmit filter.
d) Box 4 is a Filter that shapes the power spectrum according to the PSL characteristic of 

Figure 10/G.961.
e) Box 5 is a noise insertion circuit which couples the simulated crosstalk noise into the DLL without 

disturbing its performance. The insertion circuit therefore must be of sufficiently high output 
impedance relative to the magnitude of the characteristic impedance of the DLL under test. A value of 
> 4.0 kQ in the frequency range 0 to 1000 kHz is recommended.

Boxes 3, 4 and 5 in Figure 11/G.961 are conceptual. Dependent on the particular realization, they could 
possibly be combined into one circuit. The measurement arrangement in Figure 11 /G.961 is calibrated according 
to the following steps:

a) By terminating the output o f Box 5 with a resistor o f a value o f R o /2 ohm, and measuring the true
r.m.s. (root-mean-square) voltage across it in a bandwidth extending from 100 Hz to over 500 kHz.
The power dissipated in the R o /2 resistor is 3 dB higher than the power coupled into the receiver of
the DLL under test.

b) The shape of the noise spectrum measured across the R o /2 resistor should be within:
— ±  1 dB for values within 0 dB to 10 dB down from the theoretical peak;
— ±  3 dB for values within 10 dB to 20 dB down from the theoretical peak; 
for measurement purposes a resolution bandwidth of <  10 kHz is recommended.

c) The peak factor of the noise voltage across the R o /2 resistor should be > 4. This in turn fixes the 
dynamic range requirements of the circuits used in the measurement arrangement.

With the specified calibrated measurement arrangement, intrasystem crosstalk noise due to a worst-case 
PSL can be injected into the DLL under test while monitoring its performance. The noise level can be increased 
or decreased to determine positive or negative performance margins.

4.2.3 Impulse noise modelling

4.2.3.1 Definition o f  impulse noise

Impulse noise energy appears concentrated in random short time intervals during which it attains 
substantial levels. For the rest o f the time impulse noise effects are negligible.

4.2.3.2 Measurement arrangement

Figure 12/G.961 shows a possible arrangement for impulse noise testing.

TU04651-88

FIGURE 12/G.961  

Impulse noise simulation and testing
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The impulse noise source in Figure 12/G.961 is for further study. Two possible classes of impulse noise 
signals are described in the following:

— white noise of flat spectral density level of 5-10 pV /]/H z and a bandwidth >  4 times the Nyquist 
frequency of the particular system. The peak factor of the noise must be >  4;

— a particular waveform, as represented in Figure 13/G.961.

A Peak level, provisionally set to  100 mV
T1 Pulse w idth, provisionally set to  3 baud periods
T2 Period >  T1

N ote — In some local line distribution networks and as a national option, crosstalk noise 
performance tests are considered sufficient to evaluate a particular digital transmission 
system. In such cases proper D LL engineering rules are applied to guard against 
impulse noise.

F IG U R E  13/G.961 

Possible waveform to simulate impulse noise

4.2.4 Performance tests

Five types of tests are required to describe the overall performance of a particular digital transmission 
system to qualify it for operation over the local line distribution network modelled in this Recommendation.

4.2.4.1 Dynamic range

Dynamic range performance describes the ability of a particular digital transmission system to operate 
with received signals varying in level over a wide range. DLL models 1 and 2 in Figure 9/G.961 have a loss 
varying from very low (0 dB) to very high (37-50 dB at 80 kHz).

When testing with DLL models 1 and 2 in Figure 9/G.961, no errors should be observed in any 
15 minutes (provisional) measuring interval when monitoring any B-channel.

Specification of data sequences to be used for this measurement are for further study.

4.2.4.2 Immunity to echoes

The remaining DLL models in Figure 9/G.961 are used to test performance of digital transmission systems 
in the presence of BTs an d /o r diameter changes.

In each model, no errors should be observed in any 15 minutes (provisional) measuring interval when 
monitoring any B-channel.

Specification of data sequences to be used for this measurement are for further study.
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4.2A.3 Intrasystem crosstalk

Using the crosstalk arrangement described in § 4.2.2.2 with simulated crosstalk noise injected in each DLL 
model in Figure 9/G.961 the observed bit error ratio (BER) should be <  10“ 6 (provisional).

When BER measurements are performed in a B-channel, a measuring interval of at least 15 minutes 
(provisional) is required.

In each DLL model, performance margins are determined. Definition o f a minimum positive performance 
margin is left for further study. This is required to account for additional DLL loss due to splices, and 
environmental effects (e.g. temperature change).

Specification o f data sequences to be used for this measurement are for further study.

4.2.4.4 Impulse noise

For further study.

4.2.4.5 Longitudinal voltages induced from  power lines 

For further study.

5 Transmission method

The transmission system provides for duplex transmission on 2-wire metallic local lines. Duplex trans
mission shall be achieved through the use of ECHO CANCELLATION (ECH) or TIM E COM PRESSION 
M ULTIPLEX (TCM). With the ECH method, illustrated in Figure 14/G.961, the echo canceller produces a replica 
of the echo of the transmitted signal that is subtracted from the total received signal. The echo is the result o f 
imperfect balance of the hybrid and impedance discontinuities in the line.

With the TCM or “burst mode” method, illustrated in Figure 15/G.961, transmissions on the DLL are 
separated in time (bursts). Blocks of bits (bursts) are sent alternatively in each direction. Bursts are passed through 
buffers at each transceiver terminal such that the bit stream at the input and output of the TCM  transceiver 
terminal is continuous at the rate R. The bit rate on the line is required to be greater than 2R to provide for an 
idle interval between bursts which is necessary to allow for the transmission delay and transm itter/receiver 
turn-around (switching of Sn and Se in Figure 15/G.961).

R ate  R <

-* TX T X  4-

-* EC HB

RX < 5

2-w ire
D L L

HB EC R ate  R

- *  RX

P a rt o f  NT1 P a rt o f  LT T1804670-87

FIGURE 14/G.961 

ECH method functional diagram
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P a rt o f  NT1 P a rt o f  LT  T180468Q-87

TX Transmitter
RX Receiver
EC Echo canceller
HB Hybrid
BUF Buffer

FIGURE 15/G.961 
TCM method functional diagram

6 Activation/deactivation

6.1 General

The functional capabilities o f the activation/deactivation procedure are specified in Recommenda
tion G.960. The transmission system has to meet the requirements specified in Recommendation G.960. In 
particular, it has to make provision to convey the signals defined in Recommendation G.960 which are required 
for the support of the procedures.

6.2 Physical representation of. signals

The signals used in the digital transmission system are system dependent and can be found in Annex A 
and in the Appendices to this Recommendation.

7 , Operation and maintenance

7.1 Operation and maintenance functions

The operation and maintenance functions in the digital transmission system using metallic local lines for 
the ISDN basic rate access, are defined in Recommendation G.960.

7.2 CL channel

7.2.1 CL channel definition

This channel is conveyed by the digital transmission system in both directions between LT and NT1. It is 
used to transfer information concerning operation, maintenance and activation/deactivation of the digital 
transmission system and of the digital section.

7.2.2 CL channel requirements 

For further study.

The minimum number of functions (optional or mandatory) the CL channel should support is for further
study.
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For further study.

8 Power feeding

8.1 General

This section deals with power feeding of the NT1, one regenerator (if required), and the provision of 
power to the user-network interface according to Recommendation 1.430 under normal and restricted conditions.

When activation/deactivation procedures are applied, power down modes at the NT1, regenerator (if 
required) and the LT are defined.

8.2 Power feeding options

Power feeding options under normal and restricted conditions are considered. For this purpose, a restricted 
condition is entered after failure of AC mains power at the NT1 location.

a) Power feeding of NT1 under normal conditions will be provided using one of the following options:

-  AC mains powering; i
-  remote powering from the network (or via a regenerator, if required).

In both cases the NT1 may provide power to the user-network interface according to Recommenda
tion 1.430. This power is derived from AC mains or remotely from the network.

b) Power feeding of NT1 under restricted conditions, when provided, employs one of the following
optional sources:
-  back-up battery;

-  remote powering from the network (or via a regenerator, if required).

In both cases the NT1 may provide power to the user-network interface according to Recommenda
tion 1.430.

Power feeding options are chosen to satisfy national regulations.

8.3 Power feeding and recovery methods

Two power feeding and recovery methods are possible and are described in Figure 16/G.961.

7.3 Transfer mode o f  operation and maintenance links

a) Series pow er feeding and recovery b) Parallel pow er feeding and recovery

F IG U R E  16/G.961 

Power feeding and recovery methods
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When no regenerator is present on the DLL connecting the LT and the NT1, for each case in 
Figure 16/G.961 the power source could be either a constant voltage source with current limiting or a constant 
current source with voltage limiting.

When a regenerator is present, both methods of power feeding and recovery in Figure 16/G.961 remain 
applicable. However, when a constant voltage source is used at the LT, the regenerator power sink is connected in 
parallel to the DLLs and when a constant current source is used at the LT, the regenerator power sink is 
connected in series with the DLLs. The resulting configurations are shown in Figure 17/G.961.

a) Regenerator powering from constant voltage source a t LT

TMOMIO-St

b) Regenerator powering from constant current source a t LT

FIGURE 17/G.961 

Powering at regenerator

8.4 D LL resistance

This parameter is a particular subject o f the individual local network and therefore out o f the scope of this 
Recommendation. Its maximum value depends on the LT output voltage, the power consumption of the NT1 and 
regenerator (if required) and the power feeding arrangement for the user-network interface.

8.5 Wetting current

The NT1 shall provide a DC termination to allow a minimum wetting current to flow (the value has to be 
defined) including the power down mode or in case of local power feeding of the NT1.

8.6 L T  aspects

A current limitation for voltage source configuration or a voltage limitation for current source configura
tion is required. The values shall take into account the relevant IEC Publications and national safety regulations.

Short-term overload of the feeding current may be tolerated (charging condition of the capacitor of 
D C /D C  converter in NT1).
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8.7 Power requirements o f  N T l and regenerator

8.7.1 Power requirements o f  NT1

a) active state without powering of user-network interface: to be defined;

b) active state including restricted powering of the user-network interface as defined in Recommenda
tion 1.430: to be defined;

c) active state including normal powering of user-network interface as defined in Recommendation 1.430: 
to be defined;

d) power down mode: to be defined.

8.7.2 Power requirements o f  regenerator 

For further study.

8.8 Current transient limitation

The rate of change of current drawn by the N Tl or regenerator from the network shall not exceed 
X  m A /ps. The value of X  is to be defined.

9 Environmental conditions

9.1 Climatic conditions

Climatograms applicable to the operation o f N Tl and LT equipment in weather protected and non- 
weather protected locations can be found in IEC Publication 721-3. The choice of classes is under national 
responsibility.

9.2 Protection

9.2.1 Isolation

Isolation between various points at the N Tl can be identified:
— between line interface and T reference point;
— between line interface or T reference point and AC mains (this is generally defined in IEC Guide 105

and IEC Publication 950 but the test requirements may be different in various countries);
— between line interface and the protective ground of AC mains.

9.2.2 Overvoltage protection

— To conform with Recommendations K. 12, K.20 for LT.

— To conform with Recommendations K.12, K.21 for N Tl.

9.3 Electromagnetic compatibility

9.3.1 Susceptibility, radiated and conducted emission levels fo r  L T  or N T l equipment

This is outside of the scope of this Recommendation. CISPR Publication 22 and national regulations have 
to be considered.

9.3;2 Limitation o f  the output power to the line

Due to limited longitudinal conversion loss of the line at high frequencies and the limitation of radiation 
according to CISPR Publication 22 and national regulations, the output power shall be limited. The specific values 
are outside the scope of this Recommendation.
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A N N E X  A 

(to Recommendation G.961)

Short general characterization of the digital transmission system.

Note — The content o f this Annex is a guideline for the presentation of the description of the digital 
transmission systems and is not intended to constrain any of the systems which will be included.

A.l Line code

For both directions of the transmission the line code is . . .  And the coding scheme will be . . .

A.2 Symbol rate

The symbol rate is determined by the line code, the bit rate of the information stream and the frame 
structure. The symbol rate is . . .  kbaud.

A.2.1 Clock requirements

A.2.1.1 N T l free running clock accuracy

The accuracy of the free running clock in the N Tl shall be ±  . . .  ppm.

A.2.1.2 L T  clock tolerance

The N Tl and LT shall accept a clock accuracy from the ET of ±  . . .  ppm.

A.3 Frame structure

The frame structure contains a frame word, N  times (2B +  D) and a CL channel.

General structure for an Appendix on electrical characteristics

A.O Electrical characteristics

Fram e w ord A  tim es (2B +  D) C L  channel

A.3.1 Frame length

The number N  of (2B +  D) slots in one frame is . . .

A.3.2 Bit allocation in direction LT-NT1

In Figure A-l/G .931 the bit allocation is given.

T O  BE PR EPA R ED  FO R  EVERY S P E C IF IC  CASE

F IG U R E  A -l/G .961  

Bit allocation in direction LT-NT1
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In Figure A-2/G.961 the bit allocation is given.

A.3.3 Bit allocation in direction N T1-LT

T O  BE PR E PA R E D  FO R  EVERY SP E C IF IC  CASE

F IG U R E  A-2/G .961 

Bit allocation in direction NT1-LT

A.4 Frame word

The frame word is used to allocate bit positions to the 2B +  D +  CL channels. It may, however, also be 
used for other functions.

A.4.1 Frame word in direction LT-NT1

The code for the frame word will be . . .

A.4.2 Frame word in direction N T1-LT

The code for the frame word will be . . .

A.5 Frame alignment procedure

A .6 Multiframe

To enable bit allocation of the CL channel in more frames next to each other a multiframe structure may 
be used. The start o f the multiframe is determined by the frame word. The total num ber of frames in a multiframe 
is . . .

A.6.1 Multiframe word in direction N T1-LT

The multiframe will be identified by . . .

A.6.2 Multiframe word in direction LT-NT1

The multiframe will be identified by . . .

A.7 Frame offset between LT-NT1 and N T1-LTfram es

The N Tl shall synchronize its frame on the frame received in the direction LT to N Tl and will transmit 
its frame with an offset.

A.8 CL channel

A.8.1 Bit rate '

A.8.2 Structure

A.8.3 Protocols and procedures

A.9 Scrambling

Scrambling will be applied on 2B +  D channels and the scrambling algorithm shall be as follows:
— In direction LT to N Tl
-  In direction N Tl to LT.
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A. 10 Activation/deactivation

Description of system activation/deactivation procedure including options that are supported and options 
that are not supported.

See also Recommendation G.960, § 5.

A. 10.1 Signals used fo r  activation

A list and definition of the signals used for activation/deactivation (SIGs).
— signals used for start-up (CL not available);
— bits in CL channel in an already established frame.

A. 10.2 Definition o f  internal timers

A. 10.3 Description o f  the activation procedure (based on arrow sequence for the error-free case)

— activation from the network side;
— activation from the user side.

A. 10.4 State transition table N T l as a function o f  INFOs, SIGs, internal timers

The description of loop backs and options supported is given in such a way that the minimum
implementation may be clearly identified.

A.10.5 State transition table L T  as a function o f  FEs, SIGs, internal timers

The description of loop backs and options supported is given in such a way that the minimum
implementation may be clearly identified.

A. 10.6 Activation times

See Recommendation G.960, §§ 5.5.1 and 5.5.2.

A. 11 Jitter

Jitter tolerances are intended to ensure that the limits of Recommendation 1.430 are supported by the jitter 
limits of the transmission system on local lines. The jitter limits given below must be satisfied regardless of the 
length of the local line and the inclusion of one regenerator, provided that they are covered by the transmission 
media characteristics (see § 3). The limits must be"met regardless of the bit patterns in the B, D and CL channels.

A.l 1.1 N T l input signal jitter tolerance

The NTl shall meet the performance objectives with w ander/jitter at the maximum magnitudes (Jj, J2) 
indicated in Figure A-3/G.961, for single jitter frequencies in the range of Fi Hz to F3 kHz (F3 — 1/4 F6, F6 — 
symbol rate frequency), superimposed on the test signal source. The N T l shall also meet the performance 
objectives with wander per day of up to . . .  UI peak-to-peak Where the maximum rate of change of phase is . . .  
U l/hour.

A.l 1.2 N T l output jitter limitations

With the w ander/jitter as specified in § A .l l . l  superimposed on the N T l input signal, the jitter on the 
transmitted signal on the N Tl towards the network shall conform to the following:

a) The jitter shall be equal to or less than . . .  UI peak-to-peak and less than . . .  UI r.m.s. when measured
with a high-pass filter having a 20 dB /decade roll-off below M • F2 Hz (M >  1).

b) The jitter in the phase of the output signal relative to the phase of the input signal (from the network) 
shall not exceed . . .  UI peak-to-peak or . . .  UI r.m.s. when measured with a band-pass filter having a 
20 dB/decade roll-off above N • F2 Hz (N >  2) and a 20 dB /decade roll-off below K • Fk (Fk «  1).
This requirement applies with superimposed jitter in the phase of the input signal as specified in
§ A .ll .l  for single frequencies up to F2 Hz.
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A.l 1.3 Test conditions fo r  jitter measurements

Due to bidirectional transmission on the 2-wire and due to severe intersymbol interference no well defined 
signal transitions are available at the N Tl 2-wire point.

Ul

Jitter frequency TisoMJum

N ote  — Two possible solutions are proposed:
a) A  test point in the N T l is provided to measure jitter with an undisturbed signal.
b) A  standard LT transceiver including an artificial local line is defined as a test instrument.

F IG U R E  A-3/G.961 

Minimum tolerable jitter on NT! input signal

A. 12 Transmitter output characteristics o f  N T l and L T

The following specifications apply with a load impedance of . . .

A. 12.1 Pulse amplitude

The zero to peak nominal amplitude o f the largest pulse shall be . . .  V and the tolerance shall be ±  . .  j %.

A. 12.2 Pulse shape

The pulse shape shall meet the pulse mask of Figure . . .

A. 12.3 Signal power

The average signal power shall be between . . .  dBm and . .  dBm.

A. 12.4 Power spectrum

The upper bound of the power spectral density shall be within the template in Figure . . .

A. 12.5 Transmitter signal nonlinearity

This is a measure of the deviations from ideal pulse heights and the individual pulse nonlinearity.

The measurement method is for further study.
O
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A. 13 Transmitter/receiver termination

A. 13.1 Impedance

The nominal input/ou tput impedance looking toward the N Tl or LT respectively shall be . . .  

A. 13.2 Return loss

The return loss of the impedance shall be greater than shown in the template Figure . . .

A. 13.3 Longitudinal conversion loss

The minimum longitudinal conversion loss shall be as follows:
. . .  kHz . . .  dB
. . .  kHz . . .  dB

A P P E N D IX  1 

(to Recommendation G.961)

Electrical characteristics of an MMS 43 transmission system

1.1 Line code

For each direction of transmission the line code is a Modified M onitoring State Code mapping 4 bits into 
3 ternary symbols with levels + ,  0 or — (MMS 43). Details o f the coding scheme are given in Figure I-1/G.961. 
Note that the numbers in the columns for each of the 4 alphabets SI . . .  S4 give the numbers of the alphabet to be 
used for the coding of the next block of 4 bits. The bits and symbols standing left are those transmitted or 
received first.

S1 S2 S3 S4

0001 0 _ + 1 0 _ + 2 0 __ +  3 0 _ + 4

0111 - 0 + 1 - 0 + 2 - 0 +  3 - 0 + 4

0100 - + 0 1 - + 0 2 - + 0 3 - + 0 4

0010 + - 0 1 + - 0 2 + - 0 3 + - 0 4

1011 + 0 - 1 + 0 - 2 + 0 -  3 + 0 - 4

1110 0 + - 1 0 + - 2 . 0 + -  3 0 + - 4

1001 + _ + 2 + _ + 3 + _ +  4 _ _ _ 1

001.1 0 0 + 2 0 0 + 3 0 0 +  4 - - 0 2

1101 0 + 0 2 0 + 0 3 0 + 0 4 - 0 - 2

1000 + 0 0 2 + 0 0 3 + 0 0 4 0 - - 2

0110 - + + 2 - + + 3 - + +  2 - - + 3

1010 + + - 2 + + - 3 + - -  2 + - - 3

1111 + + 0 3 0 0 - 1 0 0 -  2 0 0 - 3

0000 + 0 + 3 0 - 0 1 0 - 0 2 0 - 0 3

0101 0 + 3 - 0 0 1 - 0 0 2 - 0 0 3

1100 + + + 4 — + — 1 — + -  2 — + — 3

Note — A received ternary  block 000 is decoded as b inary  0000.

F IG U R E  1-1/G .961 

MMS43-Code
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The symbol rate is 120 kbaud.

1.2.1 Clock symbol requirements

1.2.1.1 N T l free running clock accuracy

The tolerance of the free running N Tl clock is ±  100 ppm.

1.2.1.2 L T  clock tolerance

The tolerance of the clock signal provided at the LT is ±  1 ppm.

1.3 Frame structure

Each frame contains a frame word, 2B +  D data and the CL-channel. Multiframes are not used.

1.3.1 Frame length

The length of each frame is 120 ternary symbols corresponding to 1 ms. Each frame has 108 symbols
(corresponding to 144 bits) carrying 2B +  D data.

1.3.2 Symbol allocation L T  to N T l

In the direction LT to N Tl the 120 symbols of each frame are used as follows:
— Symbols 1 to 84: 2B +  D;
— Symbol 85: CL-channel;
-  Symbols 110 to 120: frame word.

1.3.3 Symbol allocation N T l to L T

In the direction N Tl to LT, the frame structure is identical to that of the direction LT to N T l.

The frame transmitted by the N Tl is synchronized to that received from the LT.

1.4 Frame word

1.4.1 Frame word in direction L T  to N T l

The frame word in the direction LT to NTl. is:

+  +  +  +  +  -

1.4.2 Frame word in direction N T l to L T

The frame word in the direction N Tl to LT is:

-  +  +  +  +  +

1.5 Frame alignment procedure

The transmission system is considered to be synchronous if the frame word has been identified in the same 
position for 4 immediately succeeding frames. Loss of synchronization is assumed, if the detected frame position
does not coincide with the expected position during 60 . . .  200 successive frames.

1.6 Multiframe 

Not used.

1.7 Frame offset at N T l

On the line at the NTl the frame word transmitted by the N Tl occurs 60 ±  1 symbols (0.5 ms) later than
that received at the N Tl input, measured between the first symbols of each frame word.

1.2 Symbol rate
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1.8 CL-channel

1.8.1 Bit rate

The bit rate for the CL-channel (maintenance-channel) is 1 kbit/s.

1.8.2 Structure

No specific structure is defined for transparent messages.

1.8.3 Protocols and procedures

Transparent messages in the CL-channel use “0” and “ —” polarity of the CL-symbol of the line signal. 
“0” and “ + ” polarity are used to request a loopback 2B +  D in the N Tl or an intermediate repeater. 
Transparent use of the CL-channel may override these loopback commands.

1.9 Scrambling

In order to minimize correlation between incoming and transmitted symbols scrambling is used. Scram
bling is applied only to the 2B +  D-channels.

The scrambling polynomial is different in both N Tl to LT and LT to N Tl directions.

— In direction LT to N T l: 1 © x -5 © jc-23
— In direction N Tl to LT: 1 © x ~18 © jc~23.

where ©  is the modulo two sum and x~k is the scrambled data delayed by k  symbol intervals.

1.10 A ctivation/deactivation

Activation/deactivation is provided to enable the use of a power down state especially for applications, 
where the N Tl is powered from the LT via the local line. Activation from the power state may be initated from 
both ends usig a 7.5 kHz burst signal. Collisions are handled through appropriate duration and repetition rate of 
these bursts.

The procedures on the line system support the procedures at reference point T for call control in 
accordance with Recommendation 1.430 and the operation of loopbacks 1 (in the LT), 1A (in the regenerator) 
and 2 (in the N T l) in accordance with Recommendation 1.603. The loopbacks are transparent.

Timer 1 and timer 2, as defined in Recommendation 1.430, are located as follows:
— Timer 1 in the ET layer 1 or the ET,
— Timer 2 in the N T l.

The activation of the line system for maintenance purposes e.g. error performance monitoring, is possible, 
even if no TE is connected to the interface at T reference point.

Transmission of INFO 2 on the interface of T reference point is initiated when the line system is 
synchronized in the direction LT to N T l.

1.10.1 Signals used fo r  activation

To provide means to control/indicate progress during activation/deactivation across the local line the 
following signal elements are used:

SIG 0 N Tl to LT and LT to NTl
No signal.

SIG 1W N Tl to LT
Awake signal (7.5 kHz tone); signals the layer 1 entity in the local exchange that it has to 
enter the power-up state and provide for the activation of the line system and the interface at 
T reference point.
This signal is also used as awake acknowledge on the receipt o f SIG 2W.

SIG 2W LT to NTl
Awake signal (7.5 kHz tone); signals the N Tl that it has to enter the power-up state and 
prepare for synchronization on an incoming signal from the LT.
This signal is also used as awake acknowledge on the receipt o f SIG 1W.
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SIG 1 N Tl to LT
Signal which contains framing information and allows the synchronization of the receiver in 
the LT. It informs the LT that the N Tl has synchronized on SIG  2.

SIG 2 LT to NTl
Signal which contains framing information and allows the synchronization of the receiver in 
the N Tl.

SIG 1A N Tl to LT
Signal similar to SIG  1 but without framing information.

SIG 3 N Tl to LT
Signal which contains framing information and allows the synchronization of the receiver in 
the LT. It indicates to the ET that the interface at T reference point is synchronized in both 
directions of transmission (except in the case of loopback 2 and 1A).

SIG  4H LT to NTl
Signal which requires the N Tl to establish full layer 1 information transfer capability in both 
directions of transmission.

SIG  4 LT to N Tl
Signal which contains framing information and operational data on B and D channels.

SIG  5 N Tl to LT
Signal which contains framing information and operational data on B and D channels.

SIG 2-L2 LT to N Tl
Signal similar to SIG 2, but includes a loopback 2 request.

SIG 4H-L2 LT to N Tl
Signal which requires the N Tl to operate loopback 2 and to establish layer 1 information 
transfer capability in the direction LT to TE (transparent loopback 2).

SIG 4-L2 Signal similar to SIG 4, but includes a loopback 2 request.

All SIGs, except SIG 1W and SIG 2W, are continuous signals. The awake signals SIG 1W and SIG 2W 
are sent for a specified period of time only, but may be repeated if no acknowledgement is received. The 
repetition times are specified in a way to assure a proper interworking with the normal activation procedure.

The loopback requests are transmitted making use of the CL channel. All other SIGs do not require the 
CL channel.

The CL channel is provided with all SIGs except SIG  0, SIG 1W, SIG 2W and SIG 1A.

1.10.2 Definition o f  internal timers

In the state transition tables and arrow diagrams the following internal timers are used:
timer to supervise repetition of the awake signal SIG 2W from the LT
timer to supervise repetition of the awake signal SIG 1W from the N Tl
timer which defines the duration of SIG 4H and SIG 4H-L2
timer which assures that, under non-failure conditions, the PH-AI is passed first
in the TE and then in the LT/ET. This protects the first layer 2 frame (layer 3
— SETUP message) from the network side.
timer used to start transmission of SIG 2 when loopback 1 is requested, 
timer to supervise the deactivation procedure (within ET).

1.10.3 Description o f  the activation procedure

In Figure I-2/G.961 the activation/deactivation procedures are described for the non-failure situation.

Timer T1 (located in ET layer 1) and Timer T2 (located in N T l) are as specified in Recommenda
tion 1.430; the Functional Elements (FE) are defined in Recommendation G.960, § 5.4.1.3, and the primitives in 
Recommendation G.960, § 5.4.2.2 and § 5.4.2.3.

1.10.4 N T l state transition table

The N Tl state transition table is described in Table I-1/G.961. INFOs on the interface at T  reference point 
are related to SIGs on the line system and vice versa.

T n l = 13 ms:
T il = 7 ms:
T12 = 1 ms:
T13 = 1 ms:

T14 = 12 ms:
T15 = 0.1 . .
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T interface 

INFO 0

Layer 1/layer 2 
Vj ref. point syst. managem. bound.

INFO 2
I

-IN.FQJ L

INFO 4

Tn1
ii

,---- >-■i i

NT1

a) Activation from network side 

T interface

SIG 0

SIG 2W
SIG 1W

SIG 2
SIG 1A
SIG 1

SIG 3

SIG 4H
SIG 5
SIG 4

FE 1 PH-AR

FE 3=> -

ii *.iii
— i

TI2 j 

TI3 FE 4

MPH-LSAI

Timer T1

PH/MPH-AI

LT ET layer 1 ET

Layer 1/layer 2 
V, ref. point syst. managem. bound.

b) Activation from user side 

T interface
Layer 1 /layer 2 

Vj ref. point syst. managem. bound.

F IG U R E  I-2/G .961

Activation/deactivation procedures: arrow diagrams 
(non-failure situations)
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TABLE I-1/G.961

N Tl state transition table

State N T  1.1 N T  1.2 N T  1.3 N T  1.4 N T  1.5 N T  1.6 N T  1.7 N T  1.8 N T  1.9 N T  1.10 N T  2.1 N T  2.2

T ransm it 
X .  signal

Receive
signal

IN F O  0 IN F O  0 IN F O  0 IN F O  0 IN F O  2 IN F O  2 IN F O  4 IN F O  0 IN F O  2
IN F O  X 
(N ote  2)

IN F O  2 IN F O  4 
(N o te  4)

SIG  0 SIG  1W SIG  1W SIG  1A SIG  1 SIG  3 S IG  5 S IG  0 SIG  5
SIG  0 

(N ote  3)
S IG  3 SIG  5 

(N o te  5)

IN F O  0 - - - - - - N T  1.9 N T  1.1 - - - -

IN F O  1 N T  1.2 - - - - - / - - / - /

IN F O  3 / / / / N T  1.6 - - - N T  1.7 / - -

S IG  0 - - -
ST.T2; 
N T  1.8

ST.T2; 
N T  1.8

ST.T2; 
N T  1.8

ST.T2; 
N T  1.8 -

ST.T2; 
N T  1.8

ST.T2; 
N T  1.8

ST.T2; 
N T  1.8

ST.T2; 
N T  1.8

SIG  2W
ST. T N I; 
• N T  1.3

N T  1.4 / / / / / - / / / /

SIG  2 / - - N T  1.5 - - / / / /
N T  1.6 
or —

/

S IG  4H / / / / / N T  1.7 - / / / N T  1.7 /

S IG  4 / / / / / / - / - - / N T  1.7

Exp. o f  T2 
(N ote  1)

- - - - - - - N T  1.1 - - - -

Lost fram ing 
T  interface

/ / / / / - N T  1.9 - - - / /

Lost fram ing 
line system

/ / / / N T  1.10 N T  1.10 N T  1.10 / N T  1.10 - N T  1.10 N T  1.10

Exp. o f  in te rnal 
tim er T n l

/ / N T  1.4 / / / / / / / / /
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TABLE I-1/G.961 (cont.)

State N T  1.1 N T  1.2 N T  1.3 N T  1.4 N T  1.5 N T  1.6 N T  1.7 N T  1.8 N T  1.9 N T  1.10 N T  2.1 N T  2.2

T ransm it
signal

Receive
signal

IN F O  0 IN F O  0 IN F O  0 IN F O  0 IN F O  2 IN F O  2 IN F O  4 IN F O  0 IN F O  2 IN F O  X 
(N ote  2)

IN F O  2 IN F O  4 
(N ote  4)

S IG  0 SIG  1W SIG  1W SIG  1A S IG  1 SIG  3 SIG  5 SIG  0 SIG  5 SIG  0 
(N ote  3)

S IG  3
SIG  5 

(N ote 5)

SIG  2-L2 / - - N T  2.1
N T  2.1 
o r —

N T  2.1 
or — / / / / - /

S IG  4H-L2 / / / / / N T  2.2 - / / / N T  2.2 -

SIG  4-L2 / / / / / / N T  2.2 / N T  2.2 N T  2.2 / -

— N o  state change.

/  Im possible by the defin ition  o f peer-to-peer physical layer procedures o r system in ternal reasons.

ST.Tx; N Ty S tart T im er x; en ter state N T  y.

N ote 1 — T im er T2 as defined in R ecom m endation  1.430.

N ote 2 — IN F O  X : signal w ith .no  fram ing in fo rm ation  i.e. b inary  Z E R O ’S.

N ote 3 — Any o ther signal which produces an  error ind ica tion  on  the LT side is allow ed, especially loss o f fram ing or excessive e rro r rate. 

N ote 4 — The D -E cho bit is set to  b inary  ZER O .

N ote 5 — The B- an d  D -channels are looped  back to  the netw ork  side.



The following states are used:

NT 1.1 Deactivated state (low power consumption mode). No signal is transmitted.

N T 1.2 The NTl sends the awake signal SIG 1W to the LT, on the receipt o f IN FO  1 from the user
side, and waits for the receipt of the awake acknowledge signal SIG 2W from the LT.

N T 1.3 On receipt of the awake signal SIG  2W, the N Tl responds with SIG 1W and starts transmission
of SIG ,1A on expiry of timer T n l, unless a new awake signal SIG 2W from the LT is received.

NT 1.4 After completion of the awake procedure, the N Tl waits for SIG 2 to synchronize its receiver.

N T 1.5 The receiver on the network side is synchronized. The N Tl sends SIG 1 to the LT and IN FO  2
to the user side to initiate the activation o f the interface of reference point T. It waits for the 
receipt of IN FO  3.

NT 1.6 The interface at T reference point is synchronized in both directions of transmission. The N Tl
sends SIG 3 to the LT and waits for the receipt o f SIG 4H.

NT 1.7 The N Tl is fully active and sends INFO 4 to the user side and SIG 5 to the LT. The B and
D channels are operational.

NT 1.8 Pending deactivation state. The N Tl sends IN FO  0 to the user side to deactivate the interface at
reference point T and SIG 0 to the LT. It waits for the receipt o f IN FO  0 or expiry of timer T2 
to enter state NT1.1.

NT 1.9 This state is entered on loss of signal or loss of framing at the T interface. No indication is sent
to  the LT, in accordance with Note 3 to Table 4/1.430.

NT 1.10 This state is entered on loss of framing at the line side. An indication is forwarded to the user
side (INFO X) and to the network side (SIG 0).

The following states support activation when loopback 2 is requested:

NT 2.1 The receiver on the network side is synchronized. The N Tl sends SIG 3 to the LT and IN FO  2
to the user side (transparent loopback). It waits for the receipt o f SIG 4H-L2 from the LT.

N T 2.2 The N Tl is fully active and sends INFO 4 to the user side (transparent loopback) and SIG 5 to
the LT. Loopback 2 is operated and receive data 2B +  D are sent to the LT.

1.10.5 L T  state transition table

The LT state transition table is described in Table I-2/G.961. SIGs on the line sysem are related to 
Functional Elements (FEs) on the Vi reference point.

The following states are used:

LT 1.1 Deactivated state. No signal is transmitted.

LT 1.2 On receipt of the awake signal SIG 1W, the LT responds with SIG 2W and starts transmission
of SIG  2 on expiry o f timer T il, unless a new awake signal SIG  1W from the N Tl is received.

LT 1.3 The LT sends the awake signal SIG 2W to the N T l, on the receipt o f FE 1, and waits for the
awake acknowledge signal SIG 1W from the N T l.

LT 1.4 The LT sends SIG 2 to the N Tl and waits for SIG 1 or SIG 3 to synchronize its receiver. When
the LT is synchronized and has detected SIG  1, it issues FE 3.

LT 1.5 The line transmission system is synchronized in both directions of transmission. The LT waits
for the receipt o f SIG 3.

LT 1.6 The line transmission system and the interface at T reference point are synchronized in both
directions o f transmission. The LT sends SIG  4H until the expiry of timer T12.

LT 1.7 Fully active state. The LT sends SIG 4 to the N Tl and issues FE 4. The B and D channels are
fully operational.

LT 1.8 Pending deactivation state. The LT sends SIG 0 to the N Tl to deactivate the line system and the
interface at T reference point. It waits for the receipt o f SIG 0 to enter state LT 1.1 and to issue 
FE 6.
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ooK) TABLE I-2/G.961

LT state transition table

State LT 1.1 LT 1.2 LT 1.3 LT 1.4 LT 1.5 LT 1.6 LT 1.7 LT 1.8 LT 2.1 LT 2.2 LT 2.3 LT 2.4

n. T ransm it 
signal

Receive
signal

S IG  0 SIG  2W SIG  2W SIG  2 SIG  2 •S IG  4H S IG  4 SIG  0 SIG  2W SIG  2 SIG  4H S IG  4

FE 1 LT 1.3 - - - - - - - - - - -

FE 5 LT 1.8 LT 1.8 LT 1.8 LT 1.8 LT 1.8 LT 1.8 - LT 1.8 LT 1.8 LT 1.8 LT 1.8

SIG  0 - - - -
FE  7; FE  7; FE  7; FE  6 ; 

LT 1.1 - - - -

SIG  1W
ST.T11, 
FE  2; 

LT 1.2
LT 1.4 / / / / - - / / /

SIG  1 / / /
FE  3; 
LT 1.5 - / / - / - - -

SIG  3 / / / ST.T12; 
LT 1.6

ST.T12; 
LT 1.6 -  , ' - - / - - -

Exp. o f  intern, 
tim er T il - LT 1.4 - - - - - - - - -

Exp. o f  in tern , 
tim er T12 ' - - -

FE  7; 
LT 1.4

%
- -

FE  4; 
LT 2.4 -

Lost fram ing 
line system

/ / / / FE  7; FE 7; F E  7;
- / / / /
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TABLE I-2/G.961

State LT 1.1 LT 1.2 LT 1.3 LT 1.4 LT 1.5 LT 1.6 LT 1.7 LT 1.8 LT 2.1 LT 2.2 LT 2.3 LT 2.4

N. T ransm it 
n. signal

Receive n. 
signal n .

SIG  0 SIG  2W SIG  2W SIG 2 S IG  2 SIG  4H SIG  4 SIG  0 SIG  2W S IG  2 SIG  4H SIG  4

FE 4
ST.T14; 
LT 2.1 -

LT 2.2 
o r  —

LT 2.2 
o r —

LT 2.2 
o r — - - LT 2.1

Exp. o f  item , 
tim er T14 - - - - - - - - LT 2.2 - - -

Rec. synch, on 
looped b. sig.

/ / / - - - - / ST.T12; 
LT 2.3 - -

— N o state change.

/  Im possible by the defin ition  o f  peer-to-peer physical layer procedures o r  system  in te rnal reasons.

: Im possible by the defin ition  o f  the physical layer.

a, b ; LTx Perform  actio n /issu e  message a and  b ; en ter state  LTx.

ST.Tlx Start T im er Tlx.

oou>



The following states support activation when loopback 1 is requested:
LT 2.1 The LT sends the awake signal SIG 2W to the N Tl (transparent loopback), on the receipt of

FE 9, and starts transmission of SIG 2 on expiry of timer T14.
LT 2.2 The LT has operated loopback 1 and is synchronizing its receiver on the looped back signal.
LT 2.3 The LT sends SIG 4H until the expiry of timer T12.
LT 2.4 The LT is fully active and sends SIG 4 to the N Tl (transparent loopback). Loopback 1 is

operated.

The LT state transition table is not affected by loopback 2 and 1A requests. The corresponding control 
signals are transferred across channels CVi and CL.

1.10.6 Activation times

For definition of activation times see Recommendation G.960, § 5.5.
a) Maximum activation time for activation occuring immediately after a deactivation:

— without regenerator: 210 ms.
— with regenerator: 420 ms.

b) Maximum time for activation occuring after the first powering of a line
— without regenerator: 1.5 s.
— with regenerator: 3 s.

1.11 Jitter

Jitter tolerances shall assure that the maximum network limit of jitter (see Recommendation G.823) is not 
exceeded.

Furthermore, the limits o f Recommendation 1.430 must be supported by the jitter limits o f the transmission 
system on local lines.

The jitter limits given below must be satisfied regardless o f the length of the local line and the inclusion of 
repeaters, provided that they are covered by the transmission media characteristic (see § 3). The limits must be met 
regardless of the transmitted signal. A suitable test sequence is for further study (see Recommendation G.823, § 4);

1.11.1 Limits o f  maximum tolerable input jitter

The amplitude of the jitter at the N Tl input shall be limited by the template given in Figure I-3/G.961.

J i t te r  f r e q u e n c y  TW04701-J9

T U I = 1 /1 2 0  k H z  = 8 .3  jus

FIG U R E  I-3/G .961 

Minimum tolerable sinusoidal input jitter
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1.11.2 Output jitter o f  N T l in absence o f  input jitter

When measured with a highpass filter with a 30 Hz cut-off frequency, the jitter at the output o f the N T l 
shall not exceed 0.02 UIpp. W ithout a filter, the jitter shall not exceed 0.1 UIpp.

1.11.3 Timing extraction jitter

The jitter at the output o f the N Tl shall closely follow the input jitter. Therefore, the jitter transfer 
function of the N Tl shall be less than ±  1 dB in the frequency range 3 Hz to 30 Hz.

1.11.4 Test conditions fo r  jitter measurements 

For further study.

1.12 Transmitter output characteristics

1.12.1 Pulse amplitude

The amplitude of a transmitted single pulse shall be 2V ±  0.2V with a load impedance of 150 ohm.

1.12.2 Pulse shape

The shape of a transmitted single pulse shall fit the mask given in Figure I-4/G.961.

U

—10 mV
10 mV

0.2 V

—i------ f  1 fl- 1---------- 1—
2T s 8T 29T 30T

-0.8 V

T1J047J1-89

T
120 kHz

= 8 .3  ms

FIGURE I-4/G.961 

Pulse mask for transmitted single pulse
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1.12.3 Signal power 

Not specified.

1.12.4 Power spectrum ■ 

The upper bound of the power spectral density shall be limited according to Figure I-5/G.961.

FIGURE I-5/G.961 

Limits o f  transmit power spectrum

1.12.5 Transmitter signal nonlinearity 

Not specified.

1.13 Transmitter/receiver termination

1.13.1 Impedance

The nominal ou tput/input impedance of the N T l and LT shall be 150 ohm.

1.13.2 Return loss

The return loss agains 150 ohm ±  1% measured for N Tl or LT shall exceed the limits given 
Figure I-6/G.961.
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F req u e n c y  (f) T1804730-87

FIG U R E  I-6/G.961 

NTl and LT return loss

1.13.3 Longitudinal conversion loss

The longitudinal conversion loss at the line interface for LT and N Tl shall exceed the limits given in 
Figure I-7/G.961.

FIG U R E  I-7/G.961 

Longitudinal conversion loss
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A P P E N D IX  II 

(to Recommendation G.961)

Electrical characteristics of a 2B1Q transmission system

II. 1 Line code

The line code shall be 2B1Q (2 binary, 1 quaternary). This is a 4-level code and is used without 
redundancy.

The bit stream entering the N T l from the interface at reference point T (or entering the LT from the ET) 
shall be grouped into pairs of bits for conversion to quaternary symbols that are called quats. Figure II-1/G.961 
shows the relationship o f the bits in the B and D channels to quats. The B- and D-channel bits are scrambled 
before coding. Mj through M6 bits o f the CL channel are also paired, coded and scrambled in the same way.

Tim e -►

D ata B, b 2 D

Bit pa irs b \\b \i 613614 615  616 b\ 7 61 a 621622 62 3 6 2 4 625626 627628 d\ d2

Q uat #  (relative) <7i <72 <73 <74 <75 <76 <7? <78 <79

#  Bits 8 8 2

#  Q uats 4 4 1

bn  First bit of Bi o c te t  rece ived  a t  re fe re n ce  po in t T

/bt8 Last bit of Bi o c te t  rece ived  a t re fe re n ce  po in t T

b i t First b it of B2 o c te t  rece ived  a t re fe re n ce  po in t T

/>2s L ast bit o f  B2 o c te t  rece ived  a t re fe re n ce  po in t T

d \d 2 C o nsecu tive  D -channel bits
(d \  is first bit of pair a s  rece ived  a t re fe re n ce  po in t T)

q-\ Ith q u a t relative to  s ta r t  pf given 18-bit 2B +  D d a ta  field

N ote  — T here  a re  12 2B +  D 18-bit fie ld s p e r 1.5 m s b asic  fram e.

F IG U R E  II-1 /G .961 

2B1Q encoding of 2B +  D bit fields

Each successive pair of scrambled bits in the binary data stream is converted to a quaternary symbol to be 
output from the transmitters, as specified below:

First
b it

(sign)

Second
bit

(m agnitude)

Q uaternary
sym bol
(quat)

1 0 +  3

1 1 +  1

0 1 -  1

0 0 -  3
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At the receiver, each quaternary symbol is converted to a pair o f bits by reversing the table above, 
descrambled, and formed into a bit stream representing B and D channels and a CL channel containing M bits 
for maintenance and other purposes. The bits in the B and D channels are properly placed by reversing the 
relationship in Figure II-1/G.961.

11.2 Line baud rate

The line symbol rate is 80 kbauds.

11.2.1 Clock tolerance

11.2.1.1 N T l clock tolerance

The tolerance of the free running N T l clock is ±  100 ppm.

11.2.1.2 L T  clock tolerance

The tolerance of the clock provided at the LT is ±  5 ppm.

II.3 Frame structure

A frame shall be 120 quaternary symbols transmitted within a nominally 1.5 ms. interval. Each frame 
contains a frame word, 2B +  D data and CL channel bits shown in Figure II-2/G.961.

< --------------1.5 m s ------------ ---->

Fram e FW /IFW 12 x (2B +  D) CL

Function
Fram e
w ord 28 +  D O verhead

#  Q uats 9 108 3

Q uat p o sitions 1-9 10-117 118-120

#  Bits 18 216 6

Bit position 1-18 19-234 235-240

q u a t Q u a tern a ry  sym bol =  1 b au d

—3, —1, + 1 , + 3  Sym bol n am es

2B +  D C u sto m er d a ta  ch an n e l B1( B2 e t D

FW Fram e W ord (9-Sym bol C ode) =  + 3 + 3 —3 —3 —3 + 3 —3 + 3 + 3

IFW Inverted  (or co m p lem en ta ry ) Fram e W ord  =  —3 —3 + 3  + 3 + 3 —3 + 3 —3 —3

CL M -C hannel Bits M r Me

N o te  — F ram es in th e  NT1 -to -N etw o rk  d irec tio n  a re  o ffse t from  fra m e s  in th e  Network-to-N T1 d irec tion  by 60 ±  2 q u a ts .

F IG U R E  II-2/G .961 

Fram e structure o f 2B1Q transmission system

II.3.1 Frame length

The number of 2B +  D slots in a frame is 12. Each slot contains 18 bits.
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11.3.2 Bit allocation in direction LT-NT1
\

The bit allocation of the frames are shown in Figures II-1/G.961 and II-2/G.961.

11.3.3 Bit allocation in direction N T1-LT  

See § II.3.2.

11.4 Frame word

The frame word is used to allocate bit positions to the B, D, and CL channels. It may be also used for 
baud synchronization.

11.4.1 Frame word in direction LT-NT1

The code for the frame word in all frames except the first in a multiframe shall be:

FW =  + 3  + 3  - 3  - 3  - 3  + 3  - 3  + 3  + 3

The code for the frame word of the first frame of a multiframe shall be an inverted frame word (IFW):

IFW  =  - 3  - 3  + 3  + 3  + 3  - 3  + 3  - 3  - 3

11.4.2 Frame word in direction N T1-LT  

See § II.4.1.

11.5 Frame alignment procedure 

N ot specified.

11.6 Multiframe

To enable the allocation of the CL channel bits over more than one frame, a multiframe is used. The start 
of the multiframe is determined by the inverted frame word (IFW). The number of frames in a multiframe is 8.

11.6.1 Multiframe word in direction N T1-LT  

See § II.4.1.

11.6.2 Multiframe word in direction LT-NT1 

See § II.4.1.

11.7 Frame offset between LT-NT1 and N T1-LTfram es

The N Tl shall synchronize transmitted frames with received frames (LT-NT1 direction). Transmitted 
frames shall be offset with respect to received frames by 60 ±  2 quaternary symbols (i.e., about 0.75 ms).

11.8 CL channel

11.8.1 Bit rate

The bit rate for the CL channel is 4 kbit/s.

11.8.2 Structure

Forty eight bits o f a multiframe are used for the CL channel and are referred to as M bits.

Twenty four bits per multiframe (2 kbit/s) are allocated to an embedded operations channel (EOC) which 
supports operations communications needs between the network and the N T l.

Twelve bits per multiframe (1 kbit/s) are allocated to a cyclic redundancy check (CRC) function.

Twelve bits per multiframe (1 kbit/s) are allocated to other functions and spare bits as shown in 
Figure II-3/G.961.
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Fram ing 2B +  D CL (o v erh ead ) b its Mi — M6

Q uat p ositions 1-9 10-117 118s 118m 119s 119m 1 2 0 s 1 2 0 m

Bit p o sitio n s 1-18 19-234 235 236 237 238 239 240

M ulti
fram e  #

B asic fram e  
*

Fram e w ord
2B +  D M, m 2 m 3 m 4 m 5 m 6

LT to  NT1

A 1 IFW 2B +  D E 0C a1 E 0C a2 EOCa3 ACT 1 1

2 FW 2B +  D E 0C dm EOCn EOC i2 DEA 1 FEBE

3 FW 2B +  D E 0C i3 EOCi4 . EOC i5 1 CRC, c r c 2

4 FW 2B +  D E 0C i6 EOC i7 EOC i8 1 c r c 3 c r c 4

5 FW 2B +  D E 0C a1 E 0C a2 EOCa3 1 c r c 5 c r c 6

6 FW 2B +  D E 0C dm E 0C n EOC i2 1 c r c 7 CRCg

7 FW 2B +  D EOC i3 EOC i4 EOC i5 1 CRCg CRC,o

8 FW 2B +  D E 0C i6 E 0C i7 EOC i8 1 CRC„ c r c , 2

B, C, . . .

NT1 to  LT

1 1 IFW 2B +  D EOCa1 EOCa2 EOCa3 ACT 1 1

2 FW 2B -I- D EOCdm EOCn EOC i2 PS, 1 FEBE

3 FW 2B +  D EOC i3 EOC i4 EOC j5 PS2 CRC, c r c 2

4 FW 2B +  D EOC i6 EOC i7 EOC i8 NTM c r c 3 c r c 4

5 FW 2B +  D E 0C ai EOCa2 EOCa3 CSO c r c 5 CRCg

6 FW 2B -1- D EOCdm EOCn EOCi2 1 c r c 7 CRCg

7 FW 2B +  D EOCi3 EOC i4 EOC|5 1 CRCg CRC,o

8 FW 2B -1- D EOCi6 EOC i7 EOCi8 1 CRC,, CRC, 2

2, 3____
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1 R eserve  =  b it fo r fu tu re  s ta n d a rd ; s e t  =  ONE

EOC E m bedded  o p e ra tio n s  ch an n e l
a A d d re ss  bit
dm  D a ta /m e ssa g e  ind ica to r
i In form ation  (d a ta /m e ssa g e )

FW Fram e w ord

IFW Inverted  fram e  w ord

s sign b it (first) in q u a t

m M agnitude  b it (second) in q u a t

ACT A ctivation b it (se t to  ONE during  activation)

PS], PS 2 Pow er s ta tu s  b its  (se t to  ZERO to  ind ica te  p o w er p rob lem s)

NTM NT1 in T est M ode bit (se t to  ZERO to  in d ica te  te s t  m ode)

CSO C old -start-on ly  bit (se t to  ONE to  in d ica te  co ld -sta rt-on ly )

CRC Cyclic red u n d an cy  check : co v ers  2B +  D and  M4
1 M ost s ig n ifican t bit
2 Next m o st sign ifican t b it 
e tc .

DEA D eactivation  bit (se t to  ZERO to  a n n o u n ce  deac tiv a tio n )

FEBE Far end  b lock e rro r b it s e t  to  ZERO for e rro red  m ultifram e)

Note 1 — NTl-to-Network multiframe delay offset from Network-to-NTl multiframe by 60 ±  2 quats (about 0.75 ms). All bits 
other than the frame word are scrambled.

Note 2 — 8 x  1.5 ms basic frames -*■ 12 ms multiframe.
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2B1Q multiframe technique and overhead bit assignments

II.8.3 Protocol and procedures

The CL-channel functions (M bits) specified below are based on the bit allocation for the multiframe 
defined in Figure II-3/G.961.

11.8.3.1 Error monitoring function

11.8.3.1.1 Cyclic redundancy check (CRC)

The CRC bits are the M 5 and M6 bits in frames 3 through 8 o f the multiframe. The CRC is an error 
detection code that shall be generated from the appropriate bits in the multiframe and inserted into the bit stream
by the transmitter. At the receiver a CRC calculated from the same bits shall be compared with the CRC value
received in the bit stream. If the two CRCs differ, there has been at least one error in the covered bits in the 
multiframe.

11.8.3.1.2 CRC algorithms

The Cyclic Redundancy Check (CRC) code shall be computed using the polynomial:

P (x ) =  x 12 ©  x 11 ©  x 3 ©  x 2 ©  x ©  1

where

©  == modulo 2 summation.
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One method of generating the CRC code for a given multiframe is illustrated in Figure II-4/G.961. At the 
beginning of a multiframe all register cells are cleared. The multiframe bits to be covered by the CRC are then 
clocked into the generator from the left. During bits which are not covered by the CRC (FW, IFW, Mi, M2, M3, 
M5, M6) the state of the CRC generator is frozen and no change in state of any of the stages takes place. After the 
last multiframe bit to be covered by the CRC is clocked into register cell 1, the 12 register cells contain the CRC 
code o f the next multiframe. Between this point and the beginning of the next multiframe, the register cell 
contents are stored for transmisssion in the CRC field of the next multiframe. Notice that bit CRC1 resides in 
register cell 12, CRC2 in register cell 11, etc.

Note — The binary ONEs and ZEROs from the interface at the T reference point, and corresponding bits 
from the network (across the V] reference point), must be treated as binary ONEs and ZEROs, respectively, for 
the computation of the CRC.

II.8.3.1.3 Bits covered by the CRC

The CRC bits shall be calculated from the bits in the D channel, both B channels, and the M4 bits.

II.8.3.2 Other M-bit functions

A number of transceiver operations and maintenance functions are handled by M4, M5, and M6 bits in the 
multiframe. These bits are defined in the following paragraphs.

11.8.3.2.1 Far end block error (FEBE) bit

A single bit in each multiframe is allocated to carrying the Far End Block Error (FEBE) bit. The FEBE bit
shall be set to ONE if there are no CRC errors in the multiframe and ZERO if the multiframe contains a CRC 
error. The FEBE bit shall be placed in the next available outgoing multiframe and transmitted back to the 
originator. The FEBE bits may be monitored to determine the performance of the far end receiver.

11.8.3.2.2 The act bit

The act bit is the M4 bit in the first frame of multiframes transmitted by either transceiver. The act bit is 
used as a part of the start-up sequence to communicate readiness for layer 2 communication progress (see 
§ II. 10.5).

11.8.3.2.3 The DEA Bit

The DEA bit is the M4 bit in the second frame of multiframes transmitted from the LT (see § 11.3 and
Figure II-3/G.961). The DEA bit is used by the LT to communicate to the N Tl its intention to deactivate (see
§ II. 10.1.5.2). To permit reliable detection of the DEA bit when indicating the intention to deactivate, its
corresponding status (binary ZERO) shall be transmitted in three successive multiframes before terminating 
transmission of signal.

11.8.3.2.4 N T l power status bits

Two bits of each multiframe (Figure II-3/G.961) shall be used to indicate N Tl power status. Table II-
1/G.961 shows the power status bit assignments and the corresponding messages and definitions.

The N Tl must have sufficient energy storage to transmit the dying gasp indication for a minimum of 
3 multiframes.

II.8.3.2.5 N T l test mode indicator bit

One bit, NTM, of each multiframe (Figure II-3/G.961) from the N Tl to the LT shall be used to indicate 
that the N Tl is in a customer initiated test mode. The N Tl is considered to be in a test mode when the D channel 
or either one of the B channels are involved in a customer locally-initiated maintenance action. While in test 
mode, the N Tl may be unavailable for service or the N Tl may be unable to perform actions requested by EOC 
messages. The bit shall be a binary ONE to indicate normal operation and a binary ZERO indicate test mode.
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TABLE II-1/G .961 

Power status bit assignments and messages

N T l status
ps\ ps2 

b inary  values
D efinition

All pow er norm al 11 Prim ary and  secondary  pow er supplies are both  
norm al

Secondary pow er out 10 Prim ary pow er is norm al, bu t the secondary  pow er 
is m arginal, unavailable, o r no t prov ided

Prim ary pow er out 01 Prim ary pow er is m arginal o r unavailab le, 
secondary  pow er is norm al

D ying gasp 00 Both prim ary  and  secondary  pow er are m arginal or 
unavailable. The N T l may shortly  cease norm al 
o peration

11.8.3.2.6 Cold-start-only bit

The CSO bit is the M4 bit in the fifth frame of the multiframe transmitted by an N T l. It shall be used to
indicate the start-up capabilities of the N Tl transceiver. If  the N Tl has a cold-start-only transceiver, as defined in
part 4) of § 11.10, this bit is set to ONE. Otherwise, this bit shall be set to ZERO in SN3.

11.8.3.2.7 Reserved bits

All bits in M4, M5, and M6 not otherwise assigned are reserved for future standardization. Reserved bits 
shall be set to ONE before scrambling.

II.8.3.3 Embedded operations channel (EOC) functions

Twenty-four bits per multiframe (2 kbps) are allocated to an embedded operations channel (EOC) which 
supports operations communications needs between the network and the N Tl.

II.8.3.3.1 EOC fram e

The EOC frame shall be composed of 12 bits synchronized to the multiframe:

Bits 3 1 8

Functions Address D ata  msg Info
provided field ind icator field

The three-bit Address Field may be used to address up to 7 locations. Only the specification of addresses 
of messages for the N Tl are within the scope of this Recommendation. The additional addresses are for 
intermediate network elements where the system is used to extend access involving carrier systems.

Fascicle III.5 — Rec. G.961 195



The Data/M essage Indicator bit shall be set to ONE to indicate that the Information Field contains an 
operations message; it shall be set to ZERO to indicate that the Inform ation Field contains numerical data. Up to 
256 messages may be encoded in the information field.

Exactly two EOC frames shall be transmitted per multiframe consisting of all M], M2, and M 3 bits (see 
Figure II-3/G.961).

11.8.3.3.2 Mode o f  operation

The EOC protocol operates in a repetitive com m and/response mode. Three identical properly-addressed 
consecutive messages shall be received before an action is initiated. Only one message, under the control of the 
network shall be outstanding (not yet acknowledged) on a complete basic access EOC at any one time.

The network shall continously send an appropriately addressed message. In order to cause the desired 
action in the addressed element, the network shall continue to send the message until it receives three identical 
consecutive EOC frames from the addressed device that agree with the transmitted EOC frame. When the network 
is trying to activate an EOC function, autonomous messages from the N Tl will interfere with confirmation of 
receipt o f a valid EOC message. The sending by the N Tl and receipt by the network of three identical consecutive 
properly addressed Unable to Comply messages constitutes notification to the network that the N Tl does not 
support the requested function, at which time the network may abandon its attempt.

The addressed element shall initiate action when, and only when, three identical, consecutive, and properly 
addressed EOC frames, that contain a message recognized by the addressed element, have been received. The N Tl 
shall respond to all received messages. The response should be an echo of the received EOC frame towards the 
network with two exceptions described below. Any reply or echoed EOC frame shall be in the next available 
returning EOC frame, which allows a processing delay of approximately 0.75 ms.

If  the N Tl does not recognize the message in a properly addressed EOC frame, rather than echo, on the 
third and all subsequent receipts o f that same correctly addressed EOC frame it shall return the Unable to Comply 
message in the next available EOC frame.

If the N Tl receives EOC frames with addresses other than its own address (000), or the broadcast address 
(111), it shall, in the next available EOC frame, return an EOC frame toward the network containing the hold 
state message and its own address (the N T l, address, 000).

The protocol specificaiton has made no provision for autonomous messages from the N T l.

All actions to be initiated at the N Tl shall be latching, permitting multiple eoc-initiated actions to be in 
effect simultaneously. A separate message shall be transmitted by the network to unlatch.

11.8.3.3.3 Addressing

An NTl shall recognize either of two addreses, an N Tl and a broadcast address. These addresses are as 
follows:

N ode Address

N T l 000

B roadcast (all nodes) 111

An N Tl shall use the address 000 in sending the Unable to Comply message.

II.8.3.3.4 Definition o f  required EOC functions

1) Operate 2B + D loopback: This function directs the N Tl to loopback the user-data (2B +  D) bit 
stream toward the network. This loopback is complete and may be transparent or non-transparent but 
in either case will continue to provide sufficient signal to allow the TE to maintain synchronization to 
the N T l.

2) Operate Bl-Channel (or B2-Channel) loopback: This function directs the N Tl to loopback an 
individual B channel toward the network. The individual B-channel loopback can provide per-channel 
maintenance capabilities without totally disrupting service to the customer. This loopback is trans
parent.
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3) Return to normal: The purpose of this message is to release all outstanding EOC controlled 
operations and to reset the EOC processor to its initial state.

4) Unable to comply acknowledgement: This will be the confirmation that the N Tl has validated the 
receipt o f an EOC message, but that the EOC message is not in the menu of the N T l.

5) Request corrupt CRC: This message requests the sending of corrupt CRCS toward the network, until 
cancelled with Return to Normal.

6) Notify o f  corrupted CRC: This message notifies the N Tl that intentionally corrupted CRCS will be 
sent from the network until cancellation is indicated by Return to Normal.

7) Hold state: This message is sent by the network to m aintain the N Tl EOC processor and any active 
EOC controlled operations in their present state. This message may also be sent by the N Tl toward 
the network to indicate that the N T l has received an EOC frame with an improper address.

II.8.3.3.5 Codes fo r  required EO C functions

Table II-2/G.961 shows the codes for each of the EOC functions defined in § II.8.3.3.4 above.

TABLE II-2/G .961 

M essages required fo r command response E O C  mode

M essage M essage code
Origin (o) & destination  (d)

N etw ork N T l

O perate 2B +  D loopback 0101 0000 0 d

O perate B i-channel loopback 0101 0001 0 d

O perate B2-channel loopback 0101 0010 0 d

R equest corrup ted  C R C 0101 0011 o d

N otify o f  corrup ted  C R C 0101 0100 0 d

R eturn  to  norm al 1111 1111 0 d

H old  state 0000  0000 d /o o /d

U nable to  com ply acknow ledgem ent 1010 1010 d o

Sixty-four EOC messages have been reserved for non-standard applications in the following four blocks of 
16 codes each (x is ONE or ZERO): 0100 xxxx, 0011 xxxx, 0010 xxxx, 0001 xxxx. All remaining codes not 
defined in Table II-2/G.961 and not reserved for non-standard applications- are reserved for future standardiza
tion. Thus, 184 codes associated with the N Tl (000) and broadcast (111) addresses, are available for future 
standardization, i.e., 256 total codes minus 8 defined codes from the table minus 64 codes for non-standard 
applications.

Note — The reservation of codes for non-standard applications does not in any way endorse their use.
Any use of such messages shall not interfere with the EOC protocol. An N T l and an LT that support messages 
for non-standard applications may not function properly together.

II.9 Scrambling

The data stream in each direction of transmission shall be scrambled with a 23rd-order polynomial (see
Figure II-5/G.961) prior to the insertion of FW.

In the LT-NT1 direction the polynomial shall be:

where

©  =  modulo 2 summation.

1 ©  x ~5 ©  x-23
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In the NT1-LT direction the polynomial shall be:

1 © x -18 © x -23

where

©  =  modulo 2 summation.

The binary data stream shall be recovered in the receiver by applying the same polynomial to the 
scrambled data as was used in the transmitter.

Note — Binary ONEs and ZEROs entering the N Tl receiver from the interface at reference point T or 
entering the LT side transceiver from the network must appear as binary ONEs and ZEROs respectively, at the 
input of the scrambler. Also, during transm ission/reception of the frame word or inverted frame word, the state of 
the scrambler must remain unchanged. (Caution: It is common for the input bits to be all ONEs, e.g., during idle 
periods or during start-up. For the ONEs to become scrambled, the initial state of the scrambling shift register 
must not be all Is.)

NT1 transm it scrambler (NT1 to LT)

w u s

LT transmit scrambler (LT to NT1)

D« • X '

D, = D, © Ds • X“ s ® Ds • X” 23 

LT receive descrambler (NT1 to  LT)

D0 -  Ds • ( 1 © X - 1* ©  X - 23) 

NT1 receive descrambler (LT to NT1)

D0 = Ds • ( 1 © X " s ©  X"23)

Ds • x'

D. • x- 2 3

D, • X"

D, • x'

T1804771-89

FIGURE II-5/G.961 

Scrambler and descrambler
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11.10 Activation/deactivation

This section gives requirements and examples supporting activation/deactivation requests, indicators of 
activation and deactivation, and indicators of errors. The transmission system is capable of loopbacks but these 
are not illustrated by examples. The transmission system is also capable of being activated without activating the 
interface at reference point T. There are no provisions for the support of activation of the transmission system 
without activating the interface at reference point T, but such a capability is not precluded (e.g., by use of spare 
CL channel bits).

The following definitions are for the purpose of clarifying requirements that are to follow:

1) Start-up: A process characterized by a sequence of signals produced by the LT and by the N T l. 
Start-up results in establishment of the master-slave mode, i.e., synchronization of the receivers and 
the training of equalizers and echo cancelers to the point that two-way transmission requirements are 
met.

2) Warm start: The start-up process that applies to transceivers meeting the optional warm-start 
activation-time requirements after they have once been synchronized and have subsequently responded 
to a deactivation request. Warm start applies only if there have been no changes in line characteristics 
and equipment. Transceivers that meet warm-start requirements are called warm-start transceivers.

3) Cold-start: The start-up process that applies to transceivers that either do not meet optional 
warm-start activation-time requirements, or have not been continuously in a deactive state that 
resulted from a deactivation request to the N T l. Cold start also applies if there have been changes in 
line characteristics or equipment or both. A cold start shall always start from the RESET state.

4) Cold-start-only (CSO): N Tl transceivers that do not meet optional warm-start activation-time require
ments (see § II. 10.6) are called cold-start-only transceivers.

5) Reset: The reset state consists of two sub-states: the receive reset and the full reset states. In other 
sections of this Recommendation, the term reset is used to refer to the full reset state.

Reset has no implications about the state of convergence of the equalizer or echo canceler coefficients 
o f the transceiver. The reset states are applicable to cold-start-only as well as warm-start transceivers.

For specific transceiver implementations, reset states (or sub-states) may mean different and possibly 
multiple internal states.

6) Full Reset: The full reset state is one in which a transceiver has detected the loss of signal from the 
far-end and is not transmitting (sending signal to the loop).

The full reset state shall also be entered following power-up.

While in full reset, N T ls may initiate transmission only to request service. Under all other conditions, 
where the interface has been deactivated, the N T ls shall remain quiet, i.e., they shall not start 
transmitting any signal until the N Tl has received the TL signal from the network.

7) Receive reset: The receive reset state is a transient state in which N T l has detected the loss o f signal 
from the far-end and is not transmitting (sending signal to the loop) and, in addition, is not permitted 
to initiate the start-up sequence (send wake-up tone) but shall be capable of responding to the start-up 
sequence (detecting wake-up tone). An N Tl must remain in this state for at least 40 ms, after detecting 
the loss of received signal, as specified in § II. 10.1.5.2 and II. 10.2, after which time, the transceiver 
shall enter the full reset state.

II. 10.1 Signals used fo r  activation

11.10.1.1 Signals during start-up

Figure II-6/G.961 defines the signals produced by the transceivers during start-up. These signals apply 
during both types of start-up; i.e., cold start, and warm start. During start-up, all signals at the interface shall 
consist o f sequences of symbols of the shape defined in § II. 12.2.
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D

TO

4 ms 480 ms

T1 T2T3 T4

A + C <  5 s for cold start 
A + C <  150 ms for warm start 
B + D <  10 s for cold start 
B + D <  150 ms for warm start

T5 T 6 T7

6 frames 1 (optional) 1 I |

TN SN1 SN2 SN3

NT1 -*■ Network

Network -*• NT1
I
r-v -Y T -n
i iTLi i
L —. J.....L_J SL1 (optional) SL2 SL3
2 frames T1809290-89

Time description of event or state:

TO Reset state.
T1 Network and NT1 are awake.
T2 NT1 discontinues transmission, indicating that the NT1 is ready to  receive signal.
T3 Network responds to  term ination of signal and begins transmitting signal toward the NT1.
T4 Network begins transmitting SL2 toward the NT1, indicating that the network is ready to  receive SN2.
T5 NT1 begins transmitting SN2 toward the network, indicating that NT1 has acquired FW fram e and detected SL2. 
T6 NT1 has acquired multiframe marker, and is fully operational.
T7 Network has acquired multiframe marker, and is fully operational.
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State sequence for transceiver start-up

With the exception of the wake-up tones (TN and TL), the scrambler shall be used in the normal way in 
formulating the signals. For example, Figure II-7/G.961 shows ONEs for B and D channel bits and the overhead 
bits in the signal SN1. These ONEs are scrambled before coding, producing random  pulses in these positions at 
the interface.

Except where noted otherwise in Figure II-7/G.961, all the pulse sequences, are framed and multiframed 
in accordance with the normal frame structure shown in Figures II-1/G.961, II-2/G.961, and II-3/G.961, and all 
pulses represent scrambled bits except those in the frame word. The signals TN and TL are 10 kHz tones 
generated by repeating the following unscrambled and unframed symbol pattern:

. . .  + 3  + 3  + 3  + 3  - 3  - 3  - 3  - 3  . . .

II. 10.1.2 Line rate during start-up

During start-up, the network shall produce symbols at the nominal line rate within the tolerance specified 
in § II.2.1.2.

The symbol rate from the N Tl shall be 80 kbauds ±  100 ppm.
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Signal Fram e w ord 
(FW)

M ultifram e
(IFW) 2B +  D M S ta r t S to p

Tim
(fram

TN ±  3+ ±  3+ ±  34= ±  3 + t t 6

SN1 P resen t A b sen t 1 1 T1 T2 -

SN 2 P resen t A b sen t 1 1 T5 T6 -

SN3 P resen t P re sen t N orm al+ Norm al T6 * -

TL ±  3+ ±  3+ ±  3+ ±  3 4 t t 2

SL1 P re se n t A b sen t 1 1 T3 T4 -

SL2 P resen t P re sen t 0 Norm al T4 T7 -

SL3 P re se n t P re sen t N orm al+ Norm al T7 * —

4  T ones h ave  a lte rn a tin g  p a tte rn  of fo u r + 3  sym bols fo llow ed by fo u r —3 sy m bols, and  no FW

t  S e e  Figure II-6/G.961 a n d  § 11.10.1.3 fo r s ta r t  a n d /o r  s to p  tim e  o f  th is  signa l

TN, TL T o n es p ro d u ced  by NT1 o r LT, resp ec tiv e ly  (se e  § 11.10.1.1)

SNx, SLx Pulse p a tte rn s  p ro d u ced  by NT1 o r LT, resp ec tiv e ly

Tx N otation  re fe rs  to  tran s itio n  in s ta n ts  d e fin ed  in Figure II-6/G.961

A b sen t U nder M ultifram e th is  n o ta tio n  m ea n s  only th a t  FW is tran sm itte d  in s tea d  o f IFW

Norm al Norm al m ea n s  th a t  th e  M b its  a re  tran sm itte d  o n to  th e  2-w ire line a s  req u ired  during  norm al o p e ra tio n ; e .g ., 
valid CRC bits, EOC b its , and  in d ica to r b its  a re  tran sm itte d

N orm al+ Except to  perfo rm  a loopback , 2B +  D b its shall rem ain  in th e  p rev ious s ta te  (SN 2 o r SL2) until b o th  a c t b its  
in d ica te  full tra n sp a re n c y  o f th e  B and  D c h an n e ls  (i.e., th e  2B +  D b its  o f SN 3 and  SL3 shall rem ain  set, to  
ONE and  ZERO, respec tive ly , until tra n sp a re n c y  is ach iev ed  a t b o th  e n d s  o f th e  DLL)

* S ig n a ls SN3 and  SL3 co n tin u e  indefin ite ly  (or until deac tiv a tio n )
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Definitions o f signals during start-up

II. 10.1.3 Start-up sequence

Figure II-6/G.961 shows the sequence of signals at the interface that are generated by the transceivers. The 
transition points in the sequence are also defined in Figure II-7/G.961. For further information on the events at 
the interface at reference point T, the reader is referred to Recommendation 1.430.

II. 10.1.4 Wake-up

When transceivers meeting the optional warm-start activation-time requirements, or when cold-start-only 
N T ls having the optional capability o f initiating start-up, are in the RESET state or are deactive as a result o f 
responding to a deactivation request, either transceiver may initiate start-up by sending a tone as defined in 
Figure II-7/G.961.
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II. 10.1.5 Progress indicators

II.10.1.5.1 Activation

In the N Tl to LT direction, the act bit remains set to ZERO until the customer equipment indicates 
progress in getting ready to transmit. The corresponding action at the T reference point in the customer equipment 
is receipt of the signal IN F03. To communicate this progress indication, act from the N Tl is set to ONE. 
Assuming IN F 03 occurs before T6 and T7, this progress indication shall not affect overhead symbols at the 
interface until T6, when the N T l overhead bits are allowed to be normal, and may not be detected by the LT 
until T7.

After event T7 (Figure II-6/G.961) and after act =  ONE is received from the N T l, the LT sets the act bit 
to ONE to communicate readiness for layer 2 communication (see § II.8.3.2.2).

II. 10.1.5.2 Deactivation

Transceivers in the active state that meet optional warm- start activation-time requirements shall cease 
transmission on the basis of the DEA bit (see § II.8.3.2.3) and subsequent loss of received signal. The DEA bit 
from the LT shall be set to ONE before activation is initiated. The LT shall announce deactivation by setting 
DEA to ZERO.

The LT shall send DEA =  ZERO in at least three multiframes before ceasing transmission. It shall cease 
transmission before sending a DEA bit in the multiframe following the multiframe in which DEA =  ZERO is 
sent the last time. During the multiframes with DEA =  ZERO the N T l has time to prepare for deactivation. The 
N Tl shall, upon the detection of loss of signal from the LT, cease transmission, enter the receive reset state and 
deactivate. Its response time to a loss of received signal shall be such that the N Tl will enter the receive reset state 
within 40 ms. of the occurrence of the transition to no signal at its interface. As specified in the definitions given 
at the beginning of §11-10, it shall not initiate the transmission of wake-up tone for a period of at least 40 ms. 
after it ceases transmission and then it shall enter the full reset state. The LT shall enter the full reset state upon 
the detection of the loss of received signal.

LT transceivers not implementing optional warm-start activation-time requirements shall continuously set 
DEA to ONE.

II. 10.2 Timers

Timers shall be used to determine entry into the reset states. Upon the occurrence of any of the following 
conditions:

1) failure to complete start-up within 15 s. (warm or cold start),

2) loss of received signal for more than 480 ms., or

3) loss of synchronization for more than 480 ms.,

a transceiver shall respond as follows: Upon satisfying conditions 1) or 3), it shall cease transmission and then, 
upon the subsequent detection of the loss of received signal, the transceiver shall enter the receive reset state. Its 
response time to a loss of signal (after conditions 1) or 2) have been satisfied) shall be such that it shall enter the 
receive reset state and be capable of responding to the initiation of wake-up tone by the far-end transceiver within 
40 ms. after the far end transceiver ceases transmission. Upon satisfying condition 2), the transceiver shall 
immediately enter the receive reset state. As specified in part 7) of § 11.10, a transceiver shall remain in the receive 
reset state for at least 40 ms., after which it shall enter the full reset state. The transciever may not initiate 
transmission of wake-up tone in the receive reset state.

For conditions 2) and 3), the requirements apply to transceivers after start up, i.e., after multiframe 
synchronization is achieved (see T6 and T7 in Figure II-6/G.961 for N Tl and LT transceivers, respectively).

In addition, an N Tl shall enter the full reset state if signal is not received within 480 ms. after it ceases the 
transmission of TN, or SN1 if it is sent (see T2 to T3 in Figures II-6/G.961 and II-7/G.961).
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II. 10.3 Description o f  the activation procedure

II. 10.3.1 Activation from  customer equipment

While the N Tl and LT remain in the deactive state as a result o f receiving and responding to a 
deactivation request, or while they are in RESET, a request for activation from the customer equipment shall 
result in the TN signal (tone) being sent from the N Tl toward the LT. The LT, on receiving TN shall remain 
silent until detection of cessation of signal from the N T l. The rest of the sequence then follows as indicated in 
Figures II-6/G.961 and II-7/G.961. If the LT happens to try to activate at the same time it may send a TL tone 
during the TN tone without harm.

While in the reset state, N Tl may initiate transmission only to request service. Under all other conditions 
where the system has been deactivated, the N Tl shall remain quiet, i.e., they shall not start transmitting any signal 
until the N Tl has received the TL signal from the LT.

II. 10.3.2 Activation from  the network

While the N Tl and LT remain in the deactive state as a result of receiving and responding to a 
deactivation request, or while they are in RESET, a request for activation from the LT shall result in the TL 
signal being sent from the LT toward the N T l. The N T l, on receiving TL shall respond with TN within 4 ms 
from the beginning of TL. The rest of the sequence then follows as indicated in Figures II-6/G.961 and 
II-7/G.961.

II. 10.3.3 Sequence charts

Examples of sequence charts for activation by both terminal and ET equipment are given in Figures II- 
8/G.961 and II-9/G.961.

FE4

T1809300-89

Note  -  Receipt of IN FO  3 and SL3 at the N T l can theoretically occur in either order.

FIG U R E  II-8/G .961 

Activation initiated by terminal equipment
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FE1

FE4

E T/LT L1 Digital system  L1 NT1

Start
T5

Stop
T5

SN3

IFW Sync. 
tC

ACT=1

TL
TM ------------
RN14---------cwn --------------

SL1
.

SN2
t-w iiync.

IFW Sync.

SL3

ACT=1

Start
T4

Stop
T4

INFO 0

INFO 3

N ote — Receipt o f IN F O  3 and SL3 at the N T l can theoretically occur in either order.

L1

INFO 0

INFO 2

INFO 4

TE

Al

T1809310-89

FIG U R E  II-9/G .961 

Activation initiated by the exchange

II.10.3.4 Transparency

Transparency of the transmission in both directions by the N Tl shall be provided after the NT achieves 
full operational status (T6), and both act =  ONE form the LT and DEA =  ONE. Full operational status of the 
N Tl means that the N Tl has:

1) acquired bit timing and frame synchronization from the incoming signal from the LT,

2) recognized the multiframe m arker from the LT,

3) fully converged both its echo canceler and equalizer coefficients.

Transparency o f the transmission in both directions at the LT shall be provided when the LT:

1) achieves full operational status (T7),

2) detects the presence of the multiframe marker from the N T l,

3) receives act =  O N E from the N T l.

Full operational status at the LT means that the LT has:

1) acquired bit timing phase of the incoming signal from the N T l, and frame synchronization,

2) recognized the multiframe m arker from the N T l,

3) fully converged both its echo canceler and equalizer coefficients.

After both the LT and the N Tl achieve transparency in both directions, the act bits shall continue to 
reflect the state of readiness of the LT and the terminal equipment for layer 2 communication. The act bit in the 
LT-to-NTl direction shall reflect the status o f the LT side o f the interface. The act bit in the NTl-to-LT direction 
shall reflect the status of the N Tl side of the interface. Whenever either end, for any reason, loses its readiness to 
communicate at layer 2 (e.g., the terminal is unplugged), that end shall set its transmitted act bit to ZERO. A 
change of status of this bit shall be repeated in at least three consecutive transmitted multiframes.
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II. 10.4 State transition table fo r  the N T l

Table II-3/G.961 provides an example of a state transition table for the N Tl as a function of INFOs, 
SIGs, and Timers.

TABLE II-3/G .961 

S ta te  transition table fo r the N T l as a  function of IN FO s, SIG s and tim ers

State name P o w e r
o f f

F u l l
r e s e t

A l e r t i n g
E C

t r a i n i n g
E C

c n v r g ’ d
F W  s y n c . I F W  s y n c .

P e n d i n g
a c t i v e

A c t i v e
P e n d i n g
d e a c t ’ n

T e a r
d o w n

T E
i n a c t i v e

R e v .
r e s e t

Event State code NT0 N T l
(TO)

NT2 NT3
(T l)

NT4
(T2)

NT5
(T5)

N T 6
(T6)

NT7 N T 8 NT9 NT10 n t h N T l 2

Tx S N 0 S N 0 T N S N 1 S N 0 S N 2 S N 3
A C T = 0

S N 3  
A C T  =  1

S N 3  
A C T  =  1

S N 3  
( N o t e  7 )

S N 0 S N 3  
A C T  =  0

S N 0

(N ote 6) I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  0 I N F O  2 I N F O  2 I N F O  4 I N F O  0 I N F O  2 I N F O  0

Power on N Tl - - - - - - - - - - - -

Loss o f  power - NT0 NT0 NT0 NT0 NT0 NT0 NT0 NT0 NT0 NT0 NT0 NT0

Received T INFO 1 signal 
(N otes 1 and 2)

/
ST.T4
NT2 - - - - - - / /  ■ - / -

Received T  INFO 3 signal 
(N otes 1 and 3)

/ / / / / / NT7 - - - - NT7 /

Received T INFO 0 signal 
(N otes 1 and 4)

/ - - - - - - N T l 1 N TH - - / -

End o f  tone TN (9 ms) / / NT3 - / / / / / / / / /

Received tone TL
/

ST.T4
NT2 - / / / / / / / / /

ST.T4
STP.T6

NT2

Echo canceler converged / - - NT4 - - - - - - - -

Basic frame sync (FW) / / / / NT5 - - - - - - - -

Multiframe sync (IFW) / / / / /
STP.T4

NT6 - - - - - - -

Received DEA  
(N ote 6)

=  0
/ / / / / / NT9 NT9 NT9 - - NT9 -

Received ACT =  0 / / / / / / - - NT7 - - - -

Received ACT  
DEA =  1

=  1 and / / / / / / -
NT8
AI - - - - -

Loss o f  synchronization 
( >  480 ms)

/ / / / / / NT10 NT10 NT10 - - NT10 -

Loss o f  signal ( >  480 ms) / / / / ST.T6
N T l

ST.T6
NT12

ST.T6
NT12

ST.T6 
N T l 2

ST.T6 
N T l 2

/ /
ST.T6 
N T l 2 -

Expiry o f  timer T4 (15 seconds) / - NT10 NT10 NT10 NT10 / / / / - / -

Loss o f  signal ( <  40 ms) / / / / / / / / /
ST.T6 
N T l 2

ST.T6 
N T l 2

/ /

Expiry o f  timer T6 (40 ms) / - / / / / / / / / / / N Tl

Note — For symbols and abbreviations, see Table II-4/G.961.
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Table II-4/G.961 provides an example of a state transition table for the LT as a function of FEs, SIGs, 
and Timers.

II.10.5 State transition table fo r  the L T

TABLE II-4 /G .732  

S tate  transition table fo r the LT as a function of FEs, S IG s and tim ers

Event

State name

State code 

Tx

P o w e r

o f f
F u l l

r e s e t
A l e r t i n g A w a k e

E C
t r a i n i n g

E C
c n v r g ’ d

F W  s y n c . I F W  s y n c . A c t i v e
D e a c t ’ n

a l e r t
T e a r

d o w n
P e n d i n g
d e a c t ’ n

R e v .

r e s e t

LT0 LT1
(TO)

LT2 LT3
(T l)

LT4
(T3)

LT5
(T4)

LT6 LT7
(T7)

LT 8 LT9 LT10 LT11 LT12

S L 0 S L 0 L T S L 0 S L l S L 2  
D E A =  1  
A C T  =  0

S L 2  
D E A =  1  
A C T  =  0

S L 3  
D E A =  1  
A C T  =  0

S L 3  
D E A  =  1  
A C T  =  1

S L 3  
D E A  =  0  
A C T = 0

S L 0 S L 0 S L 0

Power on LT1 - - - - - - - - - - - -

Loss o f  power
-

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0
FE7

LT0

Activation request (FE1)
/ ST.T5

LT2 - - - - - - / / - - -

Deactivation request (FE5) 
(N ote 8) / - - - - - -

LT9
FE7

LT9
- - - -

End o f  tone TL (3 ms) / / LT3 - / / / / / / / / /

Received tone TN
/

ST.T5
LT3 - - / / / / / / / /

ST.T5
STP.T7

LT3

Loss o f  signal energy / - - LT4 - / / / / / / / -

Echo canceler converged / - - - LT5 - - - - - - - -

Basic frame sync. (FW) / / / / / LT6 - - - - - - -

Multiframe sync. (IFW )
/ / / / / / STP.T5

LT7 - - - - - -

Received ACT =  0
/ / / / / / / -

LT7
FE6,7 - - - -

Received ACT =  1
/ / / / / / / LT8

FE4 - - - - -

Loss o f  synchronization  
( >  480 ms)

/ / / / / / /
LT10
FE7

LT10
FE6,7 - - - -

Loss o f  signal ( >  480 ms)
/ / / / / /

ST.T7
LT12
FE7

ST.T7
LT12
FE7

ST.T7
LT12
FE6,7

- / / /

End o f  last multiframe with 
DEA =  0 (N ote 9)

/ / / / / / / / / LT11 / / /

Expiry o f  timer T5 (15 seconds) / -
LT10
FE7

LT10
FE7

LT10
FE7

LT10
FE7

LT10
FE7

/ - / - / /

Loss o f  signal ( < 4 0  ms) / - / / / / / / / / ST.T7
LT12

LT1 -

Expiry o f  timer T7 (40 ms) / / / / / / / / / / / / LT1

206 Fascicle III.5 -  Rec. G.961



Symbols, abbreviations, and Notes fo r  Tables II-3/G.961 and II-4/G.961

- No change, no action

/ Impossible situation

FE1 Function element — corresponds to primitive Activation request — PH-AR

FE4 Function element — corresponds to primitive Activation indication — PH /M PH -A I

FE5 Function element — corresponds to primitive Deactivation request — M PH-DR

FE6 Function element — corresponds to primitive Deactivation indication — MPH-DI

FE7 Function element — corresponds to primitive Error indication

NTn Go to state “NTn”

LTn Go to state “LTn”

ST.Tn Start timer Tn

STP.Tn Stop timer Tn

SL0 No signal

Note 1 — These events are initiated by the “G ” Finite State Matrix (FSM), as defined in Recommendation 1.430, 
and communicated to the “NT” FSM through messages.

Note 2 -  This condition acts as an “Activation Request” event.

Note 3 — This condition indicates that the user data path (2B +  D channels) in the TE-to-NTl direction is
transparent to user data.

Note 4 — This condition indicates that the user data path (2B +  D channels) in the TE-to-NTl direction is not 
transparent to user data.

Note 5 — This event takes priority over received act =  ZERO for warm-start N Tls. This event could be ignored 
for N T ls not wishing to deactivate (cold-start-only NTls).

Note 6 — Although the INFO signals at the T reference point are shown as transmit signals in the “NT” FSM,
the “NT” FSM does not directly control these signals. They are included for inform ation only.

Note 7 — The signals output in this state remain unchanged from signals output during the preceding state (e.g., 
act =  ZERO if NT6 or N Tl 1 preceded, or act =  ONE if NT7 or NT8 preceded).

Note 8 — This event will cause deactivation of the N Tl independent of whether the transmitter is cold-start-only 
or warm-start.

Note 9 — This event must occur after receiving at least three multiframes. See § II. 10.1.5.2.

II. 10.6 Activation times

The LT and the N Tl shall complete the start-up process, including synchronization and training of 
equalizers to the point of meeting performance criteria within the following lengths of time: Cold-start-only 
transceivers shall synchronize within 15 s. Transceivers meeting optional warm-start activation-time requirements 
shall synchronize within 300 ms. on warm starts and within 15 s on cold starts. The 15-second cold-start time 
requirement is apportioned such that the N Tl is allowed 5 s. and the LT is allowed 10 s. For warm starts the 
300 ms. start-up time requirement is apportioned equally between the N Tl and the LT, 150 ms. each. See 
Figure II-6/G.961 for details.

Note — The 300 ms. requirement applies to laboratory tests only. No 300 ms. timer is involved in actual 
in-service loops. (See definitions in § 11.10 for warm and cold starts.)

As indicated in Figure II-6/G.961, the start time requirements cover the time span from wake-up tone to 
T7, and do not include time for activation of customer terminal equipment. All activation times apply only to the 
DLL, and do not apply to the entire customer access link where carrier systems may be involved.

Note — The value in Recommendation G.960 is 10 s. This is a 95% value.
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11.11 Jitter

To assure support of the jitter requirements of Recommendation 1.430, the jitter o f the timing signal 
recovered at the clock of the N Tl shall not exceed the limits given in Figure 9/1.430 and § 8.3.1 of Recommenda
tion 1.430. Jitter tolerances are intended to ensure that the limits o f Recommendation 1.430 are supported by the 
jitter limits of the transmission system on subscriber lines. The jitter limits given below must be satisfied regardless 
o f the length of the subscriber line and the inclusion of one repeater, provided that they are covered by the 
transmission media characteristics. The limits must be met regardless of the transmitted signal. In this Recommen
dation, jitter is specified in terms of unit intervals (UI) of the nominal 80 kbauds signal (12.5 ps.).

II. 11.1 Input signal jitter tolerance

The N T l shall meet the performance objectives with w ander/jitter at the maximum magnitude indicated in 
Figure II-10/G.961, for single jitter frequencies in the range of 0.1 Hz to 20 kHz, superimposed on the test signal 
source with the received signal symbol rate in the range of 80 kbauds ±  5 ppm. The N Tl shall also meet the 
performance objectives with wander per day of up to 1.44 UI peak-to-peak where the maximum rate of change of 
phase is 0.06 U l/hour.

0.1 0.5 1 5 10 19 50 100 20000 Hz
Jitter frequency T 1 8 0 4 7 9 1 - 8 9

N ote — Unit interval (U I) =  12.5 jos.

F IG U R E  II-10/G .961 

Permissible sinusoidal N T l input signal jitter

II. 11.2 N T l output jitter limitations

With the w ander/jitter as specified in § I I .11.1, except as noted, superimposed on the N Tl input signal, 
the jitter on the transmitted signal from the N Tl towards the LT shall conform to the following, with the received
signal symbol rate in the range of 80 kbauds ±  5 ppm, as described in § 11.2:

1) The jitter shall be equal to or less than 0.04 UI peak-to-peak and less than 0.01 UI rms when
measured with a high-pass filter having a 6 dB/octave roll-off below 100 Hz.
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2) The jitter in the phase of the output signal (the signal transmitted towards the LT) relative to the
phase of the input signal (from the LT) shall not exceed 0.05 UI peak-to-peak and 0.015 UI rms when
measured with a band-pass filter having a 6 dB/octave roll-off above 40 Hz and below 1.0 Hz. (Note 
that the 1.0 Hz cut-off assures that the average difference in the phase of the input and output signals 
is substracted.) This requirement applies with superimposed jitter in the phase of the input signal as 
specified in § I I . l l . l  for single frequencies up 19 Hz.

3) The maximum (peak) departure of the phase of the output signal from its nominal difference (long 
term average) from the phase of the input signal (from the LT) shall not exceed 0.1 UI. This 
requirement applies during normal operation including following a “warm start”. (Note that this 
means that, if deactivated and subsequently activated in conformance with the “warm start” require
ments, the long term average difference in phase of the ouput signal from the phase of the input 
signal shall be essentially unchanged.)

II. 11.3 Test conditions fo r  jitter measurements

Due to bidirectional transmission on the 2-wire and due to severe intersymbol interference, no well defined 
signal transitions are available at the N Tl 2-wire point.

Two possible solutions are proposed:

1) A test point in the N Tl is provided to measure jitter with an undisturbed signal.

2) A standard LT transceiver including an artificial transmission line is defined as a test instrument.

11.12 Transmitter output characteristics o f  N T l and L T

The following specifications apply with a load impedance of 135 ohms resistive over a frequency band of 
0 Hz to 160 kHz.

II. 12.1 Pulse amplitude

The nominal peak of the largest pulse shall be 2.5 Volts (see Figure II-11/G.961).

II. 12.2 Pulse shape

The transmitted pulse shall have the shape specified in Figure II-11/G.961. The pulse mask for the four 
quaternary symbols shall be obtained by multiplying the normalized pulse mask shown in Figure II-11/G.961 by
2.5 V, 5 /6  V, — 5 /6  V or — 2.5 V. When the signal consists o f a framed sequence of symbols with a synchroniza
tion word and equiprobable symbols in all other positions, the nominal average power is 13.5 dBm.

II. 12.3 Signal power

The average power of a signal consisting of a framed sequence of symbols with a frame word and 
equiprobable symbols at all other positions should be between 13.0 dBm and 14.0 dBm over the frequency band 
from 0 Hz to 80 kHz.

II. 12.4 Power spectral density

The upper bound of the power spectral density o f the transmitted signal shall be as shown in 
Figure II-12/G.961.

II. 12.5 Transmitted linearity

II. 12.5.1 Requirements

This is a measure of the deviations from ideal pulse heights and the individual pulse non-linearity. The 
transmitted and received signals shall have sufficient linearity so that the residual rms non-linearity is at least 
36 dB below the rms signal at the interface.
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N orm alized
level

Q u a tern ary  sym bo ls

+  3 +  1 - 1 - 3

A 0.01 0.025 V 0.00833 V -0 .0 0 8 3 3  V -0 .0 2 5  V

B 1.05 2.625 V 0.8750 V -0 .8 7 5 0  V -2 .6 2 5  V

C 1.00 2.5 V 5/6  V - 0 .5 /6  V - 2 . 5  V

D 0.95 2.275 V 0.79167 V -0 .7 9 1 6 7  V -2 .2 7 5  V

E 0.03 0.075 V 0.025 V -0 .0 2 5  V -0 .0 7 5  V

F -0 .0 1 -0 .0 2 5  V -0 .0 0 8 3 3  V 0.00833 V 0.025 V

G - 0 .1 2 - 0 . 3  V -0 .1  V 0.1 V 0.3 V

H - 0 .0 5 -0 .1 2 5  V -0 .0 4 1 6 7  V 0.04167 V 0.125 V

-0 .4 T  0 .4T

F IG U R E  II-11/G .961 

Normalized output pulse from NTl or LT

II. 12.5.2 Linearity test method

With the transceiver (LT or N T l) terminated in a 135/ohm resistance through a zero-length loop, and 
driven by an arbitrary binary sequence, the voltage appearing across the resistance is filtered (anti-alias), sampled 
and converted to digital form ( Vou,) with a precision of no less than 12 bits (see Figure II-13/G.961). These 
samples are compared with the output of an adjustable, linear filter, the input o f which is the scrambled, framed, 
and linearly encoded transmitter input. The signals at the substractor may both be in digital form, or they may 
both be in analog form.

The linear digital filter input (“Quaternary Input Data” in Figure II-13/G.961) can be considered a 
linearity standard. It may be produced from the transmitter output by an errorless receiver (with no descrambler), 
or from the scrambled transmitter input data if it is available. If the samples input to the adjustable filter are 
available in digital form, no additional A /D  converter is required. Whether analog or digital, these samples are 
required to be in the ratio 3:1: —1: —3, to an accuracy of at least 12 bits.
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The sampling rate of the samplers and filters may be higher than the symbol rate, and generally will be 
several times the symbol rate for good accuracy. Alternatively, the sample rate may be at the symbol rate, but the 
rms values are obtained by averaging over all sample phases relative to the transmitter signal.

Because the anti-alias filter, sampler, and A /D  converter operating on the transm itter output may 
introduce a loss or gain, proper calibration requires determining <  Vou, 2 > at the filter output, as shown in 
Figure II-13/G.961, rather than the mean-squared value of the transmitter output itself.

Frequency T1804750-87

FIGURE II-12/G.961 

Upper bound o f power spectral density o f  signal from N T l and LT

Interface 
135 n

FIGURE II-13/G.961  

Measurement o f transmitter linearity

Fascicle III.5 — Rec. G.961 211



11.13 Transmitter/receiver termination

II. 13.1 Impedance

The nominal driving point impedance at the interface toward the N Tl shall be 135 ohms.

II. 13.2 Return loss

The return loss with respect to 135 ohms, over a frequency band from 1 kHz to 200 kHz, shall be as 
shown in Figure II-14.G.961. t

II.13.3 Longitudinal conversion loss

II. 13.3.1 Longitudinal Balance

The longitudinal balance (of impedance to ground) is given by:

LBal =  20 log _£/
em

dB

where

et is the applied longitudinal voltage (referenced to the building green or green wire ground of the N Tl). 
em is the resultant metallic voltage appearing across a 135 ohms termination.

The balance shall be >  60 dB at frequencies up to 4 kHz and >  55 dB at higher frequencies up to 
160 kHz.

Figure II-15/G.961 defines a measurement method for longitudinal balance. For direct use of this test 
configuration, measurement should be performed with the N Tl powered up but inactive (no transmitted signal).

FIG U R E  II-14/G .961 

M inim um  re tu rn  loss
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a) These resistors to be matched to better than 0 .03%  tolerance.

F IG U R E  II-15/G.961 

Measurement method for longitudinal balance

II. 13.3.2 Longitudinal output voltage

The longitudinal component of the N Tl output signal shall have an rms voltage, in any 4 kHz bandwidth 
averaged in any 1 second period, less than —50 dBv over the frequency range 100 Hz to 170 kHz, and less than 
— 80 dBv the range from 170 kHz to 270 kHz. Compliance with this limitation is required with a longitudinal 
termination having an impedance equal to or greater than a 100 ohm resistor in series with a 0.15 uF  capacitor.

Figure II-16/G.961 defines a measurement method for longitudinal output voltage. For direct use of this 
test configuration, the N Tl should be able to generate a signal in the absence of a signal from the LT.

The ground reference for these measurements shall be the building ground.

a) These resistors to be matched to better than 0.1 % tolerance.

FIG U R E  II-16/G .961 

Measurement method for longitudinal output voltage
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APPENDIX III

(to Recommendation G.961)

Electrical characteristics of an AMI transmission system

The system will support the full duplex, transparent transmission of the two 64 kbit/s B channels and one 
16 kbit/s D channel, as defined in Recommendation 1.412. The bidirectional transmission over symmetric pair 
cables is based on the echo cancelling techniques. An extra 16 kbit/s capacity is added to the resulting 144 kbit/s 
data information, to provide a CL channel (for control, supervisory and maintenance purposes) and other 
transmission facilities.

The frames of the transmitted signal contain framewords which include a time period of absence of line 
signal. This frame format allows, when the relative offset between the frames in the two transmission direction is 
lesser than the values specified in § III.7, to simplify the timing recovery, the line equalizer setting and the echo 
canceller updating.

III. 1 Line code

For both directions of transmission the line code is AMI.

The binary bit stream shall be coded according to the following rule:
— a binary ONE is represented by no line signal
— a binary ZERO is alternately represented as a positive or a negative pulse.

III.2 Symbol rate

The symbol rate is determined by the line code, the bit rate of the information stream and the frame 
structure. The symbol rate is 160 kbauds.

111.2.1 Clock requirements

111.2.1.1 Free running N T l clock accuracy

The accuracy of the free running clock in the N Tl shall be ±  50 ppm.

111.2.1.2 L T  clock tolerance

The N Tl and the LT shall accept a clock accuracy from the ET of ±  1 ppm.

III.3 Frame structure

The frame structure contains a frame word, 32 times (2B +  D) and a CL channel, besides an auxiliary
and a stop bit. In both transmission directions the general structure of the frame is as follows:

III.O General

Fram e word A 4 [8 (2B +  D) +  CL] P

A =  Auxiliary bit

The A bit o f the frame is used to distinguish the directions of transmission and to signal the correct
establishment of the activation procedure by the polarity inversion.

P =  Parity bit

The P bit is used to get an even number of binary ZEROs in the frame; so it is set to binary ZERO or
binary ONE according to the number of binary ZEROs if the frame is odd or even respectively.
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The number o f (2B +  D) slots in one frame is 32; whereas the number o f CL bits is 4.

III.3.1 Frame length

III.3.2 Bit allocation in direction LT-NT1

In Figure III-1/G.961 the bit allocation is given.

Bit position U se

1-58

59

60-67

68-75

76-77

186-193

194-201

202-203

204

Fram e w ord  

Auxiliary bit 

B1 ch an n e l 

B2 ch an n e l 

D ch an n e l

B1 ch an n e l 

B2 ch an n e l 

D ch an n e l 

CL ch an n e l

First slo t 

(2B +  D)

Eighth slo t 

(2B +  D)

First b lock

[8 (2B +  D) +  CL]

492-493

494-508

509-510

621-628

629-636

637-638

639

640

B1 ch an n e l 

B2 ch an n e l 

D chan n e l

B1 ch an n e l 

B2 ch an n e l 

D ch an n e l 

CL ch an n e l 

Parity bit

First slo t 

(2B +  D)

Eighth s lo t 

(2B -I- D)

Fourth block 

[8 (2B +  D) +  CL]

F IG U R E  III-1 /G .961 

Bit allocation in direction LT-NT1

111.3.3 Bit allocation in direction N T I-L T

Same as § III.3.2.

II 1.4 Frame word

The frame word is used to allocate bit positions to the 2B +  D +  CL channels and to the A and P bits. It 
may also be used for timing recovery, echo canceller updating and line equalizer setting.
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III.4.1 Frame word in direction LT-NT1

The code for the frameword shall be 57 consecutive binary ONE (coded as line absence of signal) and one 
binary ZERO (positive line pulse).

I

III.4.2 Frame word in direction N T1-LT  

Same as § III.4.1.

111.5 Frame alignment procedure

The frame alignment procedure shall be as follows:

111.5.1 State 1: correct fram e alignment

To enter the correct alignment state the frame word, the auxiliary bit and the parity bit must be detected 
correctly three times consecutively.

111.5.2 State 2: prealarm fo r  fram e alignment

To enter the prealarm state it is sufficient not to detect the frame word, the auxiliary bit and the parity bit 
for one time.

111.5.3 State 3: out o f  fram e alignment

To enter the out of alignment state eight consecutive negative checks of the condition defined under state 1 
must be detected.

111.6 Multiframe

To enable bit allocation of the CL channel in more frames next to each other, a multiframe structure shall 
be used. The start o f the multiframe is determined by the content of the CL channel in a frame word as described 
in § III.6.1. The total number of frames in a multiframe is 4.

111.6.1 Multiframe word in direction N T1-LT

The multiframe will be identified by detecting the CL channel bits. CL channel is synchronous with the 
frame, and the start of a multiframe is assumed when odd parity is verified on the four CL bits in a frame. There 
are four of CL bits in a frame, coded as follows:

C L channel structure

I I I 0 First fram e

I I I p Second fram e

I I I p T hird  fram e

p p p p Fourth  fram e

Where I stands for Information bits and P, O for parity check bits. The P bits o f the fourth frame are dedicated to 
vertical parity of the previous frames, while O is the odd parity of the first frame. The parity evaluation is 
performed considering the binary O N E’s. The first CL frame is also used for multiframing alignment. In the 
condition of out of multiframe alignment the CL channel shall be disregarded.

III.6.2 Multiframe word in direction LT-NT1 

Same as § III.6.1.
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The multiframe alignment is based on a correct detection of the parity (odd and even) of the CL channel. 
The correct multiframe alignment is assumed when the four parity bits satisfy the horizontal sequence Odd, Even, 
Even, Even and vertical sequence Even (see § III.6.1). When such sequence is not detected a prealarm  multiframe 
alignment state is assumed, then if the correct detection is not available, out of multiframe alignment is assumed. 
From the state of out of multiframe alignment or from prealarm multiframe alignment condition only one correct 
detection of the right sequence enters the system in correct multiframe alignment state.

III.7 Frame offset between LT-NT1 and N T1-LTfram es

The NTl shall synchronize its frame with the frames received in the direction LT to N Tl and will transmit 
its frame with the offset specified in § III.7.1.

In LT the offset between the frames in the two transmission directions shall not exceed the value specified 
in § III.7.2.

III.7.1 Relative fram e position at the N T l input output

The first bit o f each frame transmitted from a N Tl towards the LT shall be delayed, nominally, by 583 bit 
periods with respect to the first bit o f the frame received from the LT. Figure III-2 /G.961 illustrated the relative 
bit positions for both transmitted and received frames.

III.6.3 Multiframe alignment procedure

TX

“ 1 Frameword

RX

Frameword

t
First bit

r

Frameword

T1804850-87
First bit

F IG U R E  III-2/G .961 

Timing diagram in N T l

III.7.2 Relative fram e position at the L T  input/output

The time delay between the first bit o f each frame transmitted from a LT towards the N Tl and the first bit 
of each frame received from N Tl shall not exceed 583 +  13 bit periods. Figure III-3/G.961 shows the relative bit 
positions for both transmitted and received frames.

TX
Frameword Frameword

t
First bit

I
13 bits

RX

1 Frameword Frameword

TI804800-87

FIG U R E  III-3/G .961 

Timing diagram in LT
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III.8 CL channel

CL channel shall be used to carry information for activation/deactivation, testing and maintenance 
purposes.

111.8.1 Bit rate

The bit rate for the CL channel is 1 kbit/s.

111.8.2 Structure

The informations to be transmitted are organized in frames of 16 bit (four quadruplets in a multiframe). 
Each sixteen bits frame contains:

— 9 information bits;

— 7 bits for parity checks and error detection and multiframe alignment purposes.

Denoting by I the information bits and by O and P the bits for odd and even parity, the generic frame 
may be represented as indicated in § III.6.1.

III.8.2.1 CL channel performance

The performance of the CL channel shall be the following:

With a bit error rate of 10" 3
— the frame simulation probability shall be less than 10"10
— the probability of not detecting a right frame in 100 ms shall be less than 10“ 10

111.8.3 Protocols and procedures

The messages on the CL channel may be split into two categories, namely:

a) messages concerned with the activation/deactivation procedure and spontaneous report of mainte
nance information not sollicited by the ET.

b) auxiliary messages for maintenance purposes. These functions imply actions that can be started only 
by the ET and that can be performed during the full active state.

The messages of the category a) are present in a continuous mode; this means that they are transmitted 
continuously on the CL channel until a new message has to be transmitted.

The messages used for the transmission of these messages allows the transmission of both single byte 
information and multi byte information.

The procedure, that may be started only by LT/ET, shall be as follows:

— The L T /ET  sends in a continuous mode the first message containing the first information byte. The
first information byte always contains the address of the destination equipment in a downstream
direction (regenerator, N Tl,). The message is transmitted continuously until the reception of an
acknowledged message from the destination equipment.

— The L T /E T  sends, in the same way the following messages each containing a byte information. Each 
message sent by L T /ET  is acknowledged by the destination equipment.

— The ET /L T  sends and end-message which is acknowledged as any other message.
— When the destination equipment has to send answer information, the procedure is the same as above.

In this case it is not necessary to provide the address as the destination equipment is LT/ET.

111.9 Scrambling

Scrambling will be applied on (2B +  D +  CL) channels. The scrambling polynomial is 1 ©  x~9 ©  x ~ 11 
in both transmission directions.

Scrambling with a two thresholds guard circuit is used to avoid long sequences of binary O N E’s.

Figures III-4/G.961 and III-5/G.961 show the scrambling and descrambling circuit respectively.
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FIG U R E  III-4 /G .96I 

Scrambling circuit

1 2  9 10 11

F IG U R E  III-5/G .961 

Descrambling circuit

The counter C is incremented at each transmitted binary ONE and cleared at each transmitted binary 
ZERO. The counter sends a binary ZERO when 16 consecutive ONEs have been transmitted and sets its threshold 
to 2 if a binary ONE appears again at its input. In this condition, the counter sends a binary ZERO every two 
consecutive binary ONEs at its inputs. The threshold is resetted to 16 at the first binary ZERO transmitted.

III. 10 Activation/deactivation

The guidelines taken into account in the definition of activation/deactivation procedures can be summar
ized as follows:

— In the deactivated state, no signal is present on the line.

— During activation appropriate signals are sent to speed up the convergence of the equalizer, the bit 
and frame synchronization and the echo canceller convergence.

A master/slave relationship is assumed between LT and N T l, so that, even if N Tl starts to request an 
activation, it is always the LT (under the ET acknowledgment), that assumes the initiative of continuing the 
procedure and then the transmission.
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The system will support the activation of both the transmission system and the interface at T reference 
point, the activation of the transmission system only, interface, the deactivation of both the transmission system 
and the interface at T reference point or of the interface at T reference point only.

Cold and warm activations are possible. Cold activation starts after the power off — power on transition 
or after some specific maintenance procedures. Cold start refers to N Tl and LT which do not have stored any 
information about the echo canceller coefficients or equalizers setting, so a long time for activation is expected. 
Warm activation apply when LT and N Tl contain full information about the echo canceller coefficients and the 
line equalizers setting, so a short activation time is expected.

Power down mode refers to a state with very low power consumption of both LT and N Tl and with the 
absence of any line signal, this state allows to statistically reduce the power feeding from the central office. Of 
course some parts of the system, in particular the receiving sections, are always active to detect the incoming 
activation requests.

III. 10.1 Signals used fo r  activation

IIL10.1.1 Signals used fo r  start up (CL not available)

During the activation/deactivation procedures the following specific signals (SIGS) are exchanged on the 
line between LT and NT:

IN FO  UO (IU0): 

IN FO  U12 (IU12):

INFO U22 (IU22): 

INFO U4 (IU4):

INFO U6 (IU6):

Down stream (LT -► N T l)

No signals on the line.

20 kHz burst tone. This line signal is obtained by repeating 72 times the following pattern
of 8 line symbols (+  +  +  H-------------- ) every 8 ms. The burst tone is sent in half-duplex
way.

80 kHz burst tone. This line signal is obtained by repeating 291 times the following pattern 
of 2 line symbols (H— ) every 8 ms. The burst tone is sent in half-duplex way.

Full-duplex transmission. The line signal has the same frame structure of the useful signal 
but with BI, B2, D and CL bit channels at the binary value ZERO. The binary stream is 
scrambled with a pseudorandom sequence and encoded according to the AMI rule. The 
second bit o f the frame is set to the binary value ZERO.

Full-duplex transmisison of operative data on the B and D channels; CL channel is used 
to convey layer 1 activation/deactivation, testing and maintenance information. The 
second bit of the frame is set to the binary value ONE.

Upstream (N Tl -► LT)

IN FO  UO (IU0): 

INFO U ll async.:

INFO U ll  sync.:

INFO U21 (IU21): 

INFO U3 (IU3):

IN FO  U5 (IU5):

No signals on the line.

20 kHz burst tone. This line signal is obtained by repeating 72 times the following pattern
of 8 line symbols (+  +  +  H ) every 16 ms. The burst tone is sent in half-duplex
way.

20 kHz burst tone. This line signal is obtained by repeating 72 times the following pattern
of 8 line symbols (+  +  +  -)-------------- ) every 8 ms. The burst tone is sent in half-duplex
way synchronized to the IU12 coming from LT.

80 kHz burst tone. This line signal is obtained by repeating 291 times the following pattern 
of 2 line symbols (H— ) every 8 ms. The burst tone is sent in half-duplex way.

Full-duplex transmission. The line signal has the same frame structure of the useful signal 
but with BI, B2, D and CL bit channels at the binary value ZERO. The binary stream is 
scrambled with a pseudorandom sequence and encoded according to the AMI rule. The 
second bit o f the frame is set to the binary value ONE.

Full-duplex transmission of operative data on the B and D channels; CL channel is used 
to convey layer 1 activation/deactivation, testing and maintenance information. The 
second bit o f the frame is set to the binary value ZERO.
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III. 10.1.2 Bits in the CL channel

The I bits (see § III.6.1) o f the CL channels are used to convey both activation/deactivation commands 
and testing and maintenance com m ands/reports, while P and O bits are employed for parity checking and error 
detecting and coded consequently. Only the activation/deactivation signals that are exchanged between LT and 
N Tl and conveyed through the CL channel are listed below.

I bits of CL Channel from LT to NTl

000010001 ACTIVATE REQUEST (AR)
Request to activate all the layer 1, both transmission system and interface at T reference 
point are activated

000001111 TRANSM ISSION SYSTEM ACTIVATE REQUEST (UAR)
Request to activate the transmission system only. As in case of an AR command, the 
activation procedure is automatically performed. In the case in which the interface at 
T reference point is active, it will be deactivated.

000010011 ACTIVATE REQUEST with LOOPBACK 2 (AR2)
Request to activate with loopback 2 in N Tl.

000000001 DEACTIVATE REQUEST (DR)
Request to deactivate the transmission system. The LT and N Tl automatically perform the 
deactivation procedure.

I bits of CL Channel from N Tl to LT

000001001 RESYNCHRONIZATION (RSY)
The RSY indication is input by the T interface when the synchronization on the interface
at T reference point has been lost and not valid data are available.

000011001 ACTIVATE IN D ICA TIO N  (AI)
The activation procedure at the interface at T reference point has been successfully 
completed up to the terminal equipments when the AI is active.

000011101 ACTIVATE IN D ICA TIO N  with LOOPBACK 2 (AIL)
The connection through loopback 2 at the T-interface has been established. After an ARL
command, the AIL indicate signal acknowledges the the receiving of an AI.

000001111 TRANSM ISSION SYSTEM ACTIVATION IN DICATION (UAI)
The transmission system is activated in N Tl and this information is transferred to LT/ET. 
The interface at T reference point is not activated.

III. 10.2 Definition o f  internal timers

During the activation/deactivation procedures the following timers shall be used:

— Timer A: This timer is located in N T l. It has two different meanings: during the activation procedure
its value is 8 seconds and is an upper limit for the activation time. Whenever, the activation is reached
its value is 500 ms as a guard time to prevent unwanted deactivations due to interruption of signal or 
loss of line frame coming from LT.

— Timer 2: This timer is located in N T l. Its value is fixed in 50 ms and its purpose is to prevent from 
unwanted reactivations from a TE.

III. 10.3 Description o f  the activation procedure

III. 10.3.1 Description o f  the activation procedure from  L T

Figure III-6/G.961 based on arrow sequence summarizes the activation procedure originated from ET. The 
activation procedure is started from an Activation request (FE1) coming from the ET. LT starts the procedure 
with an FE2 to ET and transmitting (IU12) on the line. At the reception of (IU 11) from N T l, LT transmits (IU22) 
towards N T l. (IU22) is used by the N Tl for line equalizer setting (only for cold starts), fast timing recovery and 
AMI decision threshold setting. Once that N Tl finished its training procedure, it transmits towards LT (IU21). 
This SIG is used by LT for line equalizer setting (only cold starts), timing recovery and AMI decision thresholds
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setting. Then LT transmits (IU4) which is used by the N T l for echo canceller updating (short training period for 
warm starts, longer for cold starts). At the end of this training period, N Tl sends (IU3) which is used by LT for 
the same purposes just explained for the N T l. Whenever all the training periods are over, LT sends (IU 6) 
(operative B and D channels) in which the I bits o f the CL channel carry FE1 command. N T l answers with (IU5) 
(operative B and D channels) with FE3 code in the CL I bits if the interface at T reference point is not active and 
then (IU5) with FE4 when the interface at T reference point is active.

TE/TA

Interface AT 
T reference point

INFO 0

I
INFO 2

INFO 3

INFO 4

NT1

Line transmission system 
INFO (UI)

UI 04------

UI 12

-----fr

UI 11

UI 22

UI 21
UI 4

UI 3 ----- ►
UI 6 (AR)

UI 5 (UAI)

UI 5 (AI)

V, reference point

FE1 (AR) 
FE2 (AR)

F IG U R E  III-6/G .961 

Layer 1 activation from the network side

III .10.3.2 Description o f  the activation procedure from  N T l

Figure III-7/G.961 based on arrow sequence summarizes the activation procedure originated from the user 
side. The activation procedure is started from an activation request IN FO l coming from the interface at 
T reference point. N Tl starts the procedure transmitting IU lla sy n  towards LT. LT passes this inform ation to the 
ET with FE2 and waits for the ET FE1 to continue the activation procedure. If  ET gives its acknowledgment with 
FE1, then the activation procedure resumes and is equal to that shown in § II I .10.3.1.

III. 10.3.3 Description o f  the deactivation procedure

The deactivation of the layer 1 is physically performed only under complete control o f the LT/ET. The 
deactivation is started from ET with FE3 to LT. LT transmit (IU 6) with the command DR in the I bits of the CL 
channel. N T l send INFO 0 to the interface at T reference point and (IU0) back to LT. Figure III-8/G.961 based
on arrow sequence summarizes the deactivation procedure.

III. 10.4 N T l state transition table

The detailed behaviour of the activation/deactivation procedure in N Tl is described in the Table III- 
1/G.961 as a function of INFOs, SIGs and internal timers.

Loopback 2 shall be originated only from a deactivated state, and no transitions from loopback 2 to active 
state shall be possible.

III. 10.5 L T  state transition table

The detailed behaviour of the activation/deactivation procedure in LT is described in the Table III- 
2/G.961 as a function of INFOs, SIGs and internal timers.

Loopback 1 shall be originated only from a deactivated state, and no transitions from loopback 1 to active 
state shall be possible. Loopback 1 shall be transparent or not. It is possible that after loopback 1 a long
activation (cold start) will be required, as the system could loose all the information about the line equalizer, echo
canceller coefficients and so on.
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TE/TA

i

TE/TA

INFO 0

In terface at
T reference po in t

INFO 1

INFO 2

INFO 3
INFO 4

NT1

Line transmission system 
< INFO (UI)

UI 0

UI 11 ASYN.

UI 12

UI 11

UI 22

UI 21

UI 4

UI3

UI 6 (AR)

UI 5 (UAI)

UI 5 (AI)

V , reference po in t

FE2 (AR) 
FE1 (AR)

FE3 (UAI)

W FE4 (AI)
T 1 8 0 9 3 8 0 - 8 9

FIG U R E  III-7/G .961 

Layer 1 activation from the user side

Interface at 
T reference point

INFO 4

INFO 3

INioo
INFO 0

Line transmission system

NT1

i
"I

T2 ! li
♦___

UI 6

UI 5

UI 6 (DR)

UI 0

Vj reference point

FE5 (DR)

FIG U R E  III-8/G .961 

Layer 1 deactivation
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TABLE III-2/G.961
State transition table LT (LT-states matrix)

w
zM
-J

State LT1 LT2 LT3 LT4 LT5 LT6 LT7 LT8 LT9 LT10 LT11 LT12 LT13

N am e D e a c t i v a t i o n
W a i t

a c t i v a t i o n
P e n d i n g  

a c t i v a t .  s t e p  1

P e n d i n g  
a c t i v a t .  s t e p  2

P e n d i n g  
a c t i v a t .  s t e p  3

P e n d i n g  
a c t i v a t .  s t e p  4

L i n e  o n l y  
a c t i v e

T  i n t .  o r  
l o o p  2  a c t i v e

L o s s  o f  f r a m e  
a t  U  i n  L T 8

L o s s  o f  f r a m e  
a t  U  i n  L T 7

R e m o t e  e r r o r  
i n d i c a t i o n

L o s s  o f  f r a m e  
a t  U  i n  L T 1 1

P e n d i n g
d e a c t i v a t i o n

Signals
X ^ T i c

Line
INFO

IU0 IUO IU12 IU22 IU4 IU6 +  FE 
on CL

IU6 +  FE 
on CL

IU6 +  FE 
on CL

IU6 +  FE 
on CL

IU6 +  FE 
on CL

IU6 +  FE 
on CL

IU6 +  FE 
on CL

IU6 +  FE 
on CL

New  
event Rx

Y. FE 6 
(D I)

FE 2 
(AR)

FE 2 
(AR)

FE 2 
(AR)

FE 2 
(AR)

FE 2 
(AR)

FE 3 
(UAI)

FE 4 
(AI)

FE 7 
(RSY)

FE 7 
(RSY)

FE 7 
(R S t )

FE 7 
(RSY)

FE receiv. 
from CL

FE 1 
(AR)

LT3 LT3
- - - - - - - - - - -

FE 11 
(U A R )

LT3 /
/ - - - - - - - - - - -

FE 9 
(ARL)

LT4 /
/

/
/ - - - - - - - - - -

FE 8 
(AR2)

LT3 /
/ - - - - - - - - - - -

FE 10 
(AR4)

LT3 /
/ - - - - - - - - - - -

FE 5 
(DR) - -

LT1 LT1 LT1 LT1 LT13 LT13 LT1 LT1 LT13 LT1
-

IU11 asyn. LT2 - - - - - - - - - - - -

IU11 /
/

LT1 LT4
- - - - - - - - - -

IU21 /
/

LT1
-

LT5
- - - - - - - - -

IU3 /
/

LT1
- -

LT6
- - - - - - - -

IU5 +  UAI on CL /
/

TL1
- - -

LT7
-

LT7
- -

LT7
- -

IU5 +  AI on CL /
/

LT1
- - -

LT8 LT8
- - -

LT8
- -

IU5 +  AR on CL /
/

/
/

/
/

/
/

/
/

/
/

LT6 /
/

/
/

/
/

/
/

/
/

/
/

IU0 - LT1 - - - - - - - - LT8 - LT1

IU5 +  RSY on CL /
/

LT1
- - - -

LT11 LT11
- - - - -

Loss o f  frame align, at U int. /
/

/
/

/
/

/
/

/
/

/
/

LT10 LT9
- -

LT12
-

LT1

Recovery from loss o f  frame at U int. /
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

LT8 LT7 /
/

LT11 /
/



Symbols, abbreviations and Notes fo r  Tables 111-1/G.961 and 111-2/G.961

/ Impossible event

- No change state

1 Impossible event by the definition of the layer 1 service

INFO IU5 +  X Line signal with X-message on CL channel

INFO IU 6 +  X Line signal with X-message on CL channel

ST.T2 Start timer T2

ST.TA Start timer TA

INFO U6 +  FE Line signal with a message on CL channel related with FE and VI interface coming from 
ET1.

Note — N Tl transmits on the CL channel AR instead of UAI.

III. 10.6 Activation times

The activation time from a warm start shall be less than 300 ms.

The activation time from a cold start shall be less than 4 seconds.

III. 11 Jitter

Jitter tolerances are intended to ensure that the limits o f Recommendation 1.430 are supported by the jitter 
limits o f the transmission system on local lines. The jitter limits given below must be satisfied regardless of the 
length o f the line and the inclusion of one regenerator, provided that they are covered by the transmission media 
characteristics (see § 3). The limits must be met regardless of the transmitted bit patterns in the B, D and CL 
channel.

III. 11.1 N T  input signal jitter tolerance

The N Tl shall meet the performances objectives with w ander/jitter at the maximum magnitudes indicated 
in Figure III-9/G /961 for single jitter frequencies in the range of 1 Hz to 40 kHz, superimposed on the test signal 
source. The N Tl shall also meet the performance objectives with wander per day of up to 3 UI peak to peak 
where the maximum rate of change of phase is 0.6 U l/hour.

ui

T 1 8 0 9 4 0 0 - 8 9

FIGURE III-9/G.961 

Minimum tolerable jitter on NTl input signal
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III. 11.2 N T  output jitter limitation

With the w ander/jitter as specified in § III. 11.1 superimposed on the N Tl input signal, the jitter on the 
transmitted signal on the N Tl towards the network shall conform the following:

a) The jitter shall be equal to or less than 0.08 UI peak-to-peak and less than 0.02 UI rms when
measured with a high-pass filter having a 20 dB/dec roll-off below 100 Hz.

b) The jitter in the phase of the output signal relative to the phase of the input signal (from the network)
shall not exceed 0.08 UI peak-to-peak or 0.02 UI rms when measured with a band-pass filter having a
20 dB/decade roll-off above 200 Hz and a 20 dB/decade roll-off below 0.1 Hz. This requirement 
applies with a superimposed jitter in the phase of the input signal as specified in § III. 11.1 for single 
frequencies up to 100 Hz.

III. 11.3 Test conditions fo r  jitter measurements

The jitter measurements have been performed using test points.

111.12 Transmitter output characteristics o f  N T l and L T

The following specifications apply with a load impedance of 130 ohms.

III. 12.1 Pulse amplitude

The zero to peak nominal amplitude of the largest pulse shall be 2 V and the tolerance ±  10%.

III. 12.2 Pulse shape

The pulse shape shall meet the mask of Figure III-10/G.961.

FIGURE III-10/G.961 

Transmit pulse mask
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The average signal power shall be between 8 dBm and 9 dBm.

III. 12.4 Power spectrum

The upper bound of the power spectral density shall be within the template of Figure III-ll/G .9 6 1 .

III. 12.5 Transmitter signal nonlinearity

The transmitter signal nonlinearity shall be less than 1%.

III. 13 Transmitter/receiver termination

III. 13.1 Impedance

The nominal input/ou tput impedance looking towards to the N Tl or LT respectively shall be 130 ohms.

III. 12.3 Signal power

80
F req u e n c y  

160 240 320 400 480 kHz

-10

-20

-30

-40

-50

-60 
d B m /1  kH z

-45

\ 2 0  d B /d e c a d e  

T1804840-87

FIGURE III-l 1/G.961 

Template o f  the transmitted power spectral density

III.13.2 Return loss

The return loss of the impedance shall be greater than 11 dB in the frequency range 5 to 60 kHz and 
greater than 16 dB in the frequency range 60 to 100 kHz.

III. 13.3 Longitudinal conversion loss

The minimum longitudinal conversion loss shall be as follows:
— up to 80 kHz 45 dB;
— above 80 kHz 40 dB.
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A P PE N D IX  IV 

(to Recommendation G.961)

Electrical chiaracteristics of an AMI transmission system 
using a TCM method

IV. 1 Line code

For both directions of the transmission, the line code is AMI. The coding scheme will be performed in 
such a way that a binary ZERO is represented by no line signal, while a binary ONE is represented by a positive 
or negative pulse alternately.

IV.2 Symbol rate

The symbol rate is determined by the line code, rate of the information stream and the frame structure. 
The bit symbol rate is 320 kbauds.

IV.2.1 Clock requirements

IV.2.1.1 N T l free running clock accuracy

The accuracy of the free running clock in the N Tl shall be ±  50 ppm.

IV.2.1.2 N T l clock tolerance

The N Tl shall accept a clock accuracy from the LT of ±  10 ppm.

IV.2.1.3 L T  clock tolerance

The LT shall accept a clock accuracy from the ET of ±  10 ppm.

IV.3 Frame structure

The frame structure contains a frame word, N times (2B +  D) and a CL channel.

<=-----------------------------------------------------------------------  2.5 ms  ;---------------->

Fram e w ord C L  channel N  tim es (2B +  D) P Space

P Parity bit: The P b it is used to  get an  even num ber o f b inary  O N E s in a fram e; so it is set to  b inary  
O N E  or b inary  Z ER O  w hen the num ber o f  b inary  O N E s in a fram e is odd  or even respectively

IV.3.1 Frame length

The number N  of (2B +  D) slots in one frame is twenty.

IV.3.2 Bit allocation in direction LT-NT1

In Figure IV-1/G.961, the bit allocation is given.

IV.3.3 Bit allocation in direction N T1-LT

In Figure IV-2/G.961, the bit allocation is given.
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Bit p o sitio n s 1 - 8 9 10 1 1 - 1 3 1 4 - 1 6
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(N ote)
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(N ote)
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(N ote)
W

(N ote)
377 3 7 8 -8 0 0

F unctions
Fram e
w ord

Control bit M ultifram e bit C ontrol b its CRC bits
Bt ch an n e l D ch an n e l B2 ch an n e l D ch an n e l

Parity
bit

S p a c e  (No 
line signal)

CL ch an n e l

0 - 1 9 .

0 - 1 9 .

0 - 1 9 .

0 - 1 9 .

F IG U R E  IV -1/G .961 

Bit allocation in direction LT-NT1

N ote  — XX =  (17 +  18n) until (24 +  18n); w h e re  n =  

YY =  25 +  18n ; w h e re  n =

ZZ =  (26 +  18n) until (33 +  18n); w h e re  n =  

W  =  34 +  18n ; w h e re  n =



Bit p o sitio n s 1 - 8 9 10 1 1 - 1 3 1 4 - 1 6
XX

(N ote)
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(N ote)
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(N ote)
W

(N ote)
377 3 7 8 -8 0 0

F unctions
Fram e
w ord

Inform ation
bit M ultifram e bit

In form ation
bits CRC b its

B! c h an n e l D c h an n e l B2 ch an n e l D c h an n e l Parity
bit

S p a c e  (No 
line signal)

CL ch an n e l

N o te  — XX =  (17 +  18n) until (24 +  18n); w h e re  n =  0 — 19. 

YY =  25 +  18n ; w h e re  n =  0 — 19.

ZZ =  (26 +  18n) until (33 +  18n); w h e re  n =  0 — 19. 

W  =  34 +  18n ; w h e re  n =  0 — 19.

FIGURE IV-2/G.961 

Bit allocation in direction NT1-LT



IV.4 Frame word

The frame word is used to allocate bit position to the 2B +  D +  CL channels. It may, however, also be 
used for other functions.

IV.4.1 Frame word in direction LT-NT1

The code for the frame word will be “ 100000M0” ; M is alternating bit in every frame.

IV.4.2 Frame word in direction N T1-LT

The code for the frame word will be “ 1000000M” ; M is alternating bit in every frame.

IV.5 Frame alignment procedure

The frame alignment procedure is defined as follows.
a) Frame alignment state

The transmission system is considered to be frame alignment state if the frame word has been 
identified in the same position for three consecutive frames.

b) Loss o f  fram e alignment state
The transmission system is considered to be loss of frame alignment state if the frame word has not 
been identified in the expected frame position for six frames before identifying the frame word in the 
frame position for twelve frames.

IV.6 Multiframe

To enable bit allocation of the CL channel in more frames next to each other, a multiframe structure may 
be used. The start o f the multiframe is determined by the frame word. The total number of frames in a multiframe 
is four.

IV.6.1 Multiframe word in direction LT-NT1

The multiframe is identified by the multiframe bit allocated in the CL channel. The code for the 
multiframe word, which is defined by the multiframe bits in four consecutive frames under the frame alignment 
state, is “ 1000”.

IV.6.2 Multiframe word in direction N T1-LT  

The same as IV.6.1.

IV.7 Frame offset between LT-NT1 and N T1-LTfram es

The N Tl shall synchronize its frame on the frame received in the direction LT to N Tl and will transmit 
its frame with an offset. Relative frame position at the N Tl input/ou tput is as follows. The first bit of each frame 
transmitted from the N Tl toward the LT shall be delayed by 383 up to 384 bit periods with respect to the first bit 
of the frame received from the LT.

IV.8 CL channel

IV.8.1 Bit rate

The bit rate for the CL channel is 3.2 kbit/s.

IV.8.2 Structure

a) Thirty two bits (3.2 kbit/s) are allocated in a multiframe for the use of CL channel.

b) Four bits (0.4 kbit/s) are allocated to multiframe bits.

c) Sixteen bits (1.6 kbit/s) are allocated to maintenance and operational control functions in direction 
LT to N T l, and to maintenance and operational information functions in direction NTl to LT.

d) Twelve bits (1.2 kbit/s) are allocated to a cyclic redundancy check (CRC) function.
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IV.8.3 Protocols and procedures

Protocols and procedures of m aintenance/operational control/inform ation are as follows.
a) Transfer modes are bit-oriented.
b) Sending modes are continuous.
c) Identification is confirmed by identical bits receiving for three consecutive multiframes under the

frame alignment state.
d) Duration of control invocations is as long as sending control is identified.
e) Duration of information invocations is as long as causing event is identified.

IV.9 Scrambling

Scrambling will be applied on 2B +  D channels and the scrambling algorithm shall be as follows.

— In direction LT-NT1: x 9 ©  x 5 ©  1

— In direction NTl-LT: x 9 © x 5 © 1

IV. 10 Activation/deactivation

Activation/deactivation is defined in Recommendation G.960, § 5. Applications provided by the trans
mission system are described as follows.

IV. 10.1 Signals used fo r  activation

Definition of the signals used for activation/deactivation (SIGs) are listed below. Signals used for start-up 
(bits in the CL channel are not available) and bits in the CL channel (in already established frames) are defined.

a) Signals used for start-up (CL not available):
— SIG 0 (N Tl to LT and LT to N T l): No line signal.
— SIG 1 (LT to N T l): A signal which deactivates the line and the interface at T reference point.
— SIG 2 (N Tl to LT): An awake signal to invoke the LT layer 1 that it has to enter the power up 

state and provide for the activation of the line and the interface at T reference point. It is 
invoked by receiving the signal IN FO  1 across the T reference point in case o f the activation 
from the user side. This signal is also used as awake acknowledgement on receiving of the signal 
SIG 3 in case of the activation from the network side.

— SIG 3 (LT to N T l): An awake signal to invoke the N Tl layer 1 that it has to enter the power up 
state and prepare for synchronization on an incoming signal from the LT. This signal is also 
used as awake acknowledgement on receiving of the signal SIG 2 in case of the activation from 
the user side.

— SIG 4 (LT to N T l): A signal which contains framing inform ation and allows the synchronization 
of the receiver in the N T l.

— SIG 5 (NTl to LT): A signal which contains framing inform ation and allows the synchronization 
of the receiver in the LT. It informs the LT that the N Tl has synchronized on the signal SIG 4.

b) Bits in CL channel in already established frame:
— SIG 6 (LT to N T l): A signal which requires the N Tl to establish the full layer 1 information

transfer capability available between the N Tl and LT, and requires the N T l to activate the
T interface by sending the signal IN FO  2 across the T reference point.

— SIG 7 (LT to N T l): A signal which requires the N Tl to establish the full layer 1 information 
transfer capability available between TE and the ET by sending the signal IN FO  4 across the 
T reference point.

— SIG 8 (N Tl to LT): A signal which indicates that the interface at T reference point is activated,
and requires the LT to provide the full layer 1 information transfer capability available between
TE and the ET. It is invoked by receiving of the signal INFO 3 across the T reference point.

— SIG 9 (LT to N T l): A signal which requires the N Tl to establish the full layer 1 information
transfer capability available between the N Tl and LT, and requires the N T l to activate the
loopback 2.

— SIG 10 (N Tl to LT): A signal which indicates that the loopback 2 is activated in the N T l, and 
requires the LT to provide the full layer 1 information transfer capability available between the 
N T l and ET.

— SIG 11 (LT to N Tl and N Tl to LT): A synchronization signal which contains framing
information and 2B +  D +  CL channels.
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— SIG 12 (N Tl to LT): A signal which indicates that the receiver on the T interface side of the
N Tl has entered lost framing state.

— SIG 13 (LT to N T l): A signal which indicates that the receiver on the line side of the LT has
entered lost framing state. This signal also contains a function as the signal SIG 4.

— SIG 14 (N Tl to LT): A synchronization signal which contains framing information and
2B +  D +  CL channels; bits in the 2B +  D channels are set to be idle.

Note — Definition of the function element (FEs) across the V reference point is described in 
Recommendation G.960, § 5.4. FEs used for activation/deactivation are relisted in Table IV-1/G.961.

TABLE IV-1/G.961

The repertoire o f function elements associated with the activation/desactivation procedures

FEs D irection R epertoire

FE 1 E T  to LT A ctivation request fo r the in terface a t T  reference p o in t

FE 5 ET to LT D eactivation request fo r the line and  the interface a t T  
reference po in t

FE 9 ET to LT A ctivation request for loopback  1

FE 8 E T  to LT A ctivation request fo r loopback  2

FE 4 LT to ET The T interface is activated o r a loopback is provided 
respectively

FE  3 LT to ET The line is activated

FE 6 LT to ET The line and  the in terface at T  reference po in t are 
deactivated

FE 7 LT to ET E rro r indication

FE  2 LT to ET Request to  start tim er T l w ithin the ET layer 1

IV. 10.2 Definition o f  internal timers

Timer T2 (see Recommendation 1.430, § 6) resides within the LT layer 1.

IV. 10.3 Description o f  the activation procedure

a) Activation from the network side: See Figure IV-3/G.961.

b) Activation from the user side: See Figure IV-4/G.961.

c) Deactivation from the network side: See Figure IV-5/G.961.

d) Activation of loopback 2: See Figure IV-6/G.961.

Note 1 — Activating the line system only, where the full information transfer capability is available while 
the interface at T reference point remains deactivated, is not provided.

Note 2 — A  non-transparent loopback 1 is provided where no line signal is transmitted at the LT 2-wire
point.
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Note 3 — A non-transparent loopback 2 is provided where INFO 0 is sent from the N T l at the interface 
at T reference point.

Note 4 — A repeater is not applicable.

T E  N T  1 LT

FIG U R E  IV-3/G.961 

Activation from the network side

T E  N T  1 LT  ET

FIG U R E  IV-4/G.961 

Activation from the user side
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T E N T  1 LT ET

I

FIG U R E  IV-5/G.961 

Deactivation from the network side

T E  N T 1 LT  ET

F IG U R E  IV-6/G.961 

Activation o f loopback 2

IV. 10.4 State transition table N T 1

State transition table N Tl as a function of INFOs and SIGs is defined in Table IV-2/G.961.

IV. 10.5 State transition table L T

State transition table LT as a function of FEs, SIGs and the internal timer T2 is defined in Table 
IV-3/G.961.
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TABLE IV-2/G.961

State transition table N Tl

State nam e

Deactive
Pending pow er 

activation

Pending 
activation  o f 
line at N T l 

side

Pending 
activation  o f 

line a t LT side
Line active

T- in terface 
pre-active

T- in terface 
active

Lost fram ing 
o f  T- interface Ligne active

L oopback 2 
active

Event State code N T  1.0 N T  1.1 N T  1.2 N T  1.3 N T  1.4 N T  1.5 N T  1.6 N T  1.7 N T  2.1 N T  2.2

Tx IN F O  0 IN F O  0 IN F O  0 IN F O  0 IN F O  2 IN F O  2 IN F O  4 IN F O  2 IN F O  0 IN F O  0

S IG  0 SIG  2 SIG  2 SIG  5 SIG  14 SIG  8 S IG  11 SIG  12 SIG  14 SIG  10 
SIG  11

SIG  1 / N T  1.0 N T  1.0 N T  1.0 N T  1.0 N T  1.0 N T  1.0 N T  1.0 N T  1.0 N T  1.0

S IG  3 N T  1.2 N T  1.2 - - / / / / / /

L ine o f  N T l side 
active

/ / N T  1.3 - - - - - - -

S IG  6 / / / N T  1.4 - - - - - -

S IG  7 / / / / / N T  1.6 - - / /

S IG  9 / / / N T  2.1 / / / - -

SIG  13 / / / - N T  1.3 N T  1.3 N T 1.3 N T  1.3 N T  1.3 N T  1.3

Lost fram ing o f  T 
in terface

/ / / / / N T  1.7 N T  1.7 - / /

Lost fram ing o f line 
at N T l side

/ / / N T  1.2 N T  1.2 N T  1.2 N T  1.2 N T  1.2 N T  1.2 N T 1.2

Receiving IN F O  1 N T  1.1 - - ' - - / / / - -

Receving IN F O  3 / / / / N T  1.5 - - N T  1.5 / /

L oopback 2 
established

/ / / / / / / / N T  2.2 -

/  Impossible event

— No state change
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TABLE IV-3/G.961

State transition table LT

Event

State nam e

State code 

Tx

Deactive
Pending 

activation  o f  line Line active
T- interface 

active
Pending

deactivation
Lost fram ing  o f 

line
Pending 

activation  o f  line Line active
L oopback 2 

active

LT 1.0 LT 1.1 LT 1.2 LT 1.3 LT 1.4 LT 1.5 LT 2.1 LT 2.2 LT 2.3

SIG  0 SIG  3 
S IG  4

SIG  6 SIG  7 
SIG  11

SIG  1 SIG  13 S IG  3 
S IG  4

SIG  9 SIG  11

S IG  2 FE 2 
LT 1.1

- - / / - - / /

L ine fully 
active

/ FE  3 
LT 1.2

- - - FE  3 
LT 1.2

FE  3 
LT 2.2

- -

S IG  8 / / FE 4 
LT 1.3

- - / / / /

S IG  10 / / / / / / / FE  4 
LT 2.3

-

Lost fram ing 
o f  line

/ / FE  7 
LT 1.5

FE  7 
LT 1.5

- - / FE  7 
LT 2.1

FE 7 
LT 2.1

S IG  12 / / / FE  7 
LT 1.2

- / / / /

E xpiry  o f 
tim er T2

/ / / / LT 1.0 / / / /

FE  1 LT 1.1 / / / / / / / /

FE  5 / ST.T2 
LT 1.4

ST.T2 
LT 1.4

ST.T2 
LT 1.4

/ ST.T2 
LT 1.4

ST.T2 
LT 1.4

ST.T2 
LT 1.4

ST.T2 
LT 1.4

FE  8 2.1 / / / / / / / /

/  Impossible event

— No state change



IV. 11 Jitter

Jitter tolerance is intended to ensure that the limits of Recommendation 1.430 are supported by the jitter 
limits o f the transmission system on local lines. The jitter limits given below must be satisfied regardless of the 
length of the local line and the inclusion of one regenerator, provided that they are covered by the transmission 
media characteristics (see § 3). The limits must be met regardless of bit patterns in the B, D and CL channels.

IV. 11.1 N T l input signal jitter tolerance

The N Tl shall meet the performance objective with w ander/jitter at the maximum magnitudes indicated in 
Figure IV-7/G.961, for single jitter frequencies in the range of 3 Hz to 80 kHz, superimposed on the test signal 
source. The N Tl shall also meet the performance objectives with wander per day of up to 0.1 UI peak-to-peak 
where the maximum rate of change of phase is 1.0 U l/hour.

IV. 10.6 Activation times

See Recommendation G.960, §§ 5.5.1 and 5.5.2.

Jitter frequency

1 IU =
1

320 kHz
=  3.125 ps

F, f2 f3 J i J 2

3 Hz 30 Hz 80 kHz 0.1 UI 1.0 UI

FIG U R E  IV-7/G.961 

Minimum tolerable jitter on N T l input signal

IV. 11.2 N T l output jitter limitations

With the w ander/jitter as specified in IV. 11.1 superimposed on the N Tl input signal, the jitter on the 
transmitted signal on the N Tl toward the network shall conform to following:

a) The jitter shall be equal to or less than 0.1 UI peak-to-peak and less than 0.25 UI rms when measured 
with a high-pass filter having a 20 dB /decade roll-off below 90 Hz.
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b) The jitter in the phase of the output signal relative to the phase of the input signal (from the network)
shall not exceed 0.12 UI peak-to-peak or 0.025 UI rms when measured with a band-pass filter having
a 20 dB/decade roll-off above 90 Hz and a 20 dB /decade roll-off below 0.3 Hz. This applies with 
superimposed jitter in the phase of the input signal as specified in § IV. 11.1 for single frequency up 
to F2 H z .

IV. 11.3 Test conditions fo r  jitter measurements

Due to bidirectional transmission on the 2-wire and due to severe intersymbol interference no well defined
signal transitions are available at the N Tl 2-wire point.

Note — Two possible solutions are proposed:
a) A test point in the N T l is provided to measure jitter an undisturbed signal.
b) A standard LT transceiver including an artificial local line is defined as a test instrument.

IV. 12 Transmitter output characteristics o f  N T l and L T

The following specification apply with a load impedance of 110 ohms.

IV. 12.1 Pulse amplitude

The zero to peak nominal amplitude of the largest pulse shall be 6 V and the tolerance shall be ±  10%.

IV. 12.2 Pulse shape

The pulse shape shall meet the pulse mask of Figure IV-8/G.961.

F IG U R E  IV-8/G.961 

Transmitter output pulse mask
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IV. 12.4 Power spectrum

The upper bound of the power spectral density shall be within the template in Figure IV-9/G.961.

dB m /H z

IV. 12.3 Signal power

The average power shall be between 14.5 dBm and 17.1 dBm.

T1809470-89
Frequency

FIG U R E  IV-9/G.961 

Upper bound o f  power spectral density o f  signal

IV. 12.5 Transmitter signal nonlinearity

This is a measure o f the deviations from ideal pulse heights and the individual pulse nonlinearity.

The deviation between positive and negative pulse heights shall be less than 5%.

The measurement method is for further study.

IV. 13 Transmitter/receiver termination

IV. 13.1 Impedance

a) The nominal input impedance looking toward the N Tl or LT respectively shall be 110 ohms.

b) The nominal output impedance looking toward the N Tl or LT respectively shall be less than 30 ohms 
when driving pulses, and shall be 110 ohms when not driving pulses.

IV. 13.2 Return loss

The return loss of the impedance shall be greater than shown in the template Figure IV-10/G.961.
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dB

T1809480-89
Frequency

FIG U R E  IV-10/G.961 

Minimum return loss o f impedance

IV. 13.3 Longitudinal conversion loss

The minimum longitudinal conversion loss shall be greater than shown in the template Figure 
IV-11/G.961.

dB

T1809-490-89
Frequency

FIG U R E  IV-11/G.961 

Minimum conversion loss

242 Fascicle III.5 -  Rec. G.961



APPENDIX V

A digital line system for ISDN basic rate access using binary 
bi-phase line code

(to Recommendation G.961)

V.O Electrical characteristics

This appendix describes a 160 kbit/s transparent transmission system using echo cancelling techniques. 
The transmission rate will support 64 kbit/s B channels and one 16 kb it/s D channel as defined in Recommenda
tion 1.412. The remaining 16 kbit/s capacity will allow for framing and auxiliary channel information.

Data scrambling is performed on the entirety of the framed data using different polynomials at exchange 
end and subscriber end. Bi-phase coding is used for the line code. The encoded signal is filtered and transmitted 
to the line at a symbol rate of 160 kbauds. The bi-phase signalling element transitions allow data-derived clock 
extraction with low jitter, and equalisation can be accomplished by a short decision-feedback structure. Binary 
decision-making gives best immunity to residual inter-symbol interference and residual echo and simplifies 
receiver design by not requiring AGC/decision references.

V.l Line code

For both the directions of transmission the line code is bi-phase. The coding scheme is as follows.

Binary ZERO is represented by a negative transition in the middle of the bit period.

Binary ONE is represented by a positive transition in the middle of the bit period.

Transitions at the bit boundary occur if successive binary data bits are identical.

The encoded binary signal is then shaped to effectively filter out the high frequency components.

V.2 Symbol rate

The symbol rate is determined by the line code, the bit rate of the information stream and the frame 
structure. The symbol rate is 160 kbauds.

V.2.1 Clock requirements

V.2.1.1 N T l free running clock accuracy

The accuracy of the free running clock in the N Tl shall be ±  230 ppm.

V.2.1.2 L T  clock tolerance

The N Tl and LT shall accept a clock accuracy from the ET of ±  50 ppm in compliance with 
Recommendation G.703.

V.3 Frame structure

The frame structure contains a frame word, N  times (2B +  D) and a CL channel.

As shown in Figure V -l/G .961, a line frame is defined as 40 “cells” CO to C39, each containing 19 bits at
the transmission bit rate. Cell CO contains a frame synchronization pattern.

Cells C l to C19 and C21 to C39 contain the subscriber BI, B2, and D channels. Cell C20 contains a CL
channel.
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Line fram e (40 cells)

CO Cl C2 Cl 9 C20 C21 C38 C39

Sync.
cell Information cells

CL
cell Information cells

Synchronization cell (CO): 19 ones

B1 B1 channel
B2 B2 channel
D D channel
A17-0 CL channel

N ote — Transmission order is from left to right.

F IG U R E  V-1/G.961 

Frame structure

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 .1 1 1 1

Information cell (C1-19, C21-39)

BI BI BI BI BI BI BI BI D B2 B2 B2 B2 B2 B2 B2 B2 D 0

CL channel cell (C20)

A17 A16 A15 A14 A13 A12 A ll A10 A9 A8 A7 A6 A5 A4 A3 A2 AI AO 0

V.3.1 Frame length

The defined frame structure and line rate results in a line frame of 760 bits and of 4.75 ms duration.

V.3.2 Bit allocation in direction LT-NT1 

As defined in § V.3.

V.3.3 Bit allocation in direction N T1-LT  

As defined in § V.3.

V.4 Frame word

V.4.1 Frame word in direction LT-NT1

The frame word occupies cell CO in the frame structure, and it consists o f 19 consecutive ones, which is 
unique within the frame bit sequence. This is ensured by defining the 19th bit in cells C l to C39 to be 
permanently set to zero.

V.4.2 Frame word in direction N T1-LT  

As defined in § V.4.1.
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V.5 Frame alignment procedure

A 20-bit alignment pattern of 19 consecutive ones immediately preceded by a zero shall be searched for in 
the incoming data stream. “Frame alignment” is defined as the correct reception of three consecutive frames 
containing the alignment pattern in the expected positions within the frames.

V.5.1 Frame alignment monitoring

“Loss of frame alignment”, is defined as the detection of 3 consecutive frames each with one or more 
errors in the alignment pattern. The monitoring of frame alignment shall be a continuous process.

V.5.2 Line polarity detection

In the N T l, a mechanism is provided for the automatic detection of the line polarity. An 80 ms timer is
started only by the inactive to active transition of the “line signal detect” signal, from the transmission system.
The timer is held reset when “frame alignment” is achieved. The expiry of the timer causes the incoming and 
outgoing data polarity to be reversed. Once the line polarity is determined it is retained as the initial polarity for 
subsequent detection operations. The timer duration of 80 ms is chosen to allow for the convergence of the 
transmission system, plus the time required to obtain “frame alignment”.

In order to avoid duplication of the alignment pattern by a data sequence in a data stream from a reversed 
line, the BI, B2 and D channels, in the LT to N Tl direction, are to be set to all ones during that part of the 
activation procedure before operational data is switched through. In addition, at least one bit o f the auxiliary 
channel must also be set to a one during the activation procedure.

V.6 Multiframe

There is no multiframe structure.

V.7 Frame offset between LT-NT1 and N T1-LTfram es

The LT-NT1 and NT1-LT frames at the N Tl can be in any alignment but the LT is required to align with 
any offset o f the received line frames relative to the transmitted line frames.

V.8 CL channel

The purpose of the CL channel is to convey maintenance information as well as “date valid” and “ready 
for data” flags.

V.8.1 Bit rate

The bit rate of the CL channel is 3.8 kbit/s.

V.8.2 Structure

Figure V-2/G.961 shows the CL channel format in the two directions LT-NT1 and NT1-LT, which is 
divided into the following field types:

a) M3-0: A 4 bit field for the conveyance of a “maintenance com m and” to a remote transmission 
termination. The termination identity is included in the command coding.

b) R3-0: A 4 bit field for the conveyance of a “maintenance response” to the LT.
c) DV: A “data valid” flag which indicates that, in the LT to N Tl direction, the BI, B2 and D channels 

contain operational data.
d) RFD: A “ready for data” flag which indicates that, in the N Tl to LT direction, the BI, B2 and 

D channels contain operational data.
e) D7-0: An 8 bit field for the conveyance of any “maintenance data” that may be associated with a 

“maintenance response”.
f)  K4-0: A 5 bit cyclic check code which operates on the auxiliary cell bits A17 to A5 inclusive.
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Towards NT1

Towards LT

A17 A16 A15 A14 A13 A12 A ll  A10 A9 A 8 A7 A 6 A5 AA A3 A 2 AI AO

M3 M2 Ml MO DV X X X X X X X X K4 K3 K.2 K1 KO 0

A17 A16 A15 A14 A13 A12 All A10 A9 A8 A7 A6 AS A4 A3 A2 AI AO
R3 R2 R1 RO RFD D7 D6 D5 D4 D3 D2 D1 DO K4 K3 K2 K1 KO 0

T1809510-89

A17-0 CL channel cell bit position 
M3-0 Maintenance command
R3 Maintenance response
DV Data valid flag
RFD Ready for data flag
D7-0 Maintenance data
K4-0 Cyclic check
X Unused (set to  one)

refer to  Figure V-1/G.961

FIGURE V-2/G.961 

CL channel format

V.8.3 Protocols and procedures

M aintenance operations are based on a repetitive command/echo-response protocol. A maintenance 
operation is initiated by the continuous transmission of the required “maintenance command” from the LT. When 
the appropriate termination receives the validated command, it is continuously echoed back to the LT as a 
“maintenance response”, and the command is acted upon. If the command demands data, then this is 
simultaneously returned in the “maintenance data” field. The termination continues to echo the command and 
provide any data for as long as it receives appropriate validated commands. For responses which are not 
accompanied by data, the “maintenance data” field is undefined. The LT assumes the conclusion of the 
maintenance operation when it receives a validated response that matches the transmitted command.

Loopbacks are applied using maintenance commands, and transmission system performance data is 
returned using the maintenance data field. M aintenance operations can be performed whenever the Digital Section 
is activated.

V.8.4 Security

A security mechanism operates on CL channel bits A17 to AO inclusive.

The validation procedure consists o f two stages:
a) A 5 bit cyclic redundancy code K4-0 operates on CL channel bits A17 to A5 inclusive. The generator 

of the code is:

g (x ) =  (1 © * )  (1 © X  © X 4)

This is a Hamming code which gives single bit error detection and single bit error correction.
b) A set of CL channel bits A17 to A5 are only accepted as valid if they have been successfully 

checked/corrected and they match the previous two sets which were successfully checked/corrected. 
Note that these three sets need not necessarily have come from consecutive line frames.

V.9 Scrambling

The entirety of the framed binary data stream is scrambled as follows:

a) N Tl to LT scramble polynomial

1 ©  x “ 14 ©  x “ 15
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b) LT to N Tl scramble polynomial

(©  =  EXCLUSIVE OR)

V.10 Activation/deactivation

One bit of the CL channel is allocated for use during the activation and deactivation procedures. These are 
the “data valid” flag in the LT to N Tl direction and the “ready for data” flag in the N Tl to LT direction. These 
bits are not included in the maintenance protocol described above, and operate as simple unsolicited  indications.

V.10.1 Signals used fo r  activation/deactivation

The signals (SIGs) used for activation/deactivation are:

LT-NT1 direction

1 © x  1 © x  15

Signal Fram e w ord 2B +  D M DV K

10 A bsent Absent Absent A bsent Absent

12 N orm al 1 1 0 N orm al

14 N orm al N orm al N orm al 1 N orm al

NT1-LT direction

Signal Fram e word 2B +  D R R FD D0-D7 K

10 Absent A bsent Absent A bsent A bsent A bsent

11 0 0 0 0 0 0

131 N orm al 0 1 *0 N orm al N orm al

13 N orm al N orm al N orm al 1 N orm al N orm al

V.10.2 Definition o f  internal timers

The following timers are located within the LT:
— Timer 2 (T2) prevents unintentional reactivation from the TE.
— Timer A (TA) is started if, from the layer 1 active state (LT4), SIG 131 is received, indicating loss of

SIG 13. If  SIG 13 is not subsequently received before expiry of Timer A, deactivation is initiated.
— Timer B (TB) is started upon loss of framing. If  frame recovery is not achieved before expiry of

Timer B, deactivation is initiated.

Durations of internal timers are for further study.

V.10.3 Description o f  activation/deactivation procedures

Figure V-3/G.961 (sheet 1 of 3) illustrates the method of activation from the network. PH ACTIVATE 
REQUEST causes SIG 12 to be transmitted from the network towards N T l. N T l achieves line signal detect and 
frame synchronization status. At this point N Tl sends INFO 2 towards the TE and simultaneously sends SIG 131 
towards the network. In time, the network achieves in synchronization status and the TE replies to IN FO  2 with 
INFO 3. The latter event is signalled to the network from N Tl by sending SIG 13. At the network this results in 
ACTIVATE INDICATION. The network responds by sending SIG 14 towards N T l. Upon receipt o f this signal 
N Tl sends INFO 4 towards the TE, thus completing the activation procedure.
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Figure V-3/G.961 (sheet 2 of 3) illustrates activation from the user side. The activation process is 
essentially similar to that for activation from the network side, except that INFO 1 from the TE begins the 
process. In this case N Tl starts the process by sending SIG II towards the network. Line signal detect status is 
achieved at the network. The network sends SIG 12 towards N T l. From here on the process is as described above.

Figure V-3/G.961 (sheet 3 o f 3) illustrates the method of deactivation. DEACTIVATE REQUEST causes 
transmission from the network to N Tl to cease (SIG 10). The N T l, on detecting this, sends SIG II back to the 
network, and IN FO  0 towards the TE. The TE responds by sending IN FO  0 back to the N T l, and on receipt of 
this, the N Tl ceases transmitting to the network (SIG 10). At the network, this results in DEACTIVATE 
IND ICA TIO N , thus completing the deactivation procedure.

Definitions for SIGs are given in V.10.1 and for definitions for INFOs refer to Recommendation 1.430.

FIG U R E  V-3/G.961 (Sheet 1 o f 3)

Activation from network side -  activation initiated by exchange
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FIGURE V-3/G.961 (Sheet 2 of 3)

Activation from user side -  activation initiated by terminal
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F IG U R E  V-3/G.961 (Sheet 3 of 3) 

Deactivation

V.10.4 State transition table fo r  N T l as a function o f  INFOs, SIGs 

See Table V-l /G.961.

V.10.5 State transition table fo r  L T  as a function o f  FEs, SIGs, and internal timers 

See Table V-2/G.961.

V.10.6 Activation times

Metallic pair cable transmission system.

Maximum activation time occurring immediately after a deactivation (without intervening loopback or 
powering action):

a) without regenerator: 100 ms;

b) with regenerator: 200 ms.

Maximum activation time occurring after the first powering of a line:
a) without regenerator: 250 ms;

b) with regenerator: 500 ms.

V .ll Jitter

Jitter tolerances are intended to ensure that the limits of Recommendation 1.430 are supported by the jitter 
limits o f the transmission system on local lines.

250 Fascicle III.5 -  Rec. G.961



TABLE V-l/G.961

NTl activation/deactivation state transition table

N T l NT2 NT3 NT4 NT5

States Deact. Act. pendg. Systm. act. W ait da ta  
valid

Layer 1 act.

Events SIG  transm itted 10 11 131 13 13

10
(Deact. req.) - -

10
N T l

10
N T l

10
N T l

SIG  received 12
(Act. req.)

12
NT3

12
NT3 - -

12
NT3

14
(D at. valid)

/
12

NT3
/

14
NT5 -

10
(Deact. ind.) -

10
N T l - NT3

12
NT3

From
TE

11
(Act. req.) NT2 - / / /

13
(Act. ind.) NT2 - N T4 - -

/  N o change 

— Im possible

Fascicle III.5 — Rec. G.961 251



TABLE V-2/G.961

LT activation/deactivation state transition table

LT1 LT2 LT3 LT4 LT5 LT6

States
Deact. W ait for 

systm. act
Systm act. Layer 1 act. Loss o f 

fram g.
W ait for 

deact.

Events S IG  transm itted 10 12 12 14 (N ote) 10

10
(Deact. ind.) - -

FE7 FE7 .
-

FE6
LT1

SIG

11
(Act. req.)

FE2
TL2 - / / / -

received
131

(System activated)
/ FE3

LT3 -
Start TA 

LT3
/ -

13
(Layer 1 activated)

/ . /
Stop TA 

FE4 
LT4

' ■ / -

Loss o f fram ing / ' / Start TB 
LT5

Start TB 
LT5

/ -

Fram e recovery / / / / Stop TB 
LT3 -

In ternal
event

Expiry o f tim er 2 - - - - -
FE6
LT1

E xpiry o f tim er A -  • -
S tart T2 

FE7 
LT6

- -

E xpiry o f tim er B - - - -
Start T2 

FE7 
LT6

-

Function
elem ent
received

FE1
LT2

/ / / /
LT2

FE5 -
Start T2 

LT6
Start T2 

LT6
S tart T2 

LT6
Start T2 

LT6 -

— N o change 

/  Im possible

Note  — The SIG  transm itted  by the LT when fram ing is lost will no t change from  th at transm itted  im m ediately p rio r to the loss 
(i.e. 12 o r 14).
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Meaning o f  symbols fo r  Tables V-1/G.961 and V-2/G.961

States at NT

N Tl Deactivated

NT2 Activation pending

NT3 Transmission system activated

NT4 Wait for data valid

NT5 Layer 1 activated

States at LT

Deactivated

Waiting for transmission system activation 

Transmission system activated 

Layer 1 activated 

Loss of framing

Waiting for deactivate indication 

Start timer T2 

Stop timer TA

Function element definitions are as in Recommendation G.960.

V. 11.1 N T l input signal jitter tolerance

For further study.

V.11.2 N T l output jitter limitations 

For further study.

V.11.3 Test conditions fo r  jitter measurements 

For further study.

V.12 Transmitter output characteristics o f  N T l and L T

The following specifications apply with a load impedance of 140 ohms.

V.12.1 Pulse amplitude

The nominal peak amplitude of a transmitted signal pulse shall be 1.6 V, and the tolerance shall be ±  5%.
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V.12.2 Pulse shape

The pulse shape shall be as shown in Figure V-4/G.961.

FIG U R E  V-4/G.961 

Pulse shape

V.12.3 Signal power

The maximum total transm it power, averaged in any one second period, sent down to the line shall be 
4-10 dBm.
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V.12.4 Power spectrum

The upper bound of the power spectral density, averaged in any one second period in any 3 kHz band, 
shall be limited as shown in the template Figure V-5/G.961.

dBm

T1809560-89
Frequency

FIG U R E  V-5/G.961 

Line signal power spectrum

V.12.5 Transmitter signal nonlinearity

This is a measure of the deviations from ideal pulse heights and the individual pulse nonlinearity. For 
further study.

V.13 Transmitted/receiver termination

V.13.1 Impedance

The nominal line driving impedance shall be 140 ohms.
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V.13.2 Return loss

The return loss of the impedance (against 140 ohms) shall be greater than shown in the template 
Figure V-6/G.961,

T1M957M9
Frequency

F IG U R E  V-6/G.961 

Return loss

V.13.3 Longitudinal conversion loss

This is a measure of the immunity from longitudinal voltages. In the frequency band 100 Hz to 256 kHz, 
the conversion loss shall not be less than 46 dB. From 256 kHz to 4 MHz, the conversion loss shall not be less 
than [46 — 40 log10 ( f / 256)] dB (where / i s  frequency in kHz).
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A P P E N D IX  VI 

(to Recommendation G.961)

Basic access transmission system using SU32 line code

VI.O General

The SU32 standard will support the full duplex, transparent transmission of two 64 kb it/s  B channels and 
one 16 kbit/s D channel over symmetric pair cables using echo cancelling techniques. In addition to transparent 
2B +  D transmission, 5.3 kb it/s capacity is provided for an Auxiliary channel supporting data CRC, control, 
supervisory and maintenance functions. The bit stream is encoded for transmision using a high performance 
ternary SU32 (substitutional 3B2T) conditional block code, filtered and transmitted to line at a baud rate of 
108 kbauds. An orthogonal timing signal is superimposed on the line code for symbol sampling; which does not 
compromise either the line code efficiency or performance. A unique synchronisation word is used to achieve 
frame synchronisation. Fast and reliable activation is ensured by means of a binary handshake procedure, for 
separate training of canceller and equaliser.

VI. 1 Line code

The binary data is encoded into a ternary form using the SU32 line code. This is based on the fixed and 
unconditional 3B2T line code and modified as follows. Each binary triplet is converted to a ternary duplet and is 
transmitted unless it is identical to the previously transmitted duplet. If current and previous duplets are identical, 
then the un-used code word “00” is transmitted in its place. The SU32 coding rule is shown in Table VI-1/G.961. 
In this Table, the left most bit is the first into the encoder and the left most symbol the first out o f the encoder.

TABLE V I-1/G .961 

SU32 coding (substitutional 3B2T)

Binary I/P T ernary  O/P Binary I/P T ernary  O/P

000 ---- 100 0 -

001 - 0 101 + -
010 -  + 110 +  0

011 0 + 111 + +

Decoding

Decoding of the received signal is the inverse of the coding process.

Tolerance to line polarity inversion

The code is symmetric so that inversion of the ternary data results in an inversion of the decoded binary 
data. Thus polarity correction due to cable inversion can be applied either to scrambled or unscrambled binary 
data, or to ternary data. Both transmitted and received polarity correction is performed at the N T l.

• VI.2 Symbol rate

The symbol rate is determined by the line code, the bit rate of the information stream and the frame 
structure. The symbol rate is 108 kbauds.

VI.2.1 Clock tolerance

VI.2.1.1 N T l free running clock accuracy

The tolerance of the NT free running clock shall be ±  192 ppm.
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The free running clock in the LT will be phase locked to the exchange clock having a frequency tolerance 
of ±  50 ppm thus permitting operation with any equipment meeting Recommendation G.703.

VI.3 Frame structure

There are two states of operation of the transmission system, steady state and training state. The frame 
structure covered in this section is for the steady state (information transfer).

The BI, B2, D and CL channels map directly from binary bits through the scrambler into the ternary
frame structure. The SU32 code table is designed to exclude certain uniquely identifiable code sequences, which
are exploited for synchronisation purposes.

Multiframe: Multiframe word and location

The 12 ms multiframe is identified every 16th 3 /4  ms frame by replacing the CRC data symbol (No. 79)
with a ternary “0”. In all other frames, this symbol is binary valued. This, combined with the frame
synchronisation word preceding it, uniquely identifies the position of the start o f the superframe.

Multiframe Format

A multiframe consists of sixteen 81-ternary-symbol 0.75 ms frames.

VI.2.1.2 Tolerance o f  the free running clock in the L T

6 frames of 2B +  D Frame word CRC, CL-channel,

6 frames of 2B +  D Frame word c r c 2 CL-channel2

6 frames of 2B +  D Frame word c r c 3 CL-channel3

6 frames of 2B +  D Frame word c r c 4 CL-channel4

6 frames of 2B +  D Frame word CRCS CL-channel5

6 frames of 2B +  D Frame word c r c 6 CL-channel6

6 frames of 2B +  D Frame word c r c 7 CL-channel7

6 frames of 2B +  D Frame word CRCg CL-channel8

6 frames of 2B +  D Frame word c r c 9 CL-channel,

6 frames of 2B +  D Frame word CRC,o CL-channel2

6 frames of 2B +  D Frame word CRC,, CL-channel3

6 frames of 2B +  D Frame word CRC, 2 CL-channel4

6 frames of 2B +  D Frame word CRC, j CL-channel5

6 frames of 2B +  D Frame word C R C ,4 CL-channel6

6 frames of 2B +  D Frame word C R C ,5 CL-chanrtel7

6 frames of 2B +  D Frame word “0” CL-channelg

1 ........................................ 72, 73 . . .  78 . . .  79 . . .  80 ............. ......................  81

< -------------------- '---------- 750 p sec transmission frame -------------->

12 ms multiframe structure

Note — B I, B2, D and CL channel data is scrambled. CRC data and frame words are not scrambled. 
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There are 6 (2B +  D) slots in each 3 /4  ms 81 symbol frame.

VI.3.2 Binary bit allocation in direction L T  to N T

The following binary bit ordering is applied before scrambling.

VI.3.1 Frame length

BI, B l2 Blj b i 4 b i 4 b i 5 B16 b i 7 b i 8 B2, B22 B23 B24 B25 B26 B27 B28 D, d 2

B I, b i 2 B13 b i 4 b i 4 b i 5 b i 6 b i 7 Big B2, B22 B23 B24 B25 B26 B27 B28 D, d 2

B I, b i 2 b i 3 b i 4 b i 4 b i 5 b i 6 b i 7 Big B2, B22 B23 B24 B25 B26 B27 B2g D, d 2

B I, b i 2 b i 3 b i 4 b i 4 B is b i 6 b i 7 Big B2, B22 B23 B24 B25 B26 B27 B2g D, d 2

B I, b i 2 b i 3 b i 4 b i 4 B is b i 6 b i 7 Big B2, B22 B23 B24 B25 B26 B27 B28 D, d 2

B I, b i 2 b i 3 b i 4 b i 4 Bis b i 6 b i 7 Big B2, B22 B23 B24 B25 B26 B27 B2g D, d 2

CL, c l 2 c l 3

The binary data is scrambled as defined in § VI.9 and ternary encoded. It is then multiplexed into the 
following frame format.

T , T 2 t 3 T 4 T 5 t 6 T 7 T 8 t 9 T , 0 T „ t , 2

t , 3 t , 4 T , s T ,6 t , 7 T ,g T ,9 T 2o t 2, t 22 t 23 t 24

t 25 t 26 t 27 t 28 t 29 T 30 t 3 , t 32 t 33 t 34 t 35 t 36

t 37 t 38 T 39 T 4o t 4 , t 42 t 43 t 45 T 46 t 47 1 T 4g

T 49 Tso T5, T 52 t 53 t 54 Tss T s6 t 57 T s8 T 59 T60

t 6, t 62 t 63 T64 t 65 T66 T67 t 68 T69 T 7o t 7, t 72

0 0 0 0 0 0 C R C t 73 t 74

VI.3.3 Binary bit allocation in direction N T l to L T

The frame structure and order of bits in the N Tl to LT direction is to identical that used in the LT to N Tl 
direction specified in § VI.3.2 above.

VI.4 Frame word

The frame word of six ternary zeros terminated by the binary C R C ,5 bit (as illustrated in the above Table) 
is used to define the 0.75 ms frame boundaries. Note that once every superframe a ternary zero is substituted for 
the binary CRC check bit. This frame word is unique and cannot be emulated by any 2B +  D data pattern.

The frame word specified above is the same in both directions of transmission.
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The frame alignment function is specified in the Activation sequence. 2B +  D transmission cannot 
commence unless frame alignment has been achieved. Initial frame alignment is considered to have been achieved 
when the cumulative total of correct versus incorrectly received 7-bit frame words exceeds 4. In steady state 
operation, this cumulative count is maintained but limited to a maximum of 64. Frame alignment loss is flagged if 
this cumulative total falls below two.

VI.5 Frame alignment procedure

VI.6 Multiframe

The multiframe structure has been described in the frame structure, § VI.3 o f this Appendix.

VI.7 Frame offset between LT-NT1 and N T1-LTfram es

No specific phase requirements are necessary between frames in the LT-NT1 and NT1-LT directions.

VI.8 CL channel

An embedded protected operations channel (EPOC) of 4 kb it/s is partially allocated to supervisory and 
maintenance functions. Significant spare capacity and undefined bits remain for both future allocation of 
messages as well as specific national requirements.

This channel is protected by a 6-bit CRC check and compelled protocol which provides that all messages 
are repeated every 6 ms.

VI.8.1 Bit rate

Twenty-four bits per 6 ms multiframe (4 kbit/s) are allocated to an embedded protected operations 
channel (EPOC). This supports supervisory and maintenance functions between the network and the N Tl and 
includes spare capacity for user defined functions. Additionally a further 1.33 kbit/s is allocated to provide an 
error detecting CRC 15 and 12 ms framing to the CL channel.

VI.8.2 Structure

W ithin each 12 frame, the operations channel sends two consecutive messages of 24 bits. Each 24 bit 
message comprises:

— 1 bit Ready for d a ta /d a ta  valid (R).
-  5-bit M aintenance channel (M).

-  9-bit Supervisory channel (S).

-  3 Unassigned bits (500 b it/s  subsidiary channel).

— 6-bit Cyclic redundancy check field (CRC).

The structure of the CL channel is as follows:

00 1 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Subsid. R M aintenance (M ) Supervisory (S) C R C

<--------------------------------------------------------------------------------------------6 m s -------------------------------------------------------------   =►
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VI.8.2.1 Maintenance messages

In the ET to N Tl direction 9 of the 32 possible command messages are allocated. An identical message is 
returned in the N Tl to ET direction as an acknowledgement.

E T  to N T l maintenance message codes

No. Message 5-bit code

M l M2 M3 M4 M5

1 No loopback (null message)/remove loopback 1 1 1 1 1
2 Provide loopback BI at NTl 1 1 0 1 1
3 Provide loopback B2 at N Tl 1 0 1 1 1
4 Provide loopback BI +  B2 at N Tl 1 0 0 1 1
5 Provide loopback BI +  B2 +  D at N Tl 1 0 0 0 1
6 Provide loopback BI at regenerator 0 0 1 1 1
7 Provide loopback B2 at regenerator 0 1 0 1 1
8 Provide loopback BI -l- B2 at regenerator 0 1 1 1 1

9 Provide loopback BI +  B2 +  D loopback at regenerator 0 1 1 0 1

Supervisory sub-channel message formats

A 9-bit field is available in each direction of transmission to allow supervisory information to be provided. 
This contains an 8-bit data/address field and a one-bit flag used to indicate whether or not the 8-bit field contains 
valid data.

E T  to N T l supervisory message command codes

No Supervisory message and destination S-interface

1 No supervisory information requested 1 1111 1111

2 ET AGC value 0 0000 0100

3 ET eye closure 0 0000 0101
4 ET eye height 0 0000 0110
5 ET CRC error count 0 0000 0111

6 N Tl AGC value 0 0001 0000
7 N Tl Eye closure 0 0001 0001

8 N Tl Eye height 0 0001 0010

9 N Tl CRC error count 0 0001 0011
11 Regenerator LT-side receiver AGC 0 0000 1000
12 Regenerator LT-side receiver Eye closure 0 0000 1001
13 Regenerator LT-side receiver Eye height 0 0000 1010
14 Regenerator LT-side receiver CRC count 0 0000 1011
15 Regenerator N Tl-side receiver AGC 0 0000 1100
16 Regenerator N Tl-side receiver Eye closure 0 0000 1101
17 Regenerator N Tl-side receiver Eye height 0 0000 1110

18 Regenerator N Tl-side CRC count 0 0000 1111
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VI.8.3 Protocols and procedures

The maintenance channel is used to set loop backs from the LT. When a maintenance message has been 
received free from error and implemented, the same message is echoed back from the NTl to the LT.

The supervisory channel is designed to be used as a compelled system, with a command sent by the LT 
end until the expected response is received. A delimiting idle message of nine ONEs is employed. All valid 
messages and responses set the first bit of the 9 supervisory bits to a ONE. An 8 bit word can therefore be 
securely passed across this channel. An example use of the supervision channel is for reporting eye closure 
information from the N Tl to the LT.

VI.8.4 CL channel performance

With a mean 144 kbit/s error rate of 1 in 1000, characterised by a mean error burst size of 10, the 
following performance will be achieved:

a) 99.8% of all messages will be conveyed within 6 ms.

b) No more than one message per hour shall be conveyed in more than 18 ms.

c) The mean erroneous error message rate is less than one per hour with a maximum time to correction 
of 18 ms.

VI.9 Scrambling

BI, B2, D and C channel binary data is scrambled as follows:

a) NT to LT scrambler polynomial

1 © x -18 © x _ 23 (where ©  denotes exclusive OR)

b) LT to NT scrambler polynomial

1 © x -5 © x -23

VI. 10 Activation/deactivation

VI. 10.1 Signals used fo r  activation

Figure VI-1/G.961 illustrates the activation sequence initiated by the ET in terms of function elements 
(FE) and IN FO ’s.

Figure VI-2/G.961 illustrates the activation sequence initiated by the user in terms of function elements 
(FE) and IN FO ’s.
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TE NT1 LT

READY FOR 
ACTIVATION

Detect FE1

Activation
sequence

In synch.

Send FE3

Detect RFD

Send FE4 
(PH — AI)

Detect 
data valid

Send
data valid

V.| ET Layer 1

Tli0SS10-89

FIGURE VI-1/G.961 

Activation from the network side
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FIGURE VI-2/G.961 

Activation from the user side
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The definition of the function elements, LT states and NT states used in the activation Figures and the 
state transition tables in this Appendix is as follows.

Definition of FE’s LT’s and NT’s

Function elements (FE)

FE1 Activation request for the interface from the ET.

FE2 Line signal detected on the digital section.

FE3 The digital section is activated (in synchronisation).

FE4
The user network at the T reference point is activated or a loopback is 
operated.

FE5 Deactivation request for the digital section.

FE6 The digital section and the interface at the T reference point has been 
de-activated.

FE7 Error indication. (Loss of synchronisation or no line signal detect).

N Tl states

NTl The N Tl is ready for activation.

NT2 The N Tl is executing the digital section training sequence.

NT3
The N Tl is in synchronisation with the LT and the LT to N Tl digital 
section is capable of error free data transmission.

NT4 Equivalent to state NT3 plus synchronisation of the interface at the 
T-reference point.

NT5
The 2B +  D data channel through the digital section and across the 
T reference point is fully operational.

NT6 The N Tl has sent an activate request to the LT and is waiting for a 
response.

NT7 The N Tl is not active but is not ready for activation.

LT states

LT1 The LT is ready for activation.

LT2 The LT is executing the digital section training sequence.

LT3
The digital section has been correctly activated and is synchronised in 
both directions.

LT4
Both the digital section and the interface at the T reference point are 
correctly activated and synchronised.

LT5
The 2B +  D data channel through the digital section and across the 
T reference point is fully operational.

LT7
The LT has ceased transmission over the digital section and is waiting 
for all line signals to disappear.

The response of the digital section to the activation request FE1 from the ET or the activation request 
INFO 1 from the TE is to signal across the digital section by the transmission of a quarter baud rate (27 kHz) 
wake-up tone.

In the N Tl to LT direction, the duration o f this wake up tone shall not be less than 32 complete cycles of
the repetitive data pattern -I h . The tone shall not exceed 10 ms in duration.

In the LT to N Tl direction, the duration of the wake-up tone shall not be less than 32 complete cycles of
the repetitive data pattern -1 K The tone shall not exceed 10 ms in duration.
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VI. 10.2 Definition o f  internal timers

The activation procedure shall nominally take 120 ms to the point where error free framed transmission 
can commence.

In the event of the activation procedure failing, or loss of synchronisation on either the interface at the 
T-Reference point or on the transmission system described herein, a timer is required in the NT to terminate 
operation. This timer shall not exceed 65 ms measured from the point of loss of synchronisation; or in the case of 
activation, measured from the time at which synchronisation should be achieved.

It is not essential to employ a timer for the identification of failure to activate or loss of synchronisation 
signalled to the LT. However, where there is no external control of the de-activation procedure applied to the two 
wire LT termination, a timer not exceeding 65 ms from the time of loss of synchronisation or as measured from 
the time at which activation should have been achieved should be employed.

VI. 10.3 Activation procedure

Table VI-2/G.961 shows the training sequence signals that should be transmitted to line by the LT and 
N T l. At the LT, offsets are measured in baud periods from the end of the wake-up tone transmission. At the 
N T l, offsets are measured in baud periods from the detection of the end of the wake-up tone. For correct 
operation, it is necessary that the time from the LT completing the wake-up tone burst, to the N Tl detecting the 
end of wake-up tone is less than or equal to 32 bauds.

TABLE VI-2/G.961 

Activation training sequence

Offset
(bauds)

D uration
(bauds)

LT tim ing signal LT da ta N T  tim ing signal N T  data

0 64 O F F N one O F F N one

64 512 O N N one O F F N one

576 512 O F F N one O N N one

1 088 512 O N N one O F F N one

1 600 512 O F F N one O N N one

2 112 4096 O N PRBS O F F N one

6 208 32 O N N one O F F N one

6 240 4064 O N N one O F F PRBS

10 304 (405) O N Ternary O F F N one
(N ote 1) (N ote 1)

10 709 (405) O N Ternary O F F Ternary
(N ote  1) (N ote 2) (N ote 2) (N ote 2)

PRBS stand  for a 511 b it pseudo-random  b inary  sequence generated by the po lynom ial (1 © x ~ 4 © x -9).

Note 1 — The transm ission o f ternary  d a ta  from  the LT to  the N T l from  this tim e onw ards in  continuous. The N T l will not 
return  ternary  d a ta  until it has achieved synchronisation , the figure o f 405 bauds and  the subsequent offset to  the next row  is 
in tended  as a guide to  the norm al d u ra tion  fo r this process.

Note 2 — T ernary  transm ission from  N T l to  LT im plies th a t error-free transm ission  and  fram e synchronisation  have been 
achieved in the NT. Follow ing the LT acquiring  synchronisation , full duplex 2B +  D  transm ission  can com m ence.

The conditional step between the N Tl acquiring synchronisation and returning ternary data is included to 
provide a mechanism by which the optional alignment of LT to N Tl and N Tl to LT frame words can be 
achieved.
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VI. 10.4 State transition table o f  the N T

See Table VI-3/G.961.

TABLE VI-3/G.961

State transition table of the NT

State
N T l 

ready for 
act.

NT2 ' 
train ing

NT3 
w ait for T

N T4 
wait for 

d a ta  valid

NT5
steady
state

NT6 
TE act.

NT7
pending

deact.

Signal 
transm itted  

to TE
10 10 12 12 14 10

Events

Source Event

LT Activate
indication
[FE1]

NT2

'

NT2

N T l In synch. 
[FE3]

/ NT3 — — — / —

TE IN F O  3 / / NT4 - - / -

N T l D ata valid / / / NT5 - ./ -

TE Activate 
indication 
IN FO  1

N T6 / / / / /

N T l Loss o f synch. 
[FE3]

- NT7 NT7 NT7 NT7 — —

N T l N o line sig. 
detect on DS

N T l

- N o  change

/ Im possible

[] Rem ote source event

DS Digital system
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VI. 10.5 State transition table o f  the L T

See Table VI-4/G.961.

TABLE VI-4/G.961

State transition table of the LT

State
LTl 

R eady 
for act.

LT2
T rain ing

LT3 
Dig. sect. 

active

LT4 
T -ref in 
synch.

LT5
Steady

state

LT7
Pending
deact.

Signal 
transm itted  

to  DS
Inactive

Train ing
seq.

Steady
state

Steady
state

Steady
state Inactive ■

Events

Source Event

ET FE1 
(activate reqst.)

LT2 / / / / -

LT DS
in-synch.

/ FE3
LT3

- - - /

LT FE2 
N o line activity 
L S D -----> False

/

- - - - L Tl

N T l [IN FO  3] 
R eady fo r da ta

/ / FE4
LT4

- - /

LT
DS loss o f  
synchronisation

/
FE7
LT7

FE7
LT7

FE7
LT7

FE7
LT7 -

ET FE5 
deactivation  request /

FE7
LT7

FE7
LT7

FE7
LT7

FE7
LT7 -

ET
D ata  valid

/ / / LT5 - -

— N o change

/  Im possible

[ ] Rem ote source event

LSD Line signal detect

VI. 10.6 Activation times

The “cold start” and “warm start” times will be 120 m s±  10 ms with all cable combinations permissible. 
This reliable and repeatable activation time is a result of the specific activation sequence specified in this SU32 
standard.
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VI. 11 Jitter

Jitter performance must be sufficient for the purpose of providing the clock for interface at the T-reference 
point transmission function in accordance with Recommendation 1.430.

The SU32 proposal features an orthogonal timing signal superimposed on the data. This leads to stable 
and low jitter digital phase locked loop timing circuitry being easily achieved.

VI.11.1 to V I.11.3

For further study.

VI. 12 Transmitter output characteristic o f  the N T  or L T

VI. 12.1 Pulse amplitude

The nominal pulse amplitude shall be zero to peak 1.8 volts. The tolerance on this peak pulse amplitude 
shall be such that signal power and amplitude vs. frequency spectrum performance is as specified in § VI. 12.

VI. 12.2 Pulse shape

The pulse shape is determined by the pulse mask of Figure VI-3/G.961.

-0 .3 T  0T +0.3T

F IG U R E  VI-3/G.961 

Single pulse mask -  108 kbauds transmitter pulse shaping

VI. 12.4 Power spectrum

SU32 has a code spectrum modified by the conditional coding rule compared to random ternary signalling. 
The theoretical power spectrum when using SU32 having full width rectangular pulse shaping with transformer 
coupling is given in Figure VI-4/G.961.

Limits for the transmitted power spectral density are given in Figure VI-5/G.961.
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Conditions: 10mW transm it power
Transformer coupling assumed 
Full width rectangular pulses

pW /H z

T1809590-89
Frequency

F IG U R E  VI-4/G.961 

On line power spectral density o f  SU 32 line code

1 kHz 10 kHz 100 kHz 1 M H z 10 MHz
T1809600-89

F IG U R E  VI-5/G.961 

Transmitted power spectral density specification
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Power levels

Signals sent to line must conform to the following criteria, under all operating conditions with 140 ohms 
resistive termination:

a) The maximum total transm it power, averaged in any 1 second period must not exceed +11 dBm.

b) The maximum transmit power average in any 1 second period in any 3 kHz band, below 100 kHz, 
must be less than 0 dBm. This limit extends down to DC (excluding power feed).

c) The nominal recommended transmit power will be +9.5 dBm with a tolerance of ±  1 dB.

VI. 13 Transmitter/receiver termination

VI. 13.1 Impedance

The nominal output/input impedance looking towards the NT shall be 140 ohms. The nominal ou tpu t/ 
input impedance looking towards the LT shall be 140 ohms.

VI. 13.2 Return loss

For further study.

VI. 13.3 Longitudinal conversion loss

The longitudinal conversion loss in the range 100 Hz to 1.6 times the symbol rate (fO) shall exceed 46 dB. 
For a frequency 10 MHz > /  >  1.6 / 0, the longitudinal loss shall exceed 46 -  40 log ( / /1 .6  / 0) dB or 24 dB 
whichever is greater.

Supplement No. 15

ALMOST-DIFFERENTIAL QUASI-TERNARY CODE (ADQ  CO DE)

(Referred to in Recommendation G.911, this Supplement is to be found on page 673 
o f Fascicle III.3 of the Orange Book, Geneva, 1977)

Supplement No. 27

INTERFERENCE FROM EXTERNAL SOURCES

(Referred to in Recommendations G.221 and G.950; this Supplement is to be found on page 346 
of Fascicle III.2 or on page 390 of Fascicle III.3 of the Red Book, Geneva, 1985.)
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Supplement No. 34

TEMPERATURE IN  UN DERG RO UN D CONTAINERS FOR TH E INSTALLATION OF REPEATERS

{Melbourne, 1988)

(see Recommendation G.950)

1 General

This Supplement consists o f two parts: A and B.

Part A (source: Federal Republic of Germany) informs about the ground temperature taken from 
meteorological sources in most regions of the world, and shows the seasonal variations as a function of the depth 
(in the Federal Republic of Germany).

Part B (source: Italy) gives guidelines for the calculation of the ground temperature in the container, 
depending, inter alia, from the atmospheric temperature, the depth and the dissipation of the equipment in the 
container.

Both parts give additionally some general information which is useful as a guidance for planning.

2 F art A

2.1 Definition

In the following, climatic conditions are discussed which are relevant to small underground containers 
without any means for adjusting to specific temperature conditions. These containers are normally hermetically 
closed and need not be opened e.g., for preventive maintenance. They can be operated with or without gas 
pressure supervision or they may contain drying agents.

2.2 Temperature in underground containers

The temperature in underground containers depends on the temperature of the surrounding soil. Addition
ally, it is influenced by the power dissipation o f the installed equipment.

The ground temperature at various depths is well known for most o f the regions of the world [1]. Figure 1 
shows the seasonal variation of the ground temperature as a function of the long term mean value of the ground 
temperature. Examples of the variation of the temperature with time for a period of 1 year is shown in Figure 2. 
The yearly minimum and maximum temperatures as a function of the depth are plotted in Figure 3. Figures 2 
and 3 are examples only for a specific region in Germany (Federal Republic of) and for sandy soil.

°C

Mean annual value of tem perature t

FIGURE 1

Relation between the long-term mean value o f the ground temperature t 
and the annual variations to be expected at a  depth 

o f  approximately 80  cm
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FIGURE 2

Temperature o f the soil as a time function o f the seasons 
for depths o f 0.5 m, 1 m, and 3 m 

(long-term mean values, sandy soil in Germany (Federal Republic of))

Tem perature t

T1501170-88

tm Annual mean value of the soil tem perature
Maximum annual tam perature variation in the ground referred to  f

FIGURE 3

Annual maximum and minimum values o f  the soil temperature 
depending on the depth 

(long-term mean values, sandy soil in Germany (Federal Republic of))
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The composition of the soil has a significant effect on the temperature and its variation with time. It 
should be noted that this variation occurs slowly, depending on the composition of the soil and on the depth.

The mean value of the temperature in the container is the same as that of the ground, if the possible 
increase caused by the heat generated by the power dissipation of the equipment is neglected. Variations of the air 
temperature cause variations of the temperature in the container, but with a time delay, and with an attenuation 
of the amplitude depending on the design of the container.

2.3 Conclusion

The temperature in small underground containers e.g., for the installation of remote power-fed repeaters 
depends on the geographical region, the composition of the soil, the depth of installation and the power 
dissipation of the installed equipment.

The humidity within the container is independent of external influences and can be controlled by suitable 
means, if necessary.

3 Part B

3.1 Temperature in underground housing containing high dissipation equipment

The temperature in the underground housing depends on the temperature of the surrounding soil, its 
composition and on the amount of power dissipated in the equipment.

3.1.1 The temperature in the soil at different depths can be directly measured at the site or can be calculated 
from seasonal mean temperature of the site (at ground level) taking into account thermal resistivity and diffusity 
of the soil.

Short term variations, like daily excursions, are rapidly damped and become negligible at a depth greater 
than 0.3 m so that only seasonal variation diffuses farther in the ground.

O f course such variations too are attenuated and delayed following the depth and the soil composition.

3.1.2 The heat generated by equipment dissipation in the housing is transferred via housing walls into 
surrounding soil thus disturbing the existing temperature field and determining a local gradient which decreases 
with the distance from housing walls.

In order to evaluate the maximum annual temperature in the housing it is advisable to define a 
mathematical model of the heat transmission and solve it for the conditions imposed by the site climate, the soil 
nature, the power consumption, etc.

The relevant calculation can be handled by computer making it possible to rapidly investigate the effect of 
the different parameters.

In critical condition, that is in soil of poor characteristics, advantage can be taken putting around the
housing a backfilling material o f good thermal conductivity. The effect o f such an action can be previously
verified by computer.

3.2 Guidelines o f  the calculus

The heat transmission from the atmosphere to the soil is described by the equation

T (y ,t) =  A +  B e~yy sin (wt — yy)  (1)

where

A Mean value of the atmospheric temperature

B Amplitude of the thermal oscillation at the ground surface

y Coefficient of diffusion

y  Depth

The temperature is a function of the time and depth only and the resulting field has horizontal isothermal 
surfaces.

The power dissipated in the housing determines a heat flux on the walls of the container and a 
two-dimensional thermal field in the soil.
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The relevant equation is the

_ 8 T  , /S 2T  82T \  ■
? 8 ? *  ( i? + ^  " F(JW° (2)

where

F ( x , y , t ) takes into account the presence of thermal sources in the soil

C Specific heat of the soil

£ Density of the soil
k Thermal conductivity of the soil.

8 T
The problem can be further simplified neglecting the term — .

81
In fact the temperature in the soil is subjected to a slow variation and can be considered as steady in the 

short period.

Solve the equation

. / 82T  82T \  ^
(3 )

and introducing the “initial condition” of the (1) for the considered time, the temperature distribution in the soil 
can be plotted in a discrete number of points.

The centreline temperature in the housing is calculated from heat transfer relationships for natural 
convection on vertical walls: Nu =  M. (Gr • Pr)N where NU =  Nusselt number; GR =  G rashof number; 
Pr =  Prandtl number; M, N are constants to be empirically determined.

An example of calculated thermal field is given in Figure 4 where the isothermal lines substitute the local 
temperature values plotted by computer.

Ground level

FIGURE 4 

Example o f calculated thermal field
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The temperature in the underground housing depends on site climate, type of soil, depth, time of the year, 
equipment dissipation.

A mathematical analysis of the heat transmission makes it possible to evaluate the maximum temperature 
in the housing taking into account the effect of the parameters involved.

The use of selected backfilling material can be considered and the resulting effect evaluated.

HOUSING TYPE : C A I/24

Temperature at steady state (° C)

Housing dimensions (m) 0  0.85 h 0.9

Dissipated power (watt)
Month
Mean temperature of the site (° C)
Amplitude of the thermal variation (° C)
Thermal conductivity of the soil (W m -1 K -1)
Density of the soil (kg • m -3)
Specific heat o f the soil (J kg ' 1 K -1)
Thermal conductivity of the backfilling material (W m -1 K ~ ')
Depth of the backfilling material (m)
External radius of the backfilling material (m)

Reference

[1] JEN-HU-CHANG: G round Temperature, Blue Hill Meteorological Observatory, Harward University, 
Vol. I, II — Hilton 86, Massachusetts, 1958.
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Supplement No. 35

G U ID E L IN E S C O N C E R N IN G  T H E  M E A SU R E M E N T  O F  W ANDER

(Contribution from United States of America, referred to in 
Recommendations G.812 and G.824)

Wander measurement methodology

The purpose of this Supplement is to present one suitable method of verification of timing accuracy of 
clocks. Guidelines concerning the measurement of jitter are contained in Supplement No. 38 of the O-Series.

1 Output wander measurement

1.1 Slave clock

The measurement strategy is to be able to derive the values of the model parameters contained in the 
Annex to Recommendation G.812 for the slave clock under test.

Once these parameter values have been obtained compliance with the specifications contained in 
Recommendation G.812 may be verified.

3.3 Conclusion

100
8

12.7
11.7 
0.44

1550
1255

0.8
0.4
1.2
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To adequately characterize the performance of a slave clock a series of tests must be performed. In 
general, the test fall into the three categories of operation:

1) ideal operation;

2) stressed operation;

3) holdover operation.

1.1.1 Test configuration

The objective of the test procedure is to be able to estimate the parameters in the clock model described 
above for a given clock under test. The architecture for a clock testing arrangement is shown in Figure 1. The 
components and their interconnection are described next.

D is t r ib u t io n  
line  t a p s

FIG U R E  1 

Test configuration

1.1.1.1 Reference clock

The test configuration is designed to provide the clock under test with a primary rate digital reference 
timed from a stable reference oscillator. In clock testing, it is the relative phase-time compared to the reference 
input that is critical1). Thus, the absolute accuracy of the reference input is not critical. What is im portant is that 
short-term instability of the reference oscillator be small to ensure low measurement noise and a low background 
tracking error in the control loop of the clock being tested.

1) In holdover testing, the longer term stability and drift of the reference oscillator is important.
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1.1.1.2 Digital reference simulation

The testing arrangement is designed to provide a primary rate digital reference with impairment to the 
clock to allow for stress testing of the clock. To accomplish this a primary rate digital signal simulator and 
analyzer is employed that has the capability to be externally synchronized. For the 1544 kHz primary rate digital 
signal 2> a 1544 kHz timing signal is supplied to the sim ulator/analyzer to control outgoing transmit timing. The 
1544 kHz signal is produced via a distribution amplifier and synthesizer line tap. This distribution arrangement 
allows one to develop multiple taps of timing signals synthesized from the 10 MHz input from the reference 
oscillator. Each line tap is a dedicated synthesizer producing the timing signal required. The jitter produced from 
these synthesizers should be less than 1000 ps rms.

The primary rate impairment simulator is programmed via an IEEE 488 control bus to produce the 
desired interruption events to stress the clock. The primary rate digital signal is next bridged through a jitter 
generator and receiver. The jitter generator is used to insert background jitter to the digital signal. It is important 
to simulate a realistic level of background jitter for several reasons. Primarily, when interruptions occur the 
background jitter can be a major source of phase build-out error as the synchronization unit attempts to bridge 
the interruption. Secondly, the jitter transfer characteristics of the clock can be evaluated.

The jitter generation unit is provided an external jitter modulation input. The jitter signal used is 
bandlimited white noise. A signal from a white noise source is filtered using a low pass single pole filter with 
150 Hz 3 dB cutoff. The main reason for lowpass filtering the jitter is to avoid producing bit errors from high 
frequency alignment jitter. The jitter power should be set to reflect realistic jitter levels in the network. It is 
im portant that sinusoidal jitter be avoided as a test jitter input, as certain phase detection techniques are very 
insensitive to sinusoidal jitter.

1.1.1.3 Output timing signal recovery

To test a clock, reference input is provided from the output of the jitter generator. To recover the output 
timing signal from the clock, an outgoing primary rate signal is selected from the unit controlled by the clock 
under test. This digital signal is connected to the receive portion of the Primary Rate Signal Simulator and 
Analyzer. In this unit the receiver timing function is decoupled from the transmit timing used in the generator. 
The receiver extracts a 4 kHz frame timing signal from the input signal and provides this timing signal at an 
external port. This 4 kHz timing signal is phase coherent with the outgoing timing from the clock under test.

1.1.1.4 Phase-time data collection

A counter is used to observe the relative phase-time error of the output 4 kHz timing signal compared to a 
reference 4 kHz timing signal. The reference 4 kHz timing signal is derived from the distribution amplifier and 
synthesizer units. The synthesizer jitter in generating the 4 kHz reference signal is less than 1000 ps. By performing 
the phase comparison at 4 kHz the observation range of phase variation is 250 ps. If care is given to start a test 
near the centre of this range, there should not be a problem associated with cycle slipping for all tests except 
holdover testing. However, even this range can be extended by resolving cycle slips in the data collection software.

In reality, the measurement resolution is limited by the intrinsic jitter in the counter as well as trigger 
error. Experience has shown that the measurement resolution jitter can be maintained below 100 ps rms with 
reasonable care given to cabling and trigger levels. More importantly, the overall background jitter noise level can 
be checked prior to testing to ensure proper performance. For the components used in the particular system 
described, overall jitter levels o f 1000 ps rms are typically attainable. This is more than adequate for measuring 
the levels of phase stability expected from clocks.

2) The follow ing discussion is app licab le  in an analogous m anner to  the 2048 kH z prim ary  ra te  digital signal.
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1.1.1.5 Data collection

An instrument control computer should be used to automate the testing procedure and collect and analyze 
the phase-time data. The control computer is interfaced via an IEEE 488 bus to both the Counter and the Primary 
Rate Digital Signal Simulator and Analyzer.

A key function of the control computer is to gather phase-time data from the counter. The instrument 
controller obtains a phase-time sample from the counter every 10 seconds. The counter is programmed to average 
4000 samples over a 3 second window and return the average to the controller. The resulting measurement 
bandwidth is 0.33 Hz. The phase-time data is processed in real-time to obtain running estimates of the Allan 
variance for 10, 100, 1000 and 10 000 second observation intervals. The program also calculates a running estimate 
of the frequency departure and the drift.

1.1.1.6 Data analysis

The objective of the data analysis is to estimate from the data the parameters associated with the clock 
model. From the Allan variance data, one can determine the presence of either the white noise PM or white noise 
FM components expected from the model. The frequency departure estimator is the ybjas term in the model, and 
the drift estimator D is the drift component in the model.

1.1.2 Basic technique and procedure

This paragraph contains the basic techniques and procedures for testing the three categories of slave clock 
operation. Appendix I provides examples of the application of these test using actual measurement data.

1.1.2.1 Ideal operation

The purpose of this testing is to obtain a baseline performance metric for a clock. The model predicts that 
clocks under ideal conditions should produce a white noise PM phase instability. This white noise PM should be 
small as it represents the best case performance of a clock (clearly less than 1 pis based on current M RTIE output 
requirements). It should be measured in the presence of realistic levels of jitter to assure acceptable jitter transfer.

In the standard test procedure described, the bandwidth of the measurement is 0.33 Hz. In some clock 
designs, there is significant noise between this 0.33 Hz cutoff and the 10 Hz cutoff associated with jitter. It is 
important to evaluate the jitter in this band. This could be accomplished by developing an additional measurement 
program to capture this fast wander data.

1.1.2.2 Stressed operation

This area of testing is critically im portant to adequately evaluate clocks. The difficulty in this testing is 
selection of the appropriate disruption events. For some clocks any event that appears as a severely errored second 
will produce a phase build-out event. In some clocks any outage or spurious noise spikes will perturb a counter in
the phase detection producing a spurious phase hit which may or may not be phase built-out depending on its
severity. On the other hand, clocks can be designed to observe the framing pulse position to extract phase. In such 
clocks, an interruption need not produce a phase build-out event unless there is an actual shift in the framing 
pulse position (for example a protection switch event).

It is proposed that one stress test which should be performed is to simulate an SES event with a short 
outage (100 ms) at a rate of 10 SES per day in the presence of background input jitter. Typically an outage of this 
magnitude will force a clock to attempt to phase build-out without switching references. An example of this stress 
test is given in the next section and should serve to clarify the concepts and the significance of the results.

Other stress inputs should also be considered in evaluating a clock.

— Error bursts: An error burst can be simulated in which the underlying timing waveform is not
perturbed. Under this condition, it would be advantageous for a clock not to phase build-out. Such a
test would gain in importance if it is determined that the majority of error burst events are actually 
pure data errors with no perturbation in timing.
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— Phase b i t : Phase hits are produced by protection activity, as well as from other clocks. Phase hits are 
interruption events that should either force a phase build-out event or inadvertently be followed by the 
clock. In either case they will degrade a clock’s performance. This is an area for further study.

— Restart events: Restart events are a phenomena associated with certain clocks. A restart event is 
associated with a clock giving up its current state, and defaulting back to its initial conditions. The 
results are a transient event which can be significant. Restart events should not happen during normal 
clock operation, and thus should not likely be included in a general clock testing plan. However, it is 
im portant that the behaviour be better understood and controlled.

— Frequently h i t : It is im portant that clocks do not follow references that exhibit large frequency hits. 
However the ability to detect frequency hits is closely tied to the selection of the tracking bandwidth 
of a given clock PLL. The solution to the problem will depend on the degree to which the bandwidth 
of various clocks in a network can be standardized.

1.1.2.3 Holdover operation

In holdover testing, the objective is to estimate the initial frequency offset (ybias) and the Drift (D) of the 
clock model. The initial frequency offset is dependent on the accuracy of the frequency estimate obtained in the 
control loop, and the frequency settability of the local oscillator. It is im portant to test holdover from a 
reasonable stress condition prior to holdover to capture the control loops capability of obtaining an accurate 
frequency estimate.

In determining the drift estimate, one critical factor for quartz oscillators is that it typically takes 
observation intervals lasting over days to obtain a statistically significant drift estimator. This is a hard reality that 
cannot be avoided. In addition, attention must be placed on the temperature conditions maintained during the 
test. This is a subject for further study.

1.2 Primary reference clock

This section requires further study.

A P P E N D IX  I 

(to Supplement No. 35)

Example applications

This section presents the results of the application of some of the testing procedures for two clocks. It is 
im portant to point out that the two clocks tested have different internal architectures. The main result of the tests 
is that the model for clock performance was supported. This model can be summarized as follows:

1) For short observation intervals outside the tracking bandwidth of the PLL, the stability of the output 
timing signal is determined by the short-term stability of the local synchronizer time base.

2) In the absence of reference disruptions, the stability of the output timing signal behaves as a white 
noise PM process as the observation period is increased to be within the tracking bandwidth of the 
PLL.

3) In the presence of disruptions, the stability of the output timing signal behaves as a white noise FM 
process as the observation period is increased to be within the tracking bandwidth of the PLL.

4) In the presence of disruptions, the output timing signal may incur a systematic frequency offset with 
respect to the reference. This results from a bias in the phase build-out when reference is restored.

The specific test results are described below.
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1.1 Local clock evaluation

The results described in this section are for actual performance data.

1.1.1 Unstressed primary rate input tests

The first test performed was to evaluate the timing signal output under ideal reference input conditions. 
The primary rate reference input is produced by the generator timed from the Caesium reference. The jitter outside 
the tracking bandwidth of the stratum 3 PLL is much less than 1 ns. Typically, 300 ps as measured by the counter.

For this test, the jitter test set was bypassed, and the primary rate from the primary rate simulator and 
analyzer was fed directly into the synchronizer. The test was run for 67 hours. The results are presented in 
Figure 1-1. The square root of the Allan variance is plotted vs. observation time. The data points marked by 
triangles apply to this test.

The test results are consistent with the model. For observation times outside the tracking bandwidth of this 
PLL (less than 60 seconds), the Allan variance indicated a white FM noise resulting from the local quartz 
oscillator. As the observation time increases, the PLL tracks the reference and the noise process converges to white 
FM.

The magnitude o f the white PM noise is 85 ns rms. One component o f this noise is the rms time error of 
the oscillator in 60 seconds (the bandwidth of this PLL is 1/60 sec). In addition, there is a component resulting 
from the resolution of the phase detector. A phenomena that arises in digital loops is that the phase error can 
make excursions of at least one bit in either direction of the nominal setpoint. This effect is reduced when the 
input has jitter on the order of a phase detector bit.

1.1.2 Stressed primary rate input test

The purpose of this test is to emulate the behaviour of the synchronizer under stress conditions that arise 
in actual networks. For this test, a short outage event was produced under program control by the primary rate 
simulator and analyzer every 15 minutes. The outage events duration was randomized with a uniform distribution 
over the range of 10 to 100 ms.

For this test, the jitter set was bypassed, and the primary rate signal from the primary rate simulator and 
analyzer was fed directly into the synchronizer. The test was run for 50 hours. The results are presented in 
Figure 1-1. The square root of the Allan variance is plotted vs. observation time. The data points marked by plus 
signs apply to this test.

1.1.2.1 Allan variance results

The test results are consistent with the model. For observation times outside the tracking bandwidth of this 
PLL (less than 60 seconds), the Allan variance indicates a white FM noise resulting from the local quartz 
oscillator. As the observation time increases, the PLL is experiencing a disruption every 900 seconds. The residual 
phase build-out error accumulates and produces a random walk in phase (white noise FM). The build-out error 
per disruption is calculated as 180 ns rms.

1.1.2.2 Systematic frequency offset

The stress test data shows a statistically significant frequency offset. The frequency offset over the 50 hour 
test was 3 x 10~n . Given the white FM noise, the rms error is 1.5 x 10“ " . These numbers reflect a bias error in 
the phase build-out in the range of 15 to 45 ns. Such bias errors in clocks result in frequency offsets. The 
implications of this is that to some extent all clocks in a network operate plesiochronously. Given a worse case 
level o f disruption of ten per day the resulting frequency offset is of the order of parts in 1012.
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Exam ple o f local node clock

1.1.2.3 Significance o f  stress test results

To obtain a meaningful interpretation of the stress test results one must consider the disruption level. In 
this test the disruption level was 100 disruptions per day. This is an order o f magnitude greater than what can be 
expected on actual prim ary rate links. In this particular PLL the build-out error process is independent from one 
event to the next. This can be proven by testing at several disruption levels. The results indicated a rms error of 
180 ns per disruptions. Given 10 disruptions per day the resulting daily rms error is 570 ns.

1.2 Transit clock evaluation

The results described in this section are for actual performance data.

1.2.1 Unstressed primary rate input test

The first test performed was to evaluate the timing signal output under ideal reference input conditions. 
The primary rate reference input is produced by the primary rate simulator and analyzer timed from the Caesium 
reference. The jitter outside the tracking bandwidth o f the stratum 3 PLL is much less than 1 ns. Typically, 300 ps 
as measured by the counter.
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For this test, the jitter test set was included. The jitter test set was given an external jitter modulation 
input. The jitter signal was band limited white noise. A single pole filter was employed with a 150 Hz 3 dB cutoff. 
The jitter was low passed filter to avoid producing framing errors resulting from high frequency alignment jitter. 
The external signal was adjusted to achieve a peak-to-peak jitter level of 1.5 ps. The test was run for 23 hours. The 
results are presented in Figure 1-2. The square root of the Allan variance is plotted vs. observation time. The data 
points marked by triangles apply to this test.

The test results are consistent with the model. For observation times outside the tracking bandwidth of this 
PLL (less than 450 seconds), the Allan variance indicated a white FM noise resulting from the local quartz 
oscillator. As the observation time increases, the PLL track's the reference and the noise process converges to white 
PM.

The magnitude of the white PM noise is 6 ns rms. This is an exceptionally good number and results from 
the tight time constant for the loop (450 seconds). In this case the input jitter prevents the edge jum ping effects.

T

T1805510-87
r

A  Undisturbed DS1a^ . Input observation time 83,000 sec

Y = +6E—13 white PM 1E—8 / r , r >  103,3  ns daily r.m.s. prediction error

+  1544 kbit/sa  ̂ 1 outage/30 minutes. Observation time 253,800 sec

Y = + 6 E -1 3 . White FM 8 E -1 0 A /t , t >  103, 235 nsec daily r.m.s. 
prediction error

f3 dB = 1/450 sec

a> 1.5 |i sec p-p. Jitter BW =  150 Hz.

Measurement interval t 0 =  10 sec. Measurement bandwidth =  0.33 Hz.

FIG U R E  1-2 

Exam ple o f  tran s it node clock
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1.2.2 Stressed primary rate input test

The purpose of this test is to emulate the behaviour of the synchronizer under stress conditions that arise 
in actual networks. For this test, a short outage event was produced under program control by the primary rate 
simulator and analyzer every 30 minutes. The outage events duration was randomized with a uniform distribution 
over the range of 10 to 100 ms.

For this test, the jitter test set was included. The jitter test set was given an external jitter modulation 
input. The jitter signal was bandlimited white noise. A single pole filter was employed with a 150 Hz 3 dB cutoff. 
The jitter was low passed filter to avoid producing framing errors resulting from high frequency alignment jitter. 
The external signal was adjusted to achieve a peak-to-peak jitter level of 1.5 (is. The test was run for 70 hours. The 
results are presented in Figure 1-2. The square root of the Allan variance is plotted vs. observation time. The data 
points marked by plus signs apply to this test.

1.2.2.1 Allan variance results

The test results are consistent with the model. For observation times outside the tracking bandwidth of this 
PLL (less than 450 seconds), the Allan variance indicated a white FM noise resulting from the local quartz 
oscillator. As the observation time increases, the PLL is experiencing a disruption every 1800 seconds. The residual 
phase build-out error accumulates and produces a random walk in phase (white noise FM). The build-out error 
per disruption is calculated at 34 ns rms. A contributor to this error is the input primary rate jitter. The algorithm 
averages the input to improve the estimate of the phase error to build-out.

I.2.2.2 Systematic frequency offset

The stress test data shows a statistically insignificant frequency offset. The frequency offset over the
70 hour test was 6 x 10“ 13. Given the white FM noise, the rms error is 1.5 x 10~12. Given this uncertainty, there
is no indication of a bias in the data. In the worse case the bias should not be more than the uncertainty level of
1.5 x 1 0 - '2.

I.2.2.3 Significance o f  stress test results

To obtain a meaningful interpretation of the stress test results one must consider the disruption level. In 
this test the disruption level was 48 disruptions per day. This is five times greater than what can be expected on 
actual primary rate links. In this particular PLL the build-out error process should be independent from one event 
to the next based on a knowledge of the PLL design. This can be proven by testing at several disruption levels. 
The results indicated an rms error of 34 ns per disruption. Given 10 disruptions per day, the resulting daily rms 
error is 100 ns.

1.3 Allan variance confidence limits

Sample variances (like sample Allan variances) are distributed as chi-square. Based on J. Barnes work 
described in [1], the confidence interval for the Allan variance can be determined assuming a given noise process. 
In calculating the sample Allan variances a complete overlap of lag intervals was used. This is the most efficient 
use of data. However, it is incorrect to assume independence in overlapping samples when calculating confidence 
intervals. This is described in complete detail in [1]. For brevity, the methods for calculating the confidence 
interval described in reference [1] were employed.

The 90% confidence factors for white PM noise are bounded within 0.9 and 1.1 for all lag times up 
to 10,000 assuming an observation period of a day. For white FM noise over a day observation interval the 
confidence factors were as follows. For 1000 second lag interval the lower bound is 0.9, and the upper bound 
is 1.2. At 10 000 the confidence factors are 0.75 and 1.5.
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As an example of what these factors mean consider the white FM noise component in Figure 1-2 (plus sign
tagged data). For the 10 000 second lag, the square root of the sample variance is 8 x 10“ 12. The 90% confidence
interval for the true variance is bounded by the confidence factors multiplied by the sample variance. This leads to 
the square root of the Allan variance being bounded between 6.9 x 10“ 12 and 9.8 x 10~12 with a 90% confidence 
level.

Reference

[1] BARNES (J. A.): Data Analysis and Confidence Intervals, N B S Time and Frequency Seminar Notes,
chapter 6, August, 1986.

Supplement No. 36

JIT T E R  AND W A N D ER A C C U M U LA TIO N  IN  D IG ITA L  N ETW O R K S

(Referred to in Recommendation G.824)

The present Supplement describes a model which has been used to compute jitter/w ander accumulation in 
digital networks arising from cascaded digital regenerators and asynchronous digital multiplexes. This model does 
not include other sources of wander generation; e.g., environmental, disruptions in synchronization reference 
distribution, etc.

1 Jitter and wander accumulation — Digital regenerator component

The most widely used model of regenerator jitter/w ander accumulation, attributed to Chapm an [1], treats 
the regenerator as linear, shift-invariant system. In order to compute the accumulated jitter/w ander after , N 
cascaded regenerators, intrinsic regenerator jitter/w ander is categorized in terms of “random ” and “systematic” 
components. Chamzas model of regenerator jitter/w ander accumulation [2] addresses how stochastic variations in 
regenerator retiming circuits affect jitter/w ander accumulation. The results o f this study demonstrate that use of 
the appropriate mean jitter/w ander transfer characteristic in the identical regenerator accumulation model, 
summarized above, provides a very good estimate to jitter/w ander accumulation computed assuming a stochastic 
variation of retiming circuits.

Using Chapm an’s model for a chain of N identical regenerators, defining H\ (/co) as the jitter/w ander 
transfer characteristic for one regenerator, and redefining the random and systematic components as completely 
uncorrelated and correlated components, respectively,

— the power spectral density of the random jitter/w ander component is:

<D' (o>) -  O '  | H , ( M  P 1 ~  1 (1)
I -  I tf,Oco) I2

where O* is the constant, internally generated, random (pattern independent plus uncorrelated 
pattern dependent) jitter/w ander power spectral density for one regenerator.

— the power spectral density of the systematic jitter/w ander component is:

O '(o ) -  Of, I H.O'co) p 11 ~  ^ -r ).AT  (2)
I I -  f/iOco) I2

where is the constant, internally generated, systematic (correlated pattern dependent) jitter/w ander 
power spectral density for one regenerator. O* and can be estimated from practical measurements 
based upon the regenerator’s jitter/w ander response to short and long word lengths from a pattern 
generator, and correlation studies.

When there is no peaking in the regenerator jitter/w ander transfer characteristic, the systematic jitte r/ 
wander accumulates much more rapidly than the random  jitter/w ander [1], [4], [5]; as a result, random jitte r /
wander accumulation is often ignored. However, for a large number of regenerators with peaking in the
jitter/w ander transfer characteristic, the total jitter/w ander accumulation can be dominated by the random 
component.
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2 Jitter and wander accumulation — Asynchronous digital multiplex component

With Gaussian input jitter/w ander, having an rms amplitude of o , and double-sided power spectral density 
Gin (/)> the unfiltered multiplex intrinsic jitter/w ander is given by [6].

2
®ou'(f)  =  sine2f  rep <S>in( f )  +  £  7Z~ \ 2 [S( /  ~  w) +  5( / +  ” )]

ii= i (2'Jin)

+  £  W ^ 4 i [ rep Z " ( f ~  nP ) +  re p Z n ( f +  np)\ „=1 (2ti«) J

(3)

where rep X { f )  =  X  X ( f  — k)
k~x

Zn(f)  -  e  2itna 5 ( / ) +  I
*= i

2717112k
- f -  0 ,-„(/) * . . .  * d>,„(/)

J k  terms

p Multiplexer stuffing ratio

f  jitter/w ander frequency normalized by the multiplexer maximum suffising frequency

3 Method of combination

Assuming that the jitter/w ander accumulation from each component part can be modeled by filtered
Gaussian randam variables, the power spectrum and rms amplitude after each component p a r t1) is computed as
the accumulation due to the preceding parts according to the following rules [3]:

i) The jitter/w ander spectrum at the output o f a chain of regenerators is the power sum of the 
jitter/w ander generated by the regenerators (equations [1] and [2]) and any jitter/w ander at the input 
o f the chain, appropriately filtered by the equivalent jitter/w ander transfer characteristic. Thus, for 
input jitter/w ander, 0,„ (w), the output jitter/w ander, 0OU, (to), is given by

0 o„,(co) = O* | H x{j(a) |2 1 ~-J l2>> +
11 1 i _ |  Hi(jco) \2

(4)

+ 0f, i H,uco)\2 !,11 + i Ĥ r \ 2
| 1 -  i/i(yco) I2

ii) The jitter/w ander spectrum at the output of a demultiplexer is the power sum of the unfiltered 
intrinsic multiplex jitter/w ander and the accumulated higher rate input jitter/w ander, attenuated by 
the desynchronizer jitter/w ander transfer characteristic. Thus, if 0,nl (co) is the unfiltered intrinsic 
multiplex jitter/w ander and 0m2 (co) is the accumulated higher rate input jitter/w ander, the output 
jitter/w ander, 0O„, (co) is given by

<h0„,(co) = 4>w(<o) +  5 ^ }  | GO<o) |2 (5)

where r is the ratio of the multiplexer output frequency to tributary frequency, and G(/co) represents 
the desynchronizer jitter/w ander transfer characteristic.

’) The follow ing equations are valid fo r bo th  single- and  double-sided pow er spectra and  corresponding  transfer characteristics.
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The probability that the jitter/w ander exceeds a particular threshold amplitude | x  | n times in the time 
interval ( t, t +  A t) may be described by a Poisson density function [3].

4 Definition of peak-to-peak jitter/wander amplitude

R r j « ( ± x )  crossings in (t,t +  A t)| =   ̂ e N(x)A' (6)

where N ( x ) is the average number of tim es/second that the threshold | x\  is exceeded.

For Gaussian jitter/w ander, with double-sided power spectral density 0(co), N ( x )  is given by [7]

7V(3c) =  N0 e - x2n°2

w h ere a 2 =  —  f 0 (g) Wco 
2ti J "

|  co2d)(ot))dco

Nn =  —

(7)

2 7 ta 2

The probability that the jitter/w ander doesn’t exceed the threshold during the time interval (t, t + At) is

1 -  P0 = e- " & Al (8)

Solving for the threshold,

x  — 2a 2ln
A t

\ (  1 )

1 / 2

(9)

If  we assume that each time the threshold is crossed, an undesirable event (impairment) may result, the 
mean time between impairments, MTBI, may be taken as

M T B I =
1

N(x)
(10)

Thus, equation (9) may be expressed as

x  | =  j2a2ln(JVo M T B I ) 1 / 2 (11)

References

[1] BYRNE (C .J.), KARAFIN (B. J.) and ROBINSON (D. B.) Jr.: Systematic Jitter in a Chain of Digital 
Regenerators , Bell System Technical Journal, November, 1983.

[2] CHAMZAS (C.) Accumulation o f Jitter: A Stochastic Model, A T& T Technical Journal, Vol. 64, No. 1, 
January, 1985.

[3] BATES (R. J. S.): A model for Jitter Accumulation in Digital Networks, Globecom’ 83, pp. 145-149, 1983.

[4] TRISCHITTA (P. R.): Jitter-Accumulation in Fiber Optic Systems, Rutgers, The State University of New 
Jersey, May, 1986.

[5] VARMA (E. L.) and WU (J.): “Analysis of Jitter Accumulation in a Chain of PLL Timing Recovery 
Circuits”, Proceedings o f  the IE E E  Globecom, Vol. II, pp. 653-657, 1982.

[6] DUTTW EILER (D. L.): W aiting Time Jitter, Bell System Technical Journal, Vol. 51, No. 1,
pp. 165-208, 1972.

[7] BENDAT (J. S.): Principles and Applications of Random Noise Theory, Robert E. Krieger Publishing 
Company, Hungtington, New York, 1977.

Fascicle IIL5 -  Suppl. No. 36 287




	CONTENTS OF THE CCITT BOOKAPPLICABLE AFTER THE NINTH PLENARY ASSEMBLY (1988)
	CONTENTS OF FASCICLE III.5 OF THE BLUE BOOK
	SECTION 8: Digital networks
	8.0 General aspects of digital networks
	8.1 Design objectives for digital networks
	8.2 Quality and availability targets
	SECTION 9: Digital sections and digital line systems
	9.0 General
	9.1 Digital line sections at hierarchical bit rates based on a primary rate of 1544 kbit/s
	9.2 Digital sections at hierarchical bit rates based on a primary bit rate of 2048 kbit/s
	9.3 Digital line transmission systems on cable at non-hierarchical bit rates
	9.4 Digital line systems provided by FDM transmission bearers
	9.5 Digital line systems
	9.6 Digital section and digital transmission systems for ISDN customer access



