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REMARKS

1 The Questions entrusted to each Study G roup  for the Study Period 1981-1984 can  be found  in
C on tribu tion  No. 1 to  that Study G roup.

2 It is indicated  (im m ediately after the titles o f R ecom m endations or Supplem ents) w hether the texts are new
ones approved  by the Plenary Assembly o f  G eneva, 1980 or are texts am ended. Texts w ithout any such ind ication  
date from  at least as far back as the Plenary Assembly o f New D elhi, 1960, when Volum e III  was d ivided in to  
num bered R ecom m endations; certain  o f these texts m ay be even older.

3 Units

The follow ing abbreviations are used, particularly  in d iagram s and  tables, and  always have the follow ing
clearly defined m eanings:

dBm  the absolute (power) level in decibels;

dBmO the absolute (power) level in decibels referred to  a po in t o f  zero relative level;

dB r the relative (power) level in decibels;

dBmOp the absolute psophom etric pow er level in decibels referred to  a po in t o f zero relative level.

CCITT NOTE

In this Fascicle, the expression “A dm inistra tion” is used for shortness to  indicate bo th  a te lecom m unication  
A dm inistra tion  and a recognized private operating  agency.
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GRAPHICAL SYM BOLS M O ST COM M ONLY USED IN THIS VOLUME

Sym bols Description

Channel-modulating equipment (translation from audio to basic-group band, 
and vice versa)

\
Group-translating equipm ent (translation from basic group to basic supergroup 
and vice versa)

Supergroup-translating equipment (translation from basic supergroup to basic 
mastergroup and vice versa)

Mastergroup-translating equipment (translation from basic mastergroup to  
line frequencies and vice versa)

1 Carrier frequencya)

Carrier frequency, suppressed

i Pilot frequency

•t <2
Erect sideband

>1 <2
Inverted sideband

A

>1 <2
Single sideband, suppressed carrier (lower sideband only transmitted)

L _ 1
fi u

Two pilot waves o f which one or the other is transmitted

CCITT - 454 2 0
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GRAPHICAL SYM BOLS M O ST COM M ONLY USED IN TH IS VOLUM E

Sym bols

1

Description

Group pilot

Supergroup pilot

Mastergroup pilot

Supermastergroup pilot

Additional measuring frequency, general symbol

Additional measuring frequency, which is transmitted or measured on request*))

Group in which the channel sidebands are erect (group frequency increases with 
increasing audio frequency)

Group in which the channel sidebands are inverted (group frequency increases with 
decreasing audio frequency)

Supergroup in which the channel sidebands are erect (supergroup frequency increases 
with increasing audio frequency)

Supergroup in which the channel sidebands are inverted (supergroup frequency increases 
with decreasing audio frequency)

Mastergroup in which the channel sideband frequencies are erect (mastergroup frequency 
increases with increasing audio frequency)

Mastergroup in which the channel sideband frequencies are inverted (mastergroup 
frequency increases with decreasing audio frequency)

Supermastergroup in which the channel sidebands are erect (supermastergroup frequency  
increases with increasing audio frequency)

Supermastergroup in which the channel sidebands are inverted (supermastergroup frequency  
increases with decreasing audio frequency)

a) In th is and fo llo w in g , sy m b o ls  f ,  , f 2 , ind icate  freq u en cies.
b) In V olum e III th is  sy m b o l in d icates an ad d ition al m easuring freq u en cy  from  th e  preferred lis t;  fo r  all o th er  

add itional m easuring freq u en cies, th e  preced ing  general sy m b o l has been used .

CCITT - 4 5 4 2 5
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SEC T IO N  2

GENERAL CHARACTERISTICS C O M M O N TO ALL 
ANALOGUE CARRIER-TRANSM ISSION SYSTEM S

2.1 Definitions and general considerations

Recommendation G.211

MAKE-UP OF A CARRIER LINK

(am ended a t Geneva, 1964, a t M ar del Plata, 1968 and  Geneva, 1972)

In  the in te rnational te lephone netw ork, provision m ust be m ade for the in terconnection  o f  various sorts o f 
carrier-transm ission systems using sym m etric cable pairs, open-w ire lines, coaxial cable pairs o r rad io-relay  links. 
It is thus desirable for the carrier equipm ent used in these various systems, and  w hich is no t confined to a 
particu lar sort o f line, to meet general C C IT T  recom m endations.

Basically, these equipm ents com prise translating  equipm ents and  th rough-connection  filters.

1 Translating equipments

These equipm ents are classified below  according to  the procedure used to  m ake up  the large-capacity  
systems from  the basic supergroup.

Two procedures are in use:

Procedure 1: the m astergroup and  superm astergroup procedure;

Procedure 2: the 15-supergroup assem bly procedure; their use is described in the R ecom m endations 
concerning the various line systems.

For in te rnational links, procedure 2 can be used above 4 M Hz only by agreem ent betw een the A dm in istra­
tions concerned, including the agreem ent o f the A dm inistration(s) o f the transit country  o r countries, if  any.

In the R ecom m endations, the nam es o f the equipm ents defined above are also used for equipm ents which 
translate  a basic group, supergroup or m astergroup or a basic (N o. 1) 15-supergroup assem bly in to  the 
line-frequency band  and  vice versa.

The translating  equipm ents used in procedure 1 are:

— channel-translating  equipm ent, for translating  the audio-frequency band  in to  the basic g roup and  vice 
versa (see R ecom m endations G.232, G.234 [1] and  G.235);

— group-translating  equipm ent for translating  five basic groups B into the basic supergroup  and  vice 
versa;

— supergroup-transla ting  equipm ent for translating  five basic supergroups in to  the basic m astergroup 
and  vice versa;

— m astergroup-transla ting  equipm ent for translating  three basic m astergroups in to  the basic superm aster­
group and  vice versa;

— superm astergroup-translating  equipm ent for translating  the basic superm astergroup  into the line- 
frequency band  and  vice versa.

Note — Figure 1/G .211, a) and b) recapitulates the basic frequency bands used in procedure 1; the 
th rough-connection  possibilities described in R ecom m endation G.242 are provided for in these bands.

Fascicle III.2 — Rec. G.211 3
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c) Frequency bands occupied by basic 15-supergroup assemblies and by 15-supergrOup assembly No. 3

FIGURE 1/G.211
Frequency bands occupied by basic groups, supergroups, mastergroups and supermastergroups, by the basic 15-supergroup assembly 

and the 15-supergroup assembly No. 3, together with the associated pilots

The translating  equipm ents used in procedure 2 are:

— channel-translating  equipm ent and  group-translating  equipm ent, as defined for p rocedure 1;

— supergroup-transla ting  equipm ent for translating  15 basic supergroups in to  the basic assem bly No. 1 
o f 15 basic supergroups and  vice versa;

— 15-supergroup assem bly equipm ent for translating  basic assem bly No. 1 o f 15 supergroups in to  the 
frequency band  o f the 15-supergroup assem bly No. 3 and  vice versa;

— superm astergroup-translating  equipm ent for translating  15-supergroup assem bly No. 3 into the line- 
frequency band  and  vice versa.
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Note I -  W hen a basic 15-supergroup assem bly is translated  into the b an d  o f  15-supergroup
assem bly N o. 3, it lies w ithin the frequency lim its o f the basic superm astergroup.

Note 2 — Figure 1/G .211 , a) and  c) gives a recap itu lation  o f the basic frequency bands used in 
procedure 2 in  which the th rough-connection  facilities described in  R ecom m endation G.242 are provided.

Note 3 -  The frequency band  occupied by 15-supergroup assem bly No. 3 (8620 to  12 336 kH z) lies w ithin
the frequency band  occupied by the basic superm astergroup (8516 to 12 388 kHz). The equipm ents w hich are used
for translating  in to  the line-frequency band  and  vice versa m ay therefore be the same.

F or this reason, these equipm ents carry the sam e nam e o f “superm astergroup-transla ting  equ ipm en t” .

2 Through-connection filters

T hrough-group , supergroup, etc., filters and  direct thrO ugh-connection filters (see R ecom m endation  G.242).

The equipm ent listed under the preceding sentence and  § 1 above can be in terconnected  for setting up  long 
groups, supergroups, etc., over several carrier systems. An exam ple o f such a link is show n in Figure 2/G .211 
together w ith the expressions defined below tha t are recom m ended for describing the various parts  o f  a circuit on 
such a group  or supergroup, etc.

F igure 3/G .211 refers to  definitions 3.2 to  3.11 below.

T hose o f the follow ing definitions tha t concern “links” or “sections” apply, unless otherw ise stated, to  the 
com bination  o f bo th  d irections o f transm ission. A d istinction  between the tw o directions o f  transm ission  m ay, 
however, be necessary in the case o f un id irectional, m ultip le-designation  “ links” or “sections” set up  over 
m ultip le-destination  telecom m unication satellite systems.

D irect th ro u g h - 
co n n e c tio n

RDF G D F S D F

T hrou g h -su p erg ro u p
co n n e c tio n

SDF SDF

T hrough -g roup
co n n e c tio n

SDF GDF GDF

T h rough -g roup
c o n n e c tio n

GDF GDF SDF SDF GDF RDF

CTE =  c h a n n e l- tra n s la tin g  e q u ip m e n t ( tra n s la tio n  o f th e  au d io  b a n d  in to  th e  b as ic  g ro u p  an d  v ice  ve rsa )
GTE =  g ro u p - tra n s la tin g  e q u ip m e n t (tra n s la tio n  o f th e  b a s ic  g ro u p  in to  th e  b a s ic  s u p e rg ro u p  a n d  v ice v e rsa )
STE =  s u p e rg ro u p -tra n s la tin g  e q u ip m e n t (tra n s la tio n  o f th e  b a s ic  su p e rg ro u p  in to  th e  line f r e q u e n c y  o n  co a x ia l c a b le , a n d  v ice  v e rsa )
GME =  g ro u p -m o d u la tin g  e q u ip m e n t
DLF =  d ire c t line filter
T SF  =  th ro u g h -su p e rg ro u p  filter
TGF =  th ro u g h -g ro u p  filter
RDF =  re p e a te r  d is tr ib u tio n  fra m e
GDF =  g ro u p  d is tr ib u tio n  fra m e
SDF =  su p e rg ro u p  d is tr ib u tio n  fram e

Note — This diagram shows only one direction of transmission.

FIGURE 2/G.211
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3 Definitions

3.1 line link (using symmetric pairs, coaxial pairs, etc.)

F: liaison en ligne (a paires symetriques, a paires coaxiales, etc.)

S : enlace en linea (de pares simetricos, de pares coaxiales, etc.)

A transm ission path , however prov ided , together w ith all the associated equipm ent, such tha t the 
bandw id th  available, while no t having any specific lim its, is effectively the sam e throughou t the length o f the link.

W ithin the link  there are no d irect filtration  poin ts nor any through-connection  points for groups, 
supergroups, etc., and  the ends o f  the link are the po in ts at w hich the ban d  o f  line frequencies is changed in som e 
way or other.

3.2 group link

F: liaison en groupe primaire 

S :  enlace en grupo primario

The whole o f  the m eans o f transm ission using a frequency band  o f  specified w idth (48 kHz) connecting 
tw o term inal equipm ents, for exam ple channel translating  equipm ents, w ideband sending and  receiving equ ip ­
m ents (m odem s, etc.). The ends o f the link  are the po in ts on group d istribu tion  fram es (or their equivalent) to 
w hich the term inal equipm ents are connected.

It can include one or m ore group sections.

3.3 supergroup link

F: liaison en groupe secondaire 

S : enlace en grupo secundario

The whole o f  the m eans o f  transm ission using a frequency band  o f specified w idth (240 kHz) connecting 
tw o term inal equipm ents, for exam ple group translating  equipm ents, w ideband sending and  receiving equipm ents 
(m odem s, etc.). The ends o f the link are the points on  supergroup  d istribu tion  fram es (or their equivalent) to 
w hich the term inal equipm ents are connected.

It can include one or m ore supergroup sections.

3.4 mastergroup link

F: liaison en groupe tertiaire 

S : enlace en grupo terciario

The whole o f the m eans o f transm ission using a frequency band  o f specified w idth (1232 kHz) connecting 
two term inal equipm ents, for exam ple supergroup translating  equipm ents, w ideband sending and  receiving 
equipm ents (m odem s, etc.). The ends o f the link are the po in ts on m astergroup d istribution  fram es (or their 
equivalent) to  which the term inal equipm ents are connected.

It can include one or m ore m astergroup sections.

Note — As translating  procedure 2 described under § 1 above does no t enable m astergroups to be set up, 
the “m astergroup lin k ” concept applies only in procedure 1.

3.5 supermastergroup link

F: liaison en groupe quaternaire 

S : enlace en grupo cuaternario

The whole o f the m eans o f transm ission using a frequency band  o f specified w idth (3872 kHz) connecting 
tw o term inal equipm ents, for exam ple m astergroup translating  equipm ents, w ideband  sending and  receiving 
equipm ents (m odem s, etc.). The ends o f the link are the po in ts on superm astergroup d istribu tion  fram es (or their 
equivalent) to  which the term inal equipm ents are connected.
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ACE =  aud io :c o n n e c tin g  eq u ip m en t GME =  g roup-m odula ting  eq u ip m en t
CTE = ch an n e l-tran sla tin g  eq u ip m en t ( tran sla tion  of th e  aud io  band  in to  th e  basic  g roup  or vice TSF =  th ro u g h -su p erg ro u p  filter

versa) TGF =  th ro u gh -g roup  filter
GTE = g ro u p -transla ting  eq u ip m en t ( tran sla tion  of th e  basic  g roup  into th e  basic  su p erg ro u p  or vice RDF =  re p e a te r  d istribu tion  fram e

versa) GDF =  g roup  d istribu tion  fram e
STE = su p erg ro u p -tran s la tin g  eq u ip m en t ( transla tion  of th e  basic  su p erg ro u p  into th e  line freq u en c y SDF =  su p erg ro u p  d istribu tion  fram e

on coaxial cab le , or radio-relay sy s te m  or vice versa) RR =  radio-relay  s y s te m
CS =  co m m un ica tion  sate llite DTF =  d irec t tra n sfe r  filter

FIGURE 3/G.211 
Channel of a group set up on several line links in tandem



It can include one o r m ore superm astergroup sections.

Note  — As the frequency ban d  occupied by 15-supergroup assem bly No. 3 (8620 to 12 336 kH z) lies 
w ithin the frequency ban d  occupied by the basic superm astergroup (8516 to 12 388 kHz), the basic superm aster­
g roup  link  can transm it one superm astergroup or an  assem bly o f  15 supergroups.

3.6 15-supergroup assembly link

F: liaison en assemblage de 15 groupes secondaires 

S: enlace en agregado de 15 grupos secundarios

_ The whole o f  the m eans o f transm ission using a frequency band  o f specified w idth (3716 kHz) connecting 
tw o term inal equipm ents (supergroup m odem s perm itting  the setting-up o f a 15-supergroup assembly). The ends o f 
the link are the po in ts on  15-supergroup assem bly d istribu tion  fram es (or their equivalent) to which the term inal 
equipm ents are connected.

It can include one or m ore 15-supergroup assem bly sections.

N ote  — The no tion  o f 15-supergroup assem bly link relates to translating  procedure 2 m entioned in § 1 
above. It is the equivalent o f  the “superm astergroup lin k ” concept o f the translating  procedure 1 (900 telephone 
channels).

3.7 group section

F: section de groupe primaire 

S : seccion de grupo primario

The whole o f  the m eans o f transm ission using a frequency ban d  o f specified w idth (48 kHz) connecting 
tw o consecutive group d istribu tion  fram es (or equivalent points) via at least one line link.

3.8 supergroup section

F: section de groupe secondaire 

S : seccion de grupo secundario

The whole o f the m eans o f transm ission using a frequency band  o f specified w idth (240 kHz) connecting 
tw o consecutive supergroup d istribu tion  fram es (or equivalent points) via at least one line link.

3.9 mastergroup section

F: section de groupe tertiaire 

S :  seccion de grupo terciario

The whole o f the m eans o f transm ission using a frequency band  o f specified w idth (1232 kHz) connecting 
tw o consecutive m astergroup d istribu tion  fram es (or equivalent points) via at least one line link.

N ote — As translating  procedure 2 described in § 1 above does no t enable m astergroups to be set up, the 
“m astergroup section” concept applies only in procedure 1.

3.10 supermastergroup section

F: section de groupe quaternaire 

S : seccion de grupo cuaternario

The whole o f the m eans o f transm ission using a frequency band  o f specified w idth (3872 kHz) connecting 
tw o superm astergroup distribu tion  fram es (or equivalent points) via at least one line link.

N ote  — As the frequency band  occupied by 15-supergroup assem bly No. 3 (8620 to 12 336 kHz) lies 
w ithin the frequency band  occupied by the basic superm astergroup (8516 to 12 388 kH z), the superm astergroup 
section can transm it one superm astergroup or an assem bly o f 15 supergroups.
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3.11 15-supergroup assembly section

F: section d ’assemblage de 15 groupes secondaires 

S :  seccidn de agregado de 15 grupos secundarios

The w hole o f the m eans o f transm ission using a frequency band  o f  specified w idth (3716 kH z) connecting  
tw o consecutive 15-supergroup assem bly d istribu tion  fram es (or equivalent po ints) via a t least one line link.

Note 1 — Same note as for definition 3.6 above.

N ote  2 — In  a country  which uses procedure 1, a 15-supergroup assem bly can be th rough-connected  
w ithout difficulty a t the superm astergroup d istribu tion  fram e. In this case, the 15-supergroup assem bly is 
th rough-connected  to  position  3 (8620-12 336 kHz) instead o f  position  7 (312-4028 kH z) as required  by the 
defin ition  o f  the th rough-connection  po in t o f such an assem bly (see R ecom m endation  G.242, § 6). This th rough- 
connection po in t does no t therefore correspond  to  this defin ition  and  is n o t at the end o f  a  15-supergroup 
assem bly section.

3.12 through-group connection point

F: point de transfert de groupe primaire 

S : punto  de transferencia de grupo primario

W hen a group link is m ade up  o f several g roup sections, they are connected  in tandem  by m eans o f 
th rough-group  filters at points called th rough-group connection  points.

3.13 through-supergroup connection point

F: point de transfert de groupe secondaire 

S :  punto  de transferencia de grupo secundario

W hen a supergroup link is m ade up  o f several supergroup sections, they are connected  in tandem  by 
m eans o f  through-supergroup  filters at po in ts called through-supergroup  connection points.

3.14 through-mastergroup connection point

F: point de transfert de groupe tertiaire 

S :  punto de transferencia de grupo terciario

W hen a m astergroup link is m ade up  o f several m astergroup sections, they are connected  in tandem  by 
m eans o f th rough-m astergroup  filters at points called th rough-m astergroup  connection  points.

3.15 through-supermastergroup connection point

F: point de transfert de groupe quaternaire 

S :  punto  de transferencia de grupo cuaternario

W hen a superm astergroup link is m ade up o f several superm astergroup sections they are connected  in 
tandem  by m eans o f th rough-superm astergroup filters at points called through-superm astergroup  connection  
points.

3.16 through-15-supergroup assembly connection point

F: point de transfert d ’assemblage de 15 groupes

S :  punto de transferencia de agregado de 15 grupos secundarios

W hen a 15-supergroup assembly link is m ade up  o f several 15-supergroup assem bly sections, these sections 
are interconnected in tandem  by m eans o f  through-15-supergroup assem bly filters at po in ts called through-15- 
supergroup assembly connection points.
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As an alternative w hen the 15-supergroup assem bly equipm ent provides sufficient filtering (corresponding 
to  the defin ition  o f th rough-connection equipm ents — see R ecom m endation G.242, § 6) through-15-supergroup 
assem bly filters can be d ispensed with.

N ote  — W hen a 15-supergroup assem bly is connected by m eans o f  through-superm astergroup filters, the 
p o in t o f in terconnection is the th rough-superm astergroup connection  po in t and not a through-15-supergroup 
assem bly connection point.

3.17 regulated line section (symmetric pairs, coaxial pairs or radio-relay links, etc.)

F: section de regulation de ligne (a paires symetriques ou coaxiales ou sur fa isceau hertzien, etc.)

S :  seccion de regulacion de linea (de pares simetricos o coaxiales, o por radio-enlaces, etc.)

In  a carrier transm ission system, a line section on w hich the line-regulating p ilo t or pilots are transm itted  
from  end to  end w ithout passing through an  am plitude-changing device peculiar to  the pilot or pilots.

3.18 main repeater station

F: station principale de repeteurs 

S :  estacion principal de repetidores

A station , always the term inal o f a line link (see defin ition  3.1 above), where direct line filtering or 
d em odulation  or bo th  together m ay take place. As a consequence, in such a station there are equalizers and  it is 
possible to  find  poin ts which are o f un iform  relative level independen t o f frequency (“flat po in ts”).

Such a station, where all the supergroups, for exam ple, are dem odulated  and  brought into the basic 
supergroup  position , is called a “m ain term inal sta tion” and  is o f  necessity at the end o f a regulated-line section. 
A “m ain in term ediate sta tion” is a station w ithin a regulated-line section w here a direct through-connection  takes 
place.

Reference

[1] C C IT T  R ecom m endation 8-channel term inal equipments, O range Book, Vol. I l l - 1, Rec. G.234, ITU,
G eneva, 1977.

Recommendation G.212

HYPOTHETICAL REFERENCE CIRCUITS

GENERAL DEFINITIONS

1 hypothetical reference circuit

F: circuit j ic t i f  de reference 

S :  circuito ficticio de referenda

This is a hypothetical circuit o f defined length and  w ith a  specified num ber o f term inal and  in term ediate 
equipm ents, this num ber being sufficient bu t no t excessive. It form s a basis for the study o f  certain  characteristics 
o f  long-distance circuits (noise, for example).

2 hypothetical reference circuit for telephony

F: circuit f ic t i f  de reference pour la telephonie 

S :  circuito ficticio de referenda para la telefonia

This is a com plete te lephone circuit (between audio-frequency term inals) established on a hypothetical 
in te rnational te lephone carrier system and having a specified length and a specified num ber o f m odulations and 
dem odulations of the groups, supergroups and  m astergroups, these num bers being reasonably great bu t no t having 
the ir m axim um  possible values. The hypothetical reference circuit has to  reflect w hat is generally expected to be 
the practical application  o f the system.
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V arious hypothetical reference circuits for telephony have been defined  to allow  the coo rd ina tion  o f  the
different specifications concerning the constituent parts o f the m ultichannel carrie r te lephone systems, so tha t the

- com plete te lephone circuits set up  on these systems can m eet C C IT T  standards.

The C C IT T  has defined the follow ing hypothetical reference circuits fo r te lephony:

— on sym m etric pair cable (see R ecom m endation G.322),

— on coaxial pair cable for 4-M H z systems (see R ecom m endation G.338 [1]) and  for 12-M Hz system s 
(see R ecom m endation G.332),

— on open-w ire lines (see R ecom m endation G.311).

— on various types o f carrier systems for circuits o f 5000 km (see R ecom m endation  G.215).

The C C IR  also has defined the follow ing hypothetical reference circuits for telephony:

1) In line-of-sight radio-relay systems using frequency-division m ultiplex, w ith a capacity  o f  12 to  
60 telephone channels or o f m ore than  60 telephone channels (see R ecom m endation  G.431 o r C C IR  
R ecom m endations 391 [2] and 392 [3]);

2) On tropospheric^scatter radio-relay systems (see C C IR  R ecom m endation 396-1 [4]);

3) For satellite systems (see C C IR  R ecom m endation 352-3 [5]).

Each o f  these various hypothetical reference circuits has the sam e to ta l length and  they are all used in the 
sam e way. They are only a guide for p lann ing  carrier systems.

In  addition , because o f  the use o f three pairs o f channel m odulators an d  dem odulators, these hypothetical 
reference circuits for telephony can be used to  study no t only the case o f a circuit o f 2500 km , set up  on a carrier 
system or systems, bu t also tha t o f an in ternational connection  having the sam e to ta l length and  m ade up  o f  three 
circuits set up  on channels o f different carrier systems, and  interconnected  a t tw o in ternational transit exchanges.

3 homogeneous section

F: section homogene 

S :  seccidn homogenea

A section w ithout diversion or m odu la tion  o f  any one o f the m astergroups, supergroups, g roups o r 
channels established on the system which is being considered except for those m odulations or dem odulations 
defined a t the ends o f  the section.

All the hypothetical reference circuits defined above consist o f hom ogeneous sections o f  equal length  [6, 
9 o r 12 sections 2) as the case m ay be].

It is assum ed that at the end o f  each hom ogeneous section, the channels, groups, supergroups and  
m astergroups, as appropria te , are connected through at random .

4 psophometric power

F: puissance psophometrique 

S :  potencia sofometrica

W here square law addition  (pow er addition) o f noise can be assum ed, it has been found  convenien t fo r 
calculations and  design o f in ternational circuits to  use the idea o f psophom etric  pow er as defined below:

psophometric power = (Psophometric voltage)*

or

psophometric power = (Psophometric e.m.f.H
4 X 600

9 With the exception of the hypothetical reference circuits for satellite systems and for circuits of 5000 km.

2) The number is not specified for the tropospheric-scatter radio-relay systems.
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A convenient unit is the m icro-m icrow att or p icow att (pW ), and  this equation can then be given as 
follow s:

psophometric power = PM ptom etric^m X in mVH (pW).

References

[1] C C IT T  R ecom m endation 4-M H z valve-type system s on standardized 2 .6 /9 .5-m m  coaxial cable pairs, O range 
Book, Vol. I I I - l ,  Rec. G.338, ITU , G eneva, 1977.

[2] C C IR  R ecom m endation H ypothetical reference circuit fo r  radio-relay systems fo r  telephony using frequency-
division multiplex with a capacity o f  12 to 60 telephone channels, Vol. IX , Rec. 391, ITU , G eneva, 1978.

[3] C C IR  R ecom m endation Hypothetical reference circuit fo r  radio-relay systems fo r  telephony using frequency-
division multiplex with a capacity o f  more than 60 telephone channels, Vol. IX , Rec. 392, ITU , G eneva, 1978.

[4] C C IR  R ecom m endation Hypothetical reference circuit fo r  trans-horizon radio-relay system s fo r  telephony
using frequency-division multiplex, Vol. IX , Rec. 396-1, ITU , G eneva, 1978.

[5] C C IR  R ecom m endation Hypothetical reference circuits fo r  telephony and television in the fix e d  satellite
service, Vol. IV, Rec. 352-3, ITU , G eneva, 1978.

Recommendation G.213

INTERCONNECTION OF SYSTEMS IN A MAIN REPEATER STATION

(Geneva, 1964; am ended a t M ar del Plata, 1968 and  Geneva, 1972)

The C C IT T  finds it necessary to define separation  poin ts between various types o f equipm ent, both  in 
cable systems and in radio-relay  systems. These separation  po in ts are defined below and the C C IR  has adopted 
the  sam e defin itions when p reparing  its R ecom m endation 380-3 [1] (see also R ecom m endation G.423).

1 Definition of telephony input and output points for the line link 0

These are points (m arked T  and  T ' in F igure 1/G .213) located in principle in a m ain repeater station  1} 
w here the standard  conditions given below  are found at the ou tpu t and  in p u t o f a line link (com prising a  cable 
system or rad io  link). These standard  conditions perm it in terconnection  w ith other line links or with telephony 
equipm ent (including, where appropria te , d irect th rough-connection  filters as well as translating  equipm ent).

A t such a po in t, T, on the receiving side, the follow ing conditions apply :

1) All the telephony groups (groups, supergroups, m astergroups, etc.) are still assem bled in the positions 
in the frequency spectrum  which they occupy on the line.

2) All the line-regulating, m onitoring  or frequency-com parison pilots on the H.F. line are, or can be, 
suppressed (the recom m ended suppression a ttenuations are given in R ecom m endations G.242 
and  G.243), according to w hether the station  is at the end o f a regulated-line section or n o t 2).

See definitions of Recommendation G.211.

The interconnecting point between a radio-relay system and a long cable system is always the terminal of a regulated-line 
section (CCIR Recommendation 381-2 [2] and hence all these pilots are suppressed at that point. For the distinction 
between a “short” and a “long” cable system, see Recommendation G.423, § 1.2).
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3) The relative level o f all the te lephony channels is independent o f  frequency, i.e. any de-em phasis 
netw ork is included in the line equipm ent.

4) N o special suppression o f add itiona l m easuring frequencies is foreseen (C C IT T  R ecom m enda­
tion  G.423 for cable systems, C C IR  R ecom m endation 381-2 [2] for rad io-relay  systems).

A sim ilar po in t T ' is defined for the sending side, where the follow ing cond itions are m et:

a) All the telephony groups (groups, supergroups, m astergroups, etc.) are still assem bled in the positions 
in  the frequency spectrum  which they occupy on the line, except w here use is m ade o f  d irect
th rough-connection  filters p rovided as p art o f the line equipm ent.

b) [Follows from  the situation  at T  according to  condition  2) above.]

c) The relative level o f all the telephony channels is independent o f frequency, i.e. any pre-em phasis
netw ork is included in the line equipm ent.

d) The add itiona l m easuring frequencies are transm itted .

a , a :
B, B ’
C, C '
D, D '

R
R ’
Point P'

Between T  and T'

DA
PA

radio-relay system
line link by means of radio-relay system 
line link by means of cable system 
boundary of the high-frequency line 
equipment
radio-relay system output 
radio-relay system input 
provided for possible injection of 
regulating pilots
telephony terminating equipment and/or 
direct through-connection equipment 
de-emphasis network 
pre-emphasis network

(1) blocking of continuity pilots and, if necessary, of regulating pilots
(2) blocking, if necessary, of regulating pilots, and pilots that must 

not go beyond the Une link
(3) through-connection filter for regulating pilots, if necessary; 

through-connection filter for telephone groups can, if necessary, 
be inserted

(4) blocking of unspecified pilots or supervisory signals
(5) filter for blocking any unwanted frequency before injecting a 

pilot, ensuring with (2) the requisite protection against a pilot (or 
other) frequency coming from another regulated-line section (B 
or C, as the case may be)

FIGURE 1/G.213

General remarks

N ote 1 — Figure 1 /G .213 gives an  exam ple only.

Note 2 — I f  the station is w ithin a regulated line section, p rovision m ust be m ade for the line-regulating 
pilots to be passed through, either by m eans o f the telephony direct th rough-connection  filter itself o r by m eans o f 
a special p ilo t th rough-connection  Filter. To cater for this case, and  for the case where the station  form s a 
boundary  between two regulated line sections, a p ilo t inpu t to , and  ou tpu t from , the line link, separate from  the 
telephony inpu t and  ou tpu t points T and T ',  should be provided; these are points P a n d  P ' in F igure 1/G .213.
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Note 3 — (A pplicable to  all systems, irrespective o f the num ber o f channels):

W hen there is direct th rough-connection  o f p art o f the supergroups and m astergroups with the aid o f the 
d irect th rough-connection  filters fitted into the line equipm ent for this purpose, it is up  to each A dm inistration  to 
Fix the relative levels at the filter access points (which are d ifferent from  the access po in t T  and  T  m entioned 
above).

N ote 4 — The levels at points T  and  T ' have been chosen so as to perm it the insertion o f the various 
d irect through-connecting  and translating  equipm ents which m ay be necessary in the m ain station. The difference 
in  level between points R  and T  and  between points T ' and  R ' allows for the cabling interconnecting  these 
po in ts, which m ay be at some distance from  each other and , in  favourable circum stances, for a blocking Filter 
having only a small loss in the passband.

2 Definition of the points of international connection at baseband frequencies of a radio-relay system

The points o f in te rnational in terconnection  at baseband  frequencies, called R ' and R, form  the inpu t and 
o u tpu t o f a radio-relay system, conform ing to  C C IT T  R ecom m endation G.423 and  C C IR  R ecom m enda­
tion  380-3 [1].

At the ou tpu t o f the radio-relay system (point R), the follow ing conditions are found in the baseband:

1) All the telephony groups (groups, supergroups, m astergroups, etc.), and the pilots (line regulating, 
frequency com parison and  m onitoring pilots) included in the baseband are assem bled in the position 
in  which they are transm itted , as defined in the C C IT T  and  C C IR  R ecom m endations m entioned 
above.

2) All the continuity  and  sw itching pilots and  other signals transm itted  in a radio-relay system outside 
the telephony band , inherent to  the radio equipm ent, are suppressed in accordance with C C IR  
Recom m endation 381-2 [2].

3) Any radio-relay protection  sw itching shall be perform ed as part o f the radio-relay system. With 
diversity reception, the com bined ou tpu t o f the receivers used corresponds to  po in t R.

4) Any de-em phasis netw orks are part o f the radio  equipm ent, so tha t the relative levels o f the te lephone 
channels are independent o f frequency, w ithin the lim its o f the tolerances stated in N ote 7 o f C C IR  
Recom m endation 380-3 [1] ( ±  2 dB relative to the nom inal value).

A sim ilar po in t R ' is deFined for the baseband  input o f a radio-relay system, where sim ilar conditions are 
to  be met.

3 Relative levels recommended by the CCITT at the telephony output and input (Points T  and  T  in
Figure 1/G .213)

At the in terconnection  points T  and  T ' for telephony deFined in § 1 above, Table 1/G .213 shows the 
relative levels which are recom m ended for cable systems, each o f  which is defined by the m axim um  num ber o f 
telephone channels tha t it can provide. (Sim ilar levels are recom m ended by the C C IT T  and the C C IR  for radio 
systems o f corresponding capacity  — see R ecom m endation G.423 and C C IR  R ecom m endation 380-3 [1].)

The cable systems to which this R ecom m endation applies are m odern  systems with transisto r equipm ent 
and  to new versions o f o ther systems previously standardized by the CCITT.

The recom m ended levels at T  and  T ' m ake it possible to  insert all the translating  or direct through- 
connecting  equipm ent which m ay be necessary; this does no t deFine the relative levels in translating  and  direct 
th rough-connecting  equipm ent, which depend on other considerations.
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TABLE 1/G.213
Recommended relative levels for interconnection of various cable systems

Maximum number 
of telephone channels

Impedance
(ohms)

Relative power level per channel 
at a main station

Remarks
Receiving 
(Point T ) 

(dBr)

Sending 
(Point T )  

(dBr)

24, 36, 48 150 (bal.) —23 —36

60
120

150 (bal.) 
or 75 (unbal.) —23 —36

300 75 (unbal.) —23 —36

600, 960, 
1 200, 
1 260

75 (unbal.)
—23

or
—33

—36
or

—33
See Note

2 700 75 (unbal.) —33 —33
See also 

Recommendations 
G.333 and J.73 [3]

3 600 75 (unbal.) —33 —33
See also 

Recommendations 
G.334 and J.77 [4]

10 800 75 (unbal.) —33 —33 Provisionally

Note — For 600, 960, 1200 and 1260 channel systems Administrations have the choice between the alternative pairs of levels shown for points T 
and T' which apply in the following circumstances:
1) —23 dBr at point T,

—36 dBr at point T',
where conformity with well-established equipment using similar levels is necessary;

2) —33 dBr at each of the points T  and T',
in other cases, for example, to new stations wholly equipped with transistor equipment.

References

[1] C C IR  R ecom m endation Interconnection a t baseband frequencies o f  radio-relay system s fo r  telephony using 
frequency-division multiplex, Vol. IX , Rec. 380-3, ITU , G eneva, 1978.

[2] C C IR  R ecom m endation Conditions relating to line regulating and  other pilots and  to lim its fo r  the residues 
o f  signals outside the baseband in the interconnection o f  radio-relay and  line system s fo r  telephony, Vol. IX, 
Rec. 381-2, ITU , G eneva, 1978.

[3] C C IT T  R ecom m endation Use o f  a 12-M H z system  fo r  the sim ultaneous transmission o f  telephony and  
television, Vol. I l l ,  Fascicle III.4 , Rec. J.73.

[4] C C IT T  R ecom m endation Characteristics o f  the television signals transm itted over 18-M H z and 60-M H z  
systems, Vol. I l l ,  Fascicle III.4 , Rec. J.77.
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Recommendation G.214

LINE STABILITY OF CABLE SYSTEMS

(M ar del Plata, 1968)

Line regulation has a threefold  purpose:

1) to keep actual line relative levels w ithin such lim its tha t therm al o r in term odulation  noise never 
exceeds acceptable values;

2) to keep levels at the ends o f regulated-line sections w ithin such lim its th a t the group regulators are 
able to  function;

3) to ensure tha t regulation  is precise enough to  m ake it generally unnecessary to  provide an  autom atic  
group regulator a n d /o r  supergroup regulator for the group, supergroup, etc., links set up  on a single 
regulated-line section.

It appears th a t all three objectives will be secured if  levels at the end o f the longest regulated section 
envisaged are stabilized to ±  1 dB at any frequency in the b an d  transm itted.

The C C IT T  therefore unanim ously recommends tha t:

D esigners o f  line-regulating systems take account o f  the daily and  seasonal varia tions in tem perature to 
w hich the cables and  repeaters are likely to be subjected, the predictable ageing o f  com ponents, and  also the 
nom inal range o f  varia tion  o f  pow er supplies, assum ing th a t app rop ria te  p recautions are taken in the placing o f 
the cable, in the design o f buildings and  in regulation  o f  pow er supplies.

As a design objective fo r the residual effects o f sustained pow er and  tem perature variations, and  the 
pred ic tab le  ageing o f  com ponents, over the ranges expected in any period  between two successive m anual 
ad justm ents, the change in insertion  gain o f  a regulated-line section at any frequency in  the transm itted  band  
should  no t exceed 1 dB.

F or the purposes o f  this R ecom m endation, it is assum ed tha t a regulated-line section will no t be longer 
th an  a hom ogeneous section o f  the hypothetical reference circuit applicable to  the type o f system considered and  
th a t the in terval between two successive m anual adjustm ents will be no t less than  a fortnight.

The varia tions in gain o f  a regulated-line section in service is also affected by m ain tenance operations and 
adjustm ents. The design objective excludes these effects.

M oreover, the dynam ic stability  o f the regulating system should be such tha t any  sw inging o f  the gain is 
dam ped  and  at a suitable rate  as a result o f an ab rup t change in p ilo t level. If, for exam ple, the p ilo t level is 
suddenly  increased by 2 dB at the origin o f the regulated-line section, the p ilo t level m ust no t increase or dim inish 
by m ore than  2 dB at the end o f  the regulated-line section. The resulting fluctuations in  p ilo t level m ust fall o ff 
progressively.

N ote 1 — It may be desirable to  specify im m unity o f  the regulating system to interference from  
com ponents o f television signals when transm itted.

N ote 2 — The dynam ic stability o f  a regulating system is under study by the C C IT T  (Question 15/X V  [1]).

Reference

[1] C C IT T  -  Q uestion 15/XV, C on tribu tion  CO M  XV-No. 1, Study Period 1981-1984, G eneva, 1981. 
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Recommendation G.215

HYPOTHETICAL REFERENCE CIRCUIT OF 5000 km *>

(Geneva, 1980)

This hypothetical reference circuit is 5000 km long and  applies to  various types o f  carrier system s on 
coaxial cable and  radio-relay  systems. It has, for each direction  o f  transm ission, a to ta l of:

— one pa ir o f  channel m odulators which includes transla tion  from  the audio-frequency b an d  to  the basic 
group  and  vice versa;

— three pairs o f g roup m odulators, each pa ir including transla tion  from  the basic group  to  the basic 
supergroup  and  vice versa;

— six pairs o f  supergroup m odulators, each pair including transla tion  from  the basic supergroup  to  a 
higher o rder m odem  and vice versa;

— twelve pairs o f higher order m odulators, each p a ir  p roviding the necessary m odula tion  stages to  and  
from  the line frequency.

F igure 1/G .215 shows the principle o f the hypothetical reference circuit.

This hypothetical reference circuit consists o f 12 hom ogeneous sections o f  equal length (see R ecom m enda­
tion  G.212). Two hom ogeneous sections m ay be connected in  tandem  w ithout transla ting  equipm ent a t the 
junc tion  if  the transm ission system has suitable line regulating capability  and  does n o t in troduce undesirab le noise 
and  crosstalk in to  any telephone channel.

The design objective for circuit noise applicable to this hypothetical reference circuit is under study.

5 0 0 0  km

h i H H
CCITT - 4 1 9 7 0

Note — Each homogenous section has a length of approximately 420 km.

FIGURE 1/G.215 
Diagram of a hypothetical reference circuit of 5000 km

Reference

[1] C C IT T  Q uestion 7 /C M B D , C ontribu tion  CO M  C M B D -N o. 1, Study Period 1981-1984, G eneva, 1981.

Another longer hypothetical reference circuit is under study (see Question 7/CMBD [1]).
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2.2 General recommendations

Recommendation G.221

OVERALL RECOMMENDATIONS RELATING TO CARRIER-TRANSMISSION SYSTEMS 

(am ended a t Geneva, 1972 and 1980)

1 Characteristics of complete circuits

The characteristics o f com plete circuits, m easured between audio-frequency term inals, (overall loss in 
term inal service and  in transit service, frequency bands effectively transm itted  and  attenuation  d istortion , variation  
o f  overall loss with tim e, phase d istortion , stability, crosstalk, etc.) should meet the general conditons fo r 4-wire 
te lephone circuits indicated  in Section 1 o f  the Series G  R ecom m endations.

2 Linear crosstalk

2.1 Overall requirements

The requirem ents as regards crosstalk ratio  between circuits in the case o f telephony are the subjects o f 
R ecom m endation  G .134 [1] and  the R ecom m endation cited in [2]; for go-to-return crosstalk the R ecom m endation 
cited in [3] applies.

As carrier transm ission systems are also used for setting up sound-program m e circuits, the relevant 
requirem ents given in the Series J R ecom m endations should be taken into consideration. R ecom m endation J.18 [4] 
gives general guidance on how  the higher crosstalk ratios app rop ria te  to sound-program m e transm issions are 
achieved in  a telephone network.

In  any case the near-end crosstalk ratio  between the two directions o f transm ission at all frequencies used 
fo r the regulating  and  m easuring pilots on carrier systems should  be not less than  40 dB.

2.2 Intelligible crosstalk caused by intermodulation with a signal which is a multiple o f  4 kH z

Intelligible crosstalk m ay arise between circuits by way o f in term odulation  with a signal which is a 
m ultip le o f  4 kHz, e.g. a line-regulating pilot. A design objective is tha t the intelligible crosstalk ratio  in a single 
hom ogeneous section o f the app rop ria te  hypothetical reference circuit should be not less than  74 dB.

3 Noise transmitted between interconnected systems

A failure or m alfunction  in a chain o f repeaters m ay lead to large values o f noise in one or several signal 
bands being transm itted  by th a t chain. It is know n th a t such high noise levels are generally caused by the 
opera tion  o f  particu lar types o f autom atic line regulators. G iven that such high noise levels m ay be transm itted  to 
o ther chain links, and  may overload those to  which they are interconnected, it is desirable and  recom m ended tha t 
care should be taken in the fu ture in o rder to  avoid such troubles.

Possible m ethods o f dealing with this problem  are described in Supplem ent No. 4 [5].

In respect o f radio-relay links, it will be the concern o f C C IR  to enum erate suitable precautions.

4 Single tone interference

The R ecom m endation cited in [6] indicates a lim it for the single tone interference level in telephone 
circuits. D epending on the origin o f such interferences, w ide-band services and  non-telephony services (e.g. 
sound-program m e circuits, etc.) may also be affected. This should be considered when defining lim its for 
transm ission  systems.
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Recommendation G.222

NOISE OBJECTIVES FOR DESIGN OF CARRIER-TRANSMISSION SYSTEMS
OF 2500 km

(am ended a t Geneva, 1964, M ar del Plata, 1968, and Geneva, 1976 and  1980)

1 Design objectives in respect of noise produced by the line and the frequency division modulating equipment on
hypothetical reference circuits of 2500 km for telephony

In order to ensure tha t m ultichannel carrier systems on cable and  on rad io-relay  links shall com ply w ith a 
com m on standard  o f  perform ance in respect o f noise, the follow ing design objectives should  apply  to the noise at 
a zero relative level point in any telephone channel having the sam e com position  as the hypothetical reference 
circuit on such systems.

1.1 To ensure adequate perform ance in respect o f telephone speech signalling:

1.1.1 the m ean psophom etric pow er during any hour shall no t exceed 10 000 pWOp 0;

1.1.2 the m ean noise pow er over one m inute shall not exceed 10 000 pWOp for m ore than  20% o f any m onth ;

1.1.3 the m ean noise pow er over one m inute shall no t exceed 50 000 pWOp fo r m ore than  0.1% o f any m onth ;

1.1.4 the unw eighted noise pow er, m easured or calculated with an  in tegrating  tim e o f 5 ms shall no t exceed
1 000 000 pWO (106 pWO) for m ore than 0.01% (10~4) o f any m onth.

Note — The C C IT T  is contem plating  the deletion o f § 1.1.1 and  the add ition  o f a new clause after 
studying the im plications for the texts o f  o ther Recom m endations. For the sake o f clarity and  to avoid  any 
m isunderstanding the com plete text o f the proposed new four clauses is given below:

1.1.1 The m ean psophom etric noise pow er over one m inute shall no t exceed 10 000 pWOp for m ore than  
20% of any m onth.

1.1.2 The m ean psophom etric noise pow er over one m inute shall no t exceed 20 000 pWOp for m ore than  
3% of any m onth.

1.1.3 The m ean psophom etric noise pow er over one m inute shall no t exceed 50 000 pWOp for m ore than  
0.1% of any m onth.

This specification which does not give any statistical distribution in time is well suited to cable systems, but it presents 
difficulties when applied to radio-relay systems. For this reason, some Administrations have so far taken no account of this 
specification in the design of radio-relay systems. Its interpretation and practical application to radio-relay systems are 
accordingly under study.
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1.1.4 The unw eighted noise pow er, m easured or calculated with an integrating tim e o f 5 ms shall not
exceed 1 000 000 pWO (106 pWO) for m ore than  0.01% (10'4) o f any m onth.

§ 1.1.2 is n e w ..

§§ 1.1.1 to  1.1.3 above are intended to include the effects o f fading which can be expected in rad io  systems.
F or cable systems the m ean noise pow er over one m inute is expected to be the same for any m inute and
only § 1.1.1 is needed.

C onsidering the in tention  reported  above, all the relevant Study G roups o f C C IT T  and C C IR  (Study 
G roups IV, XV and  XVI o f C C ITT , Study G roups 4 and  9 o f C C IR ) are requested to study the consequences o f 
this replacem ent on the various R ecom m endations entrusted to  them and  to rem ove other inconsistencies in 
rela tion  with noise clauses during the next Study Period under the guidance o f Jo in t Study G roup  CM BD .

1.2 But if it is intended to use am plitude-m odulated  voice-frequency telegraph equipm ent for 50 bauds 
conform ing  to the Series R R ecom m endations and  to  obtain the quality show n in R ecom m endation F.10 [1], the 
m ean nonw eighted noise pow er over 5 ms m ust no t exceed 106 pWO during  m ore than 0.001% (10~5) o f  any 
m onth , no r m ore than  0.1% o f any hour.

If  frequency-m odulated voice-frequency telegraph equipm ent operating  at 50 bauds is used, it is to  be 
expected tha t the quality specified in § 1.1 above will be satisfactory as far as the telegraph transm ission is 
concerned.

The conditions under which the above design objectives should apply are given in § 2 below.

2 Conditions in which the design objectives for hypothetical reference circuits apply

2.1 The values m entioned in § 1 above are design objectives and  it is no t in tended tha t they should be quoted 
in specifications for equipm ent or used for acceptance tests. The noise on a hom ogeneous section o f an actual 
carrie r system is dealt with in R ecom m endation G.226.

The follow ing R ecom m endations specify the conditions in which these general objectives apply to different 
types o f system, account being taken o f the special characteristics o f each system:

— sym m etric pair cable systems (R ecom m endation G.322);

— sym m etric pair cable “ 12 +  12” systems (R ecom m endation G.326);

— 4-M Hz systems (R ecom m endation G.338 [2]), 12-M Hz systems (R ecom m endation G.332) and  60 M Hz 
systems (R ecom m endation G.333) on 2.6/9.5-m m  coaxial pairs;

— systems on 1.2/4.4-mm coaxial pairs (R ecom m endations G.341, G.343,, G.344 and G.345);

— radio-relay links using frequency-division m ultiplex (R ecom m endation 393-3 [3] o f the CC IR ).

In particu lar, R ecom m endation G.442 lays dow n objectives for the use o f am plitude-m odulation  voice- 
frequency telegraphy used in line-of-sight radio-relay  systems.

T ropospheric-scatter radio-relay systems should meet the objectives o f this R ecom m endation, o r other 
objectives, according to the circum stances o f operation  (see C C IR  R ecom m endation 397-3 [4]).

O ther objectives are recom m ended for systems providing 12 carrier circuits on an open-w ire pa ir (see 
R ecom m endation G.311).

2.2 D esigners are expected to fit their d istribution  curves to fall below  both points given in § 1.1.2 and
§ 1.1.3 above.

2.3 In connection with § 1.1.3 above, the C C IT T  w ould have preferred to indicate a Figure o f 100 000 pWOp
(average psophom etric  pow er over one m inute at a zero relative level po in t), no t to  be exceeded during m ore 
than  0.01% o f any m onth. On account o f difficulties in m easurem ent, a figure o f 50 000 pWOp for 0.1% o f any 
m onth  has been shown.

2.4 W ithin each hom ogeneous section o f a hypothetical reference circuit, the te lephone channels will occupy
the sam e position in relation to each other. W ithin these sections, certain in term odulatjon  products (those o f odd 
order) tend  to  add on the basis o f linear addition  o f voltages, but between sections it m ay be considered tha t in 
respect o f noise a pow er-additive law applies exclusively.
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In a part o f  a hypothetical reference circuit consisting o f  one o r m ore equal hom ogeneous sections, the 
m ean noise pow er in any hour 2) and  the one-m inute m ean noise pow er no t exceeded during 20% o f any m onth  
shall be considered to  be p ropo rtional to the num ber o f hom ogeneous sections involved.

2.5 In parts o f a hypothetical reference circuit consisting o f one o r m ore equal hom ogeneous sections, the 
sm all percentage o f any m onth  in which the one-m inute m ean pow er m ay exceed the design objective for 0.1% o f 
the tim e or less shall be regarded as p ropo rtional to the num ber o f hom ogeneous sections involved. This p rincip le  
also applies to  the objective m entioned in § 1.1.4 above.

2.6 A lthough in principle it is to  be understood  that the general noise objectives are all-em bracing, in practice
it is recognized tha t there will be abnorm alities from  tim e to  time which will result in add itiona l noise sources 
becom ing evident. O ften, such ex tra contribu tions can be accom m odated w ith in  the m argin available w ithin the 
system design. In o ther cases, no concern need be felt provided tha t such add itiona l contribu tions are sm all
com pared  to the general objective, for exam ple, less than  10% o f the pow er o r p robab ility  o f  occurrence
respectively.

In any case, all necessary precautions should be taken during the insta lla tion  and  pu tting  into service o f 
the systems so that noises o f external origin are reduced to  a negligible value of, at the m ost, 10% o f the lim its 
fixed as objectives.

2.7 R ecom m endation G.223 gives the o ther hypotheses which are recom m ended for the calculation  o f  the noise
on the hypothetical reference circuits for telephony.

3 Circuits more than 2500 kilometres long

3.1 The C C IT T  recognizes tha t in o rder to m eet national and  in te rnationa l noise perform ance objectives som e
large countries have found it necessary to in troduce terrestrial FD M  carrier transm ission  systems tha t are based on 
the hypothetical reference circuit described in R ecom m endation G.215 3). The noise perform ance objective fo r 
these systems corresponds approxim ately  to  5000 pWOp on the 2500 km hypothetical reference circuit instead  o f 
the 10 000 pWOp m entioned in §§ 1.1.1 and  1.1.2 above. These values include the noise contribu ted  by m ultip lex  
equipm ent.

3.2 The basic hypothetical reference circuit for satellite systems is defined, and the app rop ria te  prov isional
noise objectives are recom m ended, in C C IR  R ecom m endations 352-3 [5] and  353-3 [6].

4 Design objectives for noise produced by modulating equipments and additional equipments

The general objectives m entioned in § 1 above include the noise p roduced  by m odulating  and add itiona l 
equipm ents. The m ean psophom etric pow er, which corresponds to  the noise produced  by all m odu la ting  
equipm ent m entioned in the definition o f the hypothetical reference circuit in question and  by all add itiona l
equipm ent, should not exceed 2500 picow atts at a zero relative level po in t. This value o f psophom etric  pow er
refers to the whole o f the noise due to  various sources (therm al noise, in term odulation , crosstalk, pow er
supplies, etc.). Its allocation am ong the various equipm ents can to a certain  extent be left to  the discretion  o f
design engineers. However, to ensure a m easure o f agreem ent in the a llocation  chosen by d ifferent A dm in is tra­
tions, the m axim um  values given in Table 1/G .222  are recom m ended for the m odulating  equipm ents.

The allocation o f a large p art o f  the noise to channel-m odulating  equipm ent is justified  because these 
equipm ents are the m ost num erous in a netw ork and therefore are constructed  as econom ically as possible.

F or the through-filters a noise objective o f a m axim um  of 10 pW O p is recom m ended. This value refers to  
the nom inal band o f the through-connected  groups; the noise outside tha t b an d  m ust be considerably  lower, to 
avoid a significant contribu tion  o f noise to  channels situated in adjacent frequency bands.

2) Where the mean noise power in any hour varies, as on radio-relay systems, the subdivision of this noise objective between 
sections on the basis of length is inappropriate because the worst hours of all the various sections will be uncorrelated. 
More suitable bases for subdivision are under study.

3) Another longer hypothetical reference circuit is under study (see Question 7/C M B D  [7]).
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F or other units o f additional equipm ent (regulating equipm ent, equalizers, standby switching equipm ent, 
etc.) a value o f about 15 pWOp is indicated  as a guideline to the designer.

The above statem ent does no t apply  to line standby sw itching equipm ent whose noise has to  be considered 
together w ith tha t o f the line.

The load assum ption o f through-filters and  additional equipm ents should be in line with R ecom m enda­
tio n  G.223, G.228 and  G.230. A ccount should  be taken of the possible presence of additional signals outside the 
nom inal frequency band  arising from  ad jacent channels.

TABLE 1/G.222

Equipment

Maximum value, 
contributed 
by the send 

and receive side 
together

Assumptions about loading

Channel modulators 200 p\V0pa) Adjacent channels loaded with: 

Other channels loaded with:

— 15 dBmO 

—6.4 dBmO

(Signal corresponding 
> to Recommen- 
| dation G.227)

Group modulators 80 pWOp Load in group to be measured: 
Load in other groups:

+ 3.3 dBmO 
—3.1 dBmO (each)

Supergroup modulators 60 pWOp Load in supergroup to be 
measured:
Load in other supergroups:

+ 6.1 dBmO 
+ 2.3 dBmO (each)

Mastergroup modulators 60 pWOp Load in each mastergroup: + 9.8 dBmO

Supermastergroup b) 
modulators

60 pWOp Load in each supermastergroup: + 14.5 dBmO

Basic 15-supergroup 
assembly modulatorsc)

60 pWOp Load in each 15-supergroup: 
assembly: + 14.5 dBmO

a) No account is taken of the values attributed to pilot frequencies and carrier leaks.
b) Valid also for 15-supergroup assembly modulators of the 60-MHz system (Recommendation G.333) to modulate from position No. 3 into the 

line frequency position and vice versa.
c) In the case of the 60-MHz system (Recommendation G.333) valid for the first modulating stage to bring the basic 15-supergroup assembly into 

the frequency band of the basic supermastergroup and vice versa.
Note — In Recommendation G.230 methods for measuring the noise produced by modulating equipments are described.
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Recommendation G.223

ASSU M PT IO N S FOR THE CALCULATION OF NO ISE O N HYPOTHETICAL  
REFERENCE CIRCUITS FOR TELEPHONY

(Rem ark o f  Recom mendation G.222, Volume I I I  o f  the R ed Book, 
am ended at Geneva, 1964, M ar del Plata, 1968 and Geneva, 1972, 1976 and 1980)

1 Nominal mean power during the busy hour

To sim plify calculations when designing carrier systems on 
conventional value to represent the mean absolute power level (at 
signalling currents, etc., transm itted  over a telephone channel in 
hour.

The value adopted  for this m ean absolute pow er level corrected to  a zero relative level po in t is —15 dBmO 
(m ean pow er =  31.6 m icrow atts); this is the m ean with tim e and  the m ean for a large batch  o f circuits.

N ote I — This conventional value was adopted  by the C C IF  in 1956 after a series o f  m easurem ents and 
calculations had been carried out by various A dm inistrations between 1953 and  1955. The docum entation  
assem bled a t the tim e is indicated  in [1]. The adopted  value o f  abou t 32 m icrow atts was based on the fo llow ing 
assum ptions:

i) m ean pow er o f 10 m icrow atts for all signalling and  tones (R ecom m endation  Q.15 [2], gives in fo rm a­
tio n  concerning the apportionm ent on an  energy basis o f signals and  tones);

ii) m ean pow er o f  22 m icrow atts for o ther currents, nam ely:

— speech currents, including echoes, assum ing a m ean activity factor o f 0.25 fo r one te lephone
channel in one direction  o f transm ission;

— carrier leaks (see R ecom m endations G.232, § 5; G.233, § 11; G.235, § 5); and  the R ecom m enda­
tions cited in [3] and [4];

— telegraph signals, assum ing tha t few telephone channels are used for VF telegraphy systems 
(outpu t signal pow er 135 m icrow atts (the R ecom m endation  cited in [5])) or photo te legraphy
(am plitude m odulated  signal w ith a m axim um  signal pow er o f  abou t 1 m illiw att (the R ecom m en­
dation  cited in [6])).

On the o ther hand , the pow er o f pilots in the load o f m odern  carrier systems has been treated  as negligible.

The reference to “the busy h o u r” in § 1 is to  indicate tha t the lim it (o f —15 dBmO) applies w hen transm ission
systems and  telephone exchanges are at their busiest so that the various factors concerning occupancy and  activity
o f the various services and signals are to be those app rop ria te  to such busy conditions.

It is not in tended  to suggest th a t an in tegrating period o f one hour m ay be used in the specification o f the signals 
em itted by individual devices connected to transm ission systems. This could lead to  insupportab ly  high short-term  
pow er levels being perm itted which give rise to interference for du rations o f significance to  te lephony and  other 
services.

N ote 2 — The question o f reconsidering the assum ptions leading to  this conventional value arose in 1968 
for the follow ing reasons:

— changes in the r.m.s. pow er o f speech signals, due to the use o f m ore m odern  te lephone sets, to  a
different transm ission plan , and perhaps also to som e change in subscriber habits;

— change in the m ean activity factor o f a telephone channel due, inter alia, to  d ifferent opera ting
m ethods;

— increase in the num ber o f VF telegraphy bearer circuits and  sound-program m e circuits;

— in troduction  o f circuits used for data transm ission, and rap id  increase in their num ber.

D uring several Study Periods these points have been under study and  various A dm inistra tions carried  out 
m easurem ents o f  speech signal pow er and loading o f carrier systems. The results are show n in Supplem ent N o. 5. 
These results indicate that at this po in t in tim e there is no sufficiently firm  in fo rm ation  to  justify  an a ltera tion  to 
the conventional m ean value o f —15 dBmO (32 jiWO) for the long-term  m ean pow er level per channel.

cables o r rad io  links, the C C IT T  has adop ted  a 
a zero relative level point) o f the speech plus 
one d irection  o f transm ission during  the busy

Fascicle III.2 -  Rec. G.223 23



Indeed, the steps envisaged by A dm inistrations to control and  reduce the levels o f non-speech signals indicate a 
tendency to  lim it the effect o f the increase in  the non-speech services.

The econom ic aspects o f changing (in particu lar, increasing) the conventional m ean value o f the load per channel 
w ould  need to  be thoroughly  investigated before a change could be recom m ended.

N evertheless there are sufficient indications tha t the study o f  all relevant factors m ust continue. A ccordingly, the 
Q uestion has been retained in revised form  (Q uestions 1 and  5 /C M B D ) for the Study Period 1981-1984 [7 and  8].

As regards the subdivision o f the 32 jxW into  10 pW signalling and tones and 22 pW  speech and  echo, carrier 
leaks, and  telegraphy, again there is no evidence which w ould justify  proposals to  alter this subdivision.

As a general principle, it should always be the objective o f A dm inistrations to  ensure tha t the actual load carried 
by transm ission systems does no t significantly d iffer from  the conventional value assum ed in the design o f such 
systems.

N ote 3 — Pending the results o f the study m entioned a t the end o f N ote 2 above, the C C IT T  has agreed 
to  the follow ing rules concerning the m axim um  perm issible num ber o f VF telegraph bearer circuits:

1) For a 12-channel system, bo th  the load capacity and  the in term odulation  requirem ents are determ ined
by the statistics o f speech; hence there is no reason to lim it the num ber o f channels in a 12-channel
system which m ay be used as VF telegraphy bearer channels.

2) F or a 60-channel system, the load capacity is determ ined by the statistics o f speech but the 
in term odulation  requirem ents fo r a m ixed VF telegraph and speech loading becom e contro lling  when 
the VF telegraph bearers exceed about 30% of the total. H ence it is possible, w ithout change o f 
specifications, to  allow  up  to  20 channels in this system to be used for VF telegraphy.

3) F or a 120-channel system, about 12% o f the to tal could  be allow ed for VF telegraph bearers.

The num ber o f reserve circuits for VF telegraphy is excluded from  these limits for both  60- and 
120-channel systems. The num ber o f  channels fo r these systems should be distributed  m ore or less 
uniform ly th roughout the line-frequency band.

4) F or system s with 300 or more channels, the C C IT T  is n o t yet able to define any specific lim it, ow ing to
the m any com plicated factors such as m ean pow er, peak  pow er, overload capacity, in term odulation ,
noise-perform ance and  pre-em phasis, which have to  be taken into consideration.

5) F or groups and supergroups no  conclusion could be obtained. F rom  inform ation available, it w ould be 
unw ise, w ithout special consideration , to exceed tw o VF telegraph systems per supergroup in a 
w ideband system.

6) F or transmission system s not exceeding 1000 km  the perm issible num ber o f telegraph systems m ay be 
increased if the pow er per telegraph channel is reduced according to  Table 1/G .223.

A sim ilar table in respect o f transm ission systems longer than  1000 km canno t be draw n up  at this 
tim e. There is evidence to  suggest th a t for systems considerably longer than  1000 km a reduction in 
te legraph signal pow er gives rise to unacceptable levels o f telegraph distortion  and  character error 
rates.

TABLE 1/G.223

Total number of 
circuits provided by 

the transmission 
system (N)

Approximate number of circuits that may be used for 
24-channel FM voice frequency telegraph systems with 

the indicated power level/TG channel (dBmO)

—22.5 —25.5 —27.0 —28.5

12 12 12 12 12
60 20 60 60 60

120 14 42 84 120
300 or more N/30 N/10 N/5 N
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2 Loading for calculation of intermodulation noise

2.1 It will be assum ed for the calculation  o f in term odulation  noise below  the overload po in t th a t the m ultiplex 
signal during the busy hour can be represented by a un iform  spectrum  random  noise signal, the m ean absolute
pow er level o f  which, at a zero relative flat level point, is given by the follow ing form ulae:

10 log j0 P  {n) = ( - 1 5  + 10 log10 n) dBmO for n ^ 2 4 0  
and _

10 log10P  (n) = ( -  1 +  4 log10n) dBmO for 12 =sS n <  240,

n being the to ta l num ber o f telephone channels in the system and  P  (n) the pow er o f the random  noise signal in
m illiwatts.

Exam ples are show n in Table 2/G .223 o f the results given by these form ulae for som e typical values o f n.

TABLE 2/G.223

n 10 log 10 P (n) 
(dBmO) n 10 log 10 P  (n) 

(dBmO)

12 3.3 240 8.8
24 4.5 300 9.8
36 5.2 600 12.8
48 5.7 960 14.8
60 6.1 1 800 17.6

120 7.3 2 700 19.3
10 800 25.3

These results apply only to systems w ithout pre-em phasis and  using independen t am plifiers for the two 
directions o f transm ission.

2.2 For 2-wire systems having com m on am plifiers for the two directions o f transm ission (n + n system s), it is 
necessary to  assum e a different conventional loading. W hen the relative levels are the sam e for bo th  d irections o f 
transm ission the conventional load is given by the follow ing form ulae:

10 log,0 P  (n) -  ( - 1 5  + 10 log10 2n) dBmO for n ^  120
and

10 logi0 P  («) = ( -  1 + 4 log,0 2n) dBmO for 12 ^  n <  120,

where

P (n) is defined in § 2.1 above and  n is the num ber o f channels in each d irection  o f transm ission.

2.3 W hen use is m ade o f a call concen tra to r having the effect o f m ultip ly ing the num ber o f circuits established 
on a system by a coefficient a , for the determ ination  o f the conventional load, the num ber o f channels should  be 
m ultiplied by a and  the activity coefficient should rem ain unchanged (see also N ote  5 below). The follow ing 
form ulae then replace those given in § 2.2 above:

10 log10 P  (n) = ( - 1 5  -(- 10 log10 an) dBmO for an ^  240
and _

10 log 10 P  (n) = ( -  1 + 4 log10 an) dBmO for 12 ^  an <  240,

n being the total num ber o f telephone channels in the system and  P (n) the pow er o f the random  noise signal in 
m illiwatts.

Note 1 — The m ean absolute pow er level o f a uniform -spectrum  random  noise test signal deduced from  
these form ulae may be used in calculating the in te rm odulation  noise on a hypothetical reference circuit, when 
there is no overloading. It is considered tha t these form ulae give a good approx im ation  in calculating
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in term odulation  noise when n > 60. F or small num bers o f channels, however, tests with uniform -spectrum  
random  noise are less realistic ow ing to the wide difference in the nature o f actual and  test signals.

Note 2 — In view o f the conventional character o f these calculations, it was not considered useful to  take 
in to  account the pow er transm itted  for program m e transm issions over carrier systems. M oreover, the m ean value 
o f  0.25 was assum ed for the activity factor o f a telephone channel and  it was not deem ed useful to study any 
deviations from  this m ean.

Note 3 -  C are m ust be taken in interpreting  the results o f tests with uniform -spectrum  random  noise 
loading, especially in systems in which the dom inan t noise contribu tion  in certain channels arises from  a 
particu lar k ind  o f in term odulation  p roduct (e.g. A —B). In  such cases, the weighting factor used in relating  the 
perform ance o f the channel to  that under real traffic conditions m ust be carefully determ ined. The curve given by 
the  transfer function o f the netw ork used to  define the conventional te lephone signal (see R ecom m endation G.227) 
m ay be used in this case to determ ine the weighting factor for the w ideband signal.

N ote 4 — The form ulae in § 2.2 above for (n  +  n ) type 12-channel systems are the sam e as those given in 
§ 2.1 above (4-wire systems), assum ing th a t the num ber o f channels is doubled but that there is no correlation  
between the channel activities in each direction o f transm ission. F or the purposes o f this assum ption, the fact that 
in an ( n +  n ) system the two directions o f transm ission o f a telephone circuit are not active at the same m om ent 
is ignored. C alculations have show n tha t the resultant error is negligible and  in any case is on the safe side.

N ote 5 — The form ulae in § 2.3 above are only valid in the case when all channels are equipped with call 
concentrators. They are not applicab le when only some o f the channels are equipped with call concentrators, 
because the d istribution  o f these channels generally will not be uniform  over the band  o f the m ultiplex signal.

3 Component characteristics and levels

The values o f the characteristics o f  circuit com ponents and  the levels to  be used in calculations will be the 
nom inal values.

N ote  — W hen specifying equipm ents, a reasonable m argin should be allowed for the ageing o f com po­
nents and  for to lerances on levels, supply voltages, tem perature, etc.

4 Psophometric weights and weighting factor

For calculating psophom etric pow er, use should be m ade o f the Table o f  psophometer weighting fo r  
commercial telephone circuits which is given in Table 4/G .223.

If  uniform -spectrum  random  noise is m easured in a 3.1-kHz band  with a flat a ttenuation /frequency  
characteristic, the noise level m ust be reduced by 2.5 dB to obtain  the psophom etric  power level. For another 
bandw idth , B, the weighting factor will be equal to:

(See also R ecom m endation G.230.)

5.1 For group, supergroup, etc., m odulating equipments, in calculating intermodulation noise (below  the 
overload po in t), the follow ing conventional values, already accepted, will be assum ed for the load at a zero 
relative level point:

dB

W hen B  =  4 kH z, for exam ple, this form ula gives a weighting factor o f 3.6 dB.

5 Calculating noise in modulating (translating) equipments

for 12-channel group m odulators:
for 60-channel supergroup m odulators:
for 300-channel m astergroup m odulators:

3.3 dBmO; 
6.1 dBmO; 
9.8 dBmO.

26 Fascicle III.2 — Rec. G.223



5.2 The m ean noise pow er in channel translating  equipm ents due to interference from  channels ad jacen t to the 
disturbed channel will be calculated as follows. In all the term inal equipm ent o f  the hypothetical reference circuit 
there are six exposures to adjacent-channel d isturbance. Five o f these d istu rb ing  channels will be assum ed to  carry 
speech-like loading signals each having a m ean pow er o f 32 pW , i.e. an absolute pow er level o f —15 dBmO per 
channel at a zero relative level point, while the sixth d isturbing channel will be assum ed to  carry  telegraphy, 
phototelegraphy or d a ta  transm ission with a conventional loading o f  135 pW  app lied  at the zero relative level 
point, i.e. an absolute pow er o f —8.7 dBmO uniform ly d istributed over the frequency range 380 to  3220 Hz.

The conventional telephony signal defined in R ecom m endation G.227 m ay be used to sim ulate the speech 
signals transm itted  on the disturbing channels.

Note — L im itation o f crosstalk caused by channels adjacent to the d isturbed  channel is governed by an 
additional clause in the channel equipm ent specification (see R ecom m endation G.232, § 9.2). In add ition , the 
pow er o f signalling pulses is restricted by R ecom m endation G.224.

5.3 In all cases allow ance should, o f course, be m ade for therm al noise.

6 Overload point of amplifiers, the equivalent r.m.s. power of the peak of the multiplex signal and the margin
against saturation

6.1 overload point

The overload po in t o r overload level o f an am plifier is at tha t value o f absolute pow er level at the ou tpu t 
at which the absolute pow er level o f the th ird  harm onic increases by 20 dB when the inpu t signal to the am plifier 
is increased by 1 dB.

This first defin ition  does not apply when the test frequency is so high th a t the th ird  harm onic  frequency 
falls outside the useful bandw idth  o f the am plifier. The follow ing defin ition  m ay then be used:

Second definition  — The overload poin t or overload level o f an am plifier is 6 dB higher than  the absolute 
pow er level in dBm , at the ou tpu t o f the am plifier, o f each o f two sinusoidal signals o f equal am plitude 
and  o f frequencies A and  B respectively, when these absolute pow er levels are so adjusted  th a t an increase 
of 1 dB in bo th  o f their separate levels at the input o f the am plifier causes an  increase, at the o u tpu t o f the 
am plifier, o f 20 dB in the in term odulation  product o f frequency 2 A —B.

Revision o f these definitions are under study (see Q uestion 3 /C M B D  [9]).

6.2 equivalent r.m.s. sine wave power of the peak of a multiplex telephone signal

This is the pow er o f a sinusoidal signal whose am plitude is that o f  the peak voltage o f  the m ultiplex
signal. F igure 1 /G .223 shows the equivalent peak pow er level in term s o f the num ber o f channels. U p to 
1000 channels, it is derived from  Curve B, F igure 7 o f Reference [10] tak ing  in to  account the conventional value 
( —15 dBmO) allow ed by the C C IT T  for the m ean pow er per channel instead  o f —16 dBmO, i.e. an increase o f 
1 dB. N um erical values are given in Table 3/G .223.

TABLE 3/G.223

Number of channels, n 12 24 36 48 60 120 300 600 960

Equivalent peak power level (dBmO) 19 19.5 20 20.5 20.8 21.2 23 25 27

For systems having a capacity higher than  1000 channels, the equivalent peak pow er level may 
provisionally  be derived from  the following form ula:

10 logi0 Peq = [ - 5  + 10 log10 n + l'01og10 (l + dBmO

where

Peq is the equivalent rms sine wave pow er in m illiwatts and  

n the num ber o f channels.

Fascicle III.2 — Rec. G.223 27



dBmO

FIGURE 1/G.223
Equivalent r.m.s. sine wave power level of the peak of a multiplex signal at a zero relative level point, as a function 

of the number of telephony channels in a system, without pre-emphasis or peak limiting assuming a mean power level per channel
of ^ 15  dBmO, with a standard deviation of 5.8 dB

Table 3a/G .223 gives corresponding provisional num erical values for a few typical num bers o f channels.

TABLE 3a/G.223

Number of channels, n 1260 1800 2700 3600 10 800

Equivalent peak power level (dBmO) 27.5 29 30.5 31.5 36

The curve in Figure 1/G .223 and the form ula for num bers o f channels exceeding 1000 are for use when 
there is no  am plitude lim iter at the channel inpu t and when there is no pre-em phasis in the overall b an d  o f the 
m ultiplex signal; other cases are being studied.

N ote — M athem atical m odels which enable calculations o f the equivalent peak pow er level o f m ultiplex 
te lephone speech signals are described in Supplem ent No. 22 at the end o f present fascicle.

6.3 margin against saturation

In p lanning , a m argin o f a few decibels should be m ain ta ined  between the absolute level o f the equivalent 
pow er o f the peak o f the m ultiplex signal and  the am plifier sa turation  point, to allow for level variations, 
ageing, etc.

M ultiplex signals different from  telephony — It is stressed that § 6.2 above relates to  systems designed for 
te lephony  only, i.e. for a channel loading as described in § 1 above. It should be realized that when the 
characteristics o f  the m ultiplex signal differ significantly from  those assum ed in § 1 above, additional m argins 
against sa tu ra tion  m ay be required. These m argins are being studied under Q uestion 1 /C M B D , d [11]).
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TABLE 4/G.223 .
Table of commercial telephone circuit psophometer weighting coefficients

Frequency
Hz

Weight

Numerical value Numerical value squared Value in decibels

16.66 0.056 0.003136 -  85.0
50 0.71 0.5041 -63.0

100 8.91 79.3881 -41.0
150 35.5 1 260.25 -29.0
200 89.1 7 938.81 -21.0
250 178 31 684 -  15.0
300 295 - 87 025 -  10.6
350 376 141 376 -  8.5
400 484 234 256 -  6.3

450 582 338 724 -  4.7
500 661 436 921 -  3.6
550 733 537 289 -  2.7
600 794 630 436 -  2.0
650 851 724 201 -  1.4
700 902 813 604 -  0.9
750 955 912 025 -  0.4
800 1000 1 000 000 0.0

850 1 035 1 071 225 + 0.3
900 1072 1 149 184 + 0.6
950 1 109 1 229 881 + 0.9

1000 . 1 122 1 258 884 + 1.0
1050 1 109 1 229 881 + 0.9
1 100 1072 1 149 184 + 0.6
1 150 1035 1 071 225 + 0.3
1200 1000 1 000 000 0.0

1250 977 954 529 -0.20
1 300 955 912 025 -0.40
1 350 , 928 861 184 -  0.65
1400 905 819 025 -0.87
1 450 881 776 161 -1.10
1500 861 741 321 -  1.30
1 550 842 708 964 -  1.49
1 600 824 678 976 -  1.68

1 650 807 651 249 -  1.86
1 700 791 625 681 -2.04
1 750 775 600 625 -  2.22
1 800 760 577 600 -2.39
1 850 745 555 025 -2.56
1 900 732 535 824 -2.71
1 950 720 518 400 -2.86
2 000 708 501 264 -  3.00

2 050 698 487 204 -3.12
2 100 689 474 721 -3.24
2 150 679 461 041 -3.36
2 200 670 448 900 -3.48
2 250 661 436 921 -3.60
2 300 652 425 104 -  3.72
2 350 643 413 449 -3.84

2 400 634 401 956 -3.96
2 450 626 390 625 -4.08
2 500 617 380 689 -4.20
2 550 607 368 449 -4.33
2 600 598 357 604 -4.46
2 650 590 348 100 -4.59
2 700 580 336 400 -4.73
2 750 571 326 041 -  4.87
2 800 562 315 844 -5.01
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TABLE 4/G.223 (concluded)
Table of commercial telephone circuit psophometer weighting coefficients

Frequency
Hz

Weight

Numerical value Numerical value squared Value in decibels

2 850 553 305 809 -5 .15
2 900 543 294 849 -5 .3 0
2 950 534 285 156 -5 .45  '
3 000 525 275 625 -5 .6 0
3 100 501 251 001 -6 .00
3 200 473 223 729 -6 .5 0
3 300 444 197 136 -7 .05
3 400 412 169 744 -7 .7 0

3 500 376 141 376 -  8.5
3 600 335 112 225 -  9.5
3 700 292 85 264 -10 .7
3 800 251 63 001 -1 2 .0
3 900 214 45 796 -1 3 .4
4 000 178 31684 -1 5 .0
4 100 144.5 20 880.25 -16 .8
4 200 116.0 13 456 -18 .7

4 300 92.3 8 519.29 -20 .7
4 400 72.4 5 241.76 -22 .8
4 500 56.2 3 158.44 -2 5 .0
4 600 43.7 1 909.69 -27 .2
4 700 33.9 1 149.21 -2 9 .4
4 800 26.3 691.69 -31 .6
4 900 20.4 416.16 -33 .8
5 000 15.9 252.81 -3 6 .0

> 5  000 <15.9 <252.81 < -3 6 .0

Note -  If, for the planning of certain telephone transmission systems, calculations are made on a basis of the psophometric
weighting values and if it appears useful to adopt, for frequencies above 5000 Hz, more precise values than those given above, the
following values may be used:

5 000 to 6 000 <15.9 <252.81 < -3 6 .0
> 6  000 < 7.1 < 50.41 < -4 3 .0
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Recommendation G.224

M AXIM UM  PERM ISSIBLE VALUE FOR THE ABSOLUTE POW ER LEVEL 
(POW ER REFERRED TO O NE M ILLIW ATT) OF A SIGNALLING PULSE 9

The C C IT T  recom m ends that, for crosstalk reasons, the absolute pow er level o f each com ponen t o f  a short 
duration  signal should no t exceed the values given in Table 1/G .224.

TABLE 1/G.224 
Maximum permissible value, at a zero relative level point

Signalling
frequency

(Hz)

Maximum 
permissible power 

for a signal at a zero 
relative level point 

(microwatts)

Corresponding 
absolute power level

Decibels referred to 1 mW 
(dBmO)

800 750 —1
1200 500 —3
1600 400 —4
2000 300 —5
2400 250 —6
2800 150 —8
3200 150 —8

Note 1 — If the signals are made up of two different frequency components transmitted simultaneously, the 
maximum permissible values for the absolute power levels are 3 dB below the above values.
Note 2 — The values given in this table result from a compromise between the characteristics of various channel 
filters now in existence.

Reference

[1] C C IT T  R ecom m endation M axim um  permissible value fo r  the absolute power level o f  a signalling pulse, 
Vol. VI, Fascicle VI. 1, Rec. Q.16.

9 This Recommendation is the same as Recommendation Q.16 [1]; it applies both to national and to international signalling 
systems.
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Recommendation G.225

RECOM M ENDATIO NS RELATING TO THE ACCURACY OF CARRIER FREQUENCIES

(am ended a t Geneva, 1964, and M ar del Plata, 1968)

1 Accuracy of the virtual carrier frequencies on an international circuit or on a chain of circuits

As the channels o f any in ternational te lephone circuit should be suitable for voice-frequency telegraphy, 
the accuracy o f the virtual carrier frequencies should be such tha t the difference between an audio-frequency 
applied  to one end o f  the circuit and the frequency received at the o ther end should no t exceed 2 Hz, even when 
there are in term ediate m odulating  and dem odulating  processes.

To attain  this objective, the C C IT T  recom m ends tha t the channel and  group carrier frequencies o f the 
various stages should have the following accuracies:

V irtual channel carrier frequencies in g r o u p ........................................................................................ ±  10-6

G roup  and supergroup carrier f re q u e n c ie s ..................................................................................................  ± 1 0 -7

M astergroup and  superm astergroup carrier frequencies:

— for the 12-MHz system ...................................................... ........................................ .............................. ±  5 • 10-8

— for the 60-M Hz system (above 12 M H z ) ............................................ ..............................................  ±  10~8

Experience shows tha t, if  a p roper check is kept on the operation  o f oscillators designed to  these 
specifications, the difference between the frequency applied  at the origin o f a telephone channel and  the 
reconstitu ted  frequency at the o ther end hardly  ever exceeds 2 Hz if  the channel has the same com position as the 
2500-km hypothetical reference circuit for the system concerned.

C alculations indicate that, if  these recom m endations are followed, in the 4-wire chain form ing part o f the 
hypothetical reference connection  defined in Figure 1/G .103 1} there is about 1% probability  th a t the frequency 
difference between the beginning and the end o f the connection  will exceed 3 Hz and  less than  0.1% probability  
th a t it will exceed 4 Hz.

N ote 1 — In  small stations, i.e. in stations which do no t need supergroup carrier frequencies, the accuracy 
o f  the group carrier m ay be ±  10-6 , which is the sam e as for channel carrier frequencies.

N ote 2 — The m odulating frequencies app rop ria te  to  (n + n) systems should have the accuracies recom ­
m ended in the relevant R ecom m endations:

R ecom m endation G.311 for 12-channel open-w ire system s;
R ecom m endation G.361 for 3-channel open-w ire system s;
R ecom m endations G.326 and  G.327 [3] for (12 +  12) cable systems.

2 Measure of alignment of the master oscillators

The recom m endation in § 1 above canno t be met w ithout some m easure o f alignm ent o f the m aster 
oscillators a t the various stations in which m odu lation  occurs.

C arrier-transm ission systems are form ed in to  “partial netw orks” extending over the w hole or a p a rt o f a 
country. Synchronization  o f the m aster oscillators o f a partial netw ork is ordinarily  based on national frequency 
com parisons; in ternational com parisons m ay be m ade if necessary.

In fact, the chain considered for these calculations comprised 16 (instead of 12) m odulator/dem odulator pairs to allow for 
the possibility that submarine cables with equipments in conformity with Recommendation G.235 might form part of the 
chain. No allowance was made, however, for the effects of Doppler frequency-shift due to inclusion of a non-stationary 
satellite; values for this shift are given in C CIR Report 214-3 [2].

32 Fascicle III.2 -  Rec. G.225



2.1 N ational frequency comparisons

It is necessary that, w ithin the sam e partial netw ork o f  coaxial carrier systems, the m aster oscillators in 
stations where frequencies are generated should be “coo rd ina ted” . This “co o rd in a tio n ” can consist o f a contro l o f 
one oscillator with respect to  ano ther to give one o f the follow ing three conditions:

1) synchronization , i.e. identical frequency and  fixed phase rela tionsh ip ;

2) isochronization , i.e. identical frequency only;

3) d ifferential contro l to  correct differences between the frequencies at intervals.

A lso, au tom atic devices can be used to  give an  alarm  if  the difference in frequency between the checking 
p ilo t and a local oscillator exceeds a certain  fixed value.

The C C IT T  has no t recom m ended any particu lar m ethod o f com paring or contro lling  the m aster 
oscillators at d ifferent stations, and  “routine frequency com parison” o f the m aster oscillators m ay be thought 
sufficient; this com parison being followed if  necessary by au tom atic o r m anual regulation , the m aster oscillators 
in each partia l netw ork being com pared  periodically  w ith a national frequency standard , if  possible.

The routine com parison  o f  the frequencies generated by the m aster oscillators is m ade by m eans o f a 
“frequency check p ilo t” transm itted  to line for this purpose. It is not necessary to  com pare phases.

2.2 International frequency comparisons

The case m ay arise, either o f a country  th a t has a  national frequency stan d ard  w ith no  facilities for 
d istributing  it th roughout the country  (particularly  in an area in which a  coaxial carrier system is to  be set up), o r 
o f a country  tha t has no national frequency standard . R ecom m endation M.540 [4], describes m ethods by which 
such countries may obta in  a standard  frequency by rad io , or m ay have a contro lled  frequency sent over a 
telephone circuit.
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Recommendation G.226

NOISE ON A REAL LINK

1 Cable systems

It should be apprecia ted  that designers are usually concerned, no t w ith particu lar circuits o r links, b u t w ith 
p lan t tha t will be used for the establishm ent o f m any links. It is no t p racticab le for the C C IT T  to specify the 
perform ance o f every real link tha t may be established, o r for the designer to contem plate changing his design to 
suit the various lengths or o ther conditions on different real links. The C C IT T  has therefore defined hypothetical 
reference circuits, so tha t designers can be sure that, if  their particu lar design o f p lan t is used th roughou t a real 
circuit m ade up in the sam e way as a hypothetical reference circuit, the perform ance specified by the C C IT T  for 
the hypothetical reference circuit will be realized on tha t real circuit.

A real in ternational link usually has a different m ake-up from  th a t o f the hypothetical reference circuit, 
and  often includes equipm ents o f d ifferent design. For each o f these two reasons the perfo rm ance to be expected 
from  real links cannot be deduced uniquely from  the R ecom m endations relative to  hypothetical reference circuits.
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H ow ever, on a real hom ogeneous section it m ust be expected tha t the noise pow er m easured at the tim e o f 
com m issioning, and  with a conventional load as defined in § 2 o f  R ecom m endation G.223, will be about the same 
as tha t calculated tak ing  into account the particu lar com position o f the real hom ogeneous section and the real 
param eters as well as the im plications o f R ecom m endation G.222, § 2.6. There should be no cause for anxiety 
unless the m easured noise pow er exceeds the calculated pow er by an appreciable am ount, which m ight indicate a 
fau lt som ew here in the equipm ent. In such a case, every effort should be m ade to reduce the m easured noise 
pow er to  a value o f the same order as tha t calculated.

2 Radio links

See C C IR  R ecom m endation 395-2 [1].

Reference

[1] C C IR  R ecom m endation Noise in the radio portion o f  circuits to be established over real radio-relay links fo r  
F D M  telephony, Vol. IX , Rec. 395-2, ITU , G eneva, 1978.

Recommendation G.227

CONVENTIONAL TELEPHONE SIGNAL

(Geneva, 1964; am ended at M ar del Plata, 1968)

1 Principle

F or the calculation or m easurem ent o f crosstalk noise between adjacent channels and, generally speaking, 
when it is desired to  sim ulate the speech currents transm itted  by a telephone channel 1}, the C C IT T  recom m ends 
th a t a conventional telephone signal be used, the m ain characteristic o f which is a shaping netw ork as a function 
o f  the frequency.

This netw ork is defined by the follow ing transfer coefficient as a function o f the frequency:

FIGURE I/G.227

E  18 400 + 91 238p 2 + 11 638p4 + p  (67 280 + 54 050p 2) 
2 V ~  400 -I- 4 001 p 2 + p 4 + p  (36 040 + I30p2)

where p  = j jq q q ^  j e  and v  are defined by Figure 1/G.227.

The response curve o f the netw ork is shown in Figure 2 /G .227, and  an exam ple o f the design is given in 
Figure 3 /G .227 with relevant values.

Care is needed in applying this conventional signal to simulate speech loading, since the statistics of a Gaussian noise 
signal and of real speech are different. A speech-simulating generator for loading purposes is given in [1],
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FIGURE 2/G.227
Relative response curve of the shaping network of the conventional telephone signal generator
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FIGURE 3/G.227 
Shaping network of the conventional telephone signal generator '
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2 Example of network design

The netw ork is m ade up  o f three bridged T  sections with a constan t characteristic im pedance equal to 
Rq ohms.

*o-
Figure 3/G .227 represents the netw ork and  indicates the values o f the various com ponents norm alized to 

A tolerance o f ±  1% can be allow ed on the value o f each com ponent.

Note  — If  0 l9 02, 03 are the “com posite” transfer coefficients o f sections 1, 2 and 3 respectively, we have:

E
2 V  

with

with

e e = + 6 2 +6 3

e0l - 46 + 90p  + 46p2
c -— 1 + 90/7 + p 2

e°2 = 20 + U p
20 + p

e e3 =
20 + 23/7
20 + p

P  = : / (H z )
J 1000 Hz •

The m inim um  com posite lo s s 2) o f  the com plete netw ork lies in the vicinity o f 600 Hz and  equals 
Oq ~  2.9 dB for this example.

The curve in Figure 2/G .227 represents, as a function o f frequency, the com posite loss 2) o f the netw ork in 
F igure 3 /G .227 relative to the m inim um  loss aQ.

3 Signal at the network input

The netw ork m ay be energized either by a uniform -spectrum  random  noise signal o r by a closely spaced 
harm onic  series. In  the latter case, the follow ing precautions are necessary:

1) Spacing o f the harm onics should no t exceed 50 Hz.

2) The m easuring instrum ent m ust have an adequate in tegrating tim e with respect to  the fundam ental
period  o f the harm onic series. Types o f C C IT T  instrum ents in general use, such as the psophom eter, 
are believed to be satisfactory in  this respect.

3) The peak/r.m .s. ratio  o f the signal should no t exceed 3.5. This requirem ent may be achieved, in the
case o f a particu lar generator, by m eans o f an associated phase-changing network.

4) The energizing signals (uniform -spectrum  random  noise and harm onic series) could lead to  d ifferent
results for subjective, e.g. aural assessm ents at the receiving end, and  such m easurem ents should not, 
therefore, involve the use o f the conventional telephone signal generator. That apparatus w ould be 
used solely for objective m easurem ents, in which a psophom eter served as m easuring instrum ent.

Reference

[1] C C IT T  -  Question 5 /C , Annex 2, G reen Book, Vol. I l l ,  ITU , G eneva, 1973.

2 Composite loss equals the insertion loss in this particular case since the source and the load impedances are equal. 
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Recommendation G.228

M EASUREM ENT OF CIRCUIT NO ISE IN CABLE SYSTEM S  
USING  A UNIFORM -SPECTRUM  RA NDO M  N O ISE LOADING

(Geneva, 1964; am ended a t M ar del Plata, 1968 and  Geneva, 1976)

The C C ITT,

considering that

(a) it is desirable to  m easure the perform ance o f cable systems fo r frequency-division m ultiplex te lephony 
under conditions closely approach ing  those o f  actual operation ;

(b) a signal with a continuous un iform  spectrum  (white noise) has statistical p roperties sim ilar to  those o f 
a m ultiplex signal when the num ber o f channels is not too sm all;

(c) the use o f a signal w ith a continuous uniform  spectrum  to m easure the perform ance o f such cable 
systems is already w idespread;

(d) it is necessary to  standard ize the frequencies and  bandw idths o f the m easuring channels to be used for 
such m easurem ents;

(e) for reasons o f in te rnational com patib ility  it is necessary to Standardize the m inim um  attenua tion  and  
the bandw idth  o f the stop filters which may have to be used in the w hite-noise generator;

(f) the C C IT T  has indicated , for the p lanning  o f te lephone circuits, a m ean value o f signal pow er in  the 
baseband  o f a m ultiplex te lephone system to be taken into consideration  during the busy hou r (R ecom m enda­
tion  G.223),

recommends that

1 The perform ance o f frequency-division m ultiplex cable systems should  be m easured by m eans o f  a signal 
w ith a continuous un iform  spectrum  in the frequency band  used for the te lephone channels.

2 The nom inal pow er level o f the uniform  spectrum  test signal should  be in accordance with the 
conventional load, specified in R ecom m endation G.223. I f  applied  at the po in t o f in terconnection  o f the system 
corresponding  to T ' o f R ecom m endation G.213, the absolute pow er levels o f interest are show n in colum n 4 o f 
Table 1/G .228.

2.1 The sending equipm ent should be capable o f providing, at the ou tpu t o f an  inserted bandstop  filter, a 
loading level at least up  to + 1 0  dB relative to the nom inal pow er level defined above.

2.2 W ithin the bandw idth  corresponding  to the baseband  o f the system under test, the r.m.s. voltage o f the 
white noise spectrum  m easured in a band  o f abou t 2 kH z should  no t vary by m ore than  ±  0.5 dB. This degree of 
spectrum  uniform ity should be m et in the level range up to  + 6  dB relative to the nom inal pow er level, ind icated  
in Table 1/G .228, colum n 4.

2.3 The white noise test signal should be available at the ou tpu t o f the sending equipm ent with a peak  factor 
o f about 12 dB with respect to the r.m.s. value.

3 The nom inal effective cut-off frequencies (the cu t-off frequencies o f hypothetical filters having ideal square 
cut-off characteristics and  transm itting  the sam e pow er as the real filters) and  to lerances for the bandpass filters 
p roposed  for the various bandw idths of systems to be tested, should be as specified in Table 2/G .228. To reduce 
the num ber o f filters required, com prom ises have been m ade between the nom inal effective cu t-off frequency and  
the system bandw idth-lim iting  frequency in som e cases. The tolerances ensure tha t consequent ca lib ra tion  errors 
do  not exceed ±  0.1 dB and  errors in m easurem ent o f in term odulation  noise do no t exceed ±  0.2 dB assum ing 
system pre-em phasis o f about 10 dB.
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TABLE 1/G.228

1 2 3 4

Number Relative power Level of the Nominal power level
of telephone level at point T conventional load of the test signal at point Y

channels (dBr) (dBmO) (dBm)

60 -3 6 6.1 -29.9

120 -3 6 7.3  ̂ -28.7

300 -3 6 9.8 -26.2

600 -3 6 12.8 -23.2
-3 3 -20.2

960 -3 6 14.8 -21.2
-3 3 -  18.2

1260 -3 3 16.0 -17.0

1800 -3 3 17.5 -15.5

2 700 -3 3 19.3 -13.7

10 800 -3 3 25.3 -7 .7

TABLE 2/G.228

System
capacity

(channels)

Limits 
ofband 

occupied 
by telephone 

channels 
(kHz)

Effective cut-off frequencies 
of bandpass filters 

(kHz)

Highpass Lowpass

Frequencies of recommended measuring channels 
(kHz)

60

120

300

600

960 

900 

1 260

1 200

1 800

2 700 

10 800

60- 300

60- 552

60- 1 300
64- 1 296

60- 2 540
64- 2 660

60- 4 028
64- 4 024

316- 4 188

60- 5 636
60- 5 564

316- 5 564

312- 8 120
312- 8 204
316- 8 204

312- 12 336
316- 12 388
312- 12 388

4 332-59 684
4404- 59 580

60 ± 1 

60 ± 1

316 + 5

4370 + 70

300 + 2 

552 ±4

70 270 '

70 270 534

60+1 1 296 + 8 70 270 534 1 248

60+1 2 600 + 20 70 270 534 1 248 2 438

60+1 4 100 ±30 70 270 534 1 248 2 438 3 886

316 + 5 4 100 ±30 534 1 248 2 438 3 886

60+1 5 600 ±50 70 270 534 1 248 2 438 3 886 5340

316 ± 5 5 600 ±50 534 1 248 2 438 3 886 5 340

316 + 5 8 160 ±75 534 1 248 2 438 3886 5 340

12 360+100

59 600 ±600

7 600

534 1 248 2 438 3 886 5 340
7 600 11 700

5 340 11 700 26 948
35 748 55 548
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3.1 The d iscrim ination  o f  a low pass filter should  be at least 20 dB at a frequency m ore than  10% above
nom inal cu t-off and  a t least 25 dB at frequencies m ore than  20% above nom inal cut-off. The d iscrim ination  o f  a 
highpass filter should  be at least 25 dB at frequencies m ore than  20% below  nom inal cut-off.

3.2 To lim it d iscrim ination  against m easuring channels, the spread o f  losses in troduced  by any p a ir  o f
highpass and  low pass filters should  no t exceed 0.2 dB over a range o f  frequencies w hich includes the u p p er and  
low er m easuring channels.

4 Values o f  the characteristics for the d iscrim ination  in each stop-band  a t the o u tpu t o f a  sending equ ipm ent 
are given in Table 3/G .228. These characteristics are in tended to  apply  over a tem perature range from  10 °C  to  
40 °C ;

5 W hen the receiving equipm ent is connected  directly to a sending equ ipm ent p rov ided  w ith bandstop  filters
which only ju st m eet the requirem ents o f  § 4 above, the ratio  o f the noise pow er ind icated  by the receiving 
equipm ent when the bandstop  filter is bypassed, to  tha t indicated w hen the filter is in circuit, should  be a 
m inim um  o f  67 dB; this requirem ent applies w hen a conventional load  is applied . The m inim um  effective 
bandw idth  o f the receiver should  be 1.7 kH z; the m axim um  reading o f abso lu te noise pow er arising from  leakage 
given by a receiver o f 1.74 kH z effective bandw idth  and  which ju st m eets the foregoing leakage requirem ent is 
— 85.6 dBmOp.

6 A dditional m easuring channels may be provided by agreem ent betw een the A dm inistra tions concerned.

N ote  — In Annexes A and  B some general inform ation  is given on  the m easuring procedures, the choice 
o f  filter characteristics, correction  m ethods and  accuracy objectives.

TABLE 3/G.228 
Characteristics of bandstop filters

Bandwidth (kHz)
Bandwidth (kHz), in relation to / 0, in relation to f 0, outside

Centre over which the discrimination should be at least: of which the discrimination
frequency / 0 should not exceed:

(kHz)

70 dB 55 dB 30 dB 3 dB 3 dB 0.5 dB

70 ±1.5 ±2.2 ±3.5 _ ±12 ±18
270 ±1.5 ±2.3 ±2.9 — ±8 ±24
534 ±1.5 ±3.5 ±7.0 — ±15 ±48

1 248 ±1.5 ±4.0 ±11.0 — ±35 ±110
2 438 ±1.5 ±4.5 ±19.0 — ±60 ±220

±15.0 ±30.0 — ±110 ±350
3 886 ±1.5

±1.8 ±3.5 t 8.0 ±12 ±100
5 340 ±1.5 ±2.2 ±4.0 ±8.5 ±14 ±150
7 600 ±1.5 ±2.4 ±4.6 ±9.5 ±16 ±200

11 700 ±1.5 ±3.0 ±7.0 ±11.0 ±20 ±300
26 948 Still under study
35 748 ±1.8 ±2.2 ±3.5 ±5.0 ±20 ±150
55 548 ±2.5 ±3.5 ±6.0 ±9.5 ±30 ±200

Note 1 — The characteristics recommended for the filters 70 kHz to 2438 kHz inclusive are based on coil-capacitor type filters. Those characteris­
tics recommended for the filters at 5340 kHz and above are based on crystal-type filters. Optional characteristics are recommended for the 
3886-kHz filter to permit a choice of design between a coil-capacitor type or crystal-type filter. The crystal-type filters at 35 748 kHz and 
55 548 kHz are assumed to be operating in a higher harmonic mode of the crystal resonators. That is why the relative bandwidths of these filters 
show a discontinuity compared with the crystal-type filters up to 11 700 kHz.
Note 2 — The discrimination values quoted are relative referred to the minimum attenuation of the bandstop filters within the baseband frequency 
range defined by highpass and lowpass filters in Table 2/G.228. This implies that a bandstop filter suitable for measurements on one system is not 
necessarily suitable for measurements on a system of larger bandwidth.
Note 3 — The design of the receiver selectivity of 3886 kHz should be related to the characteristic of the crystal-type bandstop filter.
Note 4 — Due to spurious resonances, narrow spikes of the discrimination may occur in the upper passband of crystal-type bandstop filters. When 
resonators are operated in a higher harmonic mode narrow spikes can also appear in the lower passband. Those spikes of about 10-dB peak atte­
nuation within 1 to 5 kHz bandwidth are admissible because they do not affect the measuring accuracy.
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A N N E X  A

(to R ecom m endation G.228)

Outline of the white noise measuring method

A. 1 General principle

The principal com ponents o f the m easuring setup are show n in Figure A -1/G .228.

w,
wc

Af Aa

CCITT-451 50

=  noise generator delivering variable test signal power Ps 
= bandpass filter, effective bandwidth B
— bandstop filter, centre frequency f m 
=  system under test

=  receiving bandpass filter, centre frequency f m , bandwidth A f  about 2 kHz
Wa= variable receiver attenuator, Aa = 10 log rr1 dB
Wr

— r.m.s. level meter

1 
2
3
4
5
6 
7
Wa  = noise power when bandstop filter is bypassed
Wp = noise power when bandstop filter is inserted
Hi =  relative level at system input T' V 
n2 = relative level at system output T  f (see Recommendation G.213)

FIGURE A-1/G.228 
Principle of the measuring set-up

A.2 M easuring procedures

Two m ethods for assessing the noise perform ance o f a transm ission system are in w idespread use:

A.2.1 M easurem ent o f  noise power ratio (NPR) 

The noise pow er ratio

W a
NPR = 10 log dB = A a (A-l)

is m easured at various levels o f Ps. The r.m.s. level m eter serves as an ind icator only. The value WA is the noise 
pow er in the m easuring channel w ithout taking account o f the effect o f frequency gaps between groups of 
channels in actual operation.
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In an  A/-channel system the follow ing defin itions are introduced:

P. = N  • PcH

PcH ~  variable signal pow er per channel

p CH = —15 dBmO +  Ap  =  load level per channel
—15 dBmO is the conventional load per channel according to  R ecom m endation  G.223 for 
systems with N  > 240 • Ap  (dB) is the excess load relative to —15 dBmO

p n =  weighted noise pow er level (dBmOp) m easured at po in t T in  a 3.1 kH z te lephone channel

The m easured N P R  values are usually p lo tted , as show n in F igure A -2/G .228, as a function  o f the excess
channel loading Ap.

dB

—r
- 8 -4

~~T~ 
♦ 4

E xcess loading ( Ap )
♦8 dB
CCITT-45160

FIGURE A-2/G.228 
NRP curve versus channel loading

The relation between N P R  values m easured on a channel and  the w eighted noise pow er level referred to  a 
zero relative level po in t is:

p n =  ( — N PR  — 18.6 — 10 log k +  Ap) dBmOp (A-2)

k =  B /4 N  (B  in kH z) is a correction factor which takes account o f the effect o f  the frequency gaps 
between groups o f channels in the transm ission system.

Table A -1/G .228 gives exam ples o f the correction for some N -channel systems:

TABLE A -1/G.228

N 300 960 2 700 10 800

10 logk 
(dB) 0.14 0.22 0.46 1.08
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A.2.2 Direct m easurem ent o f  weighted noise power level

W ith the particu lar choice o f the effective receiver bandw idth  

A f  =  1.74 kH z ( =  3.1 kH z • lO "025), 

the w eighted noise pow er Pn in a telephone channel is:

P„ — WrB (see Figure A -1 /G .228) 

an d  the w eighted noise level p n referred to  a po in t o f zero relative level becom es:

p n = [lO log + n2 (dBr)] dBmOp (A-3)

In  th is case the receiver (com ponent 7 o f Figure A -1 /G .228) m ust be a calibrated pow er level meter.

A.3 Exam ples o f  investigations using the white noise measuring m ethod

Tw o kinds o f investigations can be m ade on a system (with length L) between flat relative level po in ts T ' 
an d  T. The one [case a)] investigates the effect on the noise perform ance o f  load deviations at the inpu t o f  the 
system , w hereas the o ther [case b)] indicates the influence o f level m isalignm ents along the transm ission line:

a) The test signal noise pow er Ps is varied and  the w eighted noise level p n is determ ined in dBmOp. The 
result is plo tted  as indicated  in Figure A -3/G .228.

A lternatively to  the ind ication  o f  the noise level for system length L  in dBmOp, the noise pow er could 
have been indicated  in pW Op/km .

dBmOp

—I--------------1 ..—1---------  1-------- 1------------ 1
- 8  -U 0 *U * 8 *16 dB

Excess load ing  (Ap) c c i t t -45170

FIGURE A-3/G.228
Weighted noise power level versus system load (relative levels of the system fixed according to plan)
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b) The relative levels on the transm ission line are varied by insertion  o f a ttenuato rs —A n  and  +  A n at 
the inpu t and  ou tpu t o f the system as is illustrated  in Figure A -4/G .228 w hich is an excerpt o f  
F igure A -1/G .228.

Attenuation 

Relative level

CCITT-45180

FIGURE A-4/G.228 
Variation of the internal relative levels of the system

The test signal noise pow er Ps is set to  the conventional value ( —15 dBm O/4 kH z) at p o in t T ' and  is kept 
constant. The noise pow er level in the m easuring channel is determ ined a t p o in t T  as a function  o f the relative 
level at the repeater ou tpu t, for exam ple. The result is p lo tted  as show n in F igure A -5/G .228.

dBmOp

 P 11 I-----------1-----------1-----------i-----
-8  - 4  0 +4 +8 dB

Deviation o f relative level from nominal value
CCITT-45190

FIGURE A-5/G.228 
Weighted noise level in measuring channel versus relative level at repeater output

ANNEX B 

(to R ecom m endation G.228)

Measuring accuracy considerations affecting 
the design of the measuring equipment

B.l Introduction

The R ecom m endations relating to  the m easurem ent o f circuit noise in system s artificially  loaded  w ith 
uniform  spectrum  random  noise sim ulating F D M  telephone signals were agreed after carefully coord ina ted  studies 
by three C C I Study G roups concerned. The d ifferent R ecom m endations prov ided  for the app lica tion  o f the w hite 
noise m easuring m ethod to cable systems (C C IT T  R ecom m endation G.228), rad io-relay  systems (C C IR  R ecom ­
m endation  399-3 [1]), satellite systems (C C IR  R ecom m endation 482-1 [2]) and  transla ting  equipm ents (C C IT T  
R ecom m endation G.230). The objective o f the coord ina tion  was tha t the  separately  recom m ended m easuring 
equipm ents should conform  with com m on m easuring accuracy objectives and , as far as possible, be com patib le  
and  interchangeable.
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The overall accuracy objective o f the m easuring equipm ent when used for routine m aintenance m easure­
m ents is ±  2 dB. A higher accuracy o f about ±  1 dB is desirable when m easurem ents are m ade for the purpose o f 
assessing the noise perform ance o f a system in relation to required perform ance. This can be achieved by 
follow ing certain procedures and  applying corrections as described in B.4 and  B.5 below.

This A nnex states how certain  characteristics o f m easuring equipm ents were related to  m easuring accuracy 
objectives; any future extensions o f the R ecom m endations to provide for m easurem ents on new transm ission 
systems, as yet unstandard ized , should take account o f  those relationships.

B.2 Bandstop filters

B.2.1 Choice o f  centre frequencies

In all cases the choice o f nom inal centre frequencies o f band-elim ination  filters (i.e. o f m easuring 
channels) should take account o f the need to m inim ize the com bined discrim ination  o f the pair o f bandpass filters 
used when the bandstop  filter provides a lower or upper m easuring channel. Therefore, as a rule the centre 
frequency o f a lower m easuring channel should be at least 15% above the effective cut-off frequency o f the 
highpass filter and  the centre frequency o f an upper m easuring channel should be m ore than  approxim ately 
5% below  the cut-off frequency o f the low pass filter involved. U nder § 3.2 o f the text o f this R ecom m endation it is 
p rescribed tha t “the spread o f losses in troduced by any pair o f highpass and  low pass filters should no t exceed
0.2 dB over a range o f  frequencies which includes the outer m easuring channels”.

B.2.2 Leakage

The discrim ination  o f a bandstop  filter in the neighbourhood o f the centre frequency determ ines, jointly
with the receiver selectivity the sm allest noise-to-signal ratio  tha t can be m easured accurately, i.e. the “ leakage”
effect. The bandstop  filter d iscrim ination  o f 70 dB (Table 3/G .228) results in a ratio o f the order o f —67 dB being 
m easured when the noise is actually negligible. Leakage effect in the receiver is adequately lim ited by requiring 
(see § 5 in the text o f the R ecom m endation) that the N PR  value should be a m inim um  o f 67 dB when connected 
directly to  a send equipm ent with bandstop  filters which only just meet the discrim ination requirem ents o f 
T able 3 /G .228 and when a conventional load o f —15 dBm O/4 kH z is applied.

N ote — According to F orm ula (A-2) o f A nnex A this value o f N P R  =  67 dB corresponds to  a residual
noise level o f —85.6 dBmOp (i.e. 2.8 pWOp) at the most.

B.2.3 Effective bandwidth

The basic requirem ent for the stopband  is the condition  tha t the discrim ination  should be at least 70 dB in 
a bandw idth  of at least 3 kHz. The effective bandw idths (approxim ately  the 3-dB points) recom m ended in 
Table 3 /G .228 have been found to be technically feasible and  lie in the order o f 5% or less o f the system 
bandw id th  with coil-capacitor type filters and are less than  0.5% with crystal-type filters. It w ould present 
econom ic difficulties to  reduce the relative bandw idth  o f the coil-type filters or to  increase the relative bandw idth  
o f  the crystal-type filters.

B.2.3.1 Third order nonlinearity products

The attenuation  o f the noise loading signal in the vicinity o f the m easuring channel in troduced  by a 
bandstop  filter causes an under-ind ication  reading, erring on the low side, o f th ird  order nonlinearity  noise pow er 
in tha t m easuring channel. This under-indication  is directly proportional to the effective bandw idth  o f  the 
e lim ination  filter.

Assum ing tha t procedures B.4.3 and  B.4.4 below  are bo th  observed, the under-ind ication  o f th ird  order 
p roducts in a system using no pre-em phasis is about 0.05 dB for a top  m easuring channel filter, the effective 
bandw id th  o f which is 1% o f the system bandw idth. The error associated with a particu lar filter is at its m axim um  
when the filter provides the top  m easuring channel o f a system. W hen the same filter is used in w ider band  
systems (thus corresponding to  an interm ediate m easuring channel o f the system) its bandw idth  is a sm aller 
p ro p o rtio n  o f  the system bandw idth  and the associated erro r is smaller.

W hen pre-em phasis is used but total signal pow er is unchanged the error is increased by the ratio  o f the 
signal density near the m easuring channel o f the pre-em phasized system to that o f the system w ithout 
pre-em phasis.
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The effective bandw idths o f  crystal-type bandstop  filters' are so sm all tha t their effect on m easurem ent 
errors is negligible.

The recom m ended effective bandw idths for coil-capacitor bandstop  filters (Table 3/G .228) are such th a t 
the under-ind ication  o f th ird  order non linear noise powers, when the filters provide top  m easuring channels o f  
systems w ithout pre-em phasis, falls in the range 0.25 to 0.30 dB. This range o f  errors becom es 0.60 to 0.90 dB for 
systems em phasized by 8 to 10 dB as is the case in FD M  radio-relay system s (C C IR  R ecom m endation 275-2 [3]) 
o r in w ideband systems on coaxial cables.

B.2.3.2 Second order nonlinearity products

In long transm ission systems th ird  order nonlinearity  products norm ally  form  a m ore significant p ro p o r­
tion o f  the total system noise than  those o f second order. For this reason the recom m ended m axim um  effective 
bandw idths o f bandstop  filters have been determ ined on the basis o f accuracy objectives for the m easurem ent o f  
th ird  order nonlinearity  products.

Nevertheless, m easuring equipm ents m ay still be used for investigations o f cases w here second o rder 
nonlinearity  products dom inate. C orrections for know n filter bandw idths m ay be m ade on the follow ing basis:

a) Again assum ing tha t procedures B.4.3 and B.4.4 below  are observed, the erro r in a reading o f  second 
order nonlinearity  products in troduced by the bandstop  filter is an excess reading, rather th an  the 
under-indication  in the case o f  th ird  order nonlinearity  products.

b) The excess reading is directly p roportional to the effective bandw id th  o f the bandstop  filter expressed 
as a percentage o f the system bandw idth . The approxim ate p ropo rtionality , assum ing no system 
pre-em phasis:

— for m easuring channels located near the lower lim it o f the system bandw id th , an  effective
bandw idth  o f  1% system bandw idth  causes an  excess read ing  o f 0.05 dB fo r second o rder
in term odulation  noise pow er;

— for m easuring channels located in the m iddle, or near the u p p er lim it, o f the system bandw id th ,
an effective bandw idth  o f 1% system bandw idth  causes an  excess reading o f 0.1 dB.

c) The effect o f system pre-em phasis in the case o f a bandstop  filter near the low er lim it o f the system 
bandw idth , i.e. where the density o f second order nonlinearity  p roducts tends to  be greatest, is to  
reduce the error attribu tab le to  a given filter bandw idth  in the sam e p ropo rtion  th a t the signal density 
at that frequency is reduced by pre-em phasis.

B.3 Bandpass filters

In order to reduce the num ber o f different filters, com prom ises have been m ade in some cases betw een the 
nom inal effective cu t-off frequency and the system bandw idth  lim iting frequency (cf. § 3 o f the text).

For the larger systems there may also be a significant difference betw een the frequency bandw id th  4 A  kH z 
(A  being the system capacity expressed in telephone channels) and  the system bandw id th  (Table 2/G .228).

Both these facts are taken into account by the correction factor k in troduced  in equation  (A-2) o f A nnex A 
and  in Table A-1/G .228.

The recom m ended tolerances on the nom inal values o f cu t-off frequencies are such th a t the actual and 
nom inal bandw idths o f the signal load canno t differ by m ore than  1%. This ensures tha t ca lib ration  errors (in 
N P R  m easurem ents) due to this particu lar im perfection do not exceed abou t 0.05 dB.

The tolerances on the effective lowpass cut-off frequencies are in all cases less than  1.0% o f the nom inal 
system bandw idth and  in m ost cases less than  0.8%. A difference o f 0.8% leads to an error, in th ird  o rder 
nonlinearity  noise m easurem ent, o f 0.1 dB, this allow ing for a pre-em phasis o f  8 dB. Even allow ing for a greater 
degree o f pre-em phasis, the m axim um  error from  this cause should not exceed 0.15 dB.
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B.4 Procedures fo r  high accuracy measurements

The follow ing m easuring procedures are recom m ended for high accuracy type o f m easurem ents, for
exam ple checks th a t transm ission system noise perform ance objectives are being achieved.

B.4.1 Signal load adjustm ent

The loading pow er should be adjusted to the nom inal value by m eans o f  a true r.m.s. level m easuring
device. The m axim um  error, including reading error, should  no t exceed ± 0 .1 5  dB.

B.4.2 Receiver calibration

B.4.2.1 U sing the N P R  m ethod (§ A.2.1) the receiver should be set w ith reference to  the received signal 
im m ediately before insertion o f  a bandpass filter.

B.4.2.2 U sing the d irect noise pow er m easuring m ethod (§ A.2.2) the receiver calibration  error could be decreased 
to  ±  0.15 dB at the particu lar m easuring slot by checking the reading with the aid o f  a white noise signal and  a 
d .c.-calibrated true r.m.s. level meter.

N ote  — The accuracy o f m easurem ents related  to  the zero relative level po in t (dBmOp or pWOp) also 
depends on  how precisely the relative level at the m easuring po in t (n2 o f  F igure A -1/G .228) is known.

B.4.3 Insertion o f  bandstop filters

O nly one bandstop  filter should be inserted at a tim e. This lim its errors in m easurem ent o f in te rm odula­
tion  noise.

B.4.4 Readjustm ent o f  signal load

N orm ally , the signal load  should be readjusted to  the nom inal value after the insertion  o f a bandstop  
filter. W hen m easurem ents are specifically to  investigate second-order in term odulation , o r when this is know n to 
dom inate , greater accuracy is ob ta ined  by readjusting  only for the specified passband  insertion loss o f the 
bandstop  filter and  no t for the loss o f spectrum  energy in the m easuring slot.

N ote  — The effect o f the m easuring slot bandw idth  is negligible with crystal-type bandstop  filters.

B.4.5 M easurem ent a t the receiver

B.4.5.1 U sing the N P R  m ethod the noise pow er ratio  is now  m easured as the change required in the setting o f an 
a ttenua to r (A a in F igure A -1/G .228) to  restore the po in ter o f the indicating instrum ent to the original setting.

B.4.5.2 U sing the direct m easuring m ethod the weighted noise level can be read in  dBm p (or pW p) from  the 
instrum ent. O ptional m eans m ay be provided, e.g. to shift the calibration  by setting a switch to  the relative level n2 
o f  the m easuring access po in t T  so tha t the dBmOp or pWOp values are indicated.

B.5 Corrections fo r  high accuracy measurements

The effects o f the follow ing error sources can be reduced by applying corrections to  the m easured values:

B.5.1 Receiver calibration in connection with N PR m ethod

B.5.1.1 Irregularity o f  the noise source

The to lerance for the spectrum  regularity is ±  0.5 dB. A calibration  table (or curve) should  be available 
fo r each noise generator.
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B.5.1.2 Errors o f  effective system  bandwidth

A correction  in the conversion o f N P R  values into noise levels (in dBmOp) by app lica tion  o f  the correction  
factor k in equation  (A-2) allow s first, for the difference between nom inal occupied bandw id th  o f the  system 
under test and  actual bandw id th  B  between bandpass filter effective cu t-o ff frequencies and  secondly, fo r the 
difference between nom inal occupied bandw idth  and  the to tal bandw idth  actually  occupied by te lephone channels 
(i.e. 4 A  kHz).

B.5.1.3 Passband attenuation distortion o f  bandpass filters a t the m easuring frequency

The corrections in §§ B.5.1.1 and  B.5.1.2 should ensure calib ration  to  an  accuracy o f ±  0.2 dB.

5.2 Bandstop filte r  effects

I f  coil-capacitor type bandstop  filters are used, it m ight be w orthw hile to  assess the erro r o f  the m easured 
in term odulation  noise due to  the effective bandw idth  o f these filters. To this end the rules quoted  in  B.2.3.1 and
B.2.3.2 above should be applied.

A pproxim ate corrections for this error are thus possible when the p ro p o rtio n  o f  th ird- an d  second-order 
in term odulation  noise has been determ ined.

B.6 Lim itations o f  the noise loading m easurem ent technique

B.6.1 Very low noise levels o f  less than abou t —83 dBmOp (about 5 pWOp) canno t be expected to  be m easured 
w ith an erro r o f less than  2 dB, where the inherent noise leakage o f the w hite noise m easuring set is a t the  lim it 
corresponding  to N P R  >  67 dB as explained in B.2.2 above.

B.6.2 A lthough the m easurem ents m ade at the specified frequencies m ay confirm  th a t the design objectives are 
m et, the noise perform ance o f a system between these frequencies canno t always be in ferred  accurately  from  these 
m easurem ents. W hether this in terpo lation  is justified  o r no t has to  be established for the system  under 
consideration . An approx im ate indication  o f  the frequency dependency can  be gained from  the frequency 
characteristic o f the basic noise (w ithout loading) which can be m easured w ith the aid  o f  a selective level m eter 
and  continuously  varying the frequency. The to ta l noise perform ance o f  a system m ay be evaluated , w hen 
necessary, by carrying out m easurem ents using additional test equipm ent.

Bibliography on accuracy of white noise measuring methods
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Recommendation G.229

UNW ANTED M O D ULATIO N AND PHASE JITTER

(Geneva, 1972, am ended a t Geneva, 1976 and  1980)

1 Unwanted modulation by harmonics of the power supply and other low frequencies

1.1 Requirem ents on carrier transmission system s

To enable the lim it indicated in the R ecom m endation cited in [1] to  be met, it is recom m ended tha t a 
m inim um  side com ponent attenuation  o f 45 dB should be obtained when a signal is transm itted  over a channel 
having the same com position as the 2500 km  hypothetical reference circuit for the system concerned.

This lim it is subdivided as indicated  in §§ 1.2 and  1.3 below  in to  allocations to term inal and  to line 
equipm ent.

1.2 Combined effect due to all translating equipment

The com bined effect due to all translating  equipm ent on the hypothetical reference circuit should 
co rrespond  to  a m inim um  side com ponent a ttenuation  o f 48 dB.

F or each translating  equipm ent, send and  receive side taken separately, and m easured at the signal ou tput, 
a side com ponent attenuation  o f at least 63 dB should be ob ta ined  under norm al operating  conditions. U nder 
adverse pow er supply conditions a m inim um  o f 60 dB should be met. It is expected tha t then an overall value of 
48 dB, indicated  above, will only rarely be exceeded.

N ote — The above requirem ents are derived from  the hypothetical reference circuits for the 4 M Hz, 
12 M H z and  60 M H z systems. The same figures m ay be applied  to  other systems provided tha t their hypothetical 
reference circuit does not differ significantly from  those referred to above.

1.3 Combined effects due to all line equipment

The com bined effects due to all line equipm ent on the hypothetical reference circuit should correspond  to 
a m inim um  side com ponent attenuation  o f 48 dB.

Line equipm ents can be subject to  two types o f  interference which will cause side com ponents on a 
transm itted  signal:

— Effects from  pow er supplies (for exam ple, a residual m ains frequency ripple may be superim posed on 
the d.c. pow er feeding current). These are potentially  system atic on the com plete length o f the circuit.

— Effects from  voltages caused by induction  (for exam ple, from  railway traction  currents). They are not 
expected to  occur as system atically as the effects from  the pow er supplies.

The influence caused by power supply ripple should be such tha t a m inim um  side com ponent attenuation  o f 
51 dB is observed for the com bined effect o f all line equipm ent on the hypothetical reference circuit. It is 
recom m ended that on a single pow er feeding section, the side com ponent a ttenuation  should no t be less than 
51 +  10 log k dB, where k is the num ber o f pow er feeding sections on the hypothetical reference circuit.

N ote — Based on the assum ptions th a t som e pow er feeding sections m ay be pow ered from  battery 
supplies and  that adverse cum ulation over the full length o f  the hypothetical reference connection is unlikely, it 
can be expected that the lim it o f 51 dB will be observed w ith a high probability .

The influence caused by induced voltages should be such that a m inim um  side com ponent attenuation  of 
51 dB is observed for the com bined effects o f all line equipm ent on the hypothetical reference circuit. However, 
voltages caused by induction vary considerably with time. The effect o f a source o f  induction is very often 
confined to  one pow er feeding section. It seems very unlikely tha t the induced voltage reaches its m axim um  value 
in m ore than  one section at the same instant.

It is recom m ended that the r.m.s. value o f the longitudinal voltage in a pow er feeding section caused by 
induction  under norm al operating  conditions (excluding short circuits and  arcing on railways, etc.) should  not 
exceed 150 volts. (This lim it has been recom m ended regarding safety aspects and  is con tained  in [2]. It seems 
reasonable to adop t the same value for the present purpose.)
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C alculations indicate th a t an allow ance o f 6 dB for the com bined effect o f  several sections un d er the 
influence o f induction  should cover the m ajority  o f likely cases. It is therefore recom m ended th a t a m inim um  side 
com ponent attenuation  o f 57 dB should be observed on a pow er feeding section under the influence o f  the 
m axim um  allowed induced voltage. It is estim ated tha t then the value o f 51 dB on a circuit o f  2500 km  w ould 
only be exceeded in rare circum stances and  infrequently , particularly  in view o f the fact tha t only a fraction  o f the 
to tal length w ould be exposed to  interference by induction.

2 Phase jitter due to translating equipments

F or each translating  equipm ent, send and  receive sides taken separately, a phase jitter on a signal should  
no t exceed 1° peak-to-peak (provisional value, see N ote  5) when m easured on the ou tpu t o f the equipm ent. The 
m easurem ent should be o f all phase jitte r  com ponents on  each side o f the signal in the frequency ban d  20-300 Hz,
i.e. equivalent to the frequency ban d  indicated  in R ecom m endation 0.91 [3].

Note 1 — The above requirem ent is derived from  a consideration  o f da ta  signals on a te lephone-type 
circuit over a 2500-km hypothetical reference circuit. C onform ing to  this requirem ent will ensure a high 
probability  tha t the overall phase jitter from  this source will no t exceed 6° peak-to-peak. This perform ance will 
also ensure a high probability  tha t for telephone speech transm ission the phase jitte r  will be below  the detection  
th reshold  o f a m ajority o f listeners.

(•
Note 2 — In  practice it is expected tha t phase jitte r  o f the m agnitude given above will occur only on 

translating  equipm ents using high frequency carriers and  tha t correspondingly  low er phase jitte r  will be caused by 
translating  equipm ent using low er frequency carriers.

Note 3 — W here the phase jitter is caused m ainly by random  noise a peak-to -peak /r.m .s . ra tio  o f 10 
should be assumed.

N ote 4 — Test m ethods are still under study. Exam ples o f test m ethods used by som e A dm inistra tions are 
given in an  annex to  Q uestion 11/X V  [4].

N ote 5 — R equirem ents for noise m odulation  o f signals for o ther services (group-band  d a ta  circuits, 
telegraphy, sound-program m e transm ission, etc.) are under study. These services m ay require a m ore stringent 
perform ance than  tha t im plied by the phase jitter perform ance given above.
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Recommendation G.230

M EASURING M ETH O DS FOR NO ISE PRO DUCED BY M ODULATING  EQ UIPM ENT  
AND TH RO UG H -C O N NECTIO N FILTERS

(Geneva, 1976 and 1980)

C onsidering the provisions o f R ecom m endation G.222, § 4 and  the assum ptions for the calculation  o f 
noise o f R ecom m endation G.223, the follow ing m ethods for m easuring the noise produced  by m odulating  
equipm ents are recom m ended:

1 12-channel translating equipments

For the m easurem ent o f noise produced by 12-channel translating  equipm ents, eleven incoheren t noise 
random  signals w ith a norm al (G aussian) level d istribution  and  w ith a pow er d istribu tion  according to
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R ecom m endation G.227 should be used. As a provisional value, the peak /r.m .s. ratio  o f each o f  the noise signals 
should  be abou t 12 dB. The allocation  on the 12-channel inputs o f the conventional load o f 2140 pWO 
( +  3.3 dBmO) should  be as follows:

1 channel being m easured ..............................................................................................    . 0 pWO

2 adjacen t channels a t 32 pWO ( —15 dBmO) each .................................................................................  64 pWO

9 channels at 230 (iWO ( — 6.4 dBmO) e a c h .................................................................................  2070 pWO

2134 pWO

2 Higher order translating equipments

2.1 Allocation o f  loading

F or the m easurem ent o f  noise produced  by higher order translating  equipm ents (groups, supergroups, etc. 
transla ting  equipm ent), the values for the allocation  o f  the conventional load to  the d ifferent translating  
equipm ents are given in Table 1/G .222. *

The num ber o f  incoheren t band-lim ited  w hite noise signals is assum ed to  be equal to  the num ber o f the 
in p u t ports o f the groups, supergroups, etc. translating  equipm ent under m easurem ent. In certain  circum stances, 
how ever, the num ber o f noise signals m ay be sm aller than  the num ber o f g roup input ports.

2.2 M easuring frequencies

The m easuring frequencies in Table 1/G .230  are recom m ended.

TABLE 1/G.230

Basic group to be measured Frequency range 
(kHz)

Measuring frequencies 
(kHz)

Group 60- 108 70 98
Supergroup 312- 552 331 534
Mastergroup 812- 2 044 1 002 1 248 1 730
15 supergroup assembly 312- 4 028 534 1 248 3 886
Supermastergroup 8 516-12 388 9 073 11 700

2.3 Filter characteristics

The follow ing filter characteristics are recom m ended:

2.3.1 bandpass filters (see Table 2/G .230);

2.3.2 bandstop  filters (see Table 3/G .230).

N ote  — M easuring frequencies o f Table 1/G .230  and  filter characteristics o f Tables 2 /G .230 and  3/G .230  
(with the exception o f the 70-kHz filter) are the sam e as in C C IR  R ecom m endations 399-3 [1] and  482-1 [2] and 
C C IT T  R ecom m endation G.228 used for line system arrangem ents. A nnex B to  R ecom m endation G.228 deals 
w ith the subject o f corrections, if  any, to be applied  to  m easurem ents to allow  for filter effects.
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TABLE 2/G.230

Bandpass filters

Capacity
(channels)

Limit 
of band 
occupied 

by telephone 
channels 

(kHz)

Effective cut-off 
frequencies of 

bandpass filters (kHz)

Frequency bands (kHz) inside 
of which the discrimination 

should exceed 75 dB

Highpass Lowpass
Below

the
passband

Above
the

passband

Basic group B 12 60- 108 61 ±2 107 ± 2 6- 52 116- 1200
Basic supergroup 60 312- 552 320 ±8 546 ±10 6- 288 577- 8 500
Basic mastergroup 300 812- 2 044 840 ±16 2 004 ± 30 6- 412 2 318- 26 000
Basic 15 supergroup
assembly 900 312- 4 028 320 ±8 4 070 ±60 6- 288 4 544- 30 000
Basic
supermastergroup 900 8 516-12 388
(15 supergroups ) 8 560 ±200 12 250± 180 6-7 686 13 085-135 000
assembly No. 3) 900 8 620-12 336 J

Above and below these bands,
the discrimination may decrease
with a slope of 6 dB/octave.

TABLE 3/G.230
Bandstop filters

Centre 
frequency f c 

(kHz)

Bandwidth (kHz) 
in relation to f c over 

which the discrimination 
should be at least

Bandwidth (kHz) 
in relation to f c outside of 
which the discrimination 

should not exceed Notes

70 dB 55 dB 30 dB 3 dB 0.5 dB

70 ±1.5 ±1.7 ±2.0 ±5 ±10 a)
98 ±1.5 ±1.8 ±2.1 ±4 ± 9 b)

331 ±1.5 ±2.7 ±4.0 ±17 ±30 a)
534 ±1.5 ±3.5 ±7.0 ±15 ±48 c)

1 002 ±1.5 ± 4:0 ±9.0 ±27 ±90 b)
1 248 ±1.5 ±4.0 ±11.0 ±35 ±110 c)
1 730 ±1.5 ±4.2 ±14.0 ±48 ±155 b)
3 886 ±1.5 ±1.8 ±3.5 ±12 ±100 c)
3 886 — ±15.0 ±30.0 ±110 ±350
9 073 ±1.5 ±2.7 ±5.8 ±18 ±250 a)

11 700 ±1.5 ±3.0 ±7.0 ±20 ±300 c)

a) Provisional values.
b) CCIR Recommendation 482-1 [2].
c) CCIR Recommendation 399-3 [1],

2.4 M easuring procedures

The m easuring procedures should com ply w ith R ecom m endation G.228. M easurem ents m ust be carried  out 
with the regulators, if  any, no t included and  with the levels a t the nom inal value.

N ote — Some A dm inistrations have chosen for groups and  supergroups ,n o t being tested in  conform ance 
w ith Table 1/G .230  higher values o f the load, bu t only for testing equipm ents w ith som e m argin  to  take account 
o f  the application  where higher than  nom inal activity is to be expected.

As a consequence, in such cases, h igher noise lim its have to  be adm itted  than  those ind icated  in 
R ecom m endation G.222, § 4).
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3 Through-connection filters

3.1 Allocation o f  loading

For the m easurem ent o f  noise produced by through-connection  filters the values for the allocation  o f the 
conventional load according to  Table 2/G .223 to the d ifferent filters are given in Table 4/G .230.

TABLE 4/G.230

Filters for the basic Band of the noise spectrum (kHz) Level of the noise power (dBmO)

Group 12 to 252 + 6.1 ( ^ 60 channels)
60 to 108 + 3.3 (& 12 channels)

Supergroup ' 60 to 1 296 + 9.8 (£ 300 channels).
316 to 552 + 6.1 ( ^ 60 channels)

Mastergroup 316 to 2 600 + 12.3 (S 530 channels)

Supermastergroup 4370 to 17 300 + 17.6 ( ^ 1800 channels)

15 supergroup assembly 316 to 8 160 + 17.6 ( ^ 1800 channels)

Note 1 — Group and supergroup through-connection filters require two measurements. One with “ broadband loading” with components outside 
the pass-band, and an additional one with loading in the passband only. Since in these cases the number of transmitted channels is smaller than 240 
(the range where the power level of the conventional load is not proportional to 10 logio n, see 2.1 of Recommendation G.223) the proportional part 
of the broadband loading transmitted in the passband gives a loading which is lower than the conventional load for 12 or 60 channels respectively. 
Note 2
a) The lowpass filter for the measurement of the through-supermaster group filter is under study (see question 11/CMBD [3]).
b) The choice of the correct load figure for the measurement of the noise produced by the through-supermastergroup filter requires further study 

bearing in mind that band limiting filters for a bandwidth complying with actual load conditions are not available.

3.2 M easuring frequencies 

See § 2.2.

3.3 Filter characteristics

H ighpass and  low pass filters com plying with Table 2/G .228 and [4] can be used to lim it the frequency o f 
the noise spectrum . F or bandstop  filters, see Table 3/G .230.

3.4 M easuring procedures

The m easuring procedure should com ply with R ecom m endation G.228. For th rough-group and through- 
supergroup filters, two m easurem ents have to  be carried out in the appropria te  m easuring slots in the passband.
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2 .3  T ranslating equipm ent used on various carrier-transm ission  system s

Recommendation G.231

ARRANGEMENT OF CARRIER EQUIPM ENT

(am ended a t Geneva, 1964, M ar del Plata, 1968, and  Geneva, 1972)

1 Carrier-system racks (form erly Part A) 

The C C ITT,

considering

that countries no t having a national industry  for the construction  o f carrier systems m ust ob ta in  them  from  
d ifferent factories, and  tha t the variations o f the d im ensions o f the racks between d ifferen t sources o f supply  do 
not allow  o f  a sim ple and  econom ical layout o f  the cables and  efficient use o f accom m odation ,

unanimously recommends

that in future the dim ensions o f carrier-system  racks should  m eet the requirem ents as follow s:

1) Space between suites — The m inim um  space between suites should  be such th a t it is possible to  m ove 
test trolleys from  place to  place (between two suites), and  also for m ain tenance s ta ff to  be able to  
w ork com fortably  between two suites. A spacing o f 75 cm at least seems reasonable.

2) Overall height — The overall height o f  a rack above the floor (no t including the space p rovided  fo r
overhead cable runs) should no t exceed 320 cm.

In principle, 30 cm should be allow ed for overhead cable runs, and  also abou t 30 cm fo r access to  
these cables, which m akes at the m ost 60 cm between the top  o f the rack and  the ceiling; nevertheless, 
som e A dm inistrations consider tha t a to tal height o f 40 cm betw een the to p  o f the rack  and  the  ceiling 
is sufficient in certain  cases. In  m ain  repeater stations (or term inal equipm ent stations), w here, in 
addition  to  cables connecting one rack to  another, general d istribu tion  cables have to  be allow ed for, 
it is recom m ended tha t the height o f the build ing between the floor and  the ceiling should  be at least 
4 m to facilitate access to the various cables.

3) Thickness — The thickness o f  a rack should not be greater than  45 cm. F or racks which m ay be 
placed back to  back the to ta l suite thickness m ay be up  to  52 cm, including all m ain tenance contro ls, 
cooling fins, etc., which m ay p ro tude from  the nom inal face o f the equipm ent.

2 Use of standard components in transmission equipment (form erly Part B)

W hile acknow ledging tha t the In ternational E lectrotechnical C om m ission (IE C ) is com peten t to  devise
standards for com ponents o r devices generally used in electrical engineering, the C C IT T  nevertheless reserves the
right to issue recom m endations dealing with such equipm ent and  w ith transm ission  systems w hich, if  com ponents 
standardized by the IEC  were used, m ay prove im possible to create.

Furtherm ore, m anufacturers and  A dm inistrations wishing to  use com ponents specified by the IEC  or by 
ano ther body will still be responsible for ensuring th a t the recom m endations issued by the C C IT T  are met.

H ence the C C IT T  recommends

tha t A dm inistrations and  m anufacturers should ensure tha t all com ponents used in transm ission  systems 
and  equipm ents (even if such com ponents have been standard ized  by som e o ther national o r in te rnationa l body) 
are such tha t the requirem ents o f C C IT T  recom m endations will be com plied with in the conditions o f  use 
envisaged, th roughout the life o f  the equipm ent or systems, i.e. tw enty years or more.

This recommendation applies both to carrier, systems and to audio equipment.
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3 Power supply (form erly Part C)

Inform ation  on noise at the term inals o f the battery  pow er supply system is given in S upplem ent 
No. 13 [1].

F or carrier system equipm ent, it is recom m ended th a t pow er supply equipm ent should provide a no-break  
supply  w hen the pow er m ains fail.

N ote — M uch existing equipm ent has been designed in accordance with the old recom m endation  in 
Volum e III  o f the Blue Book, which is reproduced below:

“ In  countries where the m ain pow er supply is unreliab le and  where it is the norm al source o f supply  for 
the coaxial system, it is recom m ended tha t in each pow er-feeding station there should be equipm ent to  transfer 
from  the norm al source o f supply to a standby source or vice versa in such a m anner tha t breaks in transm ission 
on voice-frequency telegraph circuits or on  te lephone circuits w ith au tom atic signalling carried by the system do 
n o t exceed about 150 m illiseconds.”

4 Repeater station cabling 0 (form erly Part D)

The A dm inistrations m entioned in the list kept by the C C IT T  Secretariat are prepared  to supply  other 
A dm inistra tions and  technical assistance experts w orking under the ITU  with inform ation  on the national 
standards they apply  to the w iring o f repeater stations. However, they w ould w arn users tha t cable specifications 
an d  w iring d iagram s are no t always the best way o f giving them  the in form ation  they desire. The docum entation  
available is very bulky and  requests for inform ation  should  be reasonably precise, since it is essential to  know  
exactly on w hat po in t in form ation  is required  in o rder to  decide w hat form  the reply should take.

A p roper understand ing  o f how w iring is done in repeater stations canno t be acquired from  docum ents 
alone and  the persons concerned should get in touch w ith the A dm inistrations on the list in order to  see the 
m ethods p u t’into practice.

A dm inistra tions are invited to supply inform ation  to  keep this list, which is deposited with the C C IT T  
S ecretariat, constantly  up to date.

Reference

[1] Noise a t the terminals o f  the battery supply, O range Book, Vol. III-3 , Supplem ent No. 13, ITU , 
G eneva, 1977.

Recommendation G.232

12-CHANNEL TERMINAL EQUIPM ENTS

(am ended at Geneva, 1964, M ar del Plata, 1968, and Geneva, 1972, 1976 and 1980)

The C C IT T  recommends tha t,

except in the particu lar cases cited in R ecom m endations G.234 and  G.235, channel term inal equipm ent 
should  provide 12 channels in a basic group, w ith 4-kHz spaced carrier frequencies, in conform ity  with the 
present R ecom m endation.

1 Attenuation distortion (form erly Part A)

The follow ing three conditions should be satisfied sim ultaneously:

1) The variation  with frequency o f the m ean o f the overall losses o f the 12 pairs o f channel transm itting  
and  receiving equipm ents o f one term inal equipm ent should not exceed the lim its show n in G raph  A 
o f  Figure 1 /G .232.

This recommendation applies both to carrier systems and to audio equipment. 
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2) F or each pa ir o f channel transm itting  and  receiving equipm ents o f  one term inal equipm ent, the 
varia tion  o f overall loss w ith frequency should not exceed the lim its show n in G rap h  B o f 
F igure 1/G .232.

3) For the transm itting  equipm ent o f any channel, the a tten u a tio n /freq u en cy  d isto rtion  should  no t 
exceed the lim its in G raph  C o f  Figure 2/G .232 where:

— the frequencies shown as abscissae are audio  frequencies, before m odulation ,

— the ordinates give the lim its o f relative pow er level m easured a t carrier frequency.
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FIGURE 1/G.232
Permissible limits for the variation with frequency of the overall loss of transmitting 

and receiving equipments of one 12-channel terminal equipment
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Graph C -  Allowable limits for the variation, as a function of frequency, of the relative power level at the output 
of the sending equipment of any channel or of the receiving equipment of any channel of a 12-channel terminal
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F or the receiving equipm ent o f any channel, the a ttenuation /frequency  distortion  should no t exceed the 
lim its o f  this sam e G raph  C where, this tim e:

— the frequencies show n as abscissae are audio  frequencies, after dem odulation ,

— the ordinates give the lim its o f relative pow er level m easured at each frequency, at the audio  ou tpu t 
term inals.

This last recom m endation (under 3) above) is based on the assum ption tha t the transm itting  and receiving 
equipm ents will be treated  on an equal footing, and  tha t the overall tolerances will be equally shared between the 
transm itting  and receiving sides.

N ote — Some A dm inistrations use, for circuits interconnecting in te rnational centres o f the higher orders, 
i.e. C T ls  and  CT2s (in ternational transit centres), channel-translating  equipm ent tha t gives an im proved lo ss/ 
frequency response by com parison with equipm ent m eeting the above recom m endation. (See [1].) Such equipm ent 
does no t incorporate ou tband  signalling.

2 Limits for the response outside the band 300 to 3400 Hz (form erly Part B)

The C C IT T  recom m ends tha t in o rder to  secure the values referred to  in Table 1/G .122 o f R ecom m enda­
tio n  G.122 [2], these term inal equipm ents should show a loss (and  no t a gain) in relation to the value for 800 Hz
at all frequencies below  a value /  and  all frequencies above a value F.

F or G raph  B o f  Figure 1/G .232  the recom m ended values are the follow ing:

/  =  200 Hz and  F = 3600 Hz

The values recom m ended for G raphs A and  C are:

G raph  A: /  =  250 Hz and  F  =  3600 Hz;

G raph  C : /  =  200 Hz and  F  =  3600 Hz.

3 Group-delay distortion (form erly Part C)

The group-delay d isto rtion  produced  by all types o f 4-kHz channel term inal equipm ent is norm ally found 
to  be quite acceptable so th a t no special equalization is needed. To ensure tha t this rem ains true for the future, it 
is recom m ended tha t the lim its in Table 1/G .232  for the group-delay d istortion  (relative to  the m inim um  delay) 
should  no t be exceeded by a pa ir o f channel transm itting  and  receiving equipm ents o f  one 12-channel term inal 
equipm ent.

G roup-delay  d istortion values which are encountered  in practice and  which are unlikely to be exceeded are 
5 ms a t 300 Hz and  2.5 ms at 3300 Hz. (This in form ation  m ay be o f interest to  netw ork designers.)

TABLE 1/G.232

Frequency band Group-delay distortion

400- 500 Hz 5 ms
500- 600 Hz 3 ms
600-1000 Hz 1.5 ms

1000-2600 Hz 0.5 ms
2600-3000 Hz 2.5 ms

4 Stability of virtual carrier frequencies (form erly Part D) 

See R ecom m endation G.225.
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5 Carrier leak (form erly P art E)

5.1 Carrier leaks within the group band 60-108 kH z

The carrier leaks are m easured at the group d istribu tion  fram e (or an  equivalent point).

The absolute pow er level o f these leaks, referred to a po in t o f zero relative level, should be low er th an  the 
follow ing values:

— carrier leak m easured on one channel: —26 dBmO;

— sum o f carrier leak pow ers o f the various channels, m easured w ith in  a g roup : —20 dBmO.

However, if  the group is transm itted  via open-w ire lines over the w hole or p a rt o f its length, and  if  it is 
desired to guard  against the risk o f  conversations over the open-w ire line being p icked up  by an  o rd inary  wireless
receiver, the carrier leak m ust be further reduced.

The place and  m ethod to  be used for the supplem entary  suppression o f carrier leak, w hen a group  on a 
cable is transferred  to  an open-w ire line, should be agreed to by the A dm inistra tions concerned.

5.2 Carrier leaks outside the group band 60-108 kH z
i

C arrier leaks resulting from  different m ethods o f m odulation  (p rem odula tion , p regroup  m odula tion , etc.) 
m ay fall outside the frequency band  60-108 kH z and , after group and  supergroup  m odula tion , affect ad jacen t 
groups and  interfere w ith w ideband  services. In order to lim it such interferences, the pow er level o f  any  such 
carrier leak should be lower than  — 50 dBmO m easured a t the group d istribu tion  fram e, o r at an  equivalen t point.

N ote — This value is sufficient for m any applications (such as w ideband  d a ta  etc.). In  the case o f  
sound-program m e transm ission and  3-kHz spaced channels, etc. in the ad jacen t group, m ore stringent lim its need 
to  be applied  (see R ecom m endation G.233, § 11 and  R ecom m endation G.235, § 5).

6 Protection against harmful voltage surges, clicks, etc. (form erly Part F)

Experience has show n th a t it m ay be necessary to  p ro tect equ ipm ent against harm ful voltage surges 
arising, for exam ple, from  clicks caused by switching equipm ent or by low -frequency ringing currents.

Some protection  against these harm ful voltage surges derives from  the use by various A dm in istra tions o f 
term inations giving a highpass filter effect and  having a high loss for frequencies below  300 Hz, o r from  lim iting 
devices which are either norm ally  fitted in their carrier systems or w hich can be inserted in the te rm ination . O ther 
arrangem ents can also be used.

7 Linearity (form erly Part G)

The curve representing  the variation (as a function  o f pow er), o f  the overall loss per channel o f a 
com bination o f sending and  receiving term inal equipm ents should  be w ithin the lim its o f  F igure 3 /G .232  
(G raph  No. 3), the m easurem ents o f  the ou tpu t pow er being m ade by m eans o f  a square law device.
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FIGURE 3/G.232
Graph No. 3 -  Permissible limits for the variation with applied audio power level, of the overall loss of the combination of sending 

and receiving 12-channel terminal equipments. The curve shows the variation of overall loss as a function 
of the power level applied to the audio input terminals of one channel and referred to the overall loss

when the applied power is 1 mW
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8 Amplitude limiting (formerly Part H)

The sending equipm ent o f an individual channel, w ith the addition  o f a lim iter where necessary, m ust 
p roduce the lim iting effect defined as follow s: fo r any sine wave signal, at any frequency between 300 and  
3400 Hz applied  at the input at any level no t exceeding 20 dBmO, the level o f the high-frequency ou tpu t signal, 
m easured by m eans o f  a quadra tic  law aperiod ic device and  referred to  zero relative level, should no t exceed 
12 dBmO.

9 C rosstalk (form erly Part J)

9.1 Intelligible intercircuit crosstalk

The crosstalk ratio  (intelligible crosstalk only) m easured between two carrier channels o f the sam e group 
should  no t be less than  65 dB.

To check tha t this lim it is met, m easurem ent can be restricted to testing with a frequency o f  800 Hz with a 
pow er o f 1 m illiw att at a po in t which w ould be at a zero relative pow er level under norm al w orking conditions. A 
selective receiving instrum ent such as a wave analyser can be used.

9.2 Unintelligible crosstalk between adjacent channels

The crosstalk produced  in an  adjacen t channel by an unw anted  sideband, as a result o f im perfect 
suppression by the channel filter, is inverted and  is thus unintelligible. However, such crosstalk m ay have 
speech-like rhythm  and  the annoyance produced  by a loud ta lker should be lim ited.

To check tha t the suppression is adequate the follow ing m ethod is applied. The disturbed circuit is 
term inated  a t its sending end and  the d isturbing channel is loaded with a un iform  spectrum  random -noise signal 
shaped  in accordance w ith the speech pow er density curve given in R ecom m endation G.227.

The pow er applied  to  the channel should  no t exceed 1 m W  at a zero relative level po in t, so as to avoid the
influence o f  the channel lim iter.

U sing a psophom eter, the noise produced  in the d isturbed channel is then com pared with the signal 
app lied  to  the d isturbing channel and  the result is expressed as a crosstalk pow er ratio. The value ob ta ined  
(m aking allow ance, where necessary, for basic o r o ther noise present on the d isturbed channel, independently  o f 
the crosstalk being m easured) should  be at least 60 dB.

9.3 Go-to-return intelligible crosstalk o f  any channel within a group

This recom m endation will relate only to intelligible crosstalk m easured between the audio-frequency 
d istribu tion  fram e and  the group d istribution  fram e, including the station  w iring (although the crosstalk under 
consideration  com es chiefly from  the channel term inal equipm ents).

The near-end crosstalk ratio  m easured between the “A udio in ” po in t o f each channel and  the co rrespond­
ingly num bered “A udio ou t” po in t (see F igure 4/G .232) should be at least X  dB when the high-frequency access 
po in ts are suitably term inated.

FIGURE 4/G.232
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In addition  the near-end crosstalk ratio  m easured between the “ H F  in ” and  the “ H F  o u t” po in ts should  be 
a t least A  dB when the audio  po in ts are appropria te ly  term inated .

The C C IT T  recom m ends the follow ing figures which are m inim um  values to be included  in specifications 
(not objectives):

For all channels X  =  53 dB, A  =  47 dB. The m ethod o f m easurem ent is given in the R ecom m endation  
cited in [3].

For channels o f  circuits which m ay be used w ith echo suppressors o r call concen tra to rs X  =  68 dB, 
A = 62 dB. The m ethod o f m easurem ent is described in the R ecom m endation cited in [4].

9.4 Station cabling

The contribu tion  o f the station  cabling to go-to-return  crosstalk arising in channel transla ting  equipm ents 
as m easured at audio frequency or g roup distribu tion  fram es should be sm all, i.e. abou t an o rder o f m agnitude 
lower than  tha t o f the equipm ent itself. There seems no reason to  propose m ore precise subdivisions o f  the lim its 
proposed  in §§ 9.1, 9.2 and  9.3 above.

Calculation m ethods

R ecom m endation J.18 [5] states the various contribu tory  sources to  the go-to-return  crosstalk  w hich m ay 
reasonably  be assum ed for the near lim iting cases which should  serve as a basis for equipm ent specifications.

The R ecom m endation cited in [6] contains general considerations concerning calcu lation  m ethods based on 
pow er addition  o f the various contributions.

10 Noise (form erly Part K)

R ecom m endation G.222 refers to  the noise produced  by channel translating  equipm ents.

11 Level, impedance and return loss at audio frequency terminals (form erly Parts L and  M)

11.1 T aking into consideration  the d ifferent ways in w hich R ecom m endation  G.121 [7] can be app lied  and  the 
m odern  devices now available, it is recom m ended tha t new designs o f  channel transla ting  equipm ent should  meet 
the follow ing conditions (see F igure 5/G .232), in which the adjustable attenuation  pads A R and  As enable the 
relative levels to be adjusted  over a certain  range. W hen these a ttenuation  pads are set to  zero loss, the relative 
level at the S and  R term inals o f the equipm ent m ust have one o f  the two series o f  nom inal values show n in 
Table 2/G .232.

Sending
terminals

FIGURE 5/G.232

TABLE 2/G.232

Maximum receive Minimum send
level at R level at S

Case 1 +4 dBr -1 4  dBr
Case 2 +7 dBr -1 6  dBr
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It was no t considered necessary to  recom m end a value for the adjustm ent range, which m ay even be 
reduced to  zero. The choice between these tw o solutions and  the determ ination  o f the adjustm ent range m ust be 
left to  the A dm inistration  involved, taking in to  account the econom ical aspects, its own netw ork configuration , its 
transm ission  p lan  and  that o f  the countries with which it will interwork.

11.2 The nom inal values o f the im pedance o f  the trunk  circuits (seen from  the m anual sw itchboard jack  or 
from  the au tom atic selector) should be the sam e for all circuits connected to  the sam e trunk  exchange. It is 
recom m ended that, if  possible, future carrier system term inal equipm ents should be designed to have a nom inal 
value o f  600 ohm s for the im pedance o f  national o r in te rnational trunk  circuits.

11.3 The return  loss against 600 ohm s o f the sending and receive term inals with the pads set to  zero loss should 
be better than  15 dB over the frequency range 300-600 Hz and  better than  20 dB over the frequency range 
600-3400 Hz.

N ote  — In  general, when the pad  values As and  A R — Figure 5 /G .232 — are set to  values o ther than 
zero, better values o f return loss will be obtained.

12 Protection and suppression of pilots (form erly Part N)

W ith the use o f  group and  supergroup pilo ts certain  problem s arise from  m utual interference between
pilo ts and  between pilots and telephony.

G roup  and supergroup pilots have been treated  separately below where form s o f interference, excluding 
effects o f  ou tband  signalling, are covered and  recom m endations made.

Specific recom m endations on ou tband  signalling have been excluded 0; however, certain general principles 
an d  the ir app lication  to particu lar ou tband  systems have been included as a guide for an  approach  to  the 
problem .

N ote  — T hroughout § 12 and  in A nnexes A and  B it is assum ed tha t the pilots used are, on the one hand,
at the frequencies 84.080 and  84.140 kHz, and , on the o ther hand , at 411.920 and  411.860 kHz. If  the pilots
104.080 kH z and 547.920 kH z are used, the sam e provisions apply  with the follow ing changes:

C hannels 1 and  2 are associated w ith the group pilo t at 104.080 kH z (just as channels 6 and  7 are
associated w ith the p ilo t at 84.080 kHz).

The interferdrice frequency at 64.080 kH z in group 5 and  channels 11 and  12 are associated with the 
supergroup  pilo t at 547.920 kH z (just as the interference frequency at 104.080 kH z in group 3 and channels 1 
an d  2 are associated with the p ilo t at 411.920 kHz).

12.1 Protection and  suppression o f  the group reference pilot

In  view o f the various possibilities o f  interference indicated in A nnex A, it is recom m ended tha t the
term inal equipm ent o f  a 12-channel group  should conform  to the attenuation /frequency  requirem ents o f 
Table 3 /G .232.

TABLE 3/G.232

Pilot frequency 

(kHz)

Channel
No.

Interference frequency 
in the channel 

with respect to the carrier

(Hz)

Minimum loss 
(relative to 800-Hz loss)

Send equipment Receive equipment

(dB) (dB)

(1) (2) . (3) (4) (5)

84.080 6 3920 20 40
7 -8 0 20 20

84.140 6 3860 20 35
7 -1 4 0 30 20

0 Note by the Secretariat — See Recommendations Q.21 [8] and Q.414 [9]. 
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The required attenuation  a t the equivalent frequencies o f —80 and  3920 Hz or —140 and  3860 Hz m ay be 
ob ta ined  by a com bination  o f  audio  filters, H F  channel filters and b an d sto p  filters at the d iscretion  o f the 
A dm inistra tion  concerned. It is, however, noted  that, when there is a n on linear device (such as a channel 
m odulator operated  as a lim iter, see § 8 above) betw een audio-frequency and  H F , filtration  on the au d io ­
frequency filters could have a m uch reduced effect on high-level audio-frequency in terference signals com pared  
with the effect on low-level signals. The relative losses quoted in colum ns (4) and  (5) o f Table 3 /G .232  are the 
to ta l effective losses required  after the inclusion o f a lim iter.

All the a ttenuation  values indicated above should be ob ta ined  over a ban d  o f  a t least ±  3 Hz relative to 
the nom inal p ilo t frequency for the pilot at 84.080 kH z and  ±  5 Hz fo r the p ilo t at 84.140 kH z fo r bo th  send and  
receive sides. This bandw idth  allows for the tolerances on the p ilo t (R ecom m endation  G.241, § 3) and  fo r the 
possible frequency varia tions on an in ternational circuit (R ecom m endation  G.225, § 1).

In addition , on the send side, the attenuation  over a b an d  o f ±  25 Hz relative to  the nom inal frequency o f 
the pilot should be such that the total energy o f  a w hite noise signal occupying tha t bandw id th  is a ttenuated  by at 
least 20 dB (see A nnex A). A ny unw anted signals falling w ithin this b an d  are liable to  be w ithin the passband  o f 
the pilot p ick-off filter and  m ay cause interference with an autom atic  gain regulator, m easuring equipm ent, etc.

12.2 Protection and suppression o f  the supergroup reference pilots

C onsiderations analogous to those outlined above lead to  the recom m ending  o f  identical values bu t now  
applying to channels 1 and  2 o f  the term inal equipm ents (instead o f channels 6 and  7 respectively). H ow ever, the 
to ta l a ttenuation  required  m ay be ob tained, at the d iscretion o f the A dm in istra tion  concerned, either in the 
channel term inal equipm ent or in the group-translating  equipm ent (using b locking filters either a t 104.140 kH z or
104.080 kH z in group  3 o f the group-translating  equipm ent or at 411.860 kH z o r 411.920 kH z), o r as a 
com bination o f the two equipm ents. The precautions to  be taken against such interference in the channel 
equipm ent tiave therefore to  be determ ined in relation  to  the p recau tions taken  in  the group  equipm ent 
(R ecom m endation G.233, § 9). The to tal a ttenuation  required is indicated  in Table 4/G .232.

TABLE 4/G.232

Pilot frequency 

(kHz)

Disturbing frequency 
in group 3

(kHz)

Channel
No.

Interference frequency 
in the channel with 

respect to the carrier

(Hz)

Minimum attenuation 
relating to 800 Hz

Sending Receiving

(dB) (dB)

(1) (2) (3) (4) (5) (6)

411.920 104.080 1 3920 20 40
2 -8 0 20 20

411.860 104.140 1 3860 20 35
2 -140 30 20

R em arks, the sam e as in § 12.1 above, relative to the frequency bands in which these values o f  a ttenuation  
are necessary, rem ain valid  in the present case. However, the a ttenuation  in the sending side, w ithin a band  
o f ±  25 Hz relative to  the nom inal frequency o f  the supergroup pilot, m ay w ith difficulty  be ob ta ined  a t o ther 
than  voice frequency.

12.3 M utual interference between pilots and outband signalling

In the specification o f equipm ent in tended  for use w ith ou tband  signalling, account should  be taken  o f  the
m utual d istu rbance between signalling and pilots, and  calculation  m ade for each case o f the p ro tection  necessary 
as a function o f the param eters o f the signalling system, according to  the follow ing princip les:

12.3.1 Protection o f  pilots

W hen the signalling curren t is in te rrup ted  at the different speeds determ ined by the signalling code, the
level o f the signalling interference resulting in a ban d  o f 25 Hz on either side o f  the p ilo t frequency should rem ain 
at least 20 dB below  the level o f  the pilot.
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I f  the transm ission o f  the signalling curren t is o f very short du ration  com pared with the tim e constan t o f 
the regulator, a higher level o f interference could be tolerated. Precautions should nevertheless be taken to  protect 
the p ilo t against continuous transm ission o f  signals under fault conditions.

12.3.2 Protection o f  signalling

It is necessary to ensure that signalling requirem ents in respect o f such factors as signalling, d isto r­
tion , etc., are m et for all ou tband  signalling channels, even when adjacent to  a reference pilot frequency.

N ote — W hen an ou tband  signalling system is used, consideration should also be given to the m utual 
interference o f  bo th  speech and signalling. In  general the a ttenuation  required from  this aspect is in itself 
sufficient to  afford  protection  for pilots.

A n exam ple o f the application  o f these rules, w here it is assum ed th a t the level o f the p ilo t residue should 
be no higher than  10 dB below  the threshold  o f  sensitivity o f the signalling receiver, is considered in A nnex B.

13 Interruption control

If  it is deem ed desirable,* e.g. for autom atic  identification  and rem oval from  service o f the circuits in faulty 
groups, a p ilo t receiver for in terrup tion  contro l purposes can be provided together with the channel translating  
equipm ent.

The receiver standardized in R ecom m endation Q.416 [10] m ay prove suitable for this purpose, provided 
th a t 84.08 or 104.08 kH z are used as pilots.

ANNEX A 

(to R ecom m endation G.232)

Calculation of the attenuation necessary for protection or suppression of pilots

A .l Interferences a t the end o f  a group link due to the use o f  a group reference pilot

A. 1.1 Disturbance o f  telephone by group reference pilots

It is assum ed th a t the m axim um  level o f interference perm issible in a telephone channel due to a group 
reference p ilo t is —73 dBmOp. The disturbed channels are Nos. 6 and 7.

Table A -1/G .232  below  gives the to ta l m inim um  add itiona l suppression necessary in the receiving channel 
equipm ent, between the carrier-frequency inpu t and  the audio-frequency ou tpu t, relative to the nom inal loss o f the 
te lephony signal.

TABLE A-1/G.232

Pilot
frequency

(kHz)

Pilot level 

(dBmO)

Channel
No.

Interference frequency 
in the channel 
with respect 
to the carrier

(Hz)

Psophometric 
weighting 

at the interfering 
frequency

(dB)

Minimum
attenuation

(dB)

84.080 -2 0 6 3920 13 40
7 -8 0 48 5

84.140 -25 6 3860 13 35
7 -1 4 0 31 17

Note -  Psophometric weights have been rounded off, allowance being made for the tolerances set forth in Recommendation P.53 [11].
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Interference m ay be caused to the group reference p ilots from  signals close to  o r a t 80 Hz (84.080-kHz 
pilot) or 140 Hz (84.140-kHz pilot) in channel 7 and  3920 Hz or 3860 Hz in channel 6. The d ifficulty  here is in 
defining the character o f the interfering  signal and  tha t o f the instrum ent suffering from  the in terference. C ertain  
tests have show n tha t the m ajor source o f interference is sporad ic in terference (key clicks, m echanical d istu rbance 
o f  m icrophone, etc.) at low frequencies in channel 7.

However, 20 dB o f suppression at 80 Hz from  an  audio highpass filter was quite adequate when 
considering the effect on  a gain regulator having a long tim e-constant. The regu la to r characteristics were as 
follows:

84.080-kHz p ick-off filter ±  25 Hz (3-dB points).

O peration  o f  autom atic  gain regulator (according to  r.m.s. value): 4-dB step change in p ilo t level 
contro lled  to  0.2 dB o f final value in 45 seconds.

W hen considering interference on a recorder chart this 20 dB o f  suppression  was found  inadequate  
and  64 dB at 80 Hz was needed w ith the particu lar recorder equipm ent used to ensure in terference “spikes” o f  less 
than  0.02 dB due to the te lephony  interference (long-term  objective o f R ecom m endation  G.241, § 5). N evertheless, 
as a general w orking figure, 20 dB o f suppression at 80 Hz (for a p ilo t frequency o f  84.080 kH z) is though t 
suitable for general recom m endation. 3920-Hz interference from  channel 6 (again considering the 84.080-kHz 
pilot) has caused no difficulty w ith 20 dB suppression and, while less w ould  probab ly  be adequate from  the aspect 
o f regulator interference, this figure is nevertheless recom m ended as one th a t is readily  achieved in  channel 
term inal equipm ent.

C orresponding  figures have been derived for the suppression o f  interference w ith the 84.140-kHz p ilo t 
from  telephony channels. It is assum ed here tha t the energy frequency d istribu tion  o f  the te lephony  in terference 
accords with the curve o f R ecom m endation G.227. Further, the bandw idth  o f  the p ilo t m easuring filter is assum ed 
to  be ±  25 Hz about the p ilo t frequency, and  the perm issible interference is the sam e as th a t recom m ended above.

Table A -2/G .232 gives the to tal m inim um  add itional a ttenuation  necessary in the sending side o f  channel 
term inal equipm ents, between the audio-frequency inpu t and  the carrier-frequency ou tpu t, relative to  the nom inal 
attenuation  o f the telephony signal.

A. 1.2 Disturbance o f  group reference pilots by telephone channels

TABLE A-2/G.232

Pilot frequency 

(kHz)

Pilot level 

(dBmO)

Channel No.

Interference frequency 
in the channel with 

respect to the carrier

(Hz)

Minimum attenuation 

(dB)

84.080 -2 0 6 3920 20
7 -8 0 20

84.140 -2 5 6 3860 20
7 -1 4 0 30

A. 1.3 Interference between two-group reference pilots

A.l.3.1 At the end o f a group link where the 60-108 kH z band  is b roken  dow n to 12 speech channels, the group  
p ilo t will give rise to  an audio signal in channels 6 and  7 as indicated  in § A. 1.2 above. If  either o f these channels 
is used in the same channel position  o f a fu rther group link the audio-in terference signal will be transla ted  to  the 
frequency o f the group p ilo t and  will interfere with the group pilot associated w ith the second group  link.

A to tal o f 40 dB is required to suppress the interference to  a to lerab le level and  this m ust be ob ta ined  in 
bo th  channels 6 and  7. This loss may, from  som e aspects, preferably be all in the “receive” side, and  from  others 
all in the “send” side.

A generally acceptable w orking rule, however, is tha t at least 20 dB be provided  in bo th  transm ission  
directions.
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A. 1.3.2 A further possible source o f interference between one group pilot and  ano ther is the interconnection  
betw een the receive and  send sides o f  a channel 6 or o f a channel 7, although only the latter is likely to  be 
significant and  need be considered. If  the balance retu rn  loss at the 2 /4-w ire term ination  o f channel 7 and  the 
losses o f associated circuitry are low at 80 Hz or at 140 Hz, the 80-Hz or 140-Hz signal derived from  the incom ing 
g roup  p ilo t will be reconverted to  84.08 kH z or 84.14 kH z, in the send side and  beat w ith the locally generated 
outgoing group pilot. The to tal attenuation  in the receive-to-send loop should exceed 40 dB.

A.2 Interference a t the end o f  a supergroup link or a group link due to the use o f  a supergroup reference pilot

Sim ilar considerations apply  when a supergroup p ilo t is used as are set out in § A .l above in respect o f 
the use o f  a group pilot, the channels concerned in the case o f  a supergroup p ilo t being channels 1 and  2 o f 
g roup  3. The d isturbing frequencies in these channels are 3920 Hz and  —80 Hz for the 411.920-kHz pilot, 
an d  3860 H z and  —140 Hz for the 414.860-kHz pilot.

A .2 .1 Interference with telephony channels by the supergroup reference pilot

Follow ing the calculations in § A. 1.1 above the m inim um  necessary attenuations are, according to  the p ilo t
used:

C hannel 1 (receiving): 40 dB at 3920 Hz
35 dB at 3860 Hz

C hannel 2 (receiving): 5 dB at —80 Hz
17 dB at - 1 4 0  Hz

A.2.2 Interference with supergroup reference pilots by telephone channels

Follow ing the calculations in § A. 1.2 above, the m inim um  necessary attenuations are, according to the 
p ilo t used:

C hannel 1 (sending): 20 dB at 3920 Hz
20 dB at 3860 Hz

C hannel 2 (sending): 20 dB at —80 Hz
30 dB at - 1 4 0  Hz

A.2.3 Interference between two supergroup reference pilots

Follow ing the considerations o f § A. 1.3 above a to ta l attenuation  o f at least 40 dB is necessary at the 
frequency o f  a residual signal from  a received supergroup reference pilot w hich, after m odulation , is transposed  to 
the frequency o f the supergroup reference p ilo t em itted at the origin o f  the next supergroup section.

The to ta l attenuation  (sending plus receiving) concerns channels 1 and  2.

M oreover, in the case o f tandem  connection  o f two groups each occupying postion 3 in two supergroups, 
interference m ay be produced between the two supergroup  reference pilo ts; hence a total attenuation  o f at least 
40 dB is necessary in the translating  equipm ent o f g roup  3 (sending plus receiving).

ANNEX B 

(to R ecom m endation G.232)

Example of reciprocal protection of pilots and outband signalling

The follow ing three cases m ay be considered (see R ecom m endation Q.21 [8]):

— virtual carrier frequency signalling, at level: —3 dBmO;
— 3825-Hz high level: —5 dBmO;
— 3825-Hz low level: —20 dBmO.

A p ilo t at 84.140 kH z (at a level o f  —25 dBmO) is associated with v irtual carrier frequency signalling and 
a p ilo t at 84.080 kH z (at a level o f —20 dBmO) with 3825-Hz signalling.
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B.l Protection o f  pilots

Assum ing tha t the signalling current is in terrup ted  a t 10 Hz (50 ms-50 ms) one finds th a t the a ttenua tion  
necessary in the send side o f channel 6 in the signalling or channel equipm ent is:

— virtual carrier frequency signalling: 21 dB at 3860 ±  25 H z;
— 3825-Hz high level: 17 dB at 3920 ±  25 Hz;
— 3825-Hz low level: 2 dB at 3920 ±  25 Hz.

B.2 Protection o f  signalling

A ssum ing th a t the th reshold  o f sensitivity o f the receiver is 11 dB below  the nom inal level o f  the 
signalling, one finds tha t the attenuation  required  in the receiving side o f  channel 6 in  the signalling o r channel 
equipm ent is:

— virtual carrier frequency signalling: zero;
— 3825-Hz high level: 6 dB at 3920 ±  3 Hz;
— 3825-Hz low level: 21 dB at 3920 ±  3 Hz.
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Recommendation G.233

RECOM M ENDATIONS CONCERNING TRANSLATING EQU IPM EN TS

(am ended at Geneva, 1964, M ar del Plata, 1968, and Geneva, 1972, 1976 and  1980)

This R ecom m endation concerns translating  equipm ents with the exception of:

— channel-translating  equipm ent, in respect o f which R ecom m endations G.232, G .234 [1] and  G.235 
should be consulted;

— equipm ent for transla tion  into the line-frequency band ; the R ecom m endations relating  to  the various 
line systems should be consulted.
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The procedures w hereby the transla ting  equipm ents defined in R ecom m endation G.211 translate  basic 
g roups, supergroups and  m astergroups or a basic 15-superm astergroup assem bly (No. 1) are represented by the 
follow ing figures:

1) Figure 1 /G .233 for g roup-translating  equipm ents (procedures 1 and  2);

2) Figure 2 /G .233 fo r supergroup-transla ting  equipm ents (procedure 1);

3) Figure 3 /G .233 for m astergroup-transla ting  equipm ents (procedure 1);

4) Figure 4 /G .233 for supergroup-transla ting  equipm ents (procedure 2);

5) Figure 5/G .233 for translating  equipm ents for basic 15-supergroup assem bly (No. 1) (procedure 2).

N ote  — E quipm ents 4 and  5 above are peculiar to procedure 2 described in R ecom m endation G.211. The
cond itions in which this p rocedure is used are described in th a t R ecom m endation.

1 Translating procedure

G roup pilot(s)

C arrier freq u en c ie s  
(see  N ote in Figure 5 /G .233)

FIGURE 1/G.233 
Constitution of the basic supergroup

S up erg ro u p  pilot(s)
(see R eco m m en d a tio n  G .241)

C arrier f req u en c ie s  
(see  N ote in Figure 5 /G .233)

CCITT - 45250
FIGURE 2/G.233 

Constitution of the basic mastergroup
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Carrier fr e q u e n c ie s
(s e e  N o te  in Figure 5 /G .2 3 3 )

tNI 00 <J> O) JT JC OJ
CCITT - 45260

FIGURE 3/G.233 

Constitution of the basic supermastergroup

C arrier f req u en c ie s  
(see  N ote in Figure 5 /G .233 )

CCITT - 45270
FIGURE 4/G.233 

Constitution of the basic 15-supergroup assembly
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Carrier fre q u en cy
( s e e  N o te)

S u p e r­
g roup

FIGURE 5/G.233 
Constitution of 15-supergroup assembly No. 3

Note to Figures 1/G.233 to 5/G.233 -  The virtual carrier frequencies shown in Figures 1/G.233 to 5/G.233 will normally be the 
frequencies actually used. However, they are all shown as virtual frequencies to allow for the possibility of using cheaper ways of 
constituting basic groups, supergroups, etc., in the future.

2 Adjustment of level at basic group-frequency points

W hen a group passes th rough different carrier systems, it is necessary to provide for an adjustm ent o f 
level: for exam ple, between the lim its o f abou t ±  4 dB, w herever the group passes through the basic frequency 
range.

3 Relative power levels at group distribution frames and supergroup distribution frames

A lthough the standard ization  o f  the relative pow er levels at g roup d istribution  fram es and  supergroup 
d istribu tion  frames w ould be desirable to  facilitate the setting-up and  m ain tenance o f in te rnational carrier systems 
and  rou ting  changes o f groups or supergroups from  one system to another, it was no t possible before the Plenary 
Assem bly o f 1972 to recom m end such a standard ization  in ternationally , because o f the diversity o f carrier systems 
already  in service. Table 1/G .233 shows, for in form ation , the level used by different A dm inistrations.

The C C ITT  concerned itself solely with recom m ending preferred values for countries which have no t yet 
fixed these values for their national networks. A ccordingly:

— a relative sending level o f —36 dBr is recom m ended at group and  supergroup d istribution  fram es;

— for reception, it is recom m ended tha t a choice be m ade between —23 dBr and  —30 dB r;

— the following values are recom m ended for the im pedance:
150 ohm s balanced for group d istribution  fram es,
75 ohm s unbalanced  for supergroup d istribution  frames.
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TABLE 1/G.233

Relative power levels at the group and supergroup distribution frames 
in the carrier systems of various Administrations

Country

Relative 
power level 

at group 
distribution frame

Basic
group

at
distribution

frame

Impedance 
at group 

distribution frame

Relative 
power level 

at supergroup 
distribution frame

Impedance
at

supergroup
distribution

frameTransmit
(dBr)

Receive
(dBr)

Transmit
(dBr)

Receive
(dBr)

Federal Republic 
of Germany

—36 —30 B 150 ohms, 
balanced

—35 —30 75
ohms,

unbalanced

Australia, 
Denmark N

System 1 —36.5 —30.5 B 150 ohms, 
balanced

—35 —30.5 id.

System 2 —42 —5 B 135 ohms, 
balanced

—35 —30 id.

Austria —37 

—36a>

—8 

—30a>

B 75 ohms, 
unbalanced 

150 ohms, 
balanced a>

—35 —30 id.

Belgium —37 —8 B 150 ohms, 
balanced

—35 —30 id.

People’s Republic 
of Bulgaria

—36a> —23 a> B 150 ohms, 
balanced al

—36a> —23a> id.

Spain, Ireland,
New Zealand, Norway, 
United Kingdom

—37 —8 B 75 ohms, 
unbalanced"

—35 —30 id.

U.S.A.
(American Telephone 
and Telegraph Company)

—42 —5 B 135 ohms, 
balanced

—25 —28 id.

France —52 

—33a>

— 17

— 15a>

B 150 ohms, 
balanced

—45 —35 id.

Hungary, Italy, 
Netherlands

■—37 —30 B 150 ohms, 
balanced

—30 id.

India —36.5 —30.4 B 150 ohms, 
balanced

—34.8 —30.4 id.

Japan (Nippon 
Telegraph and Telephone 
Public Corporation)

—36 — 18 B 75 ohms, 
balanced

—29 —29 id.

Mexico
(Telefonos de Mexico)

—47 — 10 B 150 ohms, 
balanced

—47 —24 id.

People’s Republic 
of Poland

—36

—23 a) 

—30

B 150 ohms, 
balanced

—36 —23 id.

German Democratic 
Republic

—36

—36

—30 

—23 a)

B 150 ohms, 
balanced

—35 

—36a>

Ol 
I

_ 
J

id.

Sweden —35 —30 id.

Switzerland —41 

—36.5a>

—7.8 

—30.5a>

A or B 75 ohms, 
unbalanced .

—35 —26 id.

U.S.S.R. —36 —23 B 150 ohms, 
balanced

—36 —23 id.

a) Values proposed for new equipments.
b) System 1 only.

Fascicle III.2 — Rec. G.233 69



4 Relative power levels at mastergroup distribution frames

The relative pow er levels a t m astergroup d istribution  fram es (see F igure 6/G .233) should be adjusted to the 
follow ing values:

— transm it:
— receive:

- 3 6  dBr, 
- 2 3  dBr,

across a 75-ohm im pedance, unbalanced  to  earth.

Mastergroup distribution frame

Supergroup 
distribution 
f r a m e

Supergroup translating 
equipm ent 

(supergroups4 to  8)

Mastergroup translating 
equipm ent

FIGURE 6/G.233 
Relative levels at mastergroup distribution frame

5 Relative levels at supermastergroup distribution frames

Relative pow er levels at superm astergroup d istribution  fram es should be adjusted to the follow ing values:

— transm it: —33 dBr,
— receive: —25 dBr,

across a 75-ohm im pedance, unbalanced  to  earth.

6 Relative levels at the distribution frame of 15-supergroup assembly (No. 1)

The relative pow er levels at the 15-supergroup assem bly d istribution  fram e should be adjusted to the 
follow ing values:

— send: —33 dBr,
— receive: —25 dBr,

across a 75-ohm im pedance, unbalanced  to  earth.

7 Return loss

The return  loss against 75 ohm s o f  the inpu t and  ou tpu t o f  m astergroup and  superm astergroup m odulators 
an d  o f the basic 15-supergroup assembly m odulators should no t be less than  20 dB.

8 Noise

R ecom m endation G.222, § 4 gives in form ation  on the noise produced by group, supergroup, m astergroup 
an d  15-supergroup assembly translating  equipm ent.
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9 Interference related to supergroup reference pilot

Interference from , or w ith, supergroup reference pilots m ay be avoided by tak ing  suitable p recautions in 
channel term inal equipm ents o r group-translating  equipm ent (see R ecom m endation G .232, § 12.2 and  the R ecom ­
m endation cited in [2]).

9.1 Pilots a t 411.860 and 411.920 kH z

9.1.1 For the protection  o f pilots at a through-connection  po in t (see R ecom m endation  G.243), g roup  3 should  at 
the receive end o f a supergroup link be th rough-connected  w ithout dem odulation , fo r exam ple to  ano ther 
supergroup link; the m odulating  equipm ent for g roup  3 should present an  a ttenua tion  o f a t least 20 dB at the 
frequency o f the supergroup pilot.

9.1.2 M oreover, when an A dm inistra tion  wishes to  route 8- or 12-channel groups free between one supergroup  
link and  ano ther with no restrictions on rou ting  o f g roup 3, then^ the group  3 m odulating  and  group  3 
dem odulating  equipm ent should each provide in all cases at least 20 dB suppression a t the frequency o f  the 
supergroup reference pilot.

9.2 Pilot a t 547.920 kH z

If  this pilot is used in a supergroup transm itting  five groups (regardless o f the use m ade o f  these groups) 
and  not a w ideband signal (for data, etc.) occupying m ost o f the frequency band , the arrangem ents m entioned  in 
§9 .1  above for the group 3 equipm ent should  be adopted  in the m odulating  and  dem odulating  equ ipm ent o f 
g roup 5.

10 Accuracy of carrier frequencies

See R ecom m endation G.225, § 1).

11 Carrier leaks

11.1 The carrier leak at the transm it side o f a m odulation  stage should  no t exceed:

— 47 dBmO for group m odulation ,
— 50 dBmO for supergroup m odulation ,
— 45 dBmO for m astergroup m odulation ,
— 50 dBmO for superm astergroup m odulation  and  15-supergroup assem bly m odulation ,
— 30 dBmO for 15-supergroup assem blies N os. 2 and 3 on 12-M Hz and  60-M H z systems, and  for the first

m odulation  stage o f 15-supergroup m odulation  on 60-M H z system s, since in this case the
carrier leaks fall into bands o f frequencies no t used fo r traffic.

11.2 H igher levels o f carrier leaks can be to lerated  at the ou tpu t o f a m odu la tion  stage at the receive side, 
provided no interference with ad jacent groups, etc. occurs (e.g. by way o f backw ard  carrier leak, etc.)

11.3 In the case o f  sound-program m e transm ission according to  the R ecom m endation  cited in [3] certain
channel carrier leaks, pre-group carrier leaks etc. falling in adjacent g roups m ay cause excessive in terference. In 
order to  m eet R ecom m endation cited in [4] the level o f such leaks, m easured at the supergroup  d istribu tion  fram e 
or an equivalent point, should not be higher than  the values indicated  below:

— 75 dBmO in the frequency ranges 73-82 kH z and  86-95 kHz,
— 55 dBmO at 67 kH z and  101 kHz.

In the frequency bands 67-73 kH z and  95-101 kH z the requirem ents are based on straigh t lines (linear 
frequency and  dB scales) connecting the lim its indicated  above.

Note 1 — It is recognized that there are several possibilities o f  m eeting this recom m ended lim it, such as 
allocating  the necessary attenuation  wholly or partly  to the channel o r g roup  transla ting  equ ipm ent respectively, to 
insert special filters at the group d istribution  fram e, or by selection o f groups.

N ote 2 — The above lim it is applicable to the transm it side only.

Note 3 — The 7 dB m argin between the R ecom m endation cited in [4] and  § 11.3 above allow s for 
cum ulation  on the group links involved.
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W hen a baseband  carries 3-kHz or a m ixture o f 3- and  4-kHz channels, the level o f each carrier leak 
should  no t exceed the value given in Table 2/G .233 (limits apply  to transm it path  only).

11.4 In  the case o f 3-kHz spaced channels, the follow ing recom m endations apply:

TABLE 2/G.233

Carrier leak o f: Group and supergroup 
carrying 3 kHz channels

Recommended limit, 
dBmO

Groups 1, 2, and 3 of 
any supergroup

Same supergroup —60a)

Groups 4 and 5 of 
supergroups 4 to 16

Groups 1 and 2 respectively of the adjacent lower 
supergroup (i.e. supergroups 3 to 15)

— 73 a), b)

Supergroup 1 Supergroup 3 —60a>> b>

Supergroups 3 to 14 Group 4 of supergroups 5 to 16 respectively —73 a)

a) Based on Recommendation G.235 relating to subgroup carrier leaks.
b> Based on the assumption that the interference limit per single frequency is —73 dBmOp.

The filters o f the supergroup  translating  equipm ent m ay contribute to the suppression o f the group 4 and 5 
carrie r leaks.

Special attention  is also necessary to  avoid backw ard carrier leaks in the dem odulation  stage tha t may 
result in a p roduct falling in to  a 3-kHz channel in either the group or supergroup dem odulation  stage.

N ote — N o allow ance has been given for cum ulation. The effects o f cum ulation are offset at least in part 
by the noise m asking effect o f  long in terconnected sections tha t com m only accom pany the use o f 3-kHz channel 
equipm ents.

12 Go-to-return crosstalk

The follow ing limits are recom m ended for crosstalk ratios (single frequency m easurem ents) for g roup and 
higher o rder translating  equipm ents; they, will apply to  both  the low and high frequency sides:

— group transla tion : 80 dB;
— higher order translation  stages: 85 dB.

N ote — On the basis o f telephony considerations alone, a lim it o f 80 dB w ould have been proposed  for 
all transla tion  stages; this w ould also have sufficed to meet the recom m ended lim it for intelligible crosstalk 
betw een program m e circuits (74 dB in R ecom m endation J.21 [5]) in netw orks where program m e circuits are 
system atically equipped with com pandors. However, im portance was attached to adopting  a single requirem ent for 
each transla tion  stage which w ould suffice fo r the m ost dem anding netw ork conditions to  be encountered.

13 Group-delay distortion

13.1 Group translating equipment

It is recom m ended that the lim its in Figure 7/G .233 for the group-delay distortion  (relative to the value at 
84 kH z) should  not be exceeded by a group translating  equipm ent consisting o f a pair o f group transm itting  and 
receiving equipm ent. The given values are applicable to  groups 2, 3 and  4 (w ithout additional pilot stop filters). 
G roups 1 and  5 are excluded due to additional distortions caused by various sources (pilot stop filters, position  at 
the  end o f  the supergroup band , etc.); group 3 m ay be excluded, when the supergroup pilot 411.92 kHz 
o r 411.86 kH z is used.

N ote  — The range o f m easured values on m odern  equipm ents is indicated  in Supplem ent 17 at the end of 
th is fascicle.
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FIGURE 7/G.233

CCITT - 32840

13.2 Supergroup translating equipment

It is recom m ended tha t the lim its in F igure 8/G .233 for the group-delay  d isto rtion  (relative to  the value at 
412 kHz) should  no t be exceeded by a supergroup translating  equipm ent consisting o f a p a ir  o f supergroup  
transm itting  and receiving equipm ents. The given values are no t applicable to supergroups 1 and  3. D epending  on 
the design o f supergroup translating  equipm ent this restriction may also apply  to  supergroups 6 and  7 (due to 
p ilo t protection filter).

Note  — The range o f m easured values on m odern  equipm ents is indicated  in Supplem ent 17 a t the end o f 
this fascicle.
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Recommendation G.234

8-CHANNEL TERMINAL EQUIPMENTS

(Geneva, 1964; am ended a t M ar del Plata, 1968, and Geneva, 1972)

(For the text o f this R ecom m endation, see Volum e III  o f the Orange Book, G eneva, 1976)

Recommendation G.235

16-CHANNEL TERM INAL EQ UIPM ENTS

(Geneva, 1964; am ended a t Geneva, 1976 and  1980)

In the exceptional cases where this presents a very im portan t econom ical advantage, for exam ple in 
subm arine cable systems where the line equipm ent is very costly by com parison with the term inal equipm ent, the 
C C IT T  recognizes the use o f channel term inal equipm ents giving 16 telephone channels in a group  with 3-kHz 
channel spacing, conform ing to the detailed  requirem ents o f  the present R ecom m endation as well as to  the 
com patib le  requirem ents o f R ecom m endation G.232. This equipm ent does no t ensure m eeting the overall objective 
o f  R ecom m endation G.132 [1].

It is poin ted  out tha t carrier systems over lines on land  which are the subject o f C C IT T  R ecom m endations 
have been draw n up  on the assum ption th a t they will be used with 4-kH z-spaced term inal equipm ents: it is not 
always possible to  use such systems with 3-kHz-spaced term inal equipm ents. The use o f  this equipm ent results in 
increased system loading (see R ecom m endation G.371, § 3).

1 Allocation of frequencies in a group

Sixteen channels should appear in the basic g roup band  60-108 kHz, the channels being num bered 1 to  16 
in o rder o f  decreasing frequency. The relative channel position  and  the virtual carrier frequencies should be:

— lower sidebands o f

105.15 99.15 93.15 87.15 81.15 75.15 69.15 63.15 kH z;

— upper sidebands o f

104.85 98.85 92.85 86.85 80.85 74.85 68.85 62.85 kHz.

N ote 1 -  It should be noted  tha t this frequency allocation  does no t perm it the transm ission o f the
16-channel group in the norm al th rough-group equipm ent w ithout cutting o ff the high frequencies o f the extreme 
channels.

Note 2 — T ransm ission o f such a group  w ithin a supergroup, and in a w ideband system, calls for special 
elim ination  o f  the leaks from  certain neighbouring group and  supergroup carrier currents which, having
frequencies tha t are m ultiples o f  4 kHz, fall w ithin certain channels.
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2 Attenuation distortion

The transm it and  receive sides should each meet the characteristics o f Figure 1/G .235  w ith reference 
frequency o f  800 Hz o r 1000 Hz.

i l  I n i
200 300 2900 3150

CCITT - 45301 .

FIGURE 1/G.235

Diagram No. D -  Permissible limits for the variation, as a function of the frequency, in the attenuation 
of the sending equipment or the receiving equipment of any channel, in a 16-channel terminal

3 Group delay

The follow ing conditions should be m et bo th  by sending and receiving equipm ents:

— group delay at 1000 Hz, <  1 ms;

— over the band  565-2550 Hz the difference between the m axim um  and  m inim um  group  delay should  
no t exceed 0.75 ms;

— over the bands 300-565 Hz and  2550-3000 Hz, the group delay should  no t exceed the value a t 1000 Hz 
by m ore than  2 ms.

4 Stability of virtual carrier frequency

The channel carrier oscillators should be w ithin ± 0 .1  Hz o f the nom inal frequency. The carriers o f 
subgroups (if such are used) should  be m ultiples o f 4 kH z derived from  the central carrier generators and  will 
therefore have the sam e good frequency stability as the latter.

5 Carrier leak

The level o f  each carrier leak should no t exceed:

— 70 dBmO for each channel carrier curren t;

— 60 dBmO for any second stage m odulation  carrier current w hen its frequency is w ithin 52-116 kH z;

— 73 dBmO for any second stage m odulation  carrier frequency falling outside the band  52-116 kH z;

— 73 dBmO for each harm onic o f the channel and  subgroup carrier leaks.
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6 Limiting and linearity

W hen a 1000-Hz signal is applied  to a channel, the varia tion  in sending equipm ent gain as the signal level 
is changed should lie w ithin the limits below, the reference gain being zero w ith a 0 dBmO input:

. , —60 to + 4  dBmO; gain: 0 ±  0.1 dB,
inpu  eve . dBmO; gain: betw een —3 and  —5 dB.

7 Crosstalk

7.1 C rosstalk ratio  (corresponding only to  intelligible crosstalk) between the two directions o f transm ission o f 
each circuit should no t be less than  65 dB.

7.2 If  random  noise at a level o f 0 dBmO, weighted in accordance with the curve in Figure 2/G .227 is applied  
to  a channel on the sending side, the resulting interference on o ther channels should no t exceed —60 dBmOp.

8 Noise

The basic noise in each transm it and  receive channel should no t exceed —73 dBmOp psophom etrically  
weighted.

9 Pilots

9.1 Use o f group and  supergroup pilots as envisaged by R ecom m endation G.241 is im possible. A group pilot 
o f 84 kH z and  a supergroup p ilo t o f 444 kH z are norm ally  used. It is recom m ended th a t the levels o f the second 
harm onic  o f . 444 kH z should no t exceed —73 dBmO and  th a t the level o f  any other harm onic o f these pilots 
should  no t exceed —57 dBmO. The po in t where these lim its should be met is the d istribution  fram e (or equivalent 
po in t) at the ou tput o f the next higher stage o f m odulation , e.g. the supergroup fram e in the case o f the group 
pilot. A ccount should be taken o f the change o f frequency.

9.2 See R ecom m endation G.241 for the m ore stringent lim its which m ust be applied  to  harm onics o f pilots o f 
4-kH z spaced channel assem blies when they are used in systems which also contain  3-kHz spaced channel 
assemblies.

9.3 W here pilots o f 300 kH z or 308 kH z are used on line systems it is recom m ended tha t the level o f any 
harm onic  should no t exceed —73 dBmO, except tha t the second harm onic o f 300 kH z should not exceed 
— 57 dBmO.

Reference

[1] C C IT T  R ecom m endation Attenuation distortion, Vol. I l l ,  Fascicle III. 1, Rec. G.132.

2.4 Utilization of groups, supergroups, etc.

Recommendation G.241

PILOTS ON G RO UPS, SU PER G R O U PS, ETC.

(am ended at Geneva, 1964, M ar del Plata, 1968, and Geneva 1972, 1976 and  1980)

1 Use of pilots

Experience has shown that, w ithout the use o f a group p ilo t transm itted  th roughou t a g roup link, adequate 
stability  o f the channels o f individual group links canno t be guaranteed in spite o f the care given to  the 
m ain tenance o f the carrier systems on which they are routed.
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It m ay be necessary, in the first place, to place an au tom atic  regulator, contro lled  by the pilot, a t the end 
o f  some o f the group sections form ing the group link to com pensate for inevitable varia tions in a ttenua tion  on 
each o f the sections. This regulator is not, o f course, designed to correct au tom atically  for faults.

It is desirable for the regulator to have a range o f ±  4 dB. An alarm  should  be given w hen the am plitude 
o f the pilot at the inpu t o f the regulator departs from  its nom inal value by m ore than  ±  4 dB. The cond itions 
governing the use o f these regulators are given in R ecom m endation M.160 [1].

It is also necessary to provide for m easuring the level o f the group p ilo t at the ends o f  g roup sections 
where it is not p lanned  to  use a regulator. In these cases, too, an  alarm  should  be given w hen the level o f the p ilo t 
departs from  its nom inal value by m ore than  ±  4 dB.

Precisely sim ilar considerations apply  to  the use o f supergroup, m astergroup and  superm astergroup  pilots, 
and  also to  the use o f basic 15-supergroup assem bly pilots.

Note — W hen a group is through-connected  from  a cable section (on coaxial o r sym m etric pairs) to  an 
open-w ire line, transm ission o f the group p ilo t over the open-w ire line, which is an advantage as regards 
m ain tenance o f the com plete g roup can, to a certain  extent, facilitate “ta p p in g ” o f conversations by m eans o f 
rad io  receivers o f a particu lar type in the territory  traversed by the open-w ire line. H ow ever, this risk o f “tap p in g ” 
is less than  the sim ilar risk arising from  inadequate suppression o f the carrier, because the frequency o f the group 
p ilo t is m ore rem ote from  the nearby carrier frequency, so tha t the quality  o f the overheard  conversation  w ould  be 
necessarily degraded.

2 Nominal characteristics of pilots (group, supergroup, etc.)

W hdn group, supergroup, etc., pilots are considered necessary, they should  be perm anently  transm itted . 

The frequency and  the level o f these pilots are show n in Table 1/G .241.

3 Tolerances on the sent level of pilots

The follow ing values are recom m ended for the frequency accuracy o f the various pilots:

P ilot frequency 84.080 kH z and  411.920 k H z ...........................................................................................  ±  1 Hz

Pilot frequency 84.140 kH z and  411.860 k H z ...........................................   ±  3 Hz

Pilot frequency 104.080 kH z and  547.920 k H z  ...............................................   ±  1 Hz

Pilot frequency 1552 kH z 9    ±  2 Hz

Pilot frequency 11 096 k H z ....................................................................................................................................  ±  10 Hz

Note — These tolerances can be taken  as a basis for the specifications o f the associated p ilo t receiving 
filters and  stop filters, allow ance also being m ade for recom m endations concerning the accuracy o f  m aster 
oscillators.

The follow ing recom m endations are m ade concerning the tolerances for the sent p ilo t level:

1) The design o f equipm ent should be such as to  allow  the sum  o f errors in the level o f any g roup , etc., 
p ilo t as transm itted , due to finite level adjustm ent steps, change in num ber o f groups supplied , and 
lack o f ad justm ent facilities in individual groups, to  be kept w ithin ±  0.1 dB.

2) The change in ou tpu t level o f the pilot generator with tim e (which is a factor included  in equ ipm ent 
specifications) m ust no t exceed ±  0.3 dB during the interval between two m ain tenance ad justm ents, 
e.g. in one m onth.

3) To reduce pilot level variations with tim e, it is advisable to  have a device to  give an alarm  w hen the 
variation  at the generator ou tput exceeds ±  0.5 dB, the zero o f the w arning device being aligned as 
accurately as possible with the lining-up level o f the transm itted  pilot.

9 This pilot, after modulation of the 15-supergroup assembly to position No. 3 (see procedure 2 of Recommendation G.211, 
§ 1) appears at the frequency 11 096 kHz; this is identical with the frequency of the basic supermastergroup pilot.
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TABLE 1/G.241

Frequency and level o f pilots

Pilot for Frequency
(kHz)

Absolute power level 
at a zero relative level point 

(dBmO)

Basic group B 84.080a) —20
84.140a> —25

104.080a>-b>'c) —20

Basic supergroup 411.860 â —25
411.920a)iC> —20
547.920a>-b) —20

Basic mastergroup 1 552 —20

Basic supermastergroup 11096 —20

Basic 15-supergroup assembly (No. 1) 1 552d> —20

^  The group pilots 84.080 and 84.140 kHz and the supergroup pilots 411.860 and 411.920 kHz are used over groups and supergroups trans­
mitting telephone channels and, in some cases, wide spectrum signals (data, facsimile, etc.). For each group (or supergroup) the two pilots 
at 84.080 and 84.140 kHz (or 411.860 and 411.920 kHz) should be transmitted simultaneously. However, only one of these two pilots need 
be used if there is agreement between the Administrations concerned (including the Administrations of transit countries).
It is now apparent that transmission of wide spectrum signals (data, facsimile, etc.) may demand use of the pilots 104.080 kHz and 547.920 kHz 
instead of those previously used. These latter pilots may also be used on groups and supergroups carrying only telephone channels. The 
choice of pilots to be used is a matter of agrement between the Administrations concerned (including the Administrations of transit 
countries).
b> However, the use of the pilots at 104.080 and 547.920 kHz might lead to the following difficulties:
1) The group pilot at 104.080 kHz is incompatible with the line pilots situated at 4 kHz from one end of a group, which are to be found in 

the following systems:
— open-wire systems using frequency allocation 1 as shown in Figure 1/G.311;
— symmetric-pair systems using variant B as shown in Figure 5/G.322, especially the transistorized system described in Recommenda­

tion G.323.
2) If the frequency allocation in the supergroup comprises groups A-E in accordance with Figure 2c/G.322 and 3/G.322, a supergroup 

pilot at 547.92 kHz will appear at frequency 103.92 kHz in group A. This frequency is liable to cause difficulties when group A is used 
for telephony. To avoid any disturbance, it might be necessary to introduce new routing restrictions.

3) Difficulties would arise if these pilots were used on groups having terminal equipment with carrier frequency spacing of 6 kHz in accor­
dance with Recommendation G.234, unless one further channel is abandoned in some groups.
Note -  These difficulties have already arisen in some cases with the pilots recommended at present.

4) The choice of these frequencies would make it very difficult to use signalling at the virtual carrier frequency of a telephone channel in 
conformity with Recommendation Q.21 [2]. However, this point (and the preceding one) can be considered to be of purely national 
interest.

c) The supergroup pilot at 411.920 kHz may also be used when the supergroup contains one or more groups transmitting wideband signals. 
It is impossible to route a group equipped with a pilot at 104.080 kHz in the position of group 3 in a supergroup with a pilot at 411.920 kHz.
d) This pilot, after modulation of the 15-supergroup assembly to position No. 3 (see procedure 2 of Recommendation G.211, § 1), appears 
at the frequency of 11 096 kHz; this is identical with the frequency of the basic supermastergroup pilot.

The atten tion  o f  A dm inistrations is draw n to the difficulty which could result from  an appreciable 
reduction in the absolute pow er level o f the p ilo t sent to line; such a reduction is liable to cause “near singing” , 
resulting from  the operation  o f  the au tom atic gain-control am plifiers. It w ould be desirable to m ake arrangem ents 
for overcom ing this difficulty if  it should arise.

4 Harmonics of pilots

4.1 It is recom m ended tha t the levels o f harm onics o f g roup and supergroup pilots should not exceed the 
values given in Table 2/G .241. The po in t where these lim its should  be met is the d istribution  fram e (or equivalent 
po in t) at the ou tpu t o f the next higher stage o f  m odulation , e.g. the supergroup d istribution  fram e in the case o f 
the group pilot. A ccount should be taken o f the change o f  frequency.
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TABLE 2/G.241

Maximum level o f harmonics o f pilots

Nominal
Maximum level of harmonics

Pilot frequency 
of pilot 
(kHz)

Second
harmonics

(dBmO)

Third
harmonics

(dBmO)

Each higher 
harmonics 

(dBmO)

Group 84.080 or 
84.140 —73 —67 —75

Group 104.080 —67 
(see Note)

—67 —75

Supergroup 411.920 or 
411.860 —75 —73 —75

Supergroup 547.920 —67 —67 
(see Note)

—75

Note -  If the system includes 3-kHz spaced channels a maximum level of —73 dBmO is recommended.

4.2 In the case o f the p ilo t (1552 kHz) fo r a m astergroup, it is recom m ended th a t the level o f the second 
harm onic o f the p ilo t should no t exceed — 50 dBmO and  the level o f each o ther h igher harm onic  should  no t 
exceed —75 dBmO m easured at the ou tpu t o f the next higher stage o f m odulation .

4.3 In the case o f the p ilo t (11 096 kH z) for a superm astergroup, it is recom m ended th a t the level o f  any 
harm onic should no t exceed —75 dBmO m easured at the ou tpu t o f the next higher stage o f  m odulation .

4.4 In the case o f  the p ilo t (1552 kHz) for 15-supergroup assem blies, it is recom m ended th a t the level o f  the 
second harm onic should  no t exceed —50 dBmO, m easured at the ou tpu t Of the supergroup  transla ting  equipm ent.

W here the 15-supergroup assem bly is - no t com bined with o ther assem blies, there is no  p articu la r 
requirem ent on the level o f the th ird  and  higher harm onics.

W here the 15-supergroup assem bly is com bined w ith other assem blies, the level o f the th ird  an d  higher 
o rder harm onics should no t exceed —75 dBmO, m easured at the com bined output.

§ Protection of group, supergroup, etc., pilots against interference by noise

A utom atic regulators operated  by group , supergroup, etc., reference p ilo ts should  be so designed th a t the 
interfering effect o f  noise does no t exceed 0.02 dB for any significant period. If, for exam ple, the regu la to r 
operates on the m ean signal voltage, this corresponds to  a long-term  in terfering signal o f — 20 dB relative to  the 
p ilo t level. W hen the interference is o f short duration  com pared with the tim e constan t o f  the regulator, h igh levels 
o f  interference may be experienced w ithout causing an error in regulation  exceeding 0.02 dB.

5.1 Group and supergroup pilots

If  the pilot pick-off filter has a bandw idth  o f 50 Hz (25 Hz on each side o f the nom inal p ilo t frequency) 
the ratio  between p ilo t and noise will always be considerably greater than  20 dB in the case o f  carrier systems 
over land-lines. This ratio  is still respected if the unw eighted pow er o f  the noise in a te lephone channel reaches 
106 pW  at zero relative level (level o f —30 dBmO), which very rarely occurs on  radio-relay  links conform ing  to  the 
conditions o f  R ecom m endation G.441.
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In the case o f  very long group or supergroup  links on such radio-relay  links, the pilot-to-noise ratio  will 
be sm aller than  20 dB only for a period o f less than  som e ten-thousandths o f any m onth. In tha t case the resultant 
e rro r in regulation  will be negligible, as the duration  o f the very high-level noise will be short com pared with the 
necessarily long tim e-constant o f the regulator. In any case, such high-level bursts are not expected to  occur with 
any  significant frequency and  the chief factor lim iting the interference caused to a pilot by noise is therefore the 
effective bandw idth  o f the p ick-off filter.

5.2 Other pilots

Sim ilar consideration  applies also to  m astergroup, superm astergroup and basic 15-supergroup assem bly 
pilots. H ow ever, the bandw idth  o f the p ick-off filter will certainly be greater than 50 Hz and m ore reliance will 
have to be placed on the relatively long tim e-constant o f the regulator to  minim ize the effect o f short-duration  
high-level noise.

N ote 1 — R ecom m endations concerning the protection  and  suppression o f pilots at certain  points appear 
in R ecom m endation G.243.

N ote 2 — W hen use is m ade o f procedure 1, described in R ecom m endation G.211, the spacing between 
the 11 096 kH z superm astergroup pilot and  the audio-frequencies transposed  in the adjacent channels is 28 kHz 
an d  60 kHz.

This sam e spacing is only 4 kH z with procedure 2, described in R ecom m endation G.211.

In  view o f this, a superm astergroup regulator is no t necessarily suitable for the transm ission o f a 15-supergroup 
assem bly over a superm astergroup link.

6 Protection of group or supergroup pilots against signals transmitted in telephone channels

This pro tection  is ensured in the channel and  group translating  equipm ent, in accordance with R ecom m en­
dations G.232, § 12 and  the R ecom m endation cited in [4].

7 Protection of group or supergroup link pilots transmitting wide-spectrum signals

7.1 To protect the group or supergroup link pilots (used to establish w ideband circuits) against other
w ide-spectrum  signals (data, facsimile, etc.), it is recom m ended tha t the pow er spectrum  em itted about the pilot 
frequency be lim ited in the equipm ent which transm its these signals.

W ith regard to  continuous spectrum  signals, the spectrum  density in the band  f 0 ±  25 Hz m ust no t exceed 
— 70 dBm O/Hz.

This lim itation  is so calculated tha t the group or supergroup regulators installed on the link will not 
receive interference o f m ore than  0.1 dB, and  the values to be specified therefore depend on the characteristics o f 
the regulators (passband o f the pilot filters, regulation operating  tim e constant).

The lim its to be set are fixed by the Figure 1/G .241 which allows for the existing characteristics o f 
regulators activated by pilots at frequencies (f0) o f 84.08 or 104.08 kH z in group links and  o f 411.92 or 547.92 kH z 
in supergroup  links.

Such a lim itation o f the transm itted  spectrum , ob ta ined  by a suitable choice o f m odulation  characteristics, 
dispenses w ith the need to insert a bandstop  filter to p rotect the pilot (such a filter w ould in troduce harm ful 
d isto rtion  o f  the group delay). However, if  it is not possible to im pose such a lim itation on the em itted spectrum  
by this m ethod, o r if no guarantee can be secured tha t this lim itation will be respected, the A dm inistrations 
operating  the transm ission netw orks should, in order to protect the group regulators against interference caused by 
the w ideband signals, insert bandstop  filters (which w ould produce the sm allest possible distortion  to the group 
delay) at the input o f the group or supergroup links under consideration , producing the lim itation ind icated  by 
Figure 1/G .241 . The characteristics o f these filters form  the subject o f Q uestion 2 /X V  [5] which is under study.

N ote — The general problem  o f protecting  the reference pilots from  interference when a group  or 
supergroup  is used for the transm ission o f  w ide-spectrum  signals arises because the protection  o f these pilots is 
no t always secured by m eans o f a band-clearing filter connected  im m ediately before injection o f the pilot. In 
norm al telephone use such protection may depend  upon  the existence o f filters in telephony channel or group 
transla ting  equipm ent; however, these may not be in circuit when a w ideband transm ission path is set up.
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F requency  d iffe ren ce  from  fo (pilot freq u en cy )
CCITT - 41160

FIGURE 1/G.241
Maximum permissible level of discrete frequency components of wide-spectrum (group and supergroup) 

signals in the vicinity of group and supergroup pilot frequencies

The use o f a group contain ing the supergroup p ilo t should always be avoided (see R ecom m enda­
tion  H.14 [6]). This m eans tha t no  special suppression o f the w ideband signal has to  be p rovided  in the group  for 
the purpose o f  the supergroup pilot.

7.2 “Delayed transfer”

It m ay be im agined tha t some data-processing devices record the w ideband signal in the form  in w hich it 
reaches them  from  the netw ork, and then retransm it this recorded signal over the netw ork on a g roup  or 
supergroup link. On this assum ption, the p ilo t will be recorded at the sam e tim e as the signal; it will therefore be 
retransm itted  with it and  will then interfere with the p ilo t injected on the new  link. In this case, the record ing  or 
retransm itting  device should be equipped with a frequency-stop Filter p rov id ing  an  a ttenuation  o f at least 40 dB at 
the pilot frequency under consideration , and  contributing  as little d istortion  as possible to the group  delay. The 
characteristics o f this Filter form  the subject o f Q uestion 2 /X V  [5] which is under study. H ow ever, if  A dm in istra­
tions have inserted, at the inpu t o f w ideband links, the cut-off Filter for p ro tection  o f  the p ilo t as m entioned  in 
§ 7.1 above, the aim  sought in the present paragraph  will have been reached and  the frequency-stop filter will be 
superfluous.

7.3 M ultipoint links

In the case o f m ultipo in t links on tree-shaped netw orks, the p ilo t should  be blocked at each confluence 
p o in t on all the confluent links except one, by m eans o f a filter like the one m entioned  in § 7.2 above, leaving 
only one pilot protected against interference from  the other pilots. It is also possible to  block the p ilots on all the 
confluent links and  to transm it a locally produced pilot beyond tha t po in t o f the link.
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Recommendation G.242

TH RO UG H -C O N NECTIO N OF G RO UPS, SU PER G R O U PS, ETC.

(am ended a t Geneva, 1964, M ar del Plata, 1968, and  Geneva, 1972, 1976 and 1980)

1 General considerations b

It m ay be found  desirable from  both  the technical and  the econom ical points o f view to provide facilities 
at the end o f  certain  sections such tha t the channels rou ted  over one section do no t all have to  be extended to  the 
next section, this being done w ithout dem odulating  all the channels to voice frequency, whole batches o f  channels 
being extended to different line sections.

At such points, which are at the ends o f the line links concerned, the through-connection  o f batches o f 
te lephone channels should be possible from  one line link to  another. This can be achieved by m eans o f  the 
follow ing two m ethods which, though basically d ifferent, can nevertheless be used in association a t a given po in t 
fo r d ifferent batches o f channels. In bo th  cases arrangem ents are necessary to  ensure that the th rough-connected  
frequency band  is “clear” , th a t is to say, as far as possible the channel vestiges on the two sides o f  the 
th rough-connected batch o f channels should be suppressed by m eans o f a through-connection  filter.

1.1 Through-group, supergroup, mastergroup, supermastergroup or 15-supergroup assembly

It is assum ed tha t the batch  o f through-connected  channels occupies the frequency b an d  o f a group, 
supergroup , m astergroup, superm astergroup or 15-supergroup assem bly, o r th a t it can be split in to  several such 
bands. Each o f the groups, supergroups, m astergroups, superm astergroups or 15-supergroup assem blies is then 
brought in to  the basic frequency band  and  is filtered in tha t band  by m eans o f a th rough-group filter, or 
th rough-supergroup , th rough-m astergroup, th rough-superm astergroup or through-15-supergroup assem bly filter.

N ote  — The frequency band  occupied by the 15-supergroup assem bly No. 3 (8620 to  12 336 kH z) is 
w ithin the frequency band  occupied by the basic superm astergroup (8516 to 12 388 kHz). Hence, w hen 15-super­
g roup  assem blies are used in the conditions specified in R ecom m endation G.211 (procedure 2), 15-supergroup 
assem bly N o. 3 can be through-connected  by m eans o f through-superm astergroup  filters.

1.2 Direct through-connection

It is also possible to  th rough-connect a group, supergroup, m astergroup, superm astergroup or 15-super­
g roup  assem bly or a batch o f  them  by direct line filtration  w ithout dem odulation  and  passage via the basic 
frequency band . It is then necessary to have direct th rough-connection  filters connected to the line equipm ent to 
effect the necessary separation . The facilities provided in this respect by 4 M H z, 12 M H z and 40 /60  M H z coaxial 
system s are m entioned in R ecom m endations G.332, G.333 and  G.337.

In fixing the degree o f  suppression of unw anted com ponents, it is convenient to use the follow ing 
defin itions:

intelligible crosstalk components

F: composantes de diaphonie intelligible 

S : componentes de diafonia inteligible

T ransferred  speech currents which can in troduce intelligible crosstalk into certain channels at the po in t 
considered.

This Recommendation does not consider certain precautions necessary for the protection of various pilots and additional 
measuring frequencies. Such precautions are given in Recommendation G.243.
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unintelligible crosstalk components

F: composantes de diaphonie inintelligible 

S :  componentes de diafonia ininteligible

T ransferred  speech currents which can in troduce unintelligible crosstalk  in to  certain  channels at the po in t 
considered.

possible crosstalk components

F: composantes possibles de diaphonie 

S :  componentes posibles de diafonia

T ransferred  speech currents which, at the po in t considered, do no t in trude in to  the channels o f  o ther 
systems bu t which m ay do so elsewhere.

harmful out-of-band components

F: composantes extra-bandes nuisibles 

S :  componentes fu era  de banda perjudiciales

T ransferred  currents arising from  speech, o r p ilots, o r additional m easuring frequencies, an d  o f frequencies 
such tha t they will always lie outside the useful frequency band  (corresponding  to  speech frequencies) o f the
carrier systems, bu t which m ay interfere w ith p ilots o r additional m easuring frequencies.

harmless out-of-band components

F: composantes extra-bandes neutres 

S :  componentes fu era  de banda neutras

T ransferred  currents arising from  speech or pilots which, at all tran sla tion  po ints, have frequencies outside 
the useful frequency band  corresponding to  audio  frequencies or p ilo t frequencies.

The term  “w anted com ponen t” is applied  below  in respect to  speech band , to  an  800-Hz signal w ith a
pow er o f 1 m illiw att sent to  a zero relative level po in t, and  in respect o f pilots o r add itiona l m easuring
frequencies, to  the signal o f specified frequency and  level at the po in t where it is norm ally  injected.

2 Through-group connection

2.1 R atio  between the wanted and unwanted components

In  the case o f through-connection  o f a group, the ratio  between the w anted  com ponents and  the various 
unw anted  com ponents defined above should be:

1) intelligible crosstalk com ponents: 70 dB;
2) unintelligible crosstalk com ponents: 70 dB;
3) possible crosstalk com ponents: 35 dB wherever possible com ponents appear;
4) harm ful ou t-of-band com ponents: 40 dB;
5) harm less ou t-of-band com ponents: 17 dB.

All these separations m ust be provided by the transfer filter itself. They relate to  the nom inal level, 84 kH z 
w hich is the reference frequency (close to the group pilots) at which the loss o f  the group transfer filter is set. At 
the other frequencies, account should be taken  o f the tolerance allow ed for the d istortion  loss o f  this filter.

A t any tem perature between 1 0 ° C a n d  40 °C , insertion loss for all the th rough-group  connection  
e q u ip m e n t2) at any frequency o f the passband  (60.6 to 107.7 kH z 3)) should  no t depart from  the loss a t 84 kH z 4) 
by m ore than  ±  1 dB.

This equipment comprises a group demodulation equipment, the through-group filter proper and a group m odulation 
equipment.

If 16-channel groups be used, the passband must be extended from 60.1 to 107.9 kHz or, by agreement between the 
Administrations concerned, the band indicated in the present recommendation must be kept, in which event Note 1 to 
Recommendation G.235 will have to be carefully borne in mind.

Slightly different loss limits apply outside the band occupied by the telephone channels when out-of-band signalling is 
used; this point can be settled on the national level or by agreement between the Administrations concerned.
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Note 1 — It w ould be technically d ifficult for the C C IT T  to recom m end a d istribution  o f these overall 
lim its am ong the equipm ents m entioned in foo tno te 2 on the previous page.

N ote 2 — The value o f 70 dB show n in 1) and  2) above for the intelligible or unintelligible crosstalk 
com ponents is the m inim um  standard  value for telephony. A value o f 80 dB is recom m ended, for future designs 
o f  equipm ent, w ithin the band  o f  each group adjacent to the through-connected  group which corresponds to the 
b an d  84 to  96 kHz in the basic group B and  which m ay be used for program m e transm ission, whose bandw idth  
does not exceed 10 kHz.

This condition  should be fulfilled both when the adjacent g roup is erect or inverted.

Note 3 — As a consequence o f the condition  in N ote 2 above, in each through-connected group, the value 
recom m ended will also be achieved in the ban d  corresponding  to  the band  72 to 84 kH z in the basic group B.

N ote 4 — The values recom m ended above for the intelligible or unintelligible crosstalk com ponents are 
also com patib le with the use o f  15-kHz circuits for p rogram m e transm ission in accordance w ith R ecom m enda­
tion  J.21 [1], C onsideration  is given to the fact tha t the equipm ents used to set up these circuits (R ecom m enda­
tion  J.31 [2] and  Annexes) are single sideband systems with com pandors or double sideband systems. A ccount was 
also taken o f the frequency ban d  occupied by the program m e channels o f the equipm ents in the basic g roup and 
o f  the frequency response characteristics o f the weighting netw ork referred to in R ecom m endation J.16 [3].

2.2 Group-delay distortion o f  the through-group filter

In  the case o f th rough-connection  o f a group in the basic frequency band  60-108 kHz, it is recom m ended 
th a t the lim its in F igure 1/G .242  for the group-delay d istortion  (relative to  the value at 84 kHz) should not be 
exceeded by the through-group  filter.

N ote — The range o f m easured values on m odern  equipm ents is indicated  in Supplem ent 17 at the end of 
th is fascicle.

The loss between 10 °C  a n d 4 0 ° C  at 84 kH z should not differ by m ore than  ±  1 dB from  the loss
at 25 °C .

FIGURE 1/G.242

3 Through-supergroup connection

3.1 R atio  between the wanted and  unwanted components

In the case o f th rough-connection  o f a supergroup, the ratio between the w anted com ponents and  the 
various unw anted com ponents defined above should be:

1) intelligible crosstalk com ponents: 70 dB;
2) unintelligible crosstalk com ponents: 70 dB;
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3) possible crosstalk com ponents:
4) harm ful ou t-of-band  com ponents:
5) harm less ou t-of-band  com ponents:

35 dB w herever possible com ponen ts appear; 
40 dB 5);
17 dB.

All these separations m ust be provided by the through-supergroup  filter itself. They relate to  the nom inal 
level 412 kH z, which is the reference frequency (close to  the supergroup pilots), at which the loss o f the 
supergroup transfer filter is set. A t the other frequencies, account should be taken  o f  the to lerance allow ed for the 
d istortion  loss o f this filter.

At any tem perature between 10 °C  a n d 4 0 ° C ,  insertion loss for all the th rough-supergroup  connection  
eq u ip m e n t6) at any frequency o f  the passband  (312.3 to  551.4 k H z 7) should  n o t depart from  the loss at 412 kH z 8) 
by m ore than  ±  1 dB.

The loss between 10 °C  and  40 °C  at 412 kH z should  not d iffer by m ore th an  ±  1 dB from  the loss 
at 25 °C.

N ote 1 — It w ould be technically d ifficult for the C C IT T  to recom m end a d istribu tion  o f these overall 
lim its am ong the equipm ents m entioned in foo tno te 6 below.

N ote 2 — The ratio  o f 70 dB shown in 1) and 2) above for the intelligible o r unintelligible crosstalk 
com ponents is a m inim um  standard  value for telephony. For the fu ture design o f  equipm ent, a separation  o f 
80 dB is advocated  for the bands liable to be used for p rogram m e transm ission in  each supergroup  adjacent to  the 
transferred  supergroup.

N ote 3 — In the case o f th rough-connection  o f supergroup 1 or 3, the range o f insertion  loss o f the 
com bined through-supergroup  equipm ent can reach 3 dB in the passband  o f  the Filter a round  312 kH z or 552 kHz.

3.2 Group-delay distortion o f  the through-supergroup fd te r

In the case o f th rough-connection  o f a supergroup in the basic frequency ban d  312-552 kH z, it is 
recom m ended tha t the lim its in F igure 2/G .242 for the group-delay d isto rtion  (relative to  the value at 412 kH z) 
should no t be exceeded by the through-supergroup  Filter.

N ote  — The range o f  m easured values on m odern equipm ents is ind icated  in Supplem ent 17 at the end o f  
this fascicle.
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The specified attenuation should be met at the nominal frequencies of the pilots and additional measuring frequencies 
involved (at a point where these are 308 kHz or 556 kHz) in accordance with the definition of harmful out-of-band 
components.

This equipment comprises a supergroup demodulation equipment, the through-supergroup Filter proper and a supergroup 
modulation equipment.

When supergroups contain group A in an attitude different from that of groups B to E (see Figure 2/G.322), the limits of 
the passband are: 312.3 and 551.7 kHz.

Slightly different loss limits apply outside the band occupied by the telephone channels, when out-of-band signalling is 
used; this point can be settled on the national level or by agreement between the Administrations concerned.
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4 Through-mastergroup connection

F or the th rough-m astergroup connection, the ratio  between w anted com ponents and  the various unw anted 
com ponen ts defined above should  be:

1) intelligible crosstalk com ponents: 70 dB;
2) unintelligible crosstalk com ponents: 70 dB;
3) possible crosstalk com ponents: 35 dB w herever possible com ponents appear;
4) harm ful ou t-of-band com ponents: 40 dB 9)
5) harm less ou t-of-band com ponents: 17 dB.

All these ratios should be achieved by the through-m astergroup  filter itself. They refer to the nom inal level 
o f  the 1552-kHz reference frequency (m astergroup pilot) by which the loss o f the through-m astergroup  filter is 
fixed. At o ther frequencies, the attenua tion /frequency  disto rtion  tolerance allow ed for this filter should be taken 
in to  consideration.

At any tem perature between 10 °C  and 40 °C , the loss at any frequency w ithin the passband  (812 to 
2044 kHz) o f  the com bined through-m astergroup  e q u ip m e n t10) should no t deviate by m ore than  ±  1 dB from  the 
loss at 1552 kHz.

The loss between 10 °C  and  40 °C , at 1552 kHz, should no t deviate by m ore than  ±  1 dB from  the loss at
25 °C .

W ithin each supergroup the total varia tion  o f the insertion loss should not exceed ±  1 dB relative to  the 
loss at the frequency o f the supergroup reference pilot.

Notet — The ratio  o f 70 dB show n in 1) and  2) above for intelligible or unintelligible crosstalk 
com ponents is a m inim um  standard  value for telephony. For the future design o f equipm ent, a separation  of 
80 dB is advocated  for the bands liable to be used for program m e transm ission in each m astergroup adjacen t to 
the transferred  m astergroup.

§ Through-supermastergroup connection

For the th rough-superm astergroup connection , the ratio  between w anted com ponents and  the various 
unw anted  com ponents defined above should be:

1) intelligible crosstalk com ponents: 70 dB;
2) unintelligible crosstalk com ponents: 70 dB;
3) possible crosstalk com ponents: 35 dB; wherever possible com ponents appear;
4) harm ful ou t-of-band com ponents: 40 dB n ) ;
5) harm less ou t-of-band com ponents: 17 dB.

All these ratios should be achieved by the through-superm astergroup  filter itself. They refer to the nom inal 
level o f the 11 096 kHz reference frequency (superm astergroup pilot) by which the loss o f  the com bined 
superm astergroup  e q u ip m e n t,2) is fixed. At o ther frequencies the attenuation /frequency  disto rtion  tolerance 
allow ed for this filter should be taken into consideration.

At any tem perature between 10 °G a n d 4 0 ° C ,  the insertion loss at any frequency w ithin the passband 
8516 to 12 388 kH z o f the com bined through-superm astergroup  equipm ent should not deviate by m ore than 
±  1.5 dB from  the loss at 11 096 kHz. W ithin each m astergroup the to tal varia tion  in insertion loss should  not 
exceed ±  1 dB relative to the loss at the frequency o f the m astergroup pilot.

9) The specified attenuation should be met over a band corresponding to the recommended frequency stability of the original
frequencies of the pilots or the additional measuring frequencies involved (where these are translated to 768 kHz or
2088 kHz) in accordance with the definition of harmful out-of-band components!

10) This equipment comprises a mastergroup demodulation equipment, the through-mastergroup filter proper, and a master­
group translating equipment.

’9 The specified attenuation should be met over a band corresponding to the recommended frequency stability of the original
frequencies of the pilots or the additional measuring frequencies involved (after frequency translation of the supermaster­
group into the basic 8516-12 388 kHz band) in accordance with the definition of harmful out-of-band components.

This equipment comprises the supermastergroup demodulation equipment, the through-supermastergroup filter proper and 
supermastergroup translating equipment.

86 Fascicle III.2 — Rec. G.242



N ote  — The ratio  o f 70 dB show n in 1) and  2) above for intelligible o r un intellig ib le crosstalk com po­
nents is a m inim um  standard  value for telephony. F or the fu ture design o f equipm ent, a separation  o f 80 dB is 
advocated  for the bands liable to  be used for p rogram m e transm ission in each m astergroup  adjacen t to the 
transferred  m astergroup.

The loss between 10 °C  and  40 °C , at 11 096 kH z, should  not deviate by m ore than  ±  1 dB from  the loss
at 25 °C.

6 Through-15-supergroup assembly connection

F or through-15-supergroup assem bly (No. 1) connection , the ratio  betw een w anted com ponents and  the 
various unw anted com ponents defined above should be:

1) intelligible crosstalk com ponents: 70 dB ;
2) unintelligible crosstalk com ponents: 70 dB;
3) possible crosstalk com ponents: 35 dB w herever possible com ponents appear;
4) harm ful out-of-band com ponents: 40 dB 13);
5) harm less ou t-of-band com ponents: 17 dB.

All these ratios should be achieved by the through-15-supergroup filter itself. They refer to  the nom inal 
level o f the 1552-kHz reference frequency (frequency o f the basic 15-supergroup assem bly p ilot) by which the loss 
o f  the th rough  basic 15-supergroup assem bly N o. 1 filter is fixed. At o ther frequencies, the a tten u a tio n /freq u en cy  
d istortion  tolerance allow ed for the filter should be taken in to  consideration.

A lternatively, the above ratios m ay be provided  by a through-connection  e q u ip m e n t14) th a t incorporates 
the necessary filtering w ithin the 15-supergroup assem bly dem odulato r and  the 15-supergroup assem bly m odulator.

At any tem perature between 10 °C  a n d 4 0 ° C ,  the loss at any frequency w ithin the passband  (312 to 
4028 kHz) o f the com bined through-15-supergroup e q u ip m e n t,4) should no t deviate by m ore than  ±  1.5 dB from  
the loss at 1552 kHz.

The loss between 10 °C  and  40 °C  at 1552 kH z should no t deviate by m ore than  ±  1 dB from  the loss 
at 25 °C.

W ithin each supergroup, the to tal varia tion  o f the insertion loss should  no t exceed ±  1 dB relative to  the 
loss at the frequency o f the supergroup reference pilot.

N ote — The ratio  o f 70 dB show n in 1) and  2) above for intelligible o r unintellig ib le crosstalk 
com ponents is a m inim um  standard  value for telephony. F or the fu ture design o f equipm ent, a separation  o f 
80 dB is advocated for the bands liable to be used for program m e transm ission  in each 15-supergroup assem bly 
ad jacent to  the transferred  15-supergroup assembly.

7 Direct through-connection

The values recom m ended for the attenuation  o f the various crosstalk com ponents are the sam e as those 
given in §§ 2 to 6 above for th rough-connection  o f groups, supergroups, etc., in as far as they are no t in 
contrad iction  with those recom m ended in R ecom m endation G.243, § 5.
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[1] C C IT T  R ecom m endation Performance characteristics o f  15-kHz type sound-program m e circuits, Vol. I l l ,
Fascicle III.4 , Rec. J.21.

[2] C C IT T  R ecom m endation Characteristics o f  equipment and lines used fo r  setting up 15-kH z type sound-
programme circuits, Vol. I l l ,  Fascicle III .4, Rec. J.31.

[3] C C IT T  R ecom m endation M easurem ent o f  weighted noise in sound-program m e circuits, Vol. I l l ,
Fascicle III .4, Rec. J.16.

13) The specified attenuation should be met over a band corresponding to the recommended frequency stability of the original 
frequencies of the pilots or the additional frequencies involved (after frequency translation of the 15-supergroup assembly 
into the basic 312-4028 kHz band) in accordance with the definition of harmful out-of-band components.

14) This equipment comprises the 15-supergroup assembly demodulation equipment, the through-connection filter (if any) and 
the 15-supergroup assembly-translating equipment.
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Recommendation G.243

PROTECTION OF PILO TS AND ADDITIONAL M EASURING FREQUENCIES  
AT PO IN TS W HERE THERE IS A TH RO UG H-CONNECTION

(am ended at Geneva, 1964, M ar del Plata, 1968, and Geneva, 1972)

1 Interconnection of telephone circuits at audio frequency (form erly Part A)

It is necessary that the in terconnection  o f telephone circuits at audio  frequency m ay be m ade w ithout 
restriction  and  w ithout causing interference between the sent and  received group and  supergroup pilots. It is 
therefore recom m ended tha t R ecom m endations G.232, § 12 and  G.234 [1] be met, which specify an attenuation  o f 
a t least 20 dB in bo th  m odulating  and  dem odulating equipm ents for the leaks o f g roup pilots (channels 6 and 7 
o r 1 and 2) and  supergroup  p ilo ts (channels 1 and 2 or 11 and  12).

2 Through-group connection (form erly Part B)

2.1 Group routed on a supergroup equipped with pilots 411.860 and  411.920 kH z

To perm it unrestricted  through-group  connection w ithout causing interference between the sent and 
received supergroup pilots R ecom m endation G.233, § 9.1.2, has to be followed. O therwise, it is necessary at least 
to  follow  R ecom m endation G.233, § 9.1.1 and , m oreover, to avoid routing a through group in position 3 in two 
successive supergroup links.

2.2 Group routed on a supergroup equipped with pilot 547.920 kH z

The same provisions as in  § 2.1 apply , but to  the group in position 5 and  no t in position 3 (in accordance 
w ith R ecom m endation G.233, § 9.1.2.

3 Through-supergroup connection (form erly Part C)

3.1 Protection o f  a line-regulating pilot against additional measuring frequencies

To prevent interference w ith a line-regulating pilot lying ad jacent to a through-connected  supergroup, 
arising  from  an additional m easuring frequency on an ad jacent line link, it is recom m ended tha t the com bined 
th rough-supergroup  equipm ent, plus any additional blocking filter (e.g. associated with the th rough-supergroup 
equipm ent o r provided as a p ilo t suppression filter im m ediately preceding the po in t on the line at which the 
line-regulating  pilot is injected) should  provide the follow ing d iscrim ination (relative to  412 kHz):

— over the range 308 kH z ±  8 Hz, no t less than  40 dB;
— over the range 308 kH z ±  40 Hz and the range 556 kH z ±  40 Hz, no t less than 20 dB.

N ote 1 — In  m aking this recom m endation, it has been assum ed tha t the addition  o f the various frequency 
com ponents w ithin p ilo t-operated  line regulators will follow a square or average law o f addition.

N ote 2 — If, by m utual agreem ent, A dm inistrations use an auxiliary line-regulating p ilot, an additional 
attenua tion  giving a d iscrim ination  o f at least 40 dB relative to  the attenuation  at 412 kH z should  be provided 
over a suitable frequency range around  556 kH z and  in particu lar in the range 556 kH z ±  10 Hz in the case o f a 
2792-kHz p ilo t, for which the C C IT T  has recom m ended tha t the frequency variations should no t exceed ±  5 Hz.

N ote 3 — W hen the synchronizing or frequency-checking p ilo t is also a line-regulating p ilo t (m ultipurpose 
p ilo t), then where it passes from  one regulated-line section to  another, the p ilo t should be b locked and 
re in troduced  (after filtration) on the follow ing regulated-line section after its am plitude has been corrected.
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To m inim ize interference between add itiona l m easuring frequencies on  ad jacen t line sections and  to 
prevent interference between additional m easuring frequencies on non-ad jacen t line sections, it is recom m ended 
th a t th rough-supergroup equipm ent should provide the follow ing d iscrim ination  (relative to  412 kH z):

— over the range 308 kH z ±  50 Hz and  the range 556 kH z ±  50 Hz, no t less than  15 dB;
— over the range 308 kH z ±  20 Hz and  the range 556 kH z ±  20 Hz, no t less than  20 dB ;
— at frequencies o f 308 kH z and  556 kH z, no t less than  40 dB.

3.2 Protection o f  additional measuring frequencies

3.3 Protection o f  the mastergroup or 15-supergroup pilot against additional measuring frequencies

To prevent interference w ith the m astergroup or 15-supergroup p ilo t arising from  add itiona l m easuring
frequencies, it is recom m ended tha t the through-supergroup  equipm ent, plus any  necessary add itiona l blocking
filter, should provide the follow ing discrim ination relative to  412 kHz:

— over the range 308 kH z ±  7 Hz and the range 556 Hz ±  7 Hz, 50 dB;
— over the range 308 kH z ±  40 Hz and  the range 556 kH z ±  40 Hz, 30 dB.

Any necessary additional blocking filter should be provided in  association w ith the equ ipm ent w here the 
1552 kHz p ilo t is injected, th a t is, in the supergroup translating  equipm ent on  the  sending side w here the 
m astergroup or 15-supergroup assem bly is form ed.

Figure 1/G .243 recapitulates all the a ttenuations recom m ended over the range 308 kH z and  556 kHz.
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Note 1 — The ordinates of this graph give the minimum recommended relative attenuation (referred to the attenuation at 412 kHz):
— for through-connection equipment alone in all cases —
— for through-connection equipment (filters and translating equipment, together with any supplementary filters) when it is 

necessary to safeguard:
a line-regulating pilot — — — — — 
a mastergroup pilot —

Note 2 — This graph applies both to /o  = 308 kHz and to /o  = 556 kHz.

FIGURE 1/G.243
Minimum recommended relative attenuation around 308 kHz and 556 kHz for various cases 

of through-supergroup connection

4 End of a supermastergroup link (form erly Part D)

The superm astergroup p ilo t should be blocked at the end o f a superm astergroup  link, unless otherw ise 
agreed between A dm inistrations. The end o f a superm astergroup link shall be considered as any po in t w here basic 
superm astergroup w orking is no longer used, even though the superm astergroup m ay not be broken  u p  in to  
m astergroups at tha t point.
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For exam ple, in the case described in Figure 2/G .243, po in t M is the end o f a superm astergroup link, at 
w hich po in t the superm astergroup pilot should no t be transm itted  to country  B (even though the superm aster­
g roups continue to  be transm itted  to  line w ithout dem odulation), unless country  B agrees to depart from  this rule. 
M oreover, country  B, which does no t use the basic superm astergroup, is no t required to  transm it this superm aster­
g roup  pilo t over the link  PM.

In  any case, the superm astergroup pilo t is considered as blocked when it undergoes an additional 
attenua tion  o f 40 dB.

o
Country C 

Exchange containing carrier equipm ent 

Link with basic supermastergroup working

Link with mastergroup working, 
no t using basic supermastergroups

--------------- Frontier

Note -  It is assumed that countries A and C use the basic supermastergroup and that country B does not.

FIGURE 2/G.243 
Definition of a supermastergroup link

5 D irect through-connection (form erly P art E)

Let B be a repeater station  where one or several supergroups, m astergroups, superm astergroups or 
15-supergroup assemblies are through-connected  by direct filtering from  a line section AB on to  ano ther line 
section BC (see F igure 3/G .243). At po in t B special precautions should be taken with respect to pilots and 
add itiona l m easuring frequencies, so tha t these signals are transm itted  to certain  line sections where it is desired to 
route them  bu t, on the o ther hand , do not interfere with pilots o f the same type transm itted  on o ther sections.

B
CCITT - 45330

FIGURE 3/G.243

0 If the supergroups are in the basic supergroup frequency band, this becomes the case dealt with in § 3,
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5.1 Precautions to be taken in the use o f  pilot signals and additional m easuring frequencies where there is direct
through-connection within a regulated line section

5.1.1 Line-regulating pilots

W hen the regulation  o f line section BD is to  be perform ed together with the regulation  o f line section AB 
(and  with tha t section only), the regulated line section extends from  A to D and  p o in t B is no t the end o f the 
regulated line section AB. If  one or two line-regulating p ilots are outside the frequency ban d  o f the supergroups, 
m astergroups or superm astergroups diverted over BD, or lie at the edge o f this frequency band , special 
arrangem ents m ust be m ade at po in t B for these pilots to  be extended beyond  B on to  section BD (see 
R ecom m endation G.213, § 1 G eneral R em arks, 2).

In the direction o f C, however, the line-regulating pilots o f section AB should  be stopped , in the sam e 
conditions as at the end  o f the regulated-line section, so as no t to be transm itted  on section BC.

5.1.2 Additional measuring frequencies

At a station where there is direct th rough-connection  and which is w ithin a regulated-line section 
(station B o f section AD in the preceding exam ple) the additional m easuring frequencies w ithin the frequency 
bands o f the supergroups, m astergroups or superm astergroups are diverted as a whole.

It m ay not be possible to use additional m easuring frequencies at the edges o f a th rough-connected  
frequency ban d  because the am plitudes o f these frequencies are affected by the d irect th rough-connection  filters. It 
m ight therefore be desirable in certain  cases to specify “m easuring sections” over w hich these add itiona l m easuring 
frequencies w ould be used. The choice o f such m easuring sections is left to  the discretion  o f the A dm inistra tions 
concerned.

5.1.3 Other pilot frequencies

In each particu lar case, the A dm inistrations concerned should decide on the po in ts w here the synchron­
izing or frequency-checking p ilo t and  any sw itching p ilo t should be b locked so as no t to  in terfere with o ther parts 
o f  the link. However, should one o f these pilots also be a line-regulating pilo t (m ultipurpose pilot) the rules 
defined above for line-regulating pilots should be applied.

5.2 Precautions to be taken at a direct through-connection point a t the end o f  a regulated-line section

5.2.1 Line-regulating pilots

If  it is not desired to associate the line regulation o f section AB with th a t o f  the o ther sections, po in t B is, 
by defin ition , the end  o f a regulated line in section AB and  the line-regulating p ilots o f  this section AB should  be 
stopped in such a way that, on all the interconnected  sections (in this case, BC and  BD), they are at least 40 dB 
below  the p ilots used on these sections.

W hen some (or all) o f the pilots used on line-regulating section AB are no t on the sam e frequency as those 
used on a line-regulating section connected to  it, suppression o f these p ilots by 20 dB only (which im plies a 
residue o f not m ore than  —30 dBmO on the connected line-regulating section) m ay be to lerated  at d irect 
through-connection  po in t B, if  this residue is further suppressed by 20 dB before reaching the in jection  po in t o f  a 
line-regulating pilot w ith the sam e frequency on another line-regulating section connected  at a d istan t po in t (for 
exam ple, at D). However, the line-regulating pilot should be suppressed by 40 dB w henever it is app lied  to  an 
in te rnational line-regulated section crossing at least one frontier. It therefore follows th a t the line-regulating  pilot 
should be suppressed by 40 dB if  the follow ing section is an in ternational section, even with a line-pilo t at a 
d ifferent frequency. Sim ilarly, if a line-regulating p ilo t is suppressed by 20 dB only, a supplem entary  attenuation  
o f 20 dB m ust be in troduced on the line frequency at the end o f the corresponding  line-regulating  section before 
this pilot residue reaches a d istan t in ternational section.

W ith reference to  the exam ple in F igure 1/G .213, the sum o f the suppression o f (2) and  (5) (see legend o f 
F igure 1/G .213) at the frequency o f any received line-regulating p ilo t should therefore be at least 40 dB w hen the 
frequencies o f these pilots are the same on both  interconnected  regulated-line sections. D ivision o f  this suppression 
between Filters (2) and  (5) may be m ade in different ways. As the two filters are in the sam e station  this is no t an 
in te rnational interconnection problem , bu t one o f industrial s tandard ization  for countries which order systems 
from  several m anufacturers.
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If it is considered necessary always to have a filter (5) before the po in t o f injection o f an outgoing 
line-regulating p ilot, for the suppression o f unw anted signals from  o ther equipm ents, and  if the line-regulating 
pilo ts o f the two interconnected  regulated-line sections are on the same frequency, the division may be m ade in 
the follow ing way:

filter (2) =  20 dB filter (5) =  20 dB.

Thus, if the frequencies o f  the p ilots do not coincide and  there is no in terconnection  with an in ternational 
section, the 20 dB suppression recom m ended above will rem ain. N evertheless, this provision may necessitate the 
add ition  o f  a further suppression at the adequate frequency at som e poin t before reaching an in ternational section.

To avoid the latter difficulty, it m ay be considered preferable, in o rder to  facilitate netw ork arrangem ents, 
to  adop t the value o f 40 dB for (2). I f  the frequencies o f the pilots are the sam e on both  in terconnected 
regulated-line sections and  if it has been considered desirable always to have a filter (5) before the po in t o f 
injection o f  an outgoing line-regulating p ilot, the suppression o f the received line-regulating p ilo t will be very 
m uch greater than  the recom m ended value o f 40 dB. There is no  technical objection to this.

5.2.2 Additional measuring frequencies

The additional m easuring frequencies w ithin the frequency band  occupied by all the through-connected  
supergroups, etc., are norm ally  transm itted  w ithout special b lo c k in g 2). The level o f the additional m easuring 
frequencies at the edges o f this ban d  m ay be affected by the sections o f the th rough-connection  filters.

There is no need in such cases for equipm ents to  include m ethodical provision o f blocking filters for 
p rotecting  line-regulating p ilots against add itional m easuring frequencies sent over a preceding section. The 
arrangem ents to  be m ade by the m aintenance sta ff w hen such blocking filters are not p rovided are show n in 
R ecom m endation M.500 [2].
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Such special blocking attenuation would in any case be both expensive and technically difficult to achieve. 
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S EC T IO N  3

INDIVIDUAL CHARACTERISTICS OF INTERNATIONAL  
CARRIER TELEPHONE SYSTEM S ON METALLIC LINES

3.1 Systems providing a group on an open-wire pair

Recommendation G.311

GENERAL CHARACTERISTICS OF SYSTEM S PRO VIDING  12 CARRIER  
TELEPHONE CIRCUITS O N  AN OPEN-W IRE PAIR

(am ended a t Geneva, 1964, and  M ar del Plata, 1968)

The C C ITT , 

considering

that, in the in te rnational te lephone service, it is very desirable to  standard ize as far as possible 12-channel 
carrier telephone systems on open-w ire lines using one o f the basic groups already em ployed in  carrier system s on 
sym m etric cable-pairs or coaxial cables for which systems the s tandard ization  is already m uch m ore advanced,

unanim ously recommends

tha t m ultichannel carrier systems on open-w ire lines constructed  in the fu ture for the provision o f 
in te rnational te lephone circuits should satisfy the follow ing conditions:

1 Frequency band effectively transmitted by each telephone circuit

The audio-frequency band  effectively transm itted  by each te lephone circuit should  extend from  300 Hz to 
3400 Hz.

2 Basic group

The basic g roup should be tha t standard ized  for carrier systems on  un loaded  sym m etric cable-pairs and  
coaxial cables, i.e.:

Group B :  In each direction o f transm ission 12 channels in the b an d  between 60 and  108 kH z transm itting  
the lower sideband fo r each individual channel.
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3 Relative levels

The relative pow er level at the ou tpu t o f the term inal equipm ent and  the in term ediate repeaters should  be,
on  each channel and  at the frequency on this channel which corresponds to  an audio-frequency o f 800 Hz, equal
to  the nom inal relative level w ith the follow ing tolerances:

— term inal equipm ent: ±  1 dB;

— interm ediate repeater equipm ent: ±  2 dB for a route o f length com parable to a typical hom ogeneous
section — i.e. som e 450 km or com prising about four elem entary 
line sections.

The m axim um  value o f the nom inal relative level should  be + 1 7  dB r at the input to the open-w ire line.

The inherent physical characteristics o f open-w ire line routes result in significant deviations from  a regular 
a ttenua tion /frequency  characteristic and the relatively large and  varied changes o f line attenuation  with w eather 
conditions may not always perm it the tolerances recom m ended above fo r the ou tpu t o f in term ediate repeater 
sta tions to  be met, either when the route is newly com m issioned or in subsequent m aintenance.

To achieve the tolerances recom m ended at the ou tpu t o f interm ediate repeaters while retaining reasonable 
design and  m aintenance standards, it will be necessary for the open-w ire line and  the repeater equipm ent to 
com ply w ith the follow ing standards o f perform ance and  tolerances:

1) The attenua tion /frequency  characteristic o f the open-w ire elem entary line section should be as near as 
possible to a sm ooth curve, which for each 48-kHz bandw idth  corresponding to a direction o f 
transm ission will be substantially  a straight line, i.e. a linear frequency characteristic. D eviations from  
this straight line should no t exceed 0.5 dB in any elem entary line section (see R ecom m enda­
tion  G.313).

2) In each direction o f transm ission and  under dry w eather conditions the a ttenuation /frequency  
characteristic o f any elem entary line section, com prising an open-w ire line and  a repeater at the 
receiving end should  be w ithin ±  0.3 dB o f the straight line representing the best approxim ation  to 
the m easured attenua tion /frequency  characteristic o f the line. These tolerances require a high standard  
o f design, construction  and  m aintenance o f the open-w ire line and  may also necessitate equalization 
o f the residual attenuation  d istortion o f the elem entary line section.

3) The gain regulation characteristic o f the repeater should be such tha t the change in gain to 
com pensate for a change in w eather conditions is a linear function  o f the frequency and  should 
correct a linear line attenuation /frequency  characteristic w ith to lerances no t exceeding the follow ing:

— for all conditions between dry and  norm al wet w eather conditions, i.e. where R ecom m enda­
tion  G.312 recom m ends a m axim um  repeater gain o f abou t 43 dB, a tolerance o f ±  0.5 dB ;

— when there is an appreciable deposit o f ice on the wires, i.e. where R ecom m endation G.312
suggests a m axim um  repeater gain o f about 64 dB, a to lerance o f ±  1 dB.

4 Frequencies transmitted to line

The system should have 12-carrier te lephone circuits.

The system should use one pair o f open-w ire lines. The lowest frequency transm itted  to line should be high 
enough to  allow the use o f a three-channel carrier te lephone system at the sam e tim e as the system giving 
12-carrier te lephone channels.

Figures 1 /G .3 1 1 and  2/G .311 show two m ethods o f dividing the line-frequency spectrum  and  the 
corresponding  pilot frequencies available (Schemes I and  II). In o rder to ensure som e m easure o f uniform ity  in 
the in te rnational te lephone netw ork, it is recom m ended th a t A dm inistrations concerned with an in ternational 
carrier system should always choose one or the other o f these systems, if possible.

The C C IT T  does not specially recom m end either Scheme I o r Schem e II. The A dm inistrations concerned 
in setting up  a 12-channel carrier te lephone system on in ternational open-w ire lines m ust judge in each case which 
o f the two schemes is technically and  econom ically m ore suitable.

F urther, the use on different pairs o f the sam e route o f several 12-channel carrier systems w ould involve 
careful positioning o f the m odulated  groups in the line-frequency spectrum . As an exam ple, Figures 3/G .311 and 
4/G .311 show two m ethods used in some countries. Table 1/G.311 gives the carrier frequency allocation for the 
m ethod show n in F igure 3/G .311.
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Channel No.

Frequency  

FIGURE 1/G.311

Frequency allocation for a 12-channel open-wire carrier telephone system — Scheme I

kHz

CCITT - 45440

Channel No.

FIGURE 2/G.311

Frequency allocation for a 12-channel open-wire carrier telephone system -  Scheme II
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FIGURE 3/G.311

Frequency allocation for a 12-channel open-wire carrier telephone system, using Scheme,I 
(see Table 1/G.311 for carrier frequency allocation)
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Channel No. 
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FIGURE 4/G.311
Frequency allocation for a 12-channel open-wire carrier telephone system, using Scheme II

TABLE 1/G.311 
Table showing carrier frequency allocation

System

B -* A 
carrier frequency o f

A ->B  
carrier frequency of

1st group 
modulation

2nd group 
modulation

1st group 
modulation

2nd group 
modulation

(kHz) (kHz) (kHz) (kHz)

SO J-A-l 2 340 484 340 308
SOJ-B-12 340 364 340 543
SOJ-C-12 340 484 340 541
SOJ-D-12 340 364 340 306

5 P ilo t frequencies

Each system will have an  au tom atic gain regulator contro lled  by two pilots having different frequencies for 
each o f the two directions o f  transm ission. It is no t possible to standardize frequencies o f the pilots to be used on 
in ternational open-w ire carrier systems th roughout the in te rnational te lephone service, because agreem ent has not 
been reached on the choice o f  a particu lar division o f the line-frequency spectrum . It is left to A dm inistrations 
concerned in such an  in te rnational connection to  take a decision on this subject. It is extremely desirable that 
agreem ent should be reached between them  to use the sam e  m ethod o f division o f the line-frequency spectrum , 
and  the sam e pilot frequencies (i.e. either Scheme I o f  F igure 1 /G 311  or Schem e II o f Figure 2/G .311), in o rder 
to  avoid interm ediate m odulating  and dem odulating  equipm ents at the fron tier repeater stations, or any other 
m ethod o f  changing from  one system to another. I f  agreem ent cannot be reached, one o f two things can be done:

1) C onsider the fron tier repeater station  where two different systems are in terconnected as the end  o f a 
regulated-line section — i.e. stop  the p ilo t o f each country at the fron tier and  in troduce there the pilot 
used by the other country, which should be rein troduced into the line on the other side o f the frontier.

2) C hoose pilots which, in the two systems, have exactly the sam e relative positions with reference to the 
centre o f  the group o f telephone channels transm itted  to line and  the sam e relative levels, because it is 
then possible to translate  the pilots together with the groups.
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The nom inal pow er level o f each p ilo t should be as low as possible, having regard  to  the type o f  system 
used. It is provisionally  recom m ended tha t in all cases this absolute level should  no t exceed — 20 dBmO. The 
stability o f the pilots should be such tha t the ir frequency is always accurate to  w ithin less than  5 x 10-6 .

6 Stability of the carrier frequency generators

So tha t the effect o f the m odulations or dem odulations shall never p roduce a d ifference greater th an  2 Hz 
between the audio-frequency applied  at the inpu t o f a channel and  tha t w hich is received at the co rrespond ing  end 
(where there is no t interm ediate dem odulation  and rem odulation), the stability  o f the carrier generators m ust be 
such tha t their frequency is always accurate to  w ithin less than  5 x 10-6 .

7 Hypothetical reference circuit over open-wire lines

This hypothetical reference circuit is 2500 km long and  is set up  on a carrier system provid ing  12 circuits 
on open-w ire pairs.

For each direction o f transm ission, this hypothetical reference circuit has a to ta l of:

— 3 pairs o f channel m odulators and  dem odulators,
— 6 pairs o f group m odulators and  dem odulators.

Figure 5/G .311 shows a diagram  o f  this hypothetical reference circuit. It will be seen th a t there is a total 
o f 9 m odulations and  9 dem odulations for each d irection o f transm ission, supposing tha t each m odu la tion  or 
dem odulation  is effected in a single stage 1}.

______________________________________________ 2500 km______________________________________________^

0B— i— B fl-— BOpfl- - - - - BB BOOB  BB
1 ! ! ! CCITT - 45480I I I

Line-frequency  band  A ud io-frequency  b an d  Basic g ro u p  freq u en c y  band

Note -  The group modulating stage can for this system involve a double modulation and when this is the case, the limits in 
Table 1/ G.222 cannot then be strictly applied.

FIGURE 5/G.311 

Diagram o f the hypothetical reference circuit on open-wire lines

The assum ptions regarding the num bers o f pairs in different hom ogeneous sections o f the hypothetical 
reference circuit, the lengths o f the hom ogeneous sections, the in terconnections o f channels and  groups at the ends 
o f sections and  the law o f addition  o f noise arising in different sections tha t app ly  to  the hypothetical reference on 
sym m etric pairs (see R ecom m endation G.322, §1 .1 ) should also apply  to the hypothetical reference circuit on 
open-w ire lines.

M oreover, the line-frequency arrangem ents recom m ended in § 4 above (giving relative “staggering” a n d /o r  
“ inversion” o f channels) are applied  to each section o f the circuit in equal num bers.

8 Design objectives for circuit noise

The follow ing objective shall be used in the design o f 12-circuit carrier systems on open-w ire lines.

Each telephone channel conform ing to  the definitions o f the hypothetical reference circuit on open-w ire 
lines m ust be so designed that the m ean psophom etric noise pow er at the end o f  the hypothetical reference circuit, 
referred to a po in t o f zero relative level, does not exceed 20 000 pWOp during  any hour.

It is not possible on a single 12-circuit open-wire carrier system to set up a telephone circuit having the same constitution 
as given by the hypothetical reference circuit, since at a group derivation point all the telephone channels transmitted to 
line are extracted en bloc, from the system concerned. However, the hypothetical reference circuit defined above, with a 
certain number of modulations, is useful in designing equipment such that the circuits set up on these systems may satisfy 
the appropriate Recommendations.
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T he same assum ptions apply  for the calculation  o f noise as are indicated  in R ecom m endation G.223, due 
allow ance being m ade for the m akeup o f the hypothetical reference circuit on open-w ire lines.

Note — The psophom etric pow er o f 20 000 pWOp corresponds to norm al conditions in rainy w eather; this 
figure m ay be exceeded only in very unfavourab le w eather conditions.

It is recom m ended th a t this overall lim it be subdivided am ong the m ain com ponents o f to tal noise as
follow s:

— line noise: 17 500 pWOp;
— noise due to term inal equipm ent: 2 500 pWOp.

The d istribution  o f to tal noise between:

— basic noise,
— interm odulation  noise, and
— crosstalk noise

is left entirely to the designer o f the system, w ithin the lim its o f 2500 pWOp for the term inal equipm ent and 
17 500 pWOp for the line.

N ote  — As a sim ple exam ple, a detailed d istribution  am ong the various com ponents o f total line noise is 
show n in Supplem ent No. 6 [1].

9 Characteristics o f an actual 2500-km circuit

If  the lines are carefully built (taking in to  account the in form ation  given in the N ote under § 2 in 
R ecom m endation G.313), and  if the design has been draw n up in accordance w ith the app rop ria te  R ecom m enda­
tions, it is p robable tha t circuits having a constitu tion  com parable to that o f the hypothetical reference circuit will 
satisfy these R ecom m endations during m ost o f the time.

N ote  — Since open-w ire lines are exposed to  w eather variations, it is to be expected that, if  a large part 
o f  a circuit is exposed to very unfavourab le w eather, certain conditions will no t be satisfied (e.g. crosstalk, line 
relative levels and noise conditions).

Reference

[1] Exam ple showing how the total value o f  line noise specified fo r  the hypothetical reference circuit on open-wire 
lines might be broken down into its various components, G reen Book, Vol. III-2 , Supplem ent No. 6, ITU, 
G eneva, 1973.

Recommendation G.312

INTERM EDIATE REPEATERS FOR OPEN-W IRE CARRIER SYSTEM S  
CONFORM ING TO RECOM M ENDATIO N G.311

1 Maximum gain

W here icing o f lines is exceptional, the repeaters (in the direction in which the highest frequencies are 
transm itted) m ust have a gain o f at least 43 dB at the upper frequency transm itted  to line, this gain being 
m easured between the line term inals o f the repeater station equipm ent (which includes d irectional filters,
equalizers, etc.), the level regulators being in the position o f m axim um  gain.

In countries where icing o f lines is a very serious problem , it is possible to  use repeaters having a
m axim um  gain o f 64 dB at the upper frequency transm itted  to line, these repeaters also being designed to deal
w ith the greater slope o f the attenuation /frequency  characteristic, under icing conditions.

2 Impedance

Experience shows tha t because o f different m ethods o f construction the nom inal values o f the im pedance 
o f  open-w ire lines vary from  530 to 630 ohms.

The im pedance o f the repeater station equipm ent, seen from  the term inals to which the line is connected, 
should  be adjusted at the highest frequency transm itted  to line in such a way tha t the m odulus o f the return  
curren t coefficient at the junc tion  between this equipm ent and  the line is no t greater than  0.05 in the upper p a rt o f 
the line-frequency spectrum , and  no t greater than  0.075 in the lower part.

98 Fascicle III.2 — Rec. G.312



3 Minimum value of harmonic margin

The harm onic d isto rtion  o f a repeater should  no t exceed a value co rrespond ing  to  the follow ing lim its:

W hen a sinusoidal test signal w ith a pow er level o f 0 dBmO is app lied  a t the in p u t to  a te lephone circuit, 
the second order harm onic m argin (ratio o f the second harm onic to  the fundam ental) should  be no t less than  
70 dB; the th ird  order harm onic m argin (ratio o f the th ird  harm onic to  the fundam ental) should  be no t less than  
80 dB.

4 Overload point

The overload po in t o f a repeater should be no t less than  + 3 3  dBm . This overload po in t is the value o f 
level corresponding  to  the to tal pow er at the ou tpu t for which an increase o f  1 dB w ould be accom panied  by an 
increase o f  20 dB in the level o f the th ird  harm onic.

5 Stability

N ear singing should no t occur if the line term inals are closed at each side w ith any im pedance (from  a 
very sm all value and  with any angle).

6 Minimum crosstalk ratio between repeaters in the same station

I f  a d isturbing voltage is applied  to a repeater in a station (so as to  include all sta tion  w iring and  auxiliary 
apparatus) and  the input to  ano ther repeater in the sam e station is closed w ith an  im pedance equal to  the nom inal 
im pedance o f the line, then the voltages at the ou tpu t o f these two repeaters, w hen com pared  (again  including all 
station  w iring and  auxiliary apparatus), should give a crosstalk ratio  o f no t less than  74 dB, the two repeaters 
being in their norm al w orking conditions.

Recommendation G.313

OPEN-W IRE LINES FOR USE WITH 12-CHANNEL CARRIER SYSTEM S

1 Attenuation of an elementary line section

The m axim um  relative level at the inpu t o f a repeater section has been fixed at + 1 7  dBr. The lowest 
relative level on an open-w ire line should no t be allow ed to fall below  —17 dB r during  no rm al wet w eather 
conditions.

These conditions are all tha t need to be observed if only one 12-circuit carrier system is to  be used on an 
open-w ire route. (See A nnex A.)

W here it is desired to use several systems, there are add itional requirem ents to  be met. The a tte n u a tio n / 
frequency characteristic should be as near as possible to a sm ooth curve. F or exam ple, on a new  12-circuit carrier 
route, deviations from  a regular curve not exceeding 0.5 dB, in any elem entary line section and  th roughou t the 
frequency band  transm itted  to line, should be obtainable.

2 Crosstalk

The far-end crosstalk ratio between two pairs o f wires allocated to  carrier systems using the sam e 
line-frequency band  should no t be less than  65 dB in any elem entary line section (the length being abou t 100 km), 
at any frequency in the frequency band  effectively transm itted.

N ear-end crosstalk attenuation , m easured at the term inal equipm ents o r in repeater stations, should  no t be 
less than  42 dB at any frequency in the band  o f frequencies effectively transm itted  to  line.

Note — It is considered that the conditions shown above can be m et if  sufficient care is taken  in the 
construction  o f the line. O pen-w ire routes in tended to carry several 12-circuit carrier systems should  be transposed  
in the norm al way for the frequency band  concerned.
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In fo rm ation  about crosstalk between circuits on open-w ire lines and  transposition  systems for routes 
in tended  to  carry several 12-circuit carrier systems will be found  in the follow ing publications:

1) M ethods for increasing crosstalk attenuation  between open-w ire lines, by M. Vos and  C. G. Aurell
(Ericsson Technics, No. 6, 1936). (The French transla tion  o f  this article is contained in duplicated
D ocum ent No. 10 o f the 3rd C E -C C IF  -  1947/1948.)

2) C rosstalk on open-w ire lines (Bell Telephone System M onograph  2520).

3) Replies to  Q uestion 40 o f the 3rd CE o f the C C IF  given in the follow ing docum ents:

D ocum ent N o. 13 o f the 3rd C E -C C IF  — 1955/1956 (C uban  Telephone C om pany),
D ocum ent N o. 33 o f the 3rd C E -C C IF  — 1955/1956 (Ita lian  A dm inistration),
D ocum ent N o. 71 o f the 3rd C E -C C IF  — 1955/1956 (U.S.S.R. A dm inistration),
D ocum ent No. 73 o f the 3rd C E -C C IF  — 1955/1956 (A ustralian A dm inistration).

A dm inistra tions in tending to work a single 12-circuit carrier system on an existing route will find relevant 
in fo rm ation  in the A nnex A.

3 Underground cable sections

W hen it is necessary to  use sections o f underg round  cable, either at the term inal repeater stations or as an 
in term ediate section in the open-w ire route, consideration  should be given to m atching the im pedance o f the 
open-w ire pairs to tha t o f the underground  cable pairs,

1) by using a low capacity  cable loaded appropriately  to m atch its im pedance to tha t o f the open-w ire 
line,

2) by m eans o f m atching transform ers a n d /o r  separating  filters m ounted  on or at the foot o f the poles at 
the ends o f  the section.

4 Precautions for the elimination of crosstalk in repeater stations

It is recom m ended tha t over a distance o f som e 25 m from  a repeater station, separate underground  cables 
be provided  to extend the open-w ire line in to  the station. It m ay also be necessary to  insert longitudinal chokes in 
o ther pairs, w ith or w ithout crosstalk suppression filters.

5 Protection against external voltage surges

The French A dm inistration  uses the follow ing m ethods o f p rotection  which are given for in form ation :

The line filters should be protected on the line side by fuses and  lightning arrestors.

W here the ou tpu t o f the audio-frequency circuit is connected directly to an open-w ire line, the ou tpu t o f
the audio  filter should be protected in the sam e way.

A udio-frequency filters should be balanced and  should be built to  w ithstand a test voltage o f 3000 volts 
d.c. to  fram e.

H igh-frequency filters m ay have a balanced  first half-section connected  to the other filter sections by a 
transform er. The first half-section should be capable o f w ithstanding a test voltage o f 3000 volts to fram e. The 
rem ainder o f  the filter may be unbalanced if  it im m ediately precedes the term inal equipm ent. If  there is a cable in 
between, tw o transform ers should be used to  preserve the balance and, if necessary, to correct for im pedance.

Also for in form ation , the following protective m ethods were used by the C uban Telephone C om pany:

1) C arbon  arrestors are fitted:

i) on the term inal pole (with a b reakdow n voltage o f 750 volts);
ii) between the leading-in cable and  the equipm ent (with a b reakdow n voltage o f 350 volts).

In very unfavourab le conditions, these arrestors fuse and  connect the line to  earth.

2) Thyrite arrestors are placed in the line filters to afford  protection  against voltages which are no t high
enough to operate the carbon arrestors.

3) P rotection by line discharge coils is also used where necessary in areas with severe lightning.
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A N N E X  A

(to R ecom m endation G.313)

Special case of a single 12-circuit carrier system to be worked over an existing open-wire line

W hen an  A dm inistra tion  in tends to w ork a single 12-circuit carrier system over existing open-w ire lines, it 
w ould be well advised to take the follow ing considerations in to  account:

The a ttenua tion /frequency  characteristic o f the pair which it is p roposed  to  use should  be m easured, and  
also tha t o f  the reserve pair. Factors affecting the a ttenuation  o f a particu lar pa ir are:

— the d istance between conductors,
— the diam eter and  type o f conductor,
— insu lation  m ethods, and
— transposition  schemes.

If  the distance between wires is constant, if  the pair consists o f un ifo rm  conductors th roughou t its length 
and  if the transposition  scheme used gives frequent and  regularly spaced transpositions, the pair can be considered 
suitable for 12-circuit carrier working.

W hen routes are transposed  to  allow  w orking up  to 30 kH z there will generally  be no difficulty  in w orking 
a single 12-circuit carrier system, provided a tten tion  is given to  m atching the im pedance between open-w ire and  
underground  cable sections, including term inal sections at repeater stations, by using transform ers or correctly 
loaded cable.

O n routes transposed  for only voice-frequency w orking, it is feasible to  erect tw o add itiona l pairs fo r use 
by a 12-circuit carrier system, by fixing an  arm  to an extension at the top  o f  the pole and  by suitably transposing  
the add itional pairs. The add ition  arm  should be at least 61 cm away from  the highest existing arm . A lternatively, 
if  there is no  need for extra conductors, a transposition  scheme suitable fo r w orking up  to  30 kH z can be 
in troduced , which should m ake it possible to w ork a single 12-circuit carrie r system. W hether a rou te should  be 
rebuilt will depend on the rate  o f growth o f traffic and  it m ight be m ore econom ical to  use from  the outset a 
transposition  scheme suitable for several 12-circuit carrier systems. In such a case the residual life o f the rou te is 
an  im portan t factor.

C om m ents in §§ 3, 4 and  5 also apply  to  this special case.

Recommendation G.314

GENERAL CHARACTERISTICS OF SYSTEM S PROVIDING EIGHT CARRIER  
TELEPHONE CIRCUITS O N AN OPEN-W IRE PAIR

(Geneva, 1964)

(For the text o f this R ecom m endation, see Vol. I l l  
o f the Orange Book, G eneva, 1976)

3.2 Carrier telephone systems on unloaded symmetric cable pairs, providing groups or super­
groups

The R ecom m endations o f this subsection refer to systems w hich provide groups o f  12 long-distance 
te lephone circuits using sym m etric pairs in two different cables for each d irection  o f transm ission. R ecom m enda­
tions G.325, G.326 and  G.327 (the latter is in the O range Book) refer to (12 +  12) cable systems.

The V lth  P lenary Assembly (G eneva, 1976) transferred  to Section 6, T ransm ission M edia, form er R ecom ­
m endation  G.321 (new reference, R ecom m endation G.611).
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Recommendation G.322

GENERAL CHARACTERISTICS RECOM M ENDED FOR SYSTEM S ON  
SYM M ETRIC PAIR CABLES

This R ecom m endation applies to systems using types o f  cable so far recom m ended by the C C IT T  (see 
R ecom m endation G.611) and providing 1, 2, 3, 4 o r 5 groups or 2 supergroups.

1 G eneral recommendations (form erly Part A)

1.1 Hypothetical reference circuits

1.1.1 The hypothetical reference circuit on sym m etric pairs is 2500 km long, and  is set up  on a sym m etric pair 
carrier system. F or each direction o f transm ission, it has a to tal of:

— three pairs o f channel m odulators and  dem odulators,
— six pairs o f g roup m odulators and  dem odulators,
— six pairs o f supergroup m odulators and  dem odulators 0.

F igure 1/G .322  shows a diagram  o f the hypothetical reference circuit on sym m etric pairs. It will be seen 
th a t there is a to tal o f 15 m odulations and  15 dem odulations fo r each direction  o f transm ission supposing that 
each m odulation  o r dem odulation  is effected by a single stage 0.

2500 kmp--------------:------------------------------------------------------------

Qflfi—i— —SSOOBS------SOBS—
i ' I • i

! ! I CCITT - 45490i I i
Line- A udio- Basic group

freq u en cy  freq u en cy  frequency
b and band  band

FIGURE 1/G.322 

Diagram o f the hypothetical reference circuit on symmetric cable pairs

This hypothetical reference circuit consists o f 6 hom ogeneous sections o f equal length (see R ecom m enda­
tion  G.212).

The num ber o f pairs in the cable is assum ed to  be the sam e in all sections.

The hypothetical reference circuit on sym m etric pairs thus defined is used for systems providing 1, 2, 3,
4 o r 5 groups.

1.1.2 The com position o f the hypothetical reference circuit for a 10-group (2-supergroup) carrier system should
be the sam e as that o f the hypothetical reference circuit for a 16-supergroup coaxial cable system (see [1]).

1.2 Design objectives fo r  circuit noise

The objectives m entioned in R ecom m endation G.222 are applicable to  hypothetical reference circuits in the 
circum stances indicated in R ecom m endation G.223.

In practice, it is sufficient to check by calculation that, for every telephone channel as defined by the 
hypothetical reference circuit on sym m etric pairs, the m ean psophom etric pow er at the end o f the channel referred 
to  a po in t o f  zero relative level does not exceed 10 000 pWOp during any period  o f one hour.

Where systems provide 1, 2, 3 or 4 groups, it is possible to have a smaller number of modulations, but this does not detract 
from the usefulness of the idea of a hypothetical reference circuit on symmetric pairs.
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The subdivision o f the to tal noise between:

— basic noise,
— interm odulation  noise,
— noise due to crosstalk,

is left entirely  to the designer o f the system, w ithin the lim its o f 2500 pWOp for the term inal equipm ent and  
7500 pWOp for the line.

Note — In p lanning  a carrier system on sym m etric pairs, calculation  o f  the noise due to  crosstalk  could 
be carried ou t by the m ethods described in [2], [3] and  [4].

1.3 Line-frequency spectrum

1.3.1 System s providing 1, 2 or 3 groups

The line-frequency spectrum  should be in accordance with the schem e show n in Figure 2 a ) /G.322.

1.3.2 System s providing 4 groups

The frequency spectrum  transm itted  to  line should  be in accordance w ith Schem e 1 o f F igure 2 b )/G 3 2 2 .

Note  — By agreem ent between the A dm inistrations concerned, it is possible to  om it one g roup  o f 
supergroup  1* shown in Scheme 2 o f  Figure 2 c)/G.322, for systems w ith five groups; if  this is done, Schem e 1 bis 
o f  Figure 2 b )/G 3 2 2 , is obtained.

1.3.3 System s providing 5 groups

The frequency spectrum  transm itted  to  line should be in accordance w ith Schem e 2 o f F igure 2 c)/G .322.

N ote 1 — W here there is direct in terconnection  between a system w ith 5 groups on sym m etric pairs  and 
systems w ith a sm aller num ber o f groups, by agreem ent between the A dm inistra tions concerned, the system  with 
5 groups, shown in Scheme 2 bis o f  Figure 2 c)/G 3 2 2 , m ay be used.

N ote 2 — By agreem ent between the A dm inistrations concerned, the arrangem ent in F igure 3 /G .322  can
be used for a supergroup on a coaxial cable system which is to  be in terconnected  at basic supergroup  frequencies 
(312-552 kH z) with either a 5-group system on sym m etric pairs using Schem e 2 bis [Figure 2 c)/G.322], o r w ith a 
4-group system using Scheme 1 [Figure 2 b)/G 322].

Supplem ent No. 8 [5] shows a sim ple way o f  assem bling basic groups B in to  a supergroup  in accordance 
w ith one o f  the schemes shown in Figure 3 /G .322 and  in Figure 1/G .338 [6] and  vice versa.

1.3.4 System s providing 2 supergroups

The frequency spectrum  transm itted  to  line should  be in accordance w ith either Schem e 3 or Schem e 4 o f 
Figure 4 /G .322, whichever the A dm inistration  decides. *

Supergroups 1 and 2 are the sam e as those in coaxial cable carrier systems. S upergroup 1* is the sam e as
th a t norm ally  recom m ended for 5-group systems on sym m etric cable pairs.

N ote  — By agreem ent between the A dm inistrations concerned, for five group systems on sym m etric cable 
pairs, instead o f supergroup 1*, supergroup 1*' m ay be used [Scheme 2 few, Figure 2 c)/G.322], which gives the 
arrangem ent shown in Scheme 3 bis o f Figure 4/G .322.

1.4 Line-regulating pilots

1.4.1 System s providing 1, 2, 3, 4 or 5 groups

Either o f the following m ethods can be used (see Figure 5/G .322).

E ither o f these m ethods can be chosen by the A dm inistrations concerned and  can be used w ithout 
difficulty, provided the pilots are efficiently suppressed at the end o f a regulated-line section.
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G ro u p

Channel No.

a ) S ystem s provid ing o n e , tw o  or th ree  groups

Group 

Channel No.

Supergroup

Group 

Channel No.

Scheme 1 bis (which may be used by agreement between Administrations) 

b )  S y stem s provid ing fou r  groups

Supergroup

Group 

Channel No.

Supergroup

Group 

Channel No.

Scheme 2  (recommended) 

1*’

Scheme 2  bis (which may be used by agreement between Administrations)
CCITT - 36790

c) S ystem s provid ing five  groups

FIGURE 2/G.322

Line-frequency allocation for international carrier systems on symmetric cable pairs

\
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a) Arrangement of groups and channels (supergroup 3 ' has been shown as an example)

Supergroup

Group iv5 is* iv3 J  2 . 3 4 5 A B KC D kE .5 A 3 2 JN N N N K  A A S\A  ^fNKKK N N N N K
o  cm o  *- co ro

csj s| lo to ir> if
>sT cm o  •- od ao S  kHz

Supergroup

Group

2*

O  CM O  •“ 
ro oo i f  to uo |/> S  kHz 

CCITT - 45500

b) Example of possible positions, in the coaxial line-frequency band of the supergroup corresponding to 
Scheme 2 bis of Figure 2c)/G.322

FIGURE 3/G.322

Arrangement o f  groups in a supergroup, which may be used in coaxial 
carrier systems interconnected with systems on symmetric pairs

Superg roup

G roup

2

3
Ami r%

2  kHz
Scheme 3  (recom m ended)

Superg roup

G roup

2

3

£  kHz
Scheme 3 bis (m ay be used by  ag reem en t be tw een  A d m in istra tions)

S upergroup

G roup

Scheme 4 (recom m ended)

FIGURE 4/G.322

Line-frequency allocation for international carrier systems 
providing 2 supergroups on symmetric pair cables
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V a rian t A Variant B

kHz

kHz

kHz

kHz

kHz

1 -group 
system s

2-group
system s

3-group
system s

4-group
system s

5-group
system s

kHz

kHz

kHz

jnkHz 

CCITT- 45510

a)Recommended frequency; there are systems using 253 kHz.

Note — The group shown dotted L  can be inverted without changing the frequencies recommended for pilots.

FIGURE 5/G.322 

Line-regulating pilots for carrier systems on symmetric pairs

M ethod  A

1) A pilot at 60 kH z with a pow er level o f —15 dBmO, this frequency being in the gap between groups A
and  B and  it being understood  th a t this pilot w ould be used for regulation o f  the line on all
regulated-line sections, whatever their length, and  also for synchronization  or checking o f frequencies.

2) W here necessary, and  especially for long regulated-line sections, an additional line-regulating pilot
4 kH z above the m axim um  frequency transm itted  to  line and  w ith a pow er level o f —15 dBmO.

Note — There are in existence systems with five groups in which this p ilo t is only 1 kH z above the 
m axim um  frequency transm itted.

The recom m endation under § 2) above does no t apply to  systems w ith a single group.

The recom m ended accuracy for these p ilo t frequencies is:

±  1 Hz for the 60-kHz pilot;
±  3 Hz for auxiliary pilot located 4 kH z above the m axim um  frequency o f the channel group 

concerned.
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M ethod B

Two pilots situated in the basic group B at 64 kH z and  at 104 kH z transm itted  with a  pow er level o f

O n the high-frequency line, it is possible to have two pilots per 48 kH z o f  transm itted  ban d  and , from  
am ongst these pilots, 16 kH z and  the m axim um  transm itted  frequency less 4 kH z are selected.

F or systems having tw o or m ore groups, a th ird  line-pilo t is used, located between the to p  and  bo ttom  
pilo ts, 64 kH z is the frequency used in 2-group systems, and  112 kH z in 5-group systems.

1.4.2 System  providing 2 supergroups

The follow ing frequencies and levels are recom m ended (as shown in M ethod A o f  § 1.4.1 above):

— low er p ilo t: 60 kH z pow er level o f —15 dBmO;
— upper p ilo t: 4 kH z above the highest transm itted  frequency, i.e. at 556 kH z, pow er level o f

— 15 dBmO.

The recom m ended accuracy for the frequencies o f these pilots is as follows:

±  1 Hz for the 60-kHz pilot;
±  3 Hz for the 556-kHz pilot.

N ote  — I f  a supergroup is through-connected  from  a coaxial-pair system to occupy the position  o f the 
upper supergroup  in the band  o f line frequencies, there can be a residue from  a line-regulating p ilo t o r add itiona l 
m easuring frequency. The recom m endations for the through-supergroup  equipm ent (R ecom m endation  G.243) 
ensure tha t this residue will be sufficiently attenuated  to  cause no interference w ith the line-regulating p ilo ts or 
additional m easuring frequencies o f another coaxial-pair system when these are sent at a pow er level o f
— lOdBmO. So th a t there will be no interference with the 120-circuit system line-regulating p ilo t sent at 
—15 dBmO, this system should incorporate its own add itiona l pro tection  o f 5 dB at 556 kH z for a th rough- 
connected supergroup.

1.5 M atching o f  repeater and line impedances

It is desirable to  lim it the return-curren t coefficient at the ends o f an elem entary cable section so th a t the 
effect o f the reflected near-end crosstalk does no t contribu te excessively to the to ta l far-end  crosstalk.

F or exam ple, in a cable which has a near-end crosstalk ratio  o f 56.5 dB and  which meets the lim it for 
far-end crosstalk ratio  (direct far-end crosstalk) o f at least 69.5 dB (the cable being between im pedances equal to 
its characteristic im pedance), the contribu tion  o f the reflected near-end crosstalk w ould be insignificant com pared  
w ith the effect o f the far-end crosstalk at the m axim um  frequency transm itted , if  the return  curren t coefficients 
between repeaters and  line have the follow ing values.

The m odulus o f the return-current coefficient between the inpu t (or ou tpu t) im pedance o f the repeater (in 
its norm al operating  condition and including line transform ers and  equalizers) m easured between the line 
term inals at the frequency f  and  the nom inal value o f the im pedance at the frequency /  o f  the cable pair 
connected to  the inpu t (or output) o f the repeater, should no t exceed the value given by the form ulae:

- 1 7  dBmO.

(types II and  III in R ecom m endation G.611);
groups or systems with 2 supergroups on paper-insu lated  cables

o .io  j / S pmax. or 0.17 for systems with 5 groups or systems with 2 supergroups on polythene or styroflex-insulated 
cables (types II bis and  III bis in R ecom m endation G.611).
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Note — The values o f the return-curren t coefficient recom m ended for systems with 1, 2 o r 3 groups would 
in general be unsatisfactory  if  they were to lerated  on all the sections o f a line link; but they have been accepted as 
lim its for a fron tier section because, first, an in ternational circuit will usually com prise only one such frontier 
in terconnection  and , second, the m atching conditions at such a po in t m ay be com plicated by the fact tha t one o f 
the repeaters o f this section m ay no t have been specified for the exact type o f cable to which it is connected.

2 Special recommendations (form erly Part B)

2.1 System s to be used simultaneously with valve-type system s in the sam e cables

In those exceptional cases when som e pairs in an  elem entary cable section are already equipped  with 
valve-type systems and  it is desired to equip the free pairs w ith new transisto r systems w ithout changing the 
existing installations, the new system using transistors m ust meet the recom m endations in § 1 above and  also the 
provisions o f R ecom m endation G.324 [7] relating to valve-type systems. However, it may depart from  those 
R ecom m endations specifying perm issible values for am plifier harm onic m argin and  overload po in t [8].

N ote — R ecom m endation G.323 gives an exam ple o f  a 60-channel high-gain transisto r system.

2.2 Low-gain system s

2.2.1 Relative level a t the output o f  the repeaters

The relative level per channel, at any frequency, at the ou tpu t o f each repeater shall be:

— 11 dBr for systems with 1, 2 or 3 groups;
—14 dBr for systems w ith 4 or 5 groups or 2 supergroups.

2.2.2 M onitoring frequencies

I f  a m onitoring (or fault-locating) frequency is sent over a norm ally  operating  system, it m ay for exam ple 
be in the ban d  560-600 kH z for a 2-supergroup system.

N ote  — Frequencies sent only over a system already w ithdraw n from  service because o f a fault can be 
selected by each A dm inistra tion  on the national level.

2.2.3 Harmonic distortion

The harm onic d isto rtion  o f a repeater should not exceed a value corresponding to the lim its show n in the 
Table 1/G .322.

TABLE 1/G.322

Limits for

Systems providing

1, 2 or 3 groups 4 or 5 groups 2 supergroups

2nd-order harmonic margin3) 79 dB 82 dB 85 dB

3rd-order harmonic margin3) 92 dB 98 dB 104 dB

a)For definition, see Reference [9].

Note — These values are measured for a power o f  1 mW applied at a point o f  zero relative level on any channel.

2.2.4 Noise fac to r

The noise factor o f a com plete repeater (taking into account noise due to  the transistors, the input network 
and  the line-m atching network) m ust not exceed 10 dB.
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2.2.5 Overload point

The overload point, defined in § 6.1 o f R ecom m endation G.223, m ust be at least 14 dBm  for the 
interm ediate repeaters.

Note  — F or determ ination  o f this overload point, account has been taken  o f  a m argin  o f  a few decibels 
for level varia tions due to geographical differences with respect to  the theoretical site o f a repeater, to  tem peratu re 
variations o f  the cable, to equalization  inaccuracies, etc. In stations where this m argin is unnecessary, a repeater 
overload po in t tha t is slightly lower may therefore be chosen.

2.2.6 Crosstalk ratio between repeaters in the sam e station

A typical figure for the crosstalk ratio  between repeaters in the sam e station  is 87 dB. W ith this figure it is 
possible to  use repeater stations regardless o f the cable-balancing m ethod adopted.

N ote  — If, however, the cable is balanced  by elem entary sections in the conven tional way, a figure o f 
80 dB is adequate.

The figures given above apply to all the equipm ent at the repeater station , from  the in p u t transfo rm er to 
the ou tpu t transform er.

2.2.7 Power feed ing

In the absence o f a special agreem ent between the A dm inistrations concerned in a pow er-feeding section 
crossing a  frontier, it is recom m ended tha t each A dm inistra tion  pow er-feed only the repeater sta tions on its own 
territory.
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Recommendation G.323

TYPICAL TRANSISTORIZED SYSTEM S O N SYM M ETRIC CABLE PAIRS

This R ecom m endation defines typical transistorized systems on sym m etric pairs in cable (differing for the 
two directions o f transm ission) which com ply w ith R ecom m endation G.611. These systems m ust m eet the 
requirem ents set forth  in R ecom m endation G.322. They have been defined fo r the benefit o f  A dm inistra tions 
which do no t themselves devise specifications for the supply o f cables and  equipm ents. They m ust no t be 
considered as recom m ended by the C C IT T  in preference to  o ther systems w hich w ould also m eet the requirem ents 
o f  R ecom m endation G.322. A dm inistrations and m anufacturers w h ich , con tem plate designing such system s are 
asked to adhere, as far as possible, to the characteristics o f one o f the typical systems defined below. This will 
enable the C C IT T  to direct future studies in such a way as to  restrict the num ber o f differing systems, to  facilitate 
in terconnection  between equipm ents o f different m anufacture and, if  necessary, to p repare  for s tandard ization  at 
som e future date.
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The follow ing is a descrip tion o f a high-gain system.

1 Principal parameters of a 60-channel transistorized system (high-gain system)

This system has been specified because it can be used sim ultaneously with 60-channel valve-type systems in 
the sam e cables.

1.1 Frequencies transm itted  to  line: 12-252 kH z

1.2 T ransm ission levels:
— w ithout pre-em phasis —0.55 N p
— with pre-em phasis at 12 kH z, —1.30 N p

at 252 kH z, - 0 .1 0  N p

1.3 Line-pilot frequencies:
— for am plification  regulation independent o f  frequency 248 kHz
— for linear regulation with frequency 16 kHz
— for supplem entary  regulation (curvilinear) 112 kHz

1.4 R epeater station  am plification
(with average regulator positions o f  the au tom atic  am plification  regulation)

1.5 L im its o f the au tom atic am plification regulation:
a) in unattached  stations depending on the soil tem perature

b) in p ilot-regulated stations:
— for am plification  regulation independent o f frequency
— for linear regulation with frequency
— for supplem entary  regulation (curvilinear)

1.6 A bsolute therm al noise level at the repeater inpu t in the 248-252 kH z spectrum

1.7 N onlinearity  a ttenuation  o f the repeaters at zero ou tpu t abso­
lute level according to  the m ain frequency pow er:
— for the second harm onic 10.0 N p
— for the th ird  harm onic 12.5 N p

1.8 Reflection coefficient at the station input and  ou tpu t in n------
rela tion  to the inpu t resistance o f the cable P  <  0 .11 /  °^ax- and less than  0.2 N p

5.75 ±  0.60 N p

at 12 kHz, ±  0.13 N p
at 252 kHz, ±  0.24 N p

248 kH z, ±  0.50 N p
16 kH z, ±  0.40 N p

112 kH z, ±  0.35 N p

-1 5 .2 0  N p

/

1.9 A bsolute overload po in t o f the am plifiers greater than  2.65 N p

1.10 S ignal-to-crosstalk ratio  between the two transm ission d irec­
tions in the station  with 6.0 nepers gain at 252 kH z:
— for 25% com binations greater than  10.0 N p
— for 75% com binations greater than  11.0 N p

1.11 Power feed ing

U p to 12 unattended  repeater stations are placed between the attended repeater stations. D irect current 
pow er is fed to six stations on each side o f  the attended repeater station by an earth-w ire system, the repeaters of 
a system on  the power-feed section being inserted in series in a pow er circuit.

I f  the induced outside voltages are m ore than  75 volts, the supply can be 2-wire w ithout earth  return.

The num ber o f unattended  repeater stations on the section between the two attended repeater stations 
should no t exceed six. The m axim um  pow er-feed is 500 volts.

A study o f the effect o f induced voltages, raising o f  the earth  potential in the neighbourhood o f  electric 
installations, and surges due to  lightning is to  be carried  out by the C C IT T  (Question 21/V  [1]).
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1.12 Rem ote control o f  repeaters

In  this system the efficiency o f the repeaters is checked from  the am plifica tion  and  nonlinearity  
attenuation  in the frequency com bination  o f 2f  — f 2.

Reference

[1] C C IT T  Q uestion 21/V , C on tribu tion  C O M  V-No. 1, S tudy Period 1981-1984, G eneva, 1981.

Recommendation G.324

GENERAL CHARACTERISTICS FOR VALVE-TYPE SYSTEM S  
O N SYM M ETRIC CABLE PAIRS

i

(For the text o f this R ecom m endation, see Vol. I l l  
o f the Orange Book, G eneva, 1976.)

Recommendation G.325

GENERAL CHARACTERISTICS RECOM M ENDED FOR SYSTEM S  
PROVIDING 12 TELEPHONE CARRIER CIRCUITS ON A 

SYM M ETRIC CABLE PAIR [(12 +  12) SYSTEM S!

Systems o f the (12 +  12) type on sym m etric pair in cable are used for carrier w orking either on old 
deloaded cables o r on  cables specially constructed  for the purpose (w ithout a second cable being required). These 
systems m ay be used in regional or local relations, or in long-distance relations, tru n k  or in ternational.

This R ecom m endation applies to systems for long-distance relations m aking use o f the k inds o f  cable at 
present recom m ended by the C C IT T  (see R ecom m endation G.611) and  to  m ultiple-tw in quad  cables w ith 
conductors o f 0.9 m m  diam eter, w ith an effective capacitance o f 35 to 40 n F /k m  or o ther k inds o f  deloaded  cables 
o f  equivalent quality. F or systems used for local or regional relations, som e clauses o f  the presen t R ecom m enda­
tion  may be m ade less stringent.

1 Frequency spectrum transmitted to line

The C C IT T  recom m ends tha t the line-frequency spectrum  should  be in accordance with Schem e 1 or 2 o f 
Figure 1/G .325.

Scheme 1

Scheme 2 CCITT - 45520

FIGURE 1/G.325

Arrangement o f line-transmitted frequencies 
for international (12 + 12) cable systems
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A dm inistra tions concerned in setting up such an in te rnational system should agree to use either one or the 
o ther o f the two schemes.

2 Line-regulating pilots

The follow ing frequencies are recom m ended:

— with Schem e 1: 60 kH z and  72 kH z;
— with Scheme 2: 54 kH z and  60 kHz.

The recom m ended accuracy is ±  1 Hz for the 60-kHz pilot. The frequency tolerance for other pilots will 
be decided by agreem ent between the A dm inistrations concerned.

All these pilots should be transm itted  at pow er level o f —15 dBmO.

3 Hypothetical reference circuit for (12 +  12) symmetric-pair system

This is 2500 kilom etres long, and  for each direction o f transm ission com prises a total of:

— three channel translation  pairs;
— nine special transla tion  pairs translating  a basic g roup into the band  transm itted  to  line, and  vice 

versa.

This circuit is carried on a (12 +  12) sym m etric-pair system in cable, w ith pairs assum ed to  be o f 
conductors o f 0.9-mm diam eter, w ith an effective capacitance o f 35 to 40 n F /k m .

Figure 2 /G .325 shows one o f the three identical parts o f  which this hypothetical reference circuit is m ade 
up. All in all, it has 18 hom ogeneous sections, each 140 kilom etres long.

6 x 140 = 840 km

\ = 3= \ — \ = =:s= \

\ \ < -
CCITT - 45530

0
N

C hannel transla ting  eq u ip m en t

Special tran sla tio n  eq u ip m en t
(for 1 basic group
in th e  line freq u en c y  ban d )

F requencies tra n sm itte d  to  line 
o n  th e  hom ogeneous sec tions

- >
Schem e No. 1 Schem e N o. 2
12-60 kH z 6 0-108  kHz
(group A) (basic group  B)

6 -54  kHz

FIGURE 2/G.325

Basic diagram o f  one-third o f  the hypothetical reference circuit 
for symmetric pair (12 + 12) systems

N ote 1 — There are only half as m any transla tion  pairs as there are hom ogeneous sections, because one 
o f  the two bands transm itted  to  line corresponds to a basic group (see Figure 2/G .325).

N ote 2 — W ith systems using frequency-frogging in the repeaters, the app rop ria te  m odulators form  part 
o f  the high-frequency line.

4 Design objectives for circuit noise

The objectives set forth  in R ecom m endation G.222 apply  to the hypothetical reference circuit for 
sym m etric-pair (12 +  12) systems, in the circum stances described in R ecom m endation G.223.

In  practice, it will suffice to check by calculation  tha t the m ean psophom etric pow er at the end o f  every 
te lephone channel as defined by the hypothetical reference circuit, at zero relative level, does no t exceed 
10 000 pWOp during any hour.
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Provisonally, it is recom m ended that this overall lim it be apportioned  between the to ta l noise com ponents 
as follows:

line noise (including noise due to  special transla tion  equipm ent) 
noise due to  channel translating  e q u ip m e n t.........................................

9000 pWOp 
1000 pWOp

A pportionm ent o f to ta l noise inherent in the system am ong:

— basic noise,
— in term odulation  noise,
— noise due to  crosstalk,

is left entirely to the d iscretion o f the carrier system designer, up  to 1000 pWOp fo r channel transla ting  equipm ent 
and  9000 pWOp for the line.

N ote — In accordance with all recom m endations on cable systems in the Series G  R ecom m endations, the 
design objective as regards noise pow er does no t take into consideration  noise from  external sources; it is assum ed 
th a t this is negligible com pared  with the figure o f 10 000 pWOp.

W ith regard to  real circuits, A dm inistrations m ust take w hatever steps are required  in each ind iv idual case 
to  ensure tha t clicks arising on audio-frequency pairs in the sam e cable as a (12 +  12) system an d  transm itted  by 
crosstalk do not create excessive noise on the circuits o f th a t system w hich m ay be used fo r in te rnational 
com m unications.

5 Error on the reconstituted frequency

The difference between a frequency sent at the origin o f a hom ogeneous section 140 km  long (see § 3 
above and  Figure 2 /G .325) and  the frequency received at the end o f  th a t section, should  no t exceed a figure 
provisionally  fixed at 0.3 H z; this figure is the sam e w hether there is frequency-frogging in the in term ediate 
repeaters o r not.

6 Direct line interconnection

W hen A dm inistrations desire the direct line in terconnection  o f  tw o systems (with, o f  course, the same 
allocation o f  line-transm itted  frequencies) it is recom m ended th a t each o f  these systems should  m eet the follow ing 
requirem ents on the in terconnection  section (except where agreed otherw ise betw een the A dm inistra tions 
concerned):

1) Relative level per channel, at all frequencies, at the ou tpu t o f  the fro n tie r repeaters: —15 dB r 9.

2) A ttenuation  o f the fron tier elem entary cable section at the highest frequency transm itted  to  line:
25 dB b

Note — For com posite cables, agreem ent should  be reached between the tw o A dm inistra tions 
concerned to  fix the attenuation  o f the fron tier section in such a way th a t the repeaters o f  the 
sym m etric pairs and  those o f the coaxial cables can be housed in the sam e fron tier stations.

3) M atching o f the im pedances o f the fron tier repeaters and  the line. The m odulus o f  the retu rn -curren t 
coefficient between the input (or output) im pedance o f a repeater and  the characteristic im pedance of 
the line should  no t exceed the lower o f the two values:

These values apply to low-gain systems. High-gain systems (i.e. substantially above 30 dB) are still under study.
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7 Interconnection in a main station

I f  such in terconnection  is necessary, either for operating reasons or because the two systems to  be 
in terconnected  use different allocations o f frequencies transm itted  to  line, one o f the follow ing procedures m ay be 
follow ed:

1) in terconnection  at a group distribu tion  fram e, w ith use o f the basic group, levels and  im pedance 
applied  norm ally  by the A dm inistration  to  which the fram e belongs;

2) direct in terconnection  between the two systems. I f  they use d ifferent allocations o f frequencies 
transm itted  to line, the two A dm inistrations concerned shall reach agreem ent on which o f them  shall 
install the necessary dem odulators (the line o f separation  between the two types o f equipm ent will 
then be C C ' o r D D ' on Figure 3/G .325).

Special group modulator normally used in one of the systems

FIGURE 3/G.325

Direct interconnection o f two (12 + 12) systems using different allocations 
of frequencies transmitted to line

In the absence o f such an agreem ent, each incom ing system m ust com prise equipm ent required for the 
outgoing system, in each direction o f transm ission (the separating line in Figure 3/G .325 w ould then be the 
oblique D C ').

U nless there is a specific agreem ent, the relative pow er level will be —36 dB r at sending (input o f  each 
system  — poin ts C ' and  D in the case o f F igure 3/G .325). The points considered do no t correspond  to points T  
and  T ' defined in R ecom m endation G.213. In particu lar, a translating  equipm ent o f any type canno t be 
connected  to  it w ithout p recautionary  m easures (see the levels indicated in the Table 1/G .233).

By agreem ent between A dm inistrations, in terconnection  can be effected as indicated  in Figure 4 /G .325, a 
m ethod w hereby it is possible to  replace three m odulators by one.
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I K  CCITT- 45550

Method o f  interconnection that can be used by agreement between Administrations 
(the numbers on this diagram show frequencies in kH z; A and B indicate the basic group concerned)

8 Essential clauses for a model specification

See R ecom m endation G.326.

Recommendation G.326

TYPICAL SYSTEM S O N  SYM M ETRIC CABLE PAIRS [(12 +  12) SYSTEM S]

This R ecom m endation defines typical systems using one sym m etric cable p a ir for the two d irections o f 
transm ission. These systems m ust meet the requirem ents set forth  in R ecom m endation  G.325. They have been 
defined for the benefit o f A dm inistrations which do not themselves study specifications for the supply o f  cables
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and  equipm ent. They m ust not be considered as recom m ended by the C C IT T  in preference to o ther systems which 
w ould also m eet the requirem ents o f R ecom m endation G.325. A dm inistra tions and  m anufacturers which contem ­
p la te  designing such systems are asked to adhere, as far as possible, to  the characteristics o f one o f the typical
systems defined below. This will enable the C C IT T  to d irect fu ture studies in such a way as to restrict the num ber
o f  differing  systems, to  facilitate in terconnection  between equipm ents o f d ifferent m anufacture and , if  necessary, 
to  p repare  fo r standard ization  at some future date.

T he follow ing abbreviations will be used:

— A: low-gain systems;
— B: high-gain systems w ithout frequency-frogging;
— C: high-gain systems with frequency-frogging in each line repeater.

1 General characteristics (form erly Part A)

1.1 Relative levels

C rosstalk  restricts the gain o f low -gain systems to about 30 dB. F urtherm ore, the exact length o f  an
elem entary  cable section is often determ ined with respect to a loading step. The result is a m axim um  attenuation
o f  abou t 27 to 30 dB, for an elem entary cable section and  a repeater ou tpu t level o f —10 to —13 dBr, at least in 
the upper frequency band  transm itted  to line.

In high-gain systems, frequency-frogging is in general use, w ith or w ithout pre-em phasis; in this case, the 
siting o f the loading coils has no effect on  the placing o f repeaters. Typical values are: 56 to 60 dB, a ttenuation  
fo r an elem entary cable section and either 0 dBr or + 7  dB r as the repeater ou tpu t level for systems w ithout 
frequency-frogging, o r with frequency-frogging bu t w ithout pre-em phasis. O ther values are applicable for systems 
w ith frequency-frogging and  w ith pre-em phasis.

1.2 M atching o f  repeater and  line impedances

The same values are applied  in a norm al section as those recom m ended for a fron tier section in 
R ecom m endation  G.325, § 6.

2 Characteristics of repeaters (form erly Part B)

2.1 Nonlinear distortion

The harm onic m argin and  in term odulation  products are not less than  the figures in Table 1/G .326.

TABLE 1/G.326

System
Harmonic margin a) 3rd order 

intermodulation 
products

2nd order 3rd order

Low-gain without frequency-frogging (A) 78 dB 92 dB

High-gain:
without frequency-frogging (B) 74 dB 78 dB
with frequency-frogging (C)

(1) 70 dB 90 dB
(2) 75 dB

a)For definition, see Reference [1].

(1) Lower-band amplifiers (12-60 kHz or 6-54 kHz).
(2) Upper-band amplifiers (72-120 kHz or 60-108 kHz).

Note -  The figures in the table are typical values. All systems should satisfy the requirements o f Recommendation G.325, § 4.
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2.2 Noise fac to r

The noise factor o f a com plete repeater (including the equalizers o r o ther passive netw orks, if  any) should  
no t exceed 10 dB at the highest frequencies transm itted.

N ote  — In low-gain systems, this figure is no t critical and  m ay be exceeded.

2.3 Overload point

W hen the peak factor taken  from  Table 3 /G .223 is added to the relative level, a m argin o f  a few decibels, 
as for 4-wire systems, it still required.

2.4 Crosstalk ratio repeaters in the sam e station

The crosstalk ratio  betw een repeaters in the sam e station  should no t be less than :

a) 82 dB in type A systems,
b) 80 dB in type B and  C systems.

These values are valid for all the equipm ent at the repeater station , from  the inpu t transfo rm er to  the 
ou tpu t transform er.

3 Types of cable used (form erly Part C)

(12 +  12) systems can be established:

1) on deloaded old cables, or

2) on new cables, com prising  quads reserved for high-frequency operation .

The equipm ents defined in this R ecom m endation m ay be used on bo th  types o f cable, bu t when they are 
used on deloaded old cables there are o ther conditions which should be met, ap a rt from  those ind icated  in this 
R ecom m endation. In particu lar, if  the d istu rbance caused by other pairs in  the sam e cable is too  great, the noise 
objectives in R ecom m endation G.325, § 4, canno t be achieved.

Reference

[1] C C IT T  D efinition: n,h order harmonic distortion, Vol. X , Fascicle X .l (Term s and  D efinitions).

Recommendation G.327

VALVE-TYPE SYSTEM S OFFERING 12 CARRIER TELEPHO NE CIRCUITS 
O N A SYM M ETRIC CABLE PAIR 1(12 +  12) SYSTEM S]

(For the text o f  this R ecom m endation, see Vol. I l l  
o f  the O range Book, G eneva, 1976.)

3.3 Carrier systems on 2.6/9.5-mm coaxial cable pairs

The V lth Plenary Assem bly (G eneva, 1976) transferred  to Section 6, T ransm ission M edia, fo rm er R ecom ­
m endation  G.331 (new reference, R ecom m endation G.623).

Recommendation G.332

12-M Hz SYSTEM S O N STA NDA RDIZED 2.6/9.5-m m  COAXIAL CABLE PAIRS

(M ar del Plata, 1968; am ended at Geneva, 1980)

This R ecom m endation defines a coaxial cable system providing 2700 telephony channels in  the frequency 
b an d  0.3 M H z to abou t 12.4 M H z which, according to  the provisions o f R ecom m endation J.73 [1], can a lte rn a­
tively be used to provide 1200 telephone channels in the frequency ban d  0.3 M H z to abou t 5.6 M H z an d  one
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TV -channel in the band  o f  about 6 M Hz to 12.3 M H z for the transm ission o f a vestigial sideband television signal 
w ith an effectively transm itted  video-frequency band  up  to 5.5 M Hz.

1 Arrangement of line frequencies for telephony

In the systems transm itting  a frequency band  o f  about 12 M Hz on a C C IT T  standard  (2.6/9.5-m m ) coaxial 
cable (see R ecom m endation G.623) with a nom inal repeater station spacing o f 4.5 km, the arrangem ent o f  line 
frequencies for telephony should conform  to one o f the Plans 1A, IB and 2 described below.

It seems that in the future Plan 1A is to  be preferred to Plan IB. However, in in ternational connections 
between countries which use different m odulation  procedures (see R ecom m endation G.211) and in the absence o f 
any special arrangem ents between the interested A dm inistrations including, if necessary, the A dm inistrations o f 
transit countries, Plans 1 are to be preferred to Plan 2.

1.1 Frequency arrangement o f  Plan 1A

Plan 1A uses the first m odulation  procedure described in R ecom m endation G.211.

The telephone channels should first be assem bled in to  basic superm astergroups. Three superm astergroups 
are transm itted  to line in accordance with the frequency arrangem ent o f Figure 1/G .332.

In this figure the virtual carrier frequencies o f the two lower superm astergroups are shown.

1.2 Frequency arrangement o f  Plan IB  

Frequencies below 4287 kH z

F or frequencies below 4287 kHz, Plan IB uses the second m odulation  procedure described in R ecom m en­
dation  G .211.

The telephone channels should first be assem bled into supergroups. Fifteen supergroups are transm itted  to 
line in accordance with the frequency arrangem ent o f Figure 2/G .332 (frequencies below  4287 kHz). These fifteen 
supergroups com prise the basic 15-supergroup assem bly (No. 1) described in R ecom m endation G.233; the carrier 
frequencies are shown in tha t R ecom m endation. Figure 3/G .332 gives further details o f the frequency arrangem ent 
below  4287 kHz.

Frequencies above 4287 kH z

For frequencies above 4287 kHz, Plan IB uses the first m odulation  procedure described in R ecom m enda­
tion  G.211.

For frequencies above 4287 kH z, the frequency arrangem ent o f Figure 2/G .332 is identical with that o f 
F igure 1/G .332.

Basic supermastergroup

Virtual
carrier

frequencies

FIGURE 1/G.332 

Plan 1A frequency arrangement for 12-MHz systems

CCITT - 45562
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CCITT - 45571

FIGURE 2/G.332 

Plan IB frequency arrangement for 12-MHz systems
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FIGURE 3/G.332

Plan IB frequency arrangement for 12-MHz systems: frequencies below 4287 kHz

1.3 Frequency arrangement o f  Plan 2

This p lan  uses the second m odulation  procedure described in R ecom m endation  G.211.

The telephone channels should  be assem bled into basic (No. 1) 15-supergroup assem blies. Three 15-super­
group assem blies are transm itted  to line in accordance with the frequency arrangem ent show n in Figure 4 /G .332 . 
In this figure, the virtual carrier frequencies o f 15-supergroup assem blies N os. 2 and  3 are shown.

2 Pilots and additional measuring frequencies

2.1 Line-regulating pilots

The C C IT T  recom m ends tha t 12 435 kH z be used for the m ain line-regulating pilot.

In any regulated-line section crossing a frontier, it is recom m ended tha t in bo th  directions o f transm ission  
the A dm inistration  on the sending side should perm anently  transm it one or two auxiliary  line-regulating pilo ts at 
308 a n d /o r  4287 kHz, at the choice and  request o f the A dm inistration  on the receiving side so as to  p rov ide for 
additional regulation, for exam ple.

The frequency accuracy recom m ended for the pilots is ±  1 x 10-5 .

The pow er level o f the m ain  and  auxiliary line-regulating p ilots should  be adjusted  at the p o in t o f 
injection to  have a value o f —10 dBmO. The harm onics o f the 308 and  4287 kH z pilo t should  each have a level 
no t higher than  —70 dBmO.

E quipm ent should be designed in such a way th a t these p ilots m ay be blocked at the end o f a 
regulated-line section, so that their level shall be at least 40 dB below tha t o f the pilots used on o ther sections.
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FIGURE 4/G.332  

Plan 2 frequency arrangement for 12-MHz systems

The follow ing tolerances for the level o f these pilots are recom m ended:

1) The design o f equipm ent should be such as to allow  the erro r in the level o f any p ilo t as transm itted , 
due to  finite level adjustm ent steps, to  be kept w ithin ±  0.1 dB.

2) The change in ou tpu t level o f the p ilo t generator with tim e (which is a fac tor included in equipm ent 
specifications) m ust no t exceed ±  0.3 dB during the interval between two m aintenance adjustm ents, 
e.g. in one m onth.

3) To reduce p ilo t level variations w ith tim e, it is advisable to have a device to  give an alarm  when the 
varia tion  at the generator ou tpu t exceeds ±  0.5 dB, the zero o f  the w arning device being aligned as 
accurately as possible with the lin ing-up level o f  the transm itted  pilot.

The attention  o f A dm inistrations is d raw n to the difficulty which could result from  an appreciable 
reduction  in the absolute pow er level o f the p ilo t sent to  line; such a reduction is liable to cause “near singing” , 
resulting from  the operation  o f  the au tom atic gain-contro l am plifiers. It w ould be desirable to  m ake arrangem ents 
fo r overcom ing this difficulty if  it should arise.

Note  — W hen pre-em phasis and  de-em phasis is applied  on the line link, it is necessary to  define the line 
p ilo t level w ith reference to  a point, possibly hypothetical, at the input to  o r ou tpu t from  the line, at which the 
relative levels o f all te lephone channels are equal over the w hole o f the line-frequency band. W hen a part o f the 
line-frequency band  is to be used to prov ide a television channel, different pre-em phasis and  de-em phasis 
netw orks m ay be required bu t this will no t affect the defin ition  o f line p ilo t levels. Figures 5 /G .332 and  6/G .332 
show  two hypothetical arrangem ents for the purpose o f this definition.

2.2 Frequency comparison pilots

A dm inistra tions wishing to m ake an in te rnational frequency com parison shall choose the frequency 300, 
808 or 1552 kH z for this purpose, when it is im possible to  use 308 or 1800 kHz. In ternational com parison of 
national standards is relatively rare. D uring a specified period  o f tim e, it will always be possible to use for such 
com parisons one o f the frequencies m entioned above, even though it m ay norm ally be used as an additional 
m easuring frequency.
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CCITT - 45600

Note -  Between points A and B, the gain/frequency response o f  the high-frequency line is uniform for telephony. At these points, 
all telephone channels are at equal relative level. Between points A' and B', the gain/frequency response o f the high-frequency line 
is uniform for television.

FIGURE 5/G.332

To illustrate the definition o f line-regulating pilot levels on a line suitable 
for carrying both telephony and television

From telephony 
multiplex equipment, 
or through-connection 
of telephony band

From television 
modulating equipment, 
or through-connection 
of television band

FIGURE 6/G.332

An example o f  high-frequency line equipment for a 12-MHz “mixed” system  
for simultaneous telephony and television transmission. The relative levels for telephony would be defined for the points A and B
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A frequency o f 300 kH z can be used for national com parisons when A dm inistrations do not wish to  use 
the 308 kH z p ilo t for this purpose. In this case, it is recom m ended tha t the 300 kH z be transm itted  at a pow er 
level o f —10 dBmO. The harm onics o f the frequency com parison pilots should each have a level not higher than  
- 7 0  dBmO.

2.3 A dditional measuring frequencies

If  the frequency allocation  w ithout m astergroups is used at frequencies below 4 M Hz (Figures 3 /G .332 
an d  4 /G .332), the follow ing frequencies m ay  be used for additional m easuring frequencies:

560, 808, 1056, 1304, 1552, 1800, 2048, 2296,
2544, 2792, 3040, 3288, 3536 and 3784 kHz.

Any A dm inistration  using 12-MHz w orking on a line crossing a fron tier should, at the request o f any 
other A dm inistra tion  concerned, transm it or m easure the m easuring frequencies appearing  in the follow ing 
preferred  list:

560, 808, 1304, 1800, 2296, 2792 and  3536 kHz.

A dm inistrations should likewise transm it o r m easure, at the request o f corresponding A dm inistrations, any 
m easuring frequency which m ay be used in o ther circum stances, nam ely:

— at frequencies below  4 M H z, if frequency allocation  w ith m astergroups indicated in P lan 1A
(Figure 1/G .332) is used:

560, 808, 1304, 1592 and  2912 kH z;

— at frequencies above 4 M Hz, if P lan 1A (Figure 1/G .332) or IB (Figure 2/G .332) is used:

5608, 6928, 8248 '), 8472, 9792 and  11112 kHz.

P lan 2 (Figure 4/G .332) is used under the conditions described in R ecom m endation G .211 for the 
app lica tion  o f the second m odulation  process, the additional frequencies above 4 M H z are:

5392, 7128, 8248, 8472, 8864, 9608 and 11 344 kHz.

All these frequencies are recapitu lated  in Table 1/G .332.

TABLE 1/G.332

Frequencies that are available for use as additional measuring frequencies on 12-MHz systems

Frequency
band

Frequency
arrangement

Additional measuring frequency 
to be sent or measured on request

Other additional measuring 
frequencies which can be sent

< 4  MHz in supergroups 
(Figures 3/G.332 
and 4 /G.332)

560, 8 0 8 ,1 3 0 4 ,1 8 0 0 , 2296, 2792  
and 3536 kHz

1056, 1552, 2048, 2544, 3040, 3288  
and 3784 kHz

all mastergroups 
(Figure 1/G.332)

560, 8 0 8 ,1 3 0 4 ,1 5 9 2  and 2912 kHz

> 4  MHz in mastergroups 
(Figures 1/G.332 
and 2/G.332)

5608, 6928, 8248*), 8472, 9792  
and 1 1 112 kHz

in 15-supergroup 
assemblies 
(Figure 4/G.332)

5392, 7 1 2 8 ,8 2 4 8 ,8 4 7 2 ,8 8 6 4 , 9608  
and 11 344 kHz

a)A  frequency o f 8248 kHz can be used as a radio-relay link line-regulating pilot. In such a case, the precautions shown in Recom­
mendation G.423 should be applied.

0 A frequency of 8248 kHz can be used as a radio-relay link line-regulating pilot. In such a case, the precautions shown in 
Recommendation G.423 should be applied.
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The absolute frequency varia tion  o f additional m easuring frequencies below  4 M H z should  never be 
outside lim its o f ±  40 Hz from  their nom inal value. For frequencies above 4 M H z, the relative frequency 
variation  referred to the nom inal value should  never exceed ±  1 x 10~5.

The pow er le v e l2) o f the additional m easuring frequencies should  be adjusted  a t the p o in t o f in jection  to  
have a value o f —10 dBmO. The harm onics o f additional m easuring frequencies below  6 M Hz should  each have a 
level at this po in t not higher than  — 70 dBmO.

The additional m easuring frequencies should not be perm anently  transm itted . They will only be tra n s­
m itted for as long as is necessary for actual m easurem ent purposes.

A rrangem ents should be m ade in equipm ent for the 12-M Hz system , so tha t the 308-kHz line-regulating  
pilot is protected from  disturbances from  a pilot or additional m easuring frequency o f  the same frequency com ing 
from  a 4-M H z system when this pro tection  is not already provided by the equ ipm ent o f  the 4-M H z system.

Note — Some A dm inistrations use new m anual or au tom atic m ethods o f  equalizing a ttenua tion  d is to rtion ,
e.g. equalizers based on the C osine function , using frequencies which do n o t appear in the list o f add itiona l
m easuring frequencies recom m ended by the CCITT.

Obviously, no additional m easuring frequency which m ight leave the national netw ork should  be sent at 
the same frequency as one o f the pilots recom m ended by the CCITT.

3 Hypothetical reference circuit for 12-MHz 3) systems on coaxial cable

This hypothetical reference circuit is 2500 km long and  is set up  on a 12-M Hz carrier system on coaxial 
cable. It has, for each d irection o f  transm ission, a total of:

— three pairs o f channel m odulators, each pair including transla tion  from  the audio-frequency b an d  to 
the basic group and  vice versa;

— three pairs o f g roup m odulators, each pair including transla tion  from  the basic g roup  to  the basic 
supergroup and vice versa;

— six pairs o f supergroup m odulators, each pair including transla tion  from  the basic supergroup  to  the 
frequency band  o f the basic m astergroup and  vice versa;

— nine pairs o f m astergroup m odulators, each pa ir including tran sla tio n  from  the basic m astergroup  to 
the frequency ban d  transm itted  on the coaxial cable and vice versa.

F igure 7 /G .332 shows the princip le o f the hypothetical reference circuit for 12-M Hz systems on coaxial
cable.

This hypothetical reference circuit consists o f nine hom ogeneous sections o f equal length (see R ecom m en­
dation  G.212).

2500 km

Note -  The mastergroup modulating stage can for this system involve a double modulation and when this is the case, the limits in 
Table 1/G.222 cannot then be strictly applied.

FIGURE 7/G.332

Diagram o f  a hypothetical reference circuit for 12-MHz coaxial pair systems

4 Design objectives for circuit noise

The objectives given in R ecom m endation G.222 are applicable to  the hypothetical reference circuit for 
12-M Hz systems on coaxial cable, in the circum stances indicated  in R ecom m endation  G.223.

2) The Note of § 2.1 still applies.

3) This hypothetical reference circuit is also used for systems transmitting one mastergroup on 1.2/4.4-mm coaxial pair.
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In practice, it is sufficient to check fo r each telephone channel as defined by the hypothetical reference 
circuit, th a t the m ean psophom etric pow er at the end o f the channel referred to a zero relative level po in t does not 
exceed 10 000 pWOp during any period o f  one hour.

T he subdivision o f the total noise between basic noise and  in term odulation  noise is left entirely to  the 
designer o f  the system, w ithin the lim its o f 2500 pWOp for the term inal equipm ent and  7500 pWOp for the line.

5 Matching o f the impedance of a coaxial pair and the impedances of the repeaters

Z L is the characteristic im pedance o f the line (for any frequency /  effectively transm itted), this
im pedance being the o rd inate for the frequency /  o f a sm ooth curve, agreed by the A dm inistrations 
concerned as being representative o f the average im pedance/frequency  characteristic o f the type o f 
coaxial cable concerned;

Z R is the w orst value o f the inpu t im pedance (for the frequency / )  o f the equipm ent o f a repeater
station , as seen from  the line (see Figure 8/G .332);

Z E is the w orst value o f the ou tpu t im pedance (for the frequency / )  o f the equipm ent o f a repeater
station, as seen from  the line;

A = al the to ta l im age attenuation  (at the frequency / )  o f  the line between two adjacent repeater stations,
a being the average attenuation  o f  the coaxial cable per un it length and  I the average length between 
two adjacent repeater stations.

0
t

0
CCITT- 39110

FIGURE 8/G.332 

Elementary coaxial cable section

Then the factor AT is defined by the form ula:

ZE +  ZL
N =  2 A  +  20 log 10 Zu Zr

+  20 log 10
Z L +
Z j  — Z d

(dB)

The present R ecom m endation refers only to  12-MHz systems on 2.6/9.5-m m  coaxial pairs in which the 
nom inal spacing between repeaters is approxim ately  4.5 to  4.8 km (R ecom m endation G.337 [2]).

The sum N  o f  the three term s defined above m ust in this case be equal to  at least 48 dB at 300 kH z and  to 
a t least 55 dB at all frequencies above 800 kHz. Between 300 and  800 kH z the perm issible lim it in decibels varies 
linearly  w ith the frequency.

N ote  — The C C IT T  has defined the perm issible lim its for N, as a sum o f the three term s (see the above 
form ula). It is recom m ended tha t A dm inistrations concerned with a coaxial cable section crossing a fron tier 
should  agree on perm issible values in this particu lar case for each o f these three term s to  meet the above 
cond ition , tha t is to  say, agree on the use o f as good a m atch as possible o r o f a m ethodical m ism atch at the ends 
o f  the repeater section.

6 Relative levels and interconnection in a frontier section

6.1 Interconnection in a fron tier section

In  an  elem entary cable section which crosses a frontier, the relative level at the inpu t o f  the cable section
(ou tpu t o f  the repeater equipm ent) should be equal to  —13 dB r at 12 435 kHz.

N ote 1 — This recom m endation is based on the assum ption that the attenuation  in the fron tier section is 
approx im ate ly  37 to  38 dB. This should be taken  in to  consideration  in determ ining the actual length o f  the 
fron tier section.

N ote 2 — W hen the pre-em phasis curves o f  the two systems are different, R ecom m endation G.352 should 
be applied .
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6.2 Relative levels in any elementary cable section

It has not been possible to  standardize a single value.

6.3 Pre-emphasis

From  the in form ation  supplied by various A dm inistrations, the pre-em phasis generally  lies betw een 9 
and  12 dB.

7 Power-feeding and alarm systems

7.1 Power feed ing  across a fron tier

7.2 Power-feeding systems

The text o f R ecom m endation G.341, §§ 7.1 and  7.2, app licab le to  all 1.2/4.4-m m  pair system s, still applies 
for 12-MHz transisto r systems on 2.6/9.5-m m  pairs.

7.3 Supervision and  alarms in a frontier section (see A nnex A)

ANNEX A 

(to R ecom m endation G.332)

Frequencies used for supervision or fault location

The frequencies or frequency bands used in various countries for supervising o r for locating  faults are 
given in Table A -1/G .332  for inform ation.

TABLE A-1/G.332

Country Band (kHz)

Belgium
Japan
France
Netherlands
F.R. o f Germany
United Kingdom
Sweden

280 and 12 700 and 170 to 210 for regulation 
13 000 to 13 180
12 700 to 12 800
280 and 170 to 210 for regulation 
269 and (13 300 ± 75)
13 500 + 12.5 
12 700 to 13 000

N ote  — A fault-tracing system was used by the Chile T elephone C om pany  using direct currents tran s­
m itted over interstitial pairs o f  the cable, which obviates any risk o f  interference w ith the systems m entioned
above.

References
[1] C C IT T  R ecom m endation Use o f  a 12-M H z system  fo r  the sim ultaneous transmission o f  telephony and

television, Vol. I l l ,  Fascicle III.4 , Rec. J.73.
[2] C C IT T  R ecom m endation General characteristics o f  system s on 2 .6 /9 .5 -m m  coaxial cable pairs, O range

Book, Vol. I I I - l ,  Rec. G.337, ITU, G eneva, 1977.

Recommendation G.333

60-M Hz SYSTEM S O N STANDARDIZED  
2.6/9.5-m m  COAXIAL CABLE PAIRS

(M ar del Plata, 1968; am ended a t Geneva 1972, 1976 and  1980)

Introduction

The am plifier design technique em ployed now perm its the transm ission o f frequencies up  to  60 M H z on a 
2.6/9.5-m m  coaxial pair.
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The experience o f certain  A dm inistrations shows that it is now possible to m anufacture w ithout great 
difficulty cables for possible operation  up  to  frequencies o f the order o f 60 M Hz. However, fo r cables already 
operated  up  to 4 or 12 M Hz, certain  difficulties (especially regarding the equalization o f attenuation  variations 
w ith frequency) m ight arise, due in particu lar to:

— the spread o f the values o f a ttenuation  per un it length;

-  attenuation  anom alies over long distances, if  the cable should incorporate significant im pedance 
irregularities; such irregularities, which are found especially at splicing points, can be detected by 
using shorter pulses, which are a function  o f the frequency bandw idth  to be transm itted.

The C C IT T  has therefore defined a 60-M Hz system which can be obtained, for exam ple, by dividing the 
elem entary  cable section o f a 12-MHz system into three.

1 Line frequencies

The distribution scheme for line frequencies must be extended to  approxim ately  60 M Hz, on the 
u nderstand ing  tha t in practice some systems will be able to use only a part o f this frequency band.

It is also desirable to facilitate the in terconnection  o f these systems with the o ther coaxial-pair systems.

In view o f these considerations the C C IT T  recommends the follow ing:

1.1 Plan 1 — Line-frequency allocation and modulation stages fo r  60-M H z systems (Figure 1/G .333)

Carrier frequencies

cn v j  cq
O N  -sf —OO (0GO— eg—— — — fvioa

_ oo —
tbcsi o t o— ir»co

-  - -00—  CO —vTO 00 x*cor̂  o —

kHz

Frequency
CCITT - 45640

F IG U R E  1 /G .3 3 3

Line-frequency allocation recommended for 60-MHz systems 
on 2.6/9.5 mm coaxial cable pairs using Plan 1

In this plan, the basic block for in terconnection  is the superm astergroup o f 8516 to 12 388 kH z recom ­
m ended by the C C IT T  in R ecom m endation G.211. It thus contains the three m astergroups constituting the basic
superm astergroup, bu t the sam e frequency b and  could contain  a 15-supergroup assembly (see Plan 2).

All m odulation  and dem odulation  between the basic superm astergroup and the line-frequency band  is 
carried  out in one m odulation  step. The carrier frequencies for this m odulation are show n in Figure 1/G .333. They 
are all low  m ultiples o f 440 kH z, or m ultiples o f 2200 kHz. These two fundam ental frequencies are both closely 
related to  frequencies norm ally used in the 12-M Hz systems.

The extraction o f blocks directly from  the line-frequency band  can be carried ou t individually  for the four 
lowest superm astergroups. H igher superm astergroups can only be extracted in the form  of an assem bly o f four 
superm astergroups. This m ethod is chosen to save frequency bandw idth.

The two lowest superm astergroups are identical w ith superm astergroups Nos. 2 and  3 shown in
F igure 1/G .332.
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1.2 Plan 2 — Line-frequency allocation and  modulation stages fo r  60-M H z system s (Figure 2/G .333)

so  CD ^

frequencies m DJ

kHz

Frequency
CCITT-45650

FIGURE 2/G.333

Line-frequency allocation recommended for 60-MHz systems 
on 2.6/9.5 mm coaxial cable pairs using Plan 2

A ccording to Plan 2, eleven assem blies o f 15 supergroups are transla ted  in to  the frequency ban d  8620 to 
12 336 kHz which lies w ithin the frequency band  o f the basic superm astergroup.

The 15-supergroup assem blies transm itted  to line and  num bered 3 to  13, are ob ta ined  in the sam e way as 
the corresponding superm astergroups o f Plan 1 above. The assem bly o f 15 supergroups num bered  2 is ob ta ined  by 
m odulation  o f a 15-supergroup assem bly in the band  312-4028 kH z, the carrier frequency being 
68 x 124 =  8432 kHz.

The facilities for extracting blocks directly from  the basic-frequency b an d  are identical to  those o f P lan 1.

The two lowest 15-supergroup assem blies are identical w ith the second and  th ird  15-supergroup assem blies 
in Figure 4/G .332.

Note — It is understood  that Plan 1 w ould be chosen in those countries w hose national netw orks are 
based upon the use o f basic m astergroup and  superm astergroups, w hereas Plan 2 could be adop ted  in those 
countries whose national netw orks are based on the use o f supergroup assem blies only.

In in te rnational connections between countries using the same p lan  in  their national netw orks, i.e. bo th  
using Plan 1 or bo th  using Plan 2, the p lan  com m on to these two countries w ould natu ra lly  be used.

However, in in te rnational connections between countries which use d ifferent p lans in their national 
netw orks and  in the absence o f any special agreem ent between the interested A dm inistrations, including 
A dm inistrations o f transit countries, use o f Plan 1 is recom m ended.

2 Pilots and additional measuring frequencies

2.1 Line-regulating pilots

The C C IT T  recom m ends that 61 160 kHz should be used for the m ain line-regulating p ilo t on all 
regulated-line sections crossing a frontier. The m ain line-regulating p ilo t is used for autom atic tem peratu re  
correction  o f the cable attenuation .
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In any regulated-line section crossing a frontier, it is recom m ended tha t in bo th  d irections o f transm ission 
the A dm inistra tion  on the transm itting  side should  perm anently  transm it so as to  provide, for exam ple, for 
add itiona l regulation, one or m ore auxiliary line-regulating pilots chosen by the A dm inistration  on the receiving 
side from  the follow ing list:

4287 kH z, 12 435 kH z, 22 372 kH z and  40 920 kH z

The pow er level o f  these pilots should  be regulated, at the ou tpu t o f  the transm it am plifier, to  a nom inal 
value o f  —10 dBmO. The harm onics o f the 4287, 12 435, 22 372 kH z pilots should each have a level no t higher 
than  —70 dBmO.

The frequency stability recom m ended for pilots is better than  ± 1  x 10-5 .

The tolerances for this level are the sam e as those given in R ecom m endation G.332, § 2.1.

2.2 Frequency comparison pilots

Since in ternational com parison o f frequencies is rarely carried out, the C C IT T  recom m ends th a t A dm inis­
tra tions choose one o f the follow ing tw o frequencies:

— 4200 kH z, which is a m ultiple o f  300 kH z and  a neighbouring value o f 4400 kHz,

— 8316 kH z (27 x 308 kHz) which can easily be included in the free in tervals o f the two frequency 
arrangem ents proposed  (Figures 1/G .333 and  2/G .333).

It is recom m ended tha t this pilot be transm itted  at a pow er level o f —10 dBmO. The harm onics o f  the 
frequency com parison pilots should each have a level no t higher than  —70 dBmO.

2.3 A dditional measuring frequencies

Frequencies th a t m ay be used as add itiona l m easuring frequencies are given in Table 1/G .333.

The pow er level o f these additional m easuring pilots should be adjusted  at the ou tpu t o f the transm it 
am plifier, to  ob ta in  a nom inal value o f the line p ilo t o f  — lOdBm O. The harm onics o f additional m easuring 
frequencies below  30 M H z should each have a level at this po in t no t higher than  —70 dBmO.

The frequency stability recom m ended is better than  ±  1 x 10~5.

The additional m easuring pilots should  no t be perm anently  transm itted . They will be transm itted  only for 
as long as is necessary for actual m easurem ent purposes. This does no t apply  when the frequency is used as a line 
pilot.

2.4 B and  reserved fo r  monitoring and fault-tracing signals

These signals should be below the 4200 kH z frequencies com parison pilot.

3 Hypothetical reference circuit

3.1 General considerations

The reference circuit has to reflect w hat is expected to be the practical app lication  o f the system. The 
spacing o f  m ain stations is expected to be substantially  the sam e as in earlier systems, e.g. the 12-M Hz system. A 
length o f 2500 km, divided in to  9 sections o f  280 km with a to tal o f  10 m ain  stations, has therefore been adopted. 
It was thought tha t because o f the wide band  available and  the reduced cost per kH z o f  bandw idth , fewer
dem odulations to the basic frequency bands o f low er order m ay be expected.

3.2 M odulation

W ith either o f the line-frequency allocations recom m ended in § 1 above, five m odulation  stages are 
generally  needed to place a particu lar channel in its position in the line-frequency band.

On the above basis, the hypothetical reference circuit show n in Figure 3 /G .333 is recom m ended by the
C C ITT .

3.3 Direct through-connection a t line frequencies

It was agreed that direct through-connection  was envisaged no t for po in ts interm ediate between the m ain 
sta tions as defined above, but rather at these stations them selves so tha t dem odulation  w ould be avoided. W hile 
this w ould be an  advantage from  the po in t o f  view o f the am ount o f m odulation  equipm ent, it w ould involve 
m ore severe requirem ents on line equipm ent.
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TABLE 1/G.333

Frequency (see Note 1) 
kHz 
(1)

Frequency (see Note 2) 
kHz 
(2)

4 2 0 0  (see Note 3) 
or 4 287 (see Note 4)

8316 (see Note 3)

8 4 7 2

12 678

17 488

22302 (see Note 5) 

22372 (see Note 4)

26 922

3 1 3 2 2

35 722

40 122 (see Note 6) 40 920 (see Note 4)

42 322

46 722

51 122

5,5 522

59 922

Note 1 -  (Applies to all frequencies in column 1.) Use o f these frequencies will ensure that interference is not caused to the following 
line-regulated section. They can therefore be transmitted at any time.
Note 2 -  (Applies to all frequencies in column 2.) These frequencies will be provided when the Administration at the receiving end 
so requests. They should not be sent without the agreement o f  the Administration at the receiving end.
Note 3 -  These frequencies may also be used as frequency-comparison pilots.
Note 4 -  In accordance with Recommendation M.500 [1], Administrations choosing to use these frequencies must ensure that 
interference is not caused to a following line-regulated section which may be using these frequencies as line pilots.
Note 5 -  If the frequency 22 372 kHz is used as an auxiliary line regulating pilot it should be ensured that no disturbance is caused 
to this pilot.
Note 6 -  It may be unnecessary to use this frequency if  an adjacent auxiliary line-pilot is used for regulation.
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S ta tion  1 S ta tio n  3

CCITT - 45660

0
0

Channel tran s la tio n  to  fo rm  a basic g roup.

G roup  tran sla tio n  to  fo rm  a basic superg roup .

S uperg roup  tran sla tio n  to  fo rm  a basic m asterg roup .

M astergroup tran sla tio n  to  fo rm  a basic superm aste rg roup .

S u p erm aste rg ro u p  tran sla tio n  to  th e  line-frequency  allo ca tio n  (excep t fo r  su perm aste rg roup  2).

A lternative ly

A lternative ly

Superg roup  tran s la tio n  to  fo rm  a 15-supergroup assem bly  in 
th e  band  3 1 2 -4 0 2 8  kH z.

M odulation  o f th e  15 -supergroup assem bly to  place it w ith in  
th e  freq u en c y  band  o f  th e  basic superm aste rg roup .

As certain mastergroups in the 12-MHz system already require double modulation to place them in their position in the 
line band, it is probable that the noise performance specification o f existing modulation equipment will prove adequate, which is o f  
course highly desirable.

Note — Stations 5 and 8 are identical with Station 2 -  Stations 6 and 9 are identical with Station 3 — Station 7 is identical with 
Station 4.

FIGURE 3/G.333

Diagram o f  a hypothetical reference circuit for 60-MHz systems 
on 2.6/9.5-mm coaxial cable pairs

It has, however, been found  possible to use restricted th rough-connection  at m ain repeater stations with 
equipm ent designed to meet the norm al noise objectives defined in connection  with a hypothetical reference circuit 
fo r the 60-M Hz system on coaxial pairs (see F igure 3/G .333) w ithout incurring  a noise penalty.

The necessary restrictions are as follows:

1) The frequency band  contain ing superm astergroups 6 to 9 inclusive m ay be directly through-connected
over a total length which m ust no t exceed 830 km, bu t the adjacen t frequency bands in the sections
concerned m ust be hom ogeneous sections which are no t abnorm ally  long.

2) It is in princip le also possible to  use direct through-connection  for the frequency band  contain ing
superm astergroups 2-5 inclusive provided tha t the adjacent frequency bands contain ing superm aster­
groups 6-9 and  10-13 are transm itted  on norm al length hom ogeneous sections. In practice it m ay be 
necessary to restrict the th rough-connection  to superm astergroups which have a sufficiently low 
im pedance m ism atch effect (§ 7) to  perm it the extension w ithout excessive accum ulation o f attenuation  
roll effect.

4 Circuit noise

It is recom m ended that the system be designed on the basis o f R ecom m endation G.222, i.e. in such a way
as to ob ta in  a m ean psophom etric pow er o f about 3 pW  per km o f line, on the worst te lephone channel having
the same com position  as the 2500-km hypothetical reference circuit.

5 Matching of repeater impedances and line impedance

A value o f 65 dB is recom m ended for the m agnitude N  defined in R ecom m endation G.332, § 5.

6 Interconnection
s '

Levels in a main station  (see R ecom m endation G.213)

W hen one p art o f the frequency ban d  is transm itted  w ithout dem odulation , the sam e value o f —33 dBr is 
recom m ended at the ou tput o f the direct th rough-connection  filter.

The level at the repeater ou tpu t on the highest channel should be —19 ±  1 dBr.

N ote — Values for pre-em phasis ranging from  7 to 10 dB are com m only used.
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7 Power-feeding and alarm systems

7.1 Power feed ing  across a fron tier

In the absence o f a special agreem ent between the A dm inistrations concerned with a pow er-feeding section 
crossing a frontier, it is recom m ended that each A dm inistra tion  pow er-feed only those repeater sta tions in its own 
country. M any A dm inistrations used looped pow er-feeding on the two sides o f  a pow er-feeding sta tion , h a lf  o f 
each o f the sections between this station  and  the ad jacent pow er stations being so fed; they can close the loop at 
their fron tier stations. A greem ents will be necessary if, for exam ple, the fron tier is very far from  the m id-po in t 
between the two nearest feeding stations, o r if the A dm inistrations concerned use looped pow er-feeding on the 
entire section between two feeding stations.

If  repeater stations in a country are fed from  ano ther country, special p recau tions will be required  to  
pro tect the staff w orking on the cables.

7.2 Rem ote power-feeding system s

A lthough C C IT T  does no t recom m end the use o f a specific rem ote pow er-feeding system for the 60-M H z
coaxial line system, in practice only the constan t curren t d.c. feeding via the inner conductors o f the two coaxial
pairs o f a system is used.

The 60-M H z coaxial cable system may be subject to induced voltages and  currents caused by lightning, 
pow er lines, railways, etc.

Precautions m ust be taken  to protect the staff from  any possible danger arising from  the norm al operating  
voltages and  rem ote pow er-feed currents as well as from  the induced voltages and  currents.

M any national A dm inistrations have issued detailed rules and  regulations for the p ro tection  o f persons. It 
is obligatory  in m ost cases to meet these rules and regulations. In add ition  the C C IT T  D irectives [2] give guidance 
on these problem s.

Precautions are also needed for the pro tection  o f the equipm ent against induced voltages and  currents. The 
equipm ent should therefore be designed in such a way tha t it passes the tests specified in R ecom m enda­
tion  K.17 [3].

7.3 Supervision and alarms in a frontier section

This should be governed by agreem ent between the A dm inistra tions concerned. In particu lar, it is 
necessary at the points o f in terconnection  betw een two systems tha t if  frequencies are used for m onitoring  or for 
locating faults, they be attenuated  to a level o f  —50 dBmO on the receiving sides to prevent any d istu rbance to 
sim ilar frequencies used in the system farther dow n the line.

N ote — Frequencies sent only over a system already w ithdraw n from  service because o f  a fault m ay be 
selected by each A dm inistra tion  on the national level.

8 Use of 60-M Hz systems for television transmission

8.1 General remarks

In § 8 all add itional requirem ents are sum m arized which are recom m ended in the case o f television 
transm ission on the 60-M Hz system. The characteristics o f the television signal in the first in term ediate frequency 
allocation  (transm it side conditions) are dealt w ith in R ecom m endation J.77 [4].

8.2 Ciruit noise

If  the 60-M Hz system is used for television transm ission on the basis o f a hypothetical reference circuit 
(H R C ) o f a length o f 2500 km , the m ean value o f the therm al noise o f the line should  not exceed 1 pW O p/km . 
Experience has show n that a m ean value o f 1.5 pW O p/km  to ta l noise o f the line is sufficient when m easured 
according to  norm al te lephone conditions. In m aking th rough-connections between hom ogeneous sections o f an 
H R C , d ifferent transm ission bands may be used. As different transm ission bands give d ifferent d istribu tions o f 
basic noise and  in term odulation  noise, it seems justified to assign noise lim its which are average values w ithin the 
w hole transm ission band , i.e., am ong the five m easuring channels recom m ended in R ecom m endation  G.228.
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8.3 M atching o f  repeater impedances and  line impedance

F o r television program m e transm ission a value o f at least 72 dB for the m agnitude N, defined in 
R ecom m endation  G.332, § 5, has been agreed to in the band  occupied by television signals.

8.4 L ine frequency allocation o f  the television channels

The 60-M H z system can provide six television channels which are arranged in three pairs each o f which 
extends over the bandw idth  o f  four superm astergroups. The line-frequency allocation  is shown in Figure 4/G .333. 
Television channels 3 and  4 are recom m ended in the case o f m ixed telephony and television transm ission. The 
television channels are capable o f  transm itting  the signals o f all television systems defined by the C C IR  having a 
video bandw idth  no t exceeding 6 M Hz.

N ote 1 — If  only one television channel and  ten superm astgroups have to be transm itted  either television
channel 3 o r 4 can be used. It is still under study w hether television channel 1 might also be used for this purpose
(see Q uestion 20/X V  [5]).

N ote 2 — Two recom m ended m odulating  m ethods are shown in A nnex A.

N ote 3 — A television channel-pair p ilo t can be provided at the m ean o f the carrier frequencies o f  each
television channel pair, i.e. 12 760 kH z (4 x 3190 kH z), 31 900 kH z (10 x 3190 kHz) and  51 040 kHz 
(16 x 3190-kHz).

to
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£  kHzir»
CCITT -  45670

FIGURE 4/G.333
Line-frequency allocation o f six television channels on the 60-MHz system

8.5 Pilots and additional measuring frequencies

Those pilots and  additional m easuring frequencies (m entioned in § 2), falling in gaps between TV chan ­
nels, can be used.

A NNEX A

(to R ecom m endation G.333)

Modulation methods for television transmission on the 60-M Hz system

Tw o recom m ended m odulating  m ethods are show n in Figure A -1/G .333 and Figure A -2/G .333 respec­
tively. The m odulation  m ethods are com patible with those o f the 18-MHz system (see A nnex A to R ecom m enda­
tion  G.334).
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kHz
CCITT - 4 5 6 8 0

FIGURE A-1/G.333

Modulation method for television transmission on the 60-MHz. system^ 
Modulation method 1

FIGURE A-2/G.333

Modulation method for television transmission on the 60-MHz system. 
Modulation method 2
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Recommendation G.334

18-M Hz SYSTEM S O N STA NDA RDIZED 2.6/9.5-m m  COAXIAL PAIRS

(Geneva, 1980)

Introduction

A m plifier design technique now perm its the provision o f a usable band  o f abou t 18 M Hz while still 
keeping the repeater spacing o f  about 4.5 km as defined in R ecom m endation G.332.

The C C IT T  therefore defines an 18-M Hz system which offers a transm ission capacity  o f 3600 telephone 
channels in the case o f pure telephone application . A lternatively, the system may be used for the transm ission o f 
up  to  two TV signals or one TV signal plus 1800 telephone channels. A nother possibility is tha t the bandw idth  
above 12 435 M Hz could be used for the provision o f an 8448 k b it/s  digital path. The groups, supergroups, etc. 
m ay be used for high-speed data  transm ission according to the relevant C C IT T  R ecom m endations.

1 Arrangement of line frequencies for telephony

The arrangem ent o f  line frequencies m ost suitable for the network o f a particu lar A dm inistration depends 
to  a high degree on the organization  o f this netw ork with respect to the in terconnection with and  through 
connection  to  the o ther systems existing in this network. On the other hand , it is very desirable to lim it the 
num ber o f  different frequency plans for the 18-M Hz system.

The C C IT T  therefore recom m ends th a t in any case one o f the follow ing three p lans should be applied. 
H ow ever, in in ternational connections between countries which use d ifferent m odulation  procedures (see R ecom ­
m endation  G .211) and  in the absence o f any special arrangem ents between the interested A dm inistrations 
including, if necessary, the A dm inistrations o f transit countries, Plan 1 is to be preferred.

1.1 Frequency arrangement o f  Plan 1

Plan 1 uses the first m odulation  procedure described in R ecom m endation G.211.

The telephone channels should first be assem bled in to  basic superm astergroups. The four superm aster­
groups are transm itted  to line in accordance with the frequency arrangem ent o f Figure 1/G .334.

N ote — The arrangem ent o f the superm astergroups No. 1, 2 and  3 is the sam e as in Plan 1A o f  the 
12-M Hz system (R ecom m endation G.332) and  superm astergroup No. 4 * corresponds to  its arrangem ent in Plan 1 
o f the 60-M H z system (R ecom m endation G.333).
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FIGURE 1/G.334 
Plan 1 frequency arrangement for 18-MHz systems

1.2 Frequency arrangem ent o f  Plan 2

This P lan uses the second m odulation  procedure described in R ecom m endation  G.211.

The telephone channels should first be assem bled into basic (N o. 1) 15-supergroup assem blies. Four 
15-supergroup assemblies are transm itted  to line in accordance with the frequency arrangem ent show n in 
F igure 2/G .334.

Note — The arrangem ent o f the 15-supergroup assem blies N os. 1, 2 and  3 is the sam e as in P lan 2 o f  the 
12-M Hz system (R ecom m endation G.332).

^  vT OOOO N  n  jo

I— I— I I I— I— I— I— I— I— p—I— I I I I I I I I I 
O  I/* o  £  MHz

CCITT - 4 5 7 0 0

FIGURE 2/G.334 
Plan 2 frequency arrangement for 18-MHz systems

1.3 Frequency arrangement o f  Plan 3

This Plan uses the first m odulation  procedure described in R ecom m endation  G.211, bu t adds a fu rther 
interm ediate frequency position.
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The te lephone channels should first be assem bled in to  basic superm astergroups. The four superm aster­
groups are then translated  into the position  o f the superm astergroups Nos. 6-9 as in P lan 1 o f the 60-M H z system 
(R ecom m endation  G.333).

By a further transla tion , these superm astergroups are transm itted  to  line in accordance with the frequency 
arrangem ent o f F igure 3/G .334.

N ote 1 — This arrangem ent is best suited to those netw orks which need frequent direct through- 
connections between the 18-M Hz and  60-M H z systems. It therefore m akes use o f a w ider frequency b an d  for 
th rough-connection  than  the basic superm astergroup. The arrangem ent is also suitable for the in terconnection  o f 
18-M Hz systems and  for the in terconnection  between 18-M Hz systems and  60-M Hz systems via the basic 
superm astergroup  8516-12 388 kH z, because the relatively large frequency space between the superm astergroups 
perm its the use o f sim pler th rough superm astergroup filters.

N ote 2 — This arrangem ent can handle also 15-supergroup assem blies by bringing them  first in to  the 
frequency band  o f the basic superm astergroup (15-supergroup assem bly No. 3).

CCITT - 2 4 5 0 0

FIGURE 3/G.334 
Plan 3 frequency arrangement for 18-MHz systems

2 P ilo ts  and add ition a l m easuring freq uencies

2.1 Line-regulating pilots

It is recom m ended tha t 18 480 kH z be used for the m ain line regulating p i lo t . !)

In  any regulated-line section crossing a frontier, it is recom m ended th a t in both  directions o f transm ission 
the A dm inistra tion  on the sending side should, if  requested, perm anently  transm it an auxiliary line-regulating  pilot 
at 308 kH z to  provide facilities for additional regulation, for exam ple.

F or Frequency Plans 1 and 2 as defined under § 1 above, 4287 kH z a n d /o r  12 435 kH z may be used as 
add itiona l auxiliary line-regulating pilots on request o f the A dm inistration  on the receiving side.

0 18 480 kHz is a multiple of 308 kHz (60 x 308) and of 440 kHz (42 x 440).
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The pow er level o f the m ain and  auxiliary line-regulating pilo ts should  be adjusted  a t the p o in t o f 
injection to  have a value o f —10 dBmO. The harm onics o f the 308 kH z and  4287 kH z pilots should  each have a 
level not greater than  —70 dBmO.

Equipm ent should be designed in such a way th a t these p ilo ts m ay be b locked at the end  o f  a 
regulated-line section, so tha t their level shall be at least 40 dB below th a t o f  the p ilots used on o ther sections.

The follow ing tolerances fo r the level o f these pilots are recom m ended:

The frequency accuracy recom m ended for the pilots is ±  1 x 10 5.

2.1.1 The design o f equipm ent should be such as to allow  the erro r in the level o f any  p ilo t as transm itted , due 
to  finite level adjustm ent steps, to  be kept w ithin ±  0.1 dB.

2.1.2 The change in ou tpu t level o f the p ilo t generator with tim e (which is a factor included  in equ ipm ent 
specifications) m ust no t exceed ±  0.3 dB during the interval between two m ain tenance adjustm ents, e.g. in one 
m onth.

2.1.3 To reduce p ilo t level varia tions with tim e, it is advisable to  have a device to  give an  alarm  w hen the 
varia tion  at the generator ou tpu t exceeds ±  0.5 dB, the zero o f the w arning device being aligned as accurately  as 
possible with the lining-up level o f the transm itted  pilot.

2.2 Frequency comparison pilots

A dm inistrations wishing to  m ake an in ternational frequency com parison  shall choose the frequency 300, 
308 or (for Plans 1 and  2 only) 4200 kH z for this purpose. In ternational com parison  o f  na tional standards is 
relatively rare. D uring a specified period o f  tim e, it will always be possible to  use for such com parisons one o f  the 
frequencies m entioned above, even though it m ay norm ally  be used for o ther purposes.

It is recom m ended tha t the frequency com parison p ilo t be transm itted  at a pow er level o f  —10 dBmO. The 
harm onics o f the frequency com parison  pilots should each have a level no t h igher than  —70 dBmO.

2.3 Additional measuring frequencies

Frequencies tha t m ay be used as additional m easuring frequencies are given in  Table 1/G .334.

The absolute frequency variation  o f additional m easuring frequencies below  4 M H z should  never be 
outside lim its o f ±  40 Hz from  their nom inal value. F or frequencies above 4 M H z, the relative frequency 
varia tion  referred to  the nom inal value should never exceed ± 1  x 10~5.

The pow er level o f the additional m easuring frequencies should  be adjusted  at the p o in t o f in jection  to 
have a value o f —10 dBmO. The harm onics o f  the additional m easure frequencies below  9 M H z should  each have 
a level no t higher than  —70 dBmO as transm itted  to the line. The add itiona l m easuring frequencies should  no t be 
perm anently  transm itted. They will only be transm itted  for as long as is necessary for actual m easurem ent 
purposes.

A rrangem ents should be m ade in equipm ent for the 12-M Hz system, so tha t the 308 kH z line-regulating 
p ilo t is protected  from  disturbances from  a pilot o r additional m easuring frequency o f  the sam e frequency com ing 
from  a 4-M H z system when this protection  is no t already provided by the equipm ent o f  the 4-M H z system.

Note — Some A dm inistrations use new m anual or autom atic m ethods o f equalizing a ttenuation  d isto rtion , 
e.g. equalizers based on the C osine function , using frequencies which do n o t ap p ear in the list o f add itiona l 
m easuring frequencies recom m ended by the CCITT.

O bviously no additional m easuring frequency which m ight leave the national netw ork should  be sent a t the 
sam e frequency as one o f the pilots recom m ended by the C C ITT.
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TABLE 1/G.334

Frequency plan 
1

(kHz)

Frequency plan 
2 Frequency plan 

3
(kHz)(see Note 1) 

(kHz)
(see Note 2) 

(kHz)

560 552
808 1056

1304 1 552
1 592 1 800 2048 1 872

2296 2544
2912 2 792 3 040

3 288 3 192
3 536 3-784 4758

5 608 5 392 6272
6928 7128 7 592
8 248 (see Note 3) 8248
8472 8472

8 864 9158
9792 9608 10672

11 112 11 344

12776 11992
12678 13 452 13 558
14408 14940 15 072
15 728 16676 16392

Note 1 -  Additional measuring frequencies to be sent or measured on request.
Note 2 -  Other additional measuring frequencies which can be sent.
Note 3 -  A  frequency of 8248 kHz can be used as a radio-relay link line-regulating pilot. In such a case, 
the precautions shown in Recommendation G. 423 should be applied.

3 Hypothetical reference circuit

3.1 General considerations

The hypothetical reference circuit has to  reflect w hat is expected to  be the practical app lication  o f  the 
system. The spacing o f the m ain  stations is expected to be substantially  the same as in earlier systems, e.g. the 
12-M Hz system. A length o f 2500 km, divided in to  nine sections o f 280 km, w ith a to tal o f ten m ain stations, has 
therefore been adopted.

3.2 M odulation

The three line-frequency allocations recom m ended in § 1 above need different num bers o f m odulating  
stages to  bring  an audio  signal into the line-frequency position. This has to  be reflected in the constitu tion  o f  the 
hypothetical reference circuit.

O n the above basis, the hypothetical reference circuits, as shown in F igure 4 /G .334  and  Figure 5/G .334, 
are recom m ended by the CCITT.

1 2 3 4  5 6 7 8 9 1 0

C C IT T - '2 4 5 1 0

D r i  r i  m Cl Supermastergroup Tr
Channel Tr k| Group Tr kj Supergroup Tr fej Mastergroup Tr N (Plan 1) or

LI u  U  U  supermastergroup Tr + Common Tr
to Line (Plan 3)

FIGURE 4/G.334
Diagram of a hypothetical reference circuit 

for 18-MHz systems (Plan 1 and Plan 3)
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IM H H H f f lH B B D B H B B D D B n - f f l-H H H B O D
CCITT - 2 4 5 2 0

Q  Channel Tr ^  Group Tr ^  Supergroup Tr ^  15-supergroup Tr

FIGURE 5/G.334
Diagram of a hypothetical reference circuit 

for 18-MHz systems (Plan 2)

3.2.1 Hypothetical reference circuit fo r  the Plan 1 frequency allocation

This is show n in Figure 4/G .334. It has, for each direction  o f  transm ission , a to ta l of:

— two pairs o f channel m odulators, each pair including transla tion  from  the audio-frequency b an d  to the 
basic g roup and  vice versa;

— three pairs o f g roup  m odulators, each pair including transla tion  from  the basic g roup  to  the basic 
supergroup and  vice versa;

— .five pairs o f supergroup  m odulators, each pair including tran sla tio n  from  the basic supergroup  to  the 
basic m astergroup and  vice versa;

— seven pairs o f  m astergroup m odulators, each pair including transla tion  from  basic m astergroup  to  the 
basic superm astergroup and  vice versa;

— nine pairs o f superm astergroup m odulators, each pair includ ing  transla tion  from  basic superm aster­
group to  the frequency band  transm itted  on the coaxial cable and  vice versa.

3.2.2 Hypothetical reference circuit fo r  the Plan 2 frequency allocation

This is show n in F igure 5/G .334. It has, for each direction  o f  transm ission , a to ta l of:

— two pairs o f channel m odulators, each p a ir including transla tion  from  the audio-frequency b an d  to  the 
basic g roup  and  vice versa;

— three pairs o f g roup m odulators, each pair including transla tion  from  the basic g roup  to  the basic 
supergroup and  vice versa;

— six pairs o f supergroup  m odulators, each pair including transla tion  from  the basic supergroup  to  the 
basic 15-supergroup assem bly and  vice versa;

— nine pairs o f 15-supergroup assem bly m odulators, each p a ir including transla tion  from  the basic 
15-supergroup assem bly to the frequency band  transm itted  on the coaxial cable and  vice versa.

3.2.3 Hypothetical reference circuit fo r  the Plan 3 frequency allocation

This is shown in F igure 4/G .334. It differs from  tha t for P lan 1 only by the fact tha t the superm astergroup
m odulators consist o f  two translating  stages.

4 Circuit noise

In accordance with R ecom m endation G.222 the system is to  be designed in such a way as to  ob ta in  a 
m ean psophom etric noise pow er o f 3 pWOp per km o f line or less as a design objective for the w orst te lephone 
channel in the 2500-km hypothetical reference circuit as defined under § 3 above.

5 Matching of repeater and line impedances

The present R ecom m endation refers only to 18-M Hz systems on 2.6/9.5-m m  coaxial pairs in w hich the 
nom inal spacing between repeaters is approxim ately  4.5 to  4.8 km.
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The sum N  o f the three term s defined as in G.332, § 5 m ust in this case be equal to at least 48 dB at 
300 kH z and  to at least 55 dB at all frequencies above 800 kHz. Between 300 and  800 kH z the perm issible lim it in 
decibels varies linearly with the frequency.

6 Relative levels

Levels in the m ain station (see R ecom m endation  G.213).

W hen one part o f the frequency ban d  is transm itted  w ithout dem odulation , the same value o f —33 dB r is 
recom m ended  at the ou tpu t o f the direct ihrough-connection  filter.

7 Power feeding

R ecom m endation G.341, §§ 7.1 and 7.2, applies.

8 Monitoring and fault tracing bands

Frequency bands for m onitoring and  fault tracing signals should be situated below  300 kHz a n d /o r  above 
18 480 kH z, tha t is, leaving a clear band  for traffic signals.

9 Use of 18-M Hz systems for television transmission

9.1 General remarks

In § 9 all add itional requirem ents are sum m arized which are recom m ended in the case o f television 
transm ission  on the 18-M Hz system. The characteristics o f the television signal in the first in term ediate frequency 
allocation  (transm it side conditions) are dealt with in R ecom m endation J.77 [1].

9.2 Circuit noise

If  the 18-M Hz system is used for television transm ission on the basis o f a hypothetical reference circuit o f 
a length o f  2500 km, the m ean value o f the therm al noise o f the line should not exceed 1 pW Op/km . Experience 
has show n that a m ean value o f 1.5 pW O p/km  total noise o f the line is sufficient when m easured according to 
norm al te lephone conditions.

9.3 M atching o f  repeater impedances and  line impedance

F or television program m e transm ission a value o f at least 70 dB for the m agnitude N, defined in 
R ecom m endation G.332 § 5, is recom m ended in the ban d  occupied by television signals.

9.4 Line-frequency allocation o f  the television channels

9.4.1 T V  transmission only

The 18-M Hz system can provide two television channels. The line-frequency allocation is show n in 
F igure 6/G .334. The television channels are capable o f transm itting  the signals o f all television systems defined by 
the C C IR  having a video bandw idth  not exceeding 6 M Hz.

N ote 1 — Two recom m ended m odulating  m ethods are shown in A nnex A.

Note 2 — A television channel pair p ilo t can be provided at the m ean o f the two carrier frequencies, 
i.e. 9570 kH z (3 x 3190 kHz).

AII II I

kHz
CCITT - 4 5 7 1 0

FIGURE 6/G.334
Line-frequency allocation of two television channels 

on the 18-MHz system
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9.4.2 M ixed telephone-television transmission

O ne television channel and a m axim um  o f two 900-channel groups can  be provided. Tw o line-frequency 
allocations are possible:

a) the upper television channel 2 * o f Figure 6 /G .334;

b) the lowest television channel (TV channel No. 1) o f the 60-M H z television line-frequency a llocation  o f 
Figure 4/G .333.

Note 1 — The m odulation  m ethods for a) and  b) conform  to  the first m odu la tion  steps o f 
Figure A -1/G .334  and  Figure A -2/G .334 respectively in A nnex A.

9.5 Pilots and additional measuring frequencies

Pilots and add itional m easuring frequencies (m entioned in § 2), outside the television channels can be
used.

ANNEX A

(to R ecom m endation G.334)

Modulation methods for television transmission on the 18-M Hz system

Two recom m ended m odulating  m ethods are shown in Figure A -1/G .3 3 4  and  F igure A -2/G .334  respec­
tively. The m odulation  m ethods are com patible with those o f the 60-M H z system  (see A nnex A to  R ecom m enda­
tion  G.333).

kHz
C CITT - 4 5 7 2 0

FIGURE A-1/G.334
Modulation method for television transmission 
on the 18-MHz system. Modulation method 1
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£  A

kHz CCITT - 4 5 7 3 0

Note -  Either of these pairs of TV channels can be modulated to work via the 18-MHz system.

FIGURE A-2/G.334
Modulation method for television transmission 
on the 18-MHz system. Modulation method 2
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[1] C C IT T  R ecom m endation Characteristics o f  the television signals transm itted over 18-M H z and 60-M H z  
systems, Vol. I l l ,  Fascicle 111.4, Rec. J.77.

Recommendation G.337

GENERAL CHARACTERISTICS OF SYSTEM S ON 2.6/9.5-m m  COAXIAL CABLE PAIRS

(For the text o f this R ecom m endation, see Vol. I l l  
o f the Orange Book, G eneva, 1976)

Recommendation G.338

4-M Hz VALVE-TYPE SYSTEM S ON STA NDA RDIZED 2.6/9.5-m m  COAXIAL CABLE PAIRS

(For the text o f this R ecom m endation, see Vol. I l l  
o f the Orange Book, G eneva, 1976)
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Recommendation G.339

12-M Hz VALVE-TYPE SYSTEM S O N STA NDA RDIZED 2.6/9.5-m m  COAXIAL CABLE PAIRS

(For the text o f this R ecom m endation, see Vol. I l l  
o f  the Orange Book, G eneva, 1976)

3.4 Carrier systems on 1.2/4.4-mm coaxial cable pairs

The V lth P lenary Assem bly (G eneva, 1976) transferred  to Section 6, T ransm ission  M edia, form er R ecom ­
m endation  G.342 (new reference, R ecom m endation G.622).

Recommendation G.341

1.3-M Hz SYSTEM S ON STANDARDIZED 1.2/4.4-m m  COAXIAL CABLE PAIRS

(am ended a t Geneva, 1964, M ar del Plata, 1968 and  Geneva, 1980)

Preliminary note

The C C IT T  recom m ends th a t A dm inistrations laying 1.2/4.4-m m  coaxial cables should  do so w ith a view 
to the eventual operation  o f  these pairs w ith 4-M H z (R ecom m endation G.343) or 6-M H z (R ecom m enda­
tion  G.344) systems.

If  A dm inistrations wish to equip a coaxial pa ir line w ith a sm aller num ber o f channels before the com plete
installation  is effected, they are advised to use, in conform ity  with the present R ecom m endation :

— a system with 6-km elem entary cable sections, if  they wish to  go on later to  opera tion  w ith 1200 or 
1260 telephone channels;

— a system with 8-km elem entary cable sections, if  they wish to  go on to  opera tion  w ith 900 or 
960 te lephone channels.

1 Line frequencies

The system will carry 300 telephony channels, transm itted  to line:

— either between 60 kH z and  1300 kH z as supergroups N os. 1-5 o f the 4-M H z system (Figure
1 a)/G .341);

— or between 64 kH z and  1296 kH z as a m astergroup with erect channel sidebands (F igure 1 b ) /G 3 4 \) .

2 Pilots and additional measuring frequencies

2.1 Line-regulating pilots

The C C IT T  recom m ends tha t 1364 kH z be used for the m ain  line-regulating p ilo t on all regulated-line 
sections crossing a frontier. The m ain line-regulating p ilo t is used for au tom atic  correction  o f  cable a ttenuation  
w ith the tem perature.

In any regulated-line section crossing a frontier, it is recom m ended tha t in bo th  d irections o f transm ission 
the A dm inistration  on the transm itting  side perm anently  transm it an  auxiliary line-regulating p ilo t a t 60 or 
308 kHz, as the A dm inistra tion  on the receiving side m ay choose, so as to  provide fo r add itiona l regulation , for 
exam ple.

The frequency accuracy recom m ended for the pilots is ±  1 x 10~5.

The pow er level o f these pilots should be adjusted at the ou tpu t o f  the transm it am plifier to  have a 
nom inal value o f —10 dBmO. The harm onics o f the 60 and  308 kH z pilots should  each have a level no t higher 
than  —70 dBmO.
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FIGURE 1/G.341
Line-frequency arrangements for international carrier 1.3-MHz systems 

on 1.2/4.4-mm coaxial pair

The tolerances for this level are the same as in R ecom m endation G.332, § 2.1. 

N ote  — Some systems in use em ploy a p ilo t at —1.2 NmO.

2.2 Frequency-comparison pilots

F or national frequency com parison, it is recom m ended that a 60- or 308-kHz pilot be used. Should 
in te rnational frequency com parison appear desirable, the A dm inistrations concerned will reach agreem ent on 
w hich o f these two frequencies they will use.

The pow er level o f a frequency-com parison pilot should be adjusted at the ou tpu t o f the transm it 
am plifier, to  a nom inal value o f —10 dBmO. The harm onics o f the frequency-com parison pilots should each have 
a level no t higher than  —70 dBmO.

2.3 A dditional measuring frequencies

Frequencies th a t can be used as additional m easuring frequencies are as follows:

-  supergroups Nos. 1 to 5 frequency allocation: (60), (308), 556, 808, 1056, 1304 kH z;

— m astergroup frequency allocation: (60), (308), 804, 1052, 1304 kHz.

N ote — O ne o f  the two frequencies in brackets will be used for the auxiliary line-regulating pilot.

The pow er level o f these additional m easuring frequencies should be adjusted, at the ou tpu t o f the transm it 
am plifier, to  have a nom inal value o f —10 dBmO. The harm onics o f the additional m easuring frequencies below 
650 kHz should each have a level at this po in t no t higher than —70 dBmO.

N ote — Some systems in use em ploy add itiona l pilots at —1.2 NmO.

The additional m easuring frequencies should not be perm anently  transm itted. They will be transm itted  
only for as long as is necessary for actual m easurem ent purposes.
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For calculation  purposes, two hypothetical reference circuits will be used.

3 Hypothetical reference circuit

3.1 H ypothetical reference circuit fo r  supergroup Nos. 1 to 5 arrangement

This hypothetical reference circuit is 2500 kilom etres long and is set up  on a 1.3 M H z 0 carrier system  on 
coaxial cable. It has, for each direction  o f transm ission, a to tal of:

— three pairs o f channel m odulators, each pair including transla tion  from  the audio-frequency ban d  to 
the basic g roup and  vice versa;

— six pairs o f g roup m odulators, each pair including transla tion  from  the basic g roup  to  the basic 
supergroup and  vice versa;

— nine pairs o f supergroup  m odulators, each pa ir including transla tion  from  the basic supergroup  to the 
frequency band  transm itted  on the coaxial cable and  vice versa.

A diagram  o f the hypothetical reference circuit for 1.3-MHz systems on coaxial cable is show n in Figure 
2/G .341. It will be seen tha t there is a to tal o f 18 m odulations and  18 dem odulations for each d irection  o f 
transm ission, assum ing tha t each m odulation  or dem odulation  is carried ou t in a single stage.

This hypothetical reference circuit consists o f nine hom ogeneous sections o f equal length (see R ecom m en­
dation  G.212).

2500 km

F requency  band  
tran sm itted  

over th e  coaxial cable

A ud io-frequency
band

-SSQS— [ M M — HI— SffiH — SSQ
I

Basic group  
f req u en c y  band

Basic su perg roup  
freq u en c y  band

C CITT - 4 5 7 4 0

FIGURE 2/G.341
Diagram of the hypothetical reference circuit 

for 1.3-MHz systems on coaxial cable

3.2 For m astergroup arrangem ent the hypothetical reference circuit used is th a t for 12 M H z systems
(R ecom m endation G.332, § 3).

4 Circuit noise

The general target noise values for cable systems (see R ecom m endation G.222) apply  also to system s on 
1.2/4.4-m m  coaxial pairs, w ith the conditions given in R ecom m endation G.223.

In practice, it is sufficient to  check by calculation  tha t, for every te lephone channel as defined by the 
relevant hypothetical reference circuit, the m ean psophom etric pow er at the end o f the channel, referred to  a zero 
relative level point, does no t exceed 10 000 pWOp during any period o f one hour.

§ Matching of the coaxial pair impedance and the repeater impedances

The sum A o f three term s defined in R ecom m endation G.332, § 5 m ust be at least equal to :

— 54 dB for a 6-km elem entary cable section;
— 52 dB for an 8-km elem entary cable section.

These figures have been calculated so as to get a ripple in the a tten u a tio n /freq u en cy  characteristic not 
exceeding 0.09 N p (approxim ately  0.8 dB) at the end o f a hom ogeneous section 280 km long. It has been assum ed 
tha t the reflected currents add  in phase in all the elem entary cable sections o f this hom ogeneous section (the 
spacing o f the buried repeaters, on a small coaxial pair, generally being very regular). In add ition , it has been 
assum ed that it is highly im probable that a telephone channel will be on m ore than  one hom ogeneous section o f 
the hypothetical reference circuit in the lower part o f the band  o f line frequencies. A t higher frequencies, N  should  
be well above the limit.

The hypothetical reference circuit is also used for 2.6-MHz, 4-MHz and 6-MHz systems transmitting supergroups on 
1.2/4.4-mm coaxial pairs and for systems providing two supergroups on symmetric pairs.
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6 Relative levels and interconnection

6.1 Relative levels and  cabling loss fo r  any repeater section

6.1.1 The loss on any 6-km elem entary cable section should be 35 dB at 1300 kHz. The relative pow er level at 
the inpu t o f the cable section (output o f the repeater equipm ent) should be —13 dB r at 1300 kHz. Each 
A dm inistra tion  may so select the pre-em phasis characteristic tha t the level at this po in t and  at frequency 60 kH z
lies in the range —18 to - 2 8  dBr.

6.1.2 The nom inal loss on any 8-km elem entary cable section should be 49 dB at 1300 kHz. The relative levels
at the in p u t o f any cable section are no t strictly standardized, values o f —3.5 dB r and  —4.3 dB r at the top
channel are being used in connection  with pre-em phasis values o f 9 dB and  10 dB respectively.

6.2 Frontier section

F or interconnection  between two systems using d ifferent pre-em phasis characteristics, unless there are 
special arrangem ents between the A dm inistrations concerned, the follow ing recom m endation will be applied:

6.2.1 In a 6-km elem entary cable section crossing a frontier, the level at the end o f the cable section (input o f 
the repeater equipm ent) should be equal to —48 dB at 1300 kHz.

As it may be necessary to insert equipm ent at the frontier crossing to elim inate the m onitoring or 
fau lt-locating  frequencies used in each country  or to term inate the rem ote pow er supply section, it is possible that 
the sending relative pow er level at 1300 kH z m ay be less than  —13 dBr. It is then necessary tha t the fron tier 
section should  be less than  6 km long. If  the difference between the pre-em phasis characteristics used in both 
countries in accordance with § 6.1 above is sm all, it m ay be com pensated for by the fact that the fron tier section 
is shorter th an  a norm al elem entary cable section. I f  the m difference between the pre-em phasis characteristics used 
in  bo th  countries is too great to  be com pensated for in this way, one o f the A dm inistrations concerned, chosen by 
m utual agreem ent, will have to m ake up for this difference at the attended receiving station on its territory  which 
lies closest to  the frontier.

6.2.2 F or interconnection between two different systems o f this type with 8-km elem entary cable sections, the 
relative level at the frequency 1300 kH z should be —4.0 dB r at the input o f the fron tier cable section. A ccording 
to  R ecom m endation G.352 one o f the A dm inistrations concerned, chosen by m utual agreem ent, will have to  m ake 
up  for the slight differences in relative level and  pre-em phasis at the attended repeater station which lies closest to 
the  frontier.

6.3 Relative levels in a term inal sta tion ; interconnection with other systems

R ecom m endation G.213 explains the general principles to be adop ted  to facilitate in terconnection  o f 
d ifferent systems in term inal stations.

7 Power-feeding and alarm  systems

7.1 Power feed ing  across a frontier

In the absence o f a special agreem ent between the A dm inistrations concerned with a pow er-feeding section 
crossing a frontier, it is recom m ended that each A dm inistration  pow er-feed only those repeater stations in its own 
country. M any A dm inistrations use looped pow er-feeding on the two sides o f a pow er-feeding station, h a lf o f each 
o f  the sections between this station  and  the adjacent pow er stations being so fed; they can close the loop at their 
fron tier stations. Agreem ents will be necessary if, for exam ple, the frontier is very far from  the m id-point between 
the two nearest feeding stations, or if the A dm inistrations concerned use looped pow er-feeding on the entire 
section between two feeding stations.

I f  the repeater stations in a country are fed from  ano ther country, special p recautions will be required to 
pro tect the staff w orking on the cables.

7.2 Rem ote power-feeding systems

The C C IT T  is studying these systems from  the follow ing viewpoints:

— precautions to be taken to protect staff against norm al voltages and  rem ote power-feed currents, or 
the use o f voltages and  currents which are innocuous to persons w orking in repeater stations or on 
lines;
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— protection  o f s ta ff and  equipm ent against induced voltages and  currents;

— trouble in rem ote pow er-feeding opera tion  caused by induced voltages and  currents.

7.3 Supervision and  alarms in a frontier section

This should be governed by agreem ent between the A dm inistrations concerned. In  particu lar, it is 
necessary at the po in ts o f in terconnection  betw een two systems th a t if  frequencies are used for m on ito ring  or for 
locating faults they be attenuated  to a level o f —50 dBmO on the receiving sides to  prevent any d isturbance to 
sim ilar frequencies used in the system farther dow n the line.

N ote  — Frequencies sent only over a system already w ithdraw n from  service because o f  a fau lt m ay be 
selected by each A dm inistra tion  on the national level.

Recommendation G.343

4-M H z SY STEM S O N  STANDARDIZED 1.2/4.4-m m  COAXIAL CABLE PAIRS

(Geneva, 1964; am ended a t M ar del Plata, 1968 and  a t Geneva, 1980)

Preliminary note

The. present R ecom m endation describes a system designed to  carry  a m axim um  o f 960 carrie r te lephone 
channels on  a 1.2/4.4-m m  coaxial pa ir (see R ecom m endation G.622).

A system o f this k ind is produced by halving the length o f the repeater section o f a 1.3-M Hz system (as 
described in R ecom m endation G.341) if this length is 8km, corresponding to  a nom inal repeater spacing o f  4 km 
for a 4-M Hz system.

1 Line frequencies

The C C IT T  recom m ends the two plans in F igure 1/G .343. P lan 1 shows the supergroup  allocations and 
P lan 2 the m astergroup allocations.

It m ay be desirable to m ake provision for the th rough-connection o f entire m astergroups o r a superm aster­
group  to this system. This can be effected in accordance with the frequency arrangem ent o f  P lan 2 in 
Figure 1/G .343.

Plan 2 uses the three lowest m astergroups in the 12-M Hz system on a 2.6/9.5-m m  coaxial pair. It perm its, 
in particu lar, direct in terconnection  with a 12-M Hz coaxial system using the P lan 1A frequency allocation  show n 
in Figure 1/G .332  and  with a radio-relay link o f 900 or 1800 channels operated  according to  R ecom m enda­
tion  G.423 (Figures 4 /G .423 and  8/G .423).

2 Pilots and additional measuring frequencies

2.1 Line-regulating pilots

The frequencies recom m ended for the various cases indicated in § 1 above and  show n in Figure 1/G .343
are as follows:

Plan 1 — The C C IT T  recom m ends the use o f the follow ing frequencies:

i) 60 kH z or 308 kH z for the lower line-regulating pilot;

ii) 4092 kH z or 4287 kH z for the upper line-regulating pilot.

However, each A dm inistration , when so requested by ano ther A dm inistra tion , should  perm anen tly  send a 
line-regulating pilot at 4287 kHz.

Plan 2 — The line-regulating pilots recom m ended in R ecom m endation G.332 for the 12-M Hz system in 
the same frequency band.

In every instance, the recom m ended stability is ±  1 x 10~5, the pow er level recom m ended is —10 dBmO, 
while the tolerances at this level are the same as in R ecom m endation G.332, § 2.1. The harm onics o f the 60- and  
308-kHz pilot should each have a level not higher than  —70 dBmO.
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FIGURE 1/G.343
Allocation of line frequencies in international 4-MHz carrier system 

on 1.2/4.4-mm coaxial pairs

2.2 Frequency comparison pilots

Plan 1 — For a national routine frequency check as described in R ecom m endation G.225, a frequency o f 
either 60 kH z or 308 kH z may be used for the frequency-com parison pilot.

The pow er level o f a frequency-com parison pilo t should be adjusted at the ou tpu t o f the transm it 
am plifier, to a nom inal value o f —10 dBmO. The harm onics o f the frequency-com parison pilots should each have 
a level no t higher than  - 7 0  dBmO.

The frequency 1800 kH z is provisionally  reserved for in ternational frequency com parisons, as required. 
How ever, if  the A dm inistrations concerned so desire, this frequency 1800 kH z may be used for the frequency- 
com parison  pilot.

A dm inistrations concerned with an in te rnational carrier system on coaxial cable may agree to use (if they 
consider it desirable) one o f the low er line-regulating pilots (either 60 or 308 kH z) for level control as well as for 
frequency checking.

In any case, it is desirable tha t one o f  the follow ing two solutions should always be applied , so as to allow 
the line-regulating pilots to be used at the sam e tim e for frequency checking:

— provide, in each regulated-line section, a m aster oscillator which is regularly com pared, directly or 
indirectly, with a national frequency standard ;

— if there is no m aster oscillator in a regulated-line section, thenbeyond the junction  between the two 
regulated-line sections considered, rein troduce the lower line-regulating pilot com ing from  the previous 
section, after its level has been stablized.

G enerally  speaking, it is possible for one p ilo t to have two or m ore functions if the A dm inistrations 
concerned so decide.

Plan 2 — The same recom m endation as for the 12-MHz system (R ecom m endation G.332, § 2.2).

2.3 Additional measuring frequencies

Plan 1 — Frequencies that may be used are the follow ing:

60, 308, 556, 808, 1056, 1304, 1552, 1800, 2048, 
2296, 2544, 2792, 3040, 3288, 3536 and 3784 kHz.
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The recom m ended accuracy for the frequency o f these signals is ±  40 Hz. The pow er level o f  these 
additional m easuring frequencies should be adjusted at the ou tpu t o f  the transm it am plifier to  have a nom inal 
value o f —10 dBmO.

The harm onics o f  the ad itional m easuring frequencies below  2.1 M H z should  each have a level at this 
po in t not higher than  —70 dBmO.

Plan 2 — The add itiona l m easuring frequencies recom m ended for the 12-M Hz system in the sam e 
frequency ban d  should  be used (R ecom m endation G.332).

3 Hypothetical reference circuits

R ecom m endation G.341, § 3 applies.

4 Noise

R ecom m endation G.341, § 4 applies.

5 Matching of the coaxial-pair impedance and repeater impedances

For an  elem entary cable section above 4 km in length the sum N  o f the th ree term s defined in 
R ecom m endation G.332, § 5) m ust be at least equal to the follow ing:

-  50 dB at 60 kH z, '
-  57 dB above 300 kH z

with linear variation  from  50 dB to 57 dB in the 60-300 kH z band , in the case o f  a linear frequency scale.

Note  — These values are based on the assum ption tha t the a tten u a tio n /freq u en cy  characteristic does not 
show any ripple exceeding ±  1 d N p  (about ±  1 dB) at the end o f a hom ogeneous section 280 km  long. A relaxed 
condition  was applied  at 60 ,kH z, as it may be d ifficult at low frequencies to  ob ta in  a reflection coefficient for the
repeater inpu t and ou tpu t im pedances which is sufficiently sm all in rela tion  to  the im pedance o f  the cable.

6 Relative levels and interconnection

6.1 Relative level a t amplifier output

-  at 4028 kH z: —9 dBr, or
-  at 4287 kH z: - 8 .5  dBr.

6.2 Pre-emphasis characteristic 

This is defined by the form ula:

A  =  10 log  1Q

in which the constants are so selected as to give between 9 and 11 dB o f pre-em phasis.

Both o f the sets o f values below meet this requirem ent:

1) a =  10 b = 3 f r = 4.7 M H z
2) a = 11.25 b =  1.56 f r = 4.4 M Hz

6.3 Interconnection in a fron tier section o f  two systems in which the elementary cable sections are o f  the sam e  
nom inal length (this is true o f two 4-M H z systems, and  also o f two 6-M H z systems)

As the relative line levels and  the pre-em phasis characteristic are already covered by recom m endations, the 
in terconnection  o f two systems in a frontier section will no t give rise to  any great difficulty  in this case. The 
A dm inistration  on the receiving side can receive the other A dm in istra tion ’s line levels prov ided  m inor ad justm ents 
are m ade in the first m ain repeater station (for details, see R ecom m endation G.352).

6.4 Interconnection o f  a 4 -M H z and a 6-M H z system in a fron tier section

, In the absence o f a special agreem ent between A dm inistrations, the m ethod described in R ecom m enda­
tion  G.352 should be applied  in this case.

1 + (dB )
1 +

£ \ 2
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See R ecom m endation G.213.

7 Power-feeding and alarm systems

R ecom m endation G.341, § 7) also applies to  systems conform ing to the present Recom m endation.

Recommendation G.344

6-M Hz SYSTEM S ON STA NDA RDIZED 1.2/4.4-m m  COAXIAL CABLE PAIRS

(Geneva, 1964, am ended at M ar del Plata, 1968 and Geneva, 1980)

Preliminary note

'  The present R ecom m endation describes a 6-M H z system.

It may be used for transm itting  a m axim um  o f 1260 telephone channels o r  television signals having a 
video bandw idth  o f about 5 MHz.

A system o f this kind can be produced by halving the length o f the elem entary cable section o f a 1.3-MHz
system (as* described in R ecom m endation G.341) if this length is 6 km , corresponding to a nom inal repeater
spacing o f  3 km for the 6-M H z system.

1 Line frequencies

1.1 Telephone transmission

The C C IT T  recom m ends the three p lans in F igure 1/G .344, each plan  form ing a whole w ithin the 
line-frequency band.

Plans 1 and  2 show the supergroup allocations, and  Plan 3 the m astergroup allocations.

In Plan 1, the groups are assem bled by m eans o f carriers produced from  a single frequency at 124 kHz.

The supergroups in the band  4404 to  5636 kH z are assem bled as up p er sidebands with the aid o f carrier 
frequencies corresponding  to supergroups in the range N os. 15 to 19. They m ay alternatively be assem bled by 
transla tion  o f an assem bly o f supergroups Nos. 4 to  8 using a carrier frequency o f 6448 kH z, which is ob ta ined  by 
m ultip ly ing by 4 the carrier frequency o f 1612 kH z corresponding  to  supergroup No. 5.

In Plan 2, the five inverted supergroups in the 4332 to  5564 kH z band  correspond to m astergroup 4 in the 
12-M Hz line allocation , bu t they also represent an arrangem ent conveniently ob ta ined  from  group and supergroup 
carrier frequencies.

Plan 3 is form ed from  m astergroups 1 to 4 in the 12-M Hz system [R ecom m endation G.332, § 1].

1.2 Transmission o f  television signals

A dm inistrations considering such transm ission should refer provisionally  to  R ecom m endation J.72 [1],

2 Pilots and additional measuring frequencies

2.1 Line-regulating pilots

The frequencies recom m ended are 308 kH z on the one hand , and 4287 kH z or 6200 kH z on the other.

Note — The pilot at 4287 kH z cannot be used with television transm issions.

In every instance, the recom m ended stability is ±  1 x 10-5 , the pow er level recom m ended is —10 dBmO, 
while the tolerances at this level are the same as in R ecom m endation G.332, § 2.1. The harm onics o f the 308-kHz 
p ilo t should each have a level no t higher than  —70 dBmO.

6.5 Interconnection at a main station
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FIGURE 1 /G.344
Allocation of line frequencies in international 6-MHz carrier system 

on 1.2/4.4-mm coaxial cable pairs

2.2 Frequency comparison pilots

Plans 1 and  2 — The sam e recom m endation as for the 4-M H z system (R ecom m endation  G.343, § 2.2).

Plan 3 — The same recom m endations as for the 12-M Hz system (R ecom m endation  G.332, § 2.2).

2.3 Additional measuring frequencies

Plans 1 and 2 — All the additional m easuring frequencies given in R ecom m endation  G.343 (supergroups) 
should be used. In addition , in the frequency band  above 4287 kH z, the follow ing add itiona l m easuring 
frequencies are recom m ended:

-  Plan 1: 5680 kHz,
-  Plan 2: 5608 kHz.

However, the harm onics o f the add itiona l m easuring frequencies below  2.8 M H z should com ply with the 
relevant conditions indicated in R ecom m endation G.343..

Plan 3 — The additional m easuring frequencies recom m ended for the 12-M Hz system in the sam e 
frequency band  (R ecom m endation G.332) should be used.

3 Hypothetical reference circuits

R ecom m endation G.341, § 3 applies.

4 Noise

R ecom m endation G.341, § 4 applies.

5 Matching of the coaxial-pair impedance and repeater impedances

For an elem entary cable section about 3 km in length the sum N  o f  the three term s defined in 
R ecom m endation G.332, § 5) m ust be at least equal to 60 dB at all frequencies above 300 kHz.

A figure o f 50 dB is recom m ended at 60 kHz. Between 60 and  300 kH z the acceptable lim it varies 
progressively.
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6.1 Relative levels a t repeater output a t 4287 kH z:

— 17 dBr provisionally.

6.2 Pre-emphasis characteristics fo r  telephony

The values considered for the constants a, b, f r in the form ula:

A  =  10 log  10

6 Relative levels and interconnection
1

are:

1) a = 10 b = 2.20 f r =  5.75 kH z
2) a =  24 b = 8.50 f r =  6.40 kH z

7 Interconnection

All the various possibilities are indicated  in R ecom m endation G.343, §§ 6.3 to 6.5.

8 Power-feeding and alarm systems

R ecom m endation G.341 also applies to  systems conform ing to the present R ecom m endation.

Reference

[1] C C IT T  R ecom m endation 6-M H z system  fo r  television transmission,' O range Book, Vol. III-2, Rec. J.72,
ITU , G eneva, 1977.

Recommendation G.345

12-MHz SYSTEM S ON STA NDA RDIZED 1.2/4.4-m m  COAXIAL CABLE PAIRS

(M ar del Plata, 1968; am ended at Geneva, 1972 and  1980)

The provisions o f this R ecom m endation are those appearing  in R ecom m endation G.332 for systems on 
2 .6/9.5-m m  coaxial pair, with the exception o f the follow ing provision:

5 Matching of the coaxial-pair impedance and repeater impedances

F or an elem entary cable section abou t 2 km in length, the recom m ended value o f N  is 63 dB throughout
the transm itted  frequency band , N  being defined as in R ecom m endation G.332, § 5.

Recommendation G.346

18-M Hz SYSTEM S ON STA NDA RDIZED 1.2/4.4-mm COAXIAL CABLE PAIRS

(Geneva, 1980)

The provisions o f this R ecom m endation are those appearing  in R ecom m endation G.334 for 18 M Hz 
systems on 2.6/9.5-m m  coaxial pair, with the exception o f the following provision:

5 Matching of repeater and line impedances

F or an elem entary cable section about 2 km in length, the recom m ended value o f N  is 63 dB throughout
the transm itted  frequency band , N  being defined as in R ecom m endation G.332, § 5.

1 + (dB)
1 +

/ L V

152 Fascicle III.2 — Rec. G.346



3.5 Other carrier systems on coaxial cable pairs

Recommendation G.352

INTERCONNECTION OF COAXIAL CARRIER SYSTEM S OF DIFFERENT TYPES 1) 2)

(am ended a t M ar del Plata, 1968 and Geneva, 1980)

In every case o f  in terconnection  o f coaxial carrier systems o f d ifferen t types a t frontiers, som e special 
arrangem ents are required  to  enable the systems to interw ork satisfactorily.

The follow ing po in ts require special atten tion :

1 Pilots

Each line-regulating p ilo t should be transm itted  on the two systems to  be in terconnected , at the same 
absolute pow er level (referred to a po in t o f zero relative level). I f  the two systems do no t use the sam e frequencies 
for the pilots, each o f the stations situated at the ends o f the regulated-line section crossing the fron tier should  be 
equipped to send all the pilots needed by both  systems.

2 Transmission conditions

For in terconnecting  systems using d ifferent pre-em phasis values and  ou tp u t levels at national boundaries, 
A dm inistrations can agree to equalize the level differences by shortening the fron tier cable section and  adding 
suitable passive equalizer netw orks as indicated in A nnex A.

There may be cases in which even shortening the cable section to  zero is no t sufficient to equalize 
com pletely the level differences. It is recom m ended in these cases th a t the residual sm all level differences be 
finally corrected in the next m ain repeater station.

In som e cases it m ay be feasible to  m ain ta in  the norm al repeater spacing in the fron tier cable section and 
to  accept som e level differences at some interm ediate repeaters near the frontier, ancillary  gain and  correcting 
networks being provided in the nearest m ain station  (see A nnex B).

3 Power feeding

In the absence o f a special agreem ent between the A dm inistrations concerned in a pow er-feeding section 
crossing a frontier, it is recom m ended that each A dm inistra tion  pow er-feed only the repeater stations on its own 
territory.

4 Supervision and alarms

In each particu lar case, these points should be agreed by A dm inistrations concerned.

5 Conditions for the repeater section

The C C IT T  has standardized the d im ensions o f  the coaxial pairs to be used in the in te rnational E uropean  
telephone netw ork (see R ecom m endations G.622 and  G.623). N evertheless, this s tandard ization  allows certain 
variations, so tha t the coaxial pairs m anufactured  by different contractors in d ifferent countries m ay n o t have 
exactly the sam e characteristics. To ensure uniform ity th roughou t the fron tier repeater section, it is strongly 
recom m ended that, by agreem ent between the two A dm inistrations concerned the m anufactu re o f  the whole 
section should be entrusted  to the same firm. If  the sam e contractor does no t supply the whole section, the two 
A dm inistrations concerned m ust very carefully coord inate their detailed specifications and  their m ethods o f  laying 
and  jo in ting , to ensure that the conditions recom m ended by the C C IT T  for the com plete elem entary  cable section 
are met.

b This Recommendation applies to 1.3-MHz, 2.6-MHz, 4-MHz, 6,-MHz, 12-MHz, 18-MHz and 60-MHz systems. 

2) Recommendation G.351 [1] has been deleted.
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As regards m atching o f  the im pedance o f this repeater section to the im pedances o f the two adjacent 
am plifiers, in the general case o f a coaxial cable section between two adjacent repeaters and  used for telephony 
only, the C C IT T  has defined only the perm issible lim its for the sum N  o f the three term s defined in 
R ecom m endation  G.332, § 5.

It is recom m ended th a t the A dm inistrations concerned with a coaxial cable section crossing a frontier 
agree on the values for each o f these three term s perm issible to  meet the above condition  — i.e. agree on the use 
o f  as good a m atch as possible. It is also very desirable tha t, throughout a coaxial system the A dm inistrations 
concerned should agree always to  use the sam e m ethods, particularly  in im pedance m atching, so as to sim plify 
system m aintenance.

ANNEX A 

(to R ecom m endation G.352)

The interconnection  o f systems using d ifferent pre-em phasis values and ou tpu t levels, at add itional 
boundaries, can be achieved by the m ethod shown in F igure A -l/G .352 . R epeater locations are designated I to IV, 
the d ifferent systems used in the two countries are indicated  by repeater types A and  B; the dotted  lines w, x, y 
and  z show the possible locations o f the actual frontier. The correcting netw orks shown between repeater points II 
and  III are designed in conjunction  with the cable length betw een II and  III to com pensate for the differences in 
level and pre-em phasis o f systems A and B. The correcting netw orks may be m ounted in the repeater boxes at II 
o r at III o r may be m ounted one in each box. A lternatively, they could be m ounted in a separate box between II 
an d  III. The distance between II and  III will norm ally  be less than  the repeater spacing o f system A or system B 
and  could in the lim it be zero, w ith the repeater boxes II and  III adjacent to one another, the frontier w ould then 
be at w or z.

Correcting networks

>

Repeater type A

>

<

{ >

<J

c >

<F
m n

CCITT - 4 5 7 5 0

FIGURE A-1/G.352

In terconnection  o f two systems can be established- by this m ethod, using only passive interconnecting 
netw orks, if  the follow ing condition  is met: the repeater inpu t level at any frequency o f one system is low er than  
the ou tpu t level o f the other system at the same frequency, by a small am ount (say 1 dB) to allow  for the loss o f 
the in terconnecting  circuit.

The repeaters o f type A could be fed with pow er and  supervised from  the nearest pow er-feeding station in 
country  A and  sim ilarly for type B repeaters. If  the fron tier were located at x or y, neither o f the pow er-feeding 
and  supervisory systems need cross the boundary.

W ith this m ethod all repeaters could be o f standard  types and the ou tpu t and pilot levels could be norm al. 
Special correcting netw orks w ould be required.
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A N N E X  B

(to R ecom m endation G.352)

An alternative m ethod to that given in A nnex A is show n in Figure B-1/G 352, in w hich the o rd inary  
length o f repeater spacing with the nom inal loss a is m aintained in the fron tier cable section. The nom inal relative 
sending level o f system I is n, and  that o f  system II is The difference o f  the relative levels is defined as the 
d ifferential pre-em phasis:

It shall be assum ed tha t Apre is positive over the whole transm ision b an d  and  th a t at the highest transm itted  
frequency, the sending levels o f  the two systems are alm ost equal. For the ad ap ta tio n  o f the relative levels between 
system I and  system II it is necessary to in troduce an additional passive correction  netw ork Apre in the d irection  
I — ► II and  an additional active correction netw ork —A in the direction I I — ► I.

For reasons associated with the size o f the repeater housing and  pow er supply, it m ay be desirable to 
avoid additional am plification  in the frontier section, which usually  has underg round  repeaters with a rem ote 
pow er supply. There is no great draw back in using the pre-em phasis o f the foreign incom ing system up to  the 
follow ing attended repeater station  and  to accom m odate only in this sta tion  the requisite gain for transfo rm ation  
o f the pre-em phasis. In the attended repeater station, there will be no special difficulty in getting the necessary 
space and current for the additional equipm ent. The requisite gain in the d irection  I I — *-1 (for — Apre) and  in the 
d irection I — *-11 (because of a possible basic loss in the Apre netw ork) is supplied  by add itiona l am plifiers which 
are usually already provided for in attended stations, to com pensate for the basic attenua tion  o f precision  
equalizers/

As indicated  in Figure B-l /G .352 it m ay be well to use differential pre-em phasis for bo th  directions in the 
sam e repeater station, for exam ple on that side o f the fron tier where there is the system using the sm allest 
pre-em phasis (higher sending relative level). I f  we assum e as is shown in Figure B -l/G .352  th a t this is system I, 
the few underg round  repeaters o f system I between the fron tier and  the attended  repeater station  will (in low er 
channels) be operated  with the lower level o f system II and  will affect the overall noise perfo rm ance o f the whole 
system less critically than if the situation were reversed, such tha t system II were operated  at a h igher level.

P ow er-feed ing  s ta tio n  P ow er-fed  s ta t io n s

F I G U R E  B -1 /G .3 5 2

Reference

[1] C C IT T  R ecom m endation Design, supervisory arrangements and power feed ing  o f  a carrier system  on coaxial 
cable, W hite Book, Vol. I l l ,  Rec. G .35i, ITU , G eneva, 1969.
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Recommendation G.356

(120 +  120)-CHANNEL SYSTEMS ON A SINGLE COAXIAL PAIR

(M ar del Plata, 1968)

1 Main characteristics of the systems (form erly Part A)

The systems provide (120 +  120) channels on a single coaxial pair, with two-way repeaters pow er-fed via 
the cable.

These systems belong to two categories: one with two supergroups (120 channels), the o ther with two 
supergroups +  one group (120 +  12 channels).

The choice between these systems depends on the conditions o f use.

1.1 Line frequencies

In systems o f the first category, the two supergroups are transm itted  to line in the position  o f 
supergroups Nos. 1 and  2 for one direction o f  transm ission and  in the 812-1304-kHz band  for the o ther direction. 
In systems o f the second category, the tw o supergroups are transm itted  to  line in the position  o f super­
groups Nos. 4 and 5 for one direction o f transm ission and  in the 188-676-kHz band  for the o ther d irection ; the 
g roup  is transm itted  in the position  o f the basic group (60-108 kH z) for one direction  o f transm ission and  in the 
1380-1428-kHz band  for the o ther direction.

T h e 'tw o  frequency plans concerned are shown in Figure 1/G .356 (Plans 1A and  IB for the first category, 
P lan 2 for the second category).

1364-kHz carrier

Plan 1A

Plan 1B 

1488-kHz (12 X 124) carrier

r :- ,. ^

Plan 2 C CITT - 4 5 7 7 0

FIGURE 1/G.356 
Frequency allocation plans

All these systems perm it interconnection  at frequencies o f the basic supergroup.

The system using Plan 1A needs less carrier frequencies than the o ther systems; it perm its sim ple 
in terconnection  in the 60-552-kHz band.

The system using Plan IB makes use o f supergroup translation  frequencies standardized for o ther systems 
(e.g. 300-circuit 4-wire systems) and  equipm ent widely available.

The system using Plan 2 enables 12 circuits to  be set up  in addition  along the m ain transm ission path, 
independen tly  o f the 120 long-distance channels. M oreover, it provides better p rotection  in regions where a great 
deal o f  induced noise is to be feared.
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In the case o f in terconnection  at a fron tier crossing o f  systems using d ifferen t frequency plans, the 
A dm inistrations concerned should  agree on the arrangem ents to be adopted . In case o f difficulty, the C C IT T  
recom m ends tha t P lan 1A be adop ted  to connect the two stations located on either side o f the frontier.

1st category 
120 channels 

Plans 1A and IB

2nd category 
(120 + 12) channels 

Plan 2

1.2 Pilots
regulating pilots 1364 kHz 432 and 1056 kHz
monitoring 52 or 60 kHz

Additional measuring frequencies:
(if required) Lower band 60 and 308 kHz 124 and 677 kHz

Upper band 808,1056 and 1304 kHz 811 and 1364 kHz

Stability and level of pilots
and additional frequencies Recommendation G.341 Recommendation G.341

1.3 H ypothetical reference circuit Recommendation G.338 [1] Recommendation G.338 111

1.4 Conventional load
(provisional recom m endation) Recommendation G.223 for a Recommendation G.223 for

240-channels 4-wire system (240 + 24)-channel 4-wire system

1.5 M atching o f  the coaxial-pair impedance and the repeater impedances

The m ost im portan t r ip ple effect arising from  reflections w ithin the cable is caused by the in teraction  o f 
these reflections w ith the m ism atches at the elem entary cable section term inals. In  o rder to  m inim ize the effects o f 
in ternal cable reflections the repeater section term inal m ism atches should be such tha t the ripp le effect a ttribu tab le 
to  interaction  betw een term inal m ism atches alone is only abou t h a lf  the perm itted  objective, i.e. 0.5 d N p  
(approxim ately  0.5 dB), ripple am plitude for a 280-km section. F or a 120-channel system this is quite feasible.

1.6 Relative levels and  interconnection

1.6.1 In terconnection : in the m ain stations in supergroups 1 and  2 or supergroups 4 and  5 for bo th  1st and  
2nd categories (i.e. Plans 1A and  IB or P lan 2).

— input send: —36 dB r;
— ou tpu t receive: —23 dBr.

1.6.2 In terconnection  in line: R ecom m endation G.352.

1.7 Regulation

As with o ther standard ized  C C IT T  systems, designers o f  the line-regulating equipm ent m ust take account 
o f  the daily and  seasonal varia tion  in tem perature to  which the cables and  repeaters are likely to  be subjected. In 
the case o f aerial cables, particularly , large tem perature changes may be encountered , for exam ple ±  35 °C .

2 Cables (form erly Part B)

The line is a single coaxial pair, the specification o f which is suited to  the external m edium , the 
underground  o r overhead conditions o f use, stresses caused by lightning strokes or the neighbourhood o f  pow er 
lines, the m ethod o f laying, etc.

Corresponding to points T  and T' as defined in Recommendation G.213.
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The in ternal conductor may either be insulated  by the custom ary m ethods for coaxial pairs standardized 
by the C C IT T  or, in order to  increase the dielectric strength or the m echanical strength, it m ay be insulated with 
solid polythene, o r polythene and air (discs su rrounded  by a tube m ade o f polythene, foam ed polythene, 
polythene cylinder with longitudinal channels, etc.).

The external conductor m ay be o f copper o r alum inium .

The cable lengths may be jo ined  together either by splicing or by m eans o f a connector.

The characteristic im pedance at 1 M H z is 75 ohm s in principle, unless the cost o f a cable with this 
im pedance w ould be too high for the purpose in  view.

Specifications o f im pedance regularity should  take into account the final capacity  o f any system tha t may 
use the cable.

The standardized 4.4-mm and  9.5-mm coaxial pairs have close lim its on im pedance and  internal 
reflections, partly  to  allow for possible use for television. F or a 120-channel system the C C IT T  objective for the 
varia tion  o f  level w ith frequency o f the line spectrum  at the end o f a regulated-line section (m axim al ripple 
am plitude 1.0 dN p , i.e. approxim ately  1 dB according to R ecom m endation G.332, § 5) can be met using cables o f 
low er standard  o f im pedance regularity. If  the condition  m entioned in § 1.5) above is fulfilled, in ternal cable 
irregularities may then be up to  10 dB worse than  for the 4.4-mm pair (see R ecom m endation G.622).

Reference

[1] C C IT T  R ecom m endation 4-M H z valve-type system s on standardized 2 .6 /9 .5-m m  coaxial cable pairs, 
O range Book, Vol. I I I - l ,  Rec. G.338, ITU , G eneva, 1977.

3.6 Other carrier systems on open-wire lines

Even though the systems described in the present subsection are m odern , particularly  because the 
audio-frequency band  effectively transm itted  for each te lephone channel is from  300 to  3400 Hz, the general 
R ecom m endations o f Section 2 cannot be applied  to them  entirely, having regard to  certain peculiarities o f their 
m akeup. F or this reason the follow ing special arrangem ents have been made.

Recommendation G.361

SYSTEM S PROVIDING THREE CARRIER TELEPHONE CIRCUITS 
ON A PAIR OF OPEN-W IRE LINES

1 Standardized system (form erly Part A)

The particu lar system described below provides three good-quality  telephone circuits in the frequency band  
above the existing audio circuit. This system can be arranged  below  the frequency band  show n in Scheme I o f 
F igure 1/G .311 for a 12-circuit system.

The arrangem ent o f line frequencies in this system has been so specified tha t when such a system crosses a 
fron tier (perhaps in a com pletely un inhabited  area) it is not necessary to use m odulators and  dem odulators.

Besides the audio circuit, it is possible with this arrangem ent o f line frequencies to provide either one 
carrier te lephone circuit together and one two-way sound-program m e circuit at 6.4 kH z or a two-way sound- 
program m e circuit at 10 kH z (see R ecom m endations J.22 [1], J.23 [2], J.32 [3] and  J.33 [4]).

This system can also include a certain num ber o f telegraph channels w ithout change to the transm itted  
frequency band  o f the carrier circuits. The bandw idth  o f the audio  circuit, however, is in this case reduced.

The specification below  has been designed for the above particu lar case.
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1.1 Frequency band  transm itted

The carrier frequency spacing should be 4 kHz.

The lower ban d  transm itted  to line for one direction o f transm ission should be between 4 and  16 kH z, and 
the upper ban d  used for the o ther direction o f transm ission should be either 18 to 30 kH z or 19 to  31 kH z, so as 
to  allow the use o f staggered carrier frequencies if  it is later decided to  use a second sim ilar system on the same 
pole route (see § 1.10 below  and  Figure 1 /G .361).

7  £  £  °  kHz
; i i
| Schem e 1 I

' f  £  j 2  1 n  kHz
I 1 1 I[ Schem e 2 1

7  ■ £  £  g  kHz

• 1 ! I| Schem e 3  I

*  2  j 2  I m kHz

Schem e 4  c c i t t  - 4 5 7 8 0

FIGURE 1/G.361

Frequency spectra for four systems, each providing three carrier telephone circuits 
which can be set up one after another on the same pole route

1.2 Relative power level

The relative pow er level at the ou tpu t o f the term inal equipm ents and  in term ediate repeaters, on each 
channel and  for the frequency o f this channel which corresponds to  the audio-frequency 800 Hz should no t be 
greater than  + 1 7  dBr.

1.3 Pilots

The pilots are norm ally 16.110 kHz for the lower line-frequency ban d  and  31.110 kH z for the upper band. 
The relative frequency accuracy recom m ended for them  is ± 2 .5  x 10-5 . This recom m endation  applies to  all the
four frequency spectra show n in Figure 1/G .361. The pow er level o f the line pilots should  be —15 dBmO.

The upper p ilo t o f 31.110 kH z is suitable for m ost A dm inistrations. N orm ally  it m ay be expected to  give a
ra ther better regulation perform ance than  a p ilo t o f  lower frequency.

In other cases it may be unsuitable for the follow ing reasons:

1) The regulation  may be affected when the open-w ire pair is already equipped with a num ber o f filters
designed to  separate 12-circuit systems from  old-type 3-circuit systems.

2) W hen a single m odulation  stage is used for the low -frequency telephone channels o f  the standard ized  
system, it is convenient for in terband  telegraph channels (see § 2 below) to  be located above, rather 
than  below, the frequency band  occupied by the telephone channels in the high-frequency d irection  of 
transm ission.

The C C IT T  accordingly recom m ends tha t an alternative pilot frequency o f 17.800 kH z be used, when it is
agreed between the A dm inistrations concerned that the norm al p ilo t frequency o f 31.110 kH z is unsu itab le either
for the reasons given above or to  meet other circum stances peculiar to  the route.
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1.4 Variation (with frequency) o f  the overall loss a t the output o f  the transmit terminal equipment

See R ecom m endation G.232, § 1.

1.5 Non-linearity distortion o f  all the term inal equipments

See R ecom m endation G.232, § 7.

1.6 Crosstalk in term inal equipments 

See R ecom m endation G.232, § 9.

1.7 Impedance (as seen fro m  the switchboard-jack)

See R ecom m endation G.232, § 11.

1.8 Stability o f  carrier generators

So tha t the effect o f the m odulations and  dem odulations never gives rise to  a difference greater than  2 Hz 
between the audio-frequency inpu t and  the audio-frequency o u tpu t at the far end (where there is no in term ediate 
dem odulation  and  m odulation), the stability o f the carrier frequency generators should be such th a t the frequency 
is always correct to  w ithin ± 2 .5  x 10~5.

1.9 Carrier leak sent to line

The pow er level o f  the carrier leak should  no t be greater than :

—17 dBmO for one channel and  for each direction o f  transm ission;
—14.5 dBmO for all channels o f the system taken together and  for each direction o f  transm ission.

1.10 Several system s working on the sam e route

The C C IT T  recom m ends the four arrangem ents o f frequencies show n in the d iagram s o f Figure 1/G .361. 
N o order o f  preference has been decided and  in each particu lar case the A dm inistrations concerned will choose 
the m ost ap p rop ria te  scheme(s).

N ote  — Also, by agreem ent between A dm inistrations concerned, the lower frequency ban d  transm itted  to 
line, Schemes 2 and  4, m ay be inverted.

2 Systems using common repeaters for telephony and interband telegraphy (form erly Part B)

F or in te rnational traffic, it is necessary to  provide fo r an  open-w ire system which uses com m on line 
repeaters fo r telephone and  in terband  telegraph channels.

2.1 Line-frequency arrangement fo r  telephony

The arrangem ent o f line frequencies as far as the te lephone channels are concerned w ould be as show n in 
§ 1 above.

2.2 Line-frequency arrangements fo r  telegraphy

2.2.1 It is recom m ended th a t the system should provide four telegraph channels, the nom inal frequencies to be
used being as follows:

a) Low-frequency direction o f  transmission

3.22, 3.34, 3.46 and  3.58 kHz

b) High-frequency direction o f  transmission

i) te lephone channels occupying the frequency b an d  18-30 kH z:

30.42, 30.54, 30,66 and  30.78 kHz

ii) te lephone channels occupying the frequency ban d  19-31 kH z:

18.22, 18.34, 18.46 and  18.58 kHz
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2.2.2 W hen inband  signalling (as d istinct from  ou tband  signalling at the edge o f the 4-kH z ban d ) is em ployed, it 
becom es possible to  provide two additional telegraph channels having the follow ing nom inal frequencies:

a) Low-frequency direction o f  transmission

3.70 and  3.82 kH z

b) High-frequency direction o f  transmission

i) te lephone channels occupying the frequency ban d  18-30 kH z:

30.18 and  30.30 kH z

ii) te lephone channels occupying the frequency ban d  19-31 kH z:

18.70 and  18.82 kH z

2.2.3 W here, as a result o f agreem ent between the A dm inistrations concerned  the system has an  upper p ilo t o f 
17.800 kH z (see § 1.3 above), the follow ing frequencies m ay be used as alternatives to  those specified in §§ 2.2.1,
b) ii) and  2.2.2, b) ii). This alternative arrangem ent perm its, in certain  types o f systems, a m ore econom ical 
m odulation  process:

31.42, 31.54, 31.66 and  31.78 kH z instead o f 18.22, 18.34, 18.46 and  18.58 kH z 
also 31.18 and  31.30 kH z instead o f  18.70 and  18.82 kH z

2.3 Power transm itted to line

The C C IT T  has no t thought it desirable to  standard ize absolutely the pow er transm itted  to  the line as this 
m ay be dependent upon  the conditions on the open-w ire route. N either was it thought necessary to  d ifferen tia te 
between am plitude- and frequency-m odulated telegraph channels. U nder favourable conditions a typical value for 
the pow er on each telegraph channel w ould be —20 dBmO.

3 O ther systems (form erly Part C)

In som e cases it is necessary to  operate across a fron tier on  an  open-w ire pair, w ithout using dem odulato rs 
and  m odulators at the frontier, using a system provid ing  three good-quality  te lephone circuits (effective frequency 
bandw idth  o f each circuit — 300 to 3400 Hz), and  having below  abou t 6 kH z a frequency b an d  w hich can  be 
used for o ther purposes. In such cases the arrangem ent o f line frequencies should  be the subject o f b ila tera l 
agreem ent between the A dm inistrations concerned. The clauses in §§ 1.2, 1.4, 1.5, 1.6, 1.7, 1.8 and  1.9 above are 
applicable to  all such systems.

The carrier frequency spacing could be 4 kH z, as in all other recom m endations o f  the C C IT T  for m odern  
carrier systems. This solution w ould perm it the use on each telephone channel o f ou tband  signalling recognized by 
the C C IT T  (R ecom m endation Q.21 [5]). As a variant, a system could be used having a carrie r frequency spacing 
o f less than  4 kH z, bu t still providing an effectively transm itted  bandw id th  o f 300-3400 Hz in  each te lephone 
channel. Such a system w ould facilitate the provision, if required, o f up  to  six te legraph  channels using the sam e 
line repeaters as the telephone channels.

Establishment o f  a m odel questionnaire concerning prelim inary information which should be obtained relating to
existing open-wire lines by Adm inistrations wishing to set up multichannel carrier telephone system s

The C C IT T

unanimously recommends

tha t the follow ing questionnaire should be used:

(1) W hich com m unication  channels should be set up  on carrier system s?

(2) W hich lines are available for carrier w orking?

a) length o f these lines,
b) gauge, nature o f wire, d istance between wires,
c) existing cable sections (location , type and  length o f these cables),
d) existing transpositions and  crossings,
e) am ongst available lines, are there two or m ore identical circuits which could be interchangeable,

to  which reserve circuits could be allocated?
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(3) W hat are suitable po in ts for installation  o f the repeaters? W here are audio-frequency repeaters already 
located on the lines to  be equipped  for carrier w orking?

(4) W hat are the locations o f rad io-transm itting  stations liable to  interfere with the carrier channels? W hat 
pow er and  frequency are used by these transm itters?

(5) Are the new carrier circuits to  be connected to  o ther lines perm anently  or tem porarily?

C ertain  lines and offices having been selected as a result o f the answers to the above questions, 
A dm inistra tions should  ob ta in  the follow ing in form ation :

W hat are the results o f im pedance and  attenuation  m easurem ents m ade on each o f the proposed  line 
sections th roughou t the frequency band  to  be used?
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3.7 International telephone carrier systems using submarine cable

Recommendation G.371

FDM  CARRIER SYSTEM S FOR SUBM ARINE CABLE

(Geneva, 1964; am ended a t M ar del Plata, 1968, and  Geneva, 1972, 1976 and 1980)

1 Interconnection with overland systems

1.1 Definition o f  submarine system /overland system  interconnection point

There is a basic difference between overland and subm arine systems with regard to interconnection  
conditions. In the overland systems we are concerned w ith the connection, at a po in t close to a frontier, o f two 
systems operated  by different A dm inistrations and  designed by different m anufacturers, som etim es according to 
d ifferent principles, although they respect the same C C IT T  R ecom m endations. In subm arine systems there is 
usually one system, purchased, installed and  operated  jo in tly , and  built by one m anufacturer; in such systems 
term inal equipm ents include special equipm ent which are studied in relation  to line equipm ent (rem ote feeding, 
equalization , location o f faults, etc.) and  which cannot be dissociated therefrom . It is this system as a whole which 
is interconnected with the overland netw orks o f the two countries it connects; instead o f  one fron tier po in t, there 
are two. This being so, the in terconnection  points are defined as the output(s) 51 and  the input(s) S '  o f the special 
equipm ents which ensure the passage between the frequency allocation  used in the subm arine cable system and  a 
line-transm itted  frequency allocation  for an  overland system (or part o f such an allocation  plan), so as to  enable 
group , supergroup, o r m astergroup translating  equipm ent (depending on the capacity  o f the system) which 
conform s to  C C IT T  R ecom m endations to be used on the o ther side o f these in terconnection  points (see 
Figure 1 /G .371).
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Carrier link (line, supergroup or 
mastergroup, etc., link)

CCITT - 1 5 2 1 0

FIGURE 1/G.371
Interconnection of a submarine cable system with the overland network

Because the C C IT T  does not recom m end, in the case o f a subm arine cable system, the arrangem ent o f 
line-transm itted  frequencies, it is advisable for the capacity  o f a system to be defined in term s o f the num ber o f 
groups, supergroups, etc., p rov ided ; it being understood  tha t each such group , supergroup, etc., can be m ade 
available, if  necessary, as a group, supergroup, etc. link for the transm ission o f  wide spectrum  signals.

1.2 Recom m endations concerning the positioning o f  pilots and  supervisory signals, etc.

To avoid disturbing the operation  o f overland systems to which the subm arine cable systems m ay be 
interconnected  as indicated  above, or lim iting the alternative ways in which the system m ay be used, the C C IT T  
recom m ends that subm arine cable systems should no t use any p ilo t inside the ban d  o f any group, supergroup, etc., 
transferred  to  the subm arine system across the in terface w ith the overland netw ork and  form ing p art o f the 
defined system capacity. F urtherm ore, the repeater m onitoring (supervisory) signals and  rem ote signalling 
frequencies should be located outside each such band  and  preferably outside the lim its o f the band  occupied by 
the telephone channels transm itted  in either direction.

N ote  — F or testing on a system taken  out o f service, the above restriction  on the frequencies o f  repeater 
m onitorong  signals need not apply.

1.3 Impedance and  relative power levels

If  the signal transm itted  at an in terconnection  po in t is constitu ted  by a single C C IT T  m ultiplexing un it 
(i.e. a group, supergroup, etc.) in its basic frequency position , the po in t S  can  be regarded as corresponding  to  the 
receive side and  the po in t S '  to  the transm it side o f  a group, supergroup, etc. d istribu tion  fram e. The im pedance 
and  relative pow er level should be in accordance w ith R ecom m endation G.233.

A lternatively, the signal m ay consist o f  a num ber o f groups, supergroups, etc. assem bled in the frequency 
positions occupied on the line o f an  overland system. The points 5  and  S '  then  correspond  to the T  (ou tpu t), and  
T ' (input) o f a line link as defined in R ecom m endation G.213. The im pedance and relative pow er level should  be 
in accordance with Table 1/G .213.

W hen considering the loading conditions on overland transm ission systems, due a tten tion  should  be paid  
to  the d ifferent conventional load values m entioned in § 3 below.

1.4 Lim its fo r  residues o f  signals outside the transm itted bands

In each o f the two cases o f in terconnection  considered in § 1.3 above, all unw anted signals from  the 
subm arine system should be suppressed according to C C IT T  R ecom m endations, particularly  R ecom m enda­
tions G.242 and  G.243. For this purpose, any necessary filtering additional to  tha t in the regular equipm ent on the 
landline side o f the in terconnection  point S, should be provided in the special equipm ent o f the subm arine system.
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It is necessary, as regards the add itiona l filtering in the special equipm ent, to take account o f  the 
particu la r line frequency p lan  used in the subm arine system, the frequency positions and  pow er levels o f 
regulating, m onitoring and  supervisory pilots and  o f speech signals passed over service channels used for the 
opera tion  o f  the subm arine system-. If  these are d ifferent from  the norm al system arrangem ents to which the 
suppression requirem ents specified in R ecom m endations G.242, and  G.243 were related, then the values o f  the 
suppression provided in the special equipm ent o f the subm arine system need to  be adjusted  accordingly.

The suppression conditions which apply  at S '  for signals orig inating  in the overland system are those o f 
R ecom m endation  G.242 (through connection  o f groups, supergroups, etc.). Any supplem entary  suppression 
necessary fo r the pro tection  o f  control signals, etc., in the subm arine system, should be provided in the special 
equ ipm ent o f  the subm arine system.

2 Frequency plans

It is recom m ended tha t circuits be assem bled in the basic group, supergroup, m astergroup, etc. specified by 
the  C C IT T  (R ecom m endation G.211). To ob ta in  a capacity  o f m ore than  eight groups, but which can reach eight 
supergroups, it is recom m ended to  lim it the choice to  systems providing two, five or eight supergroups. Because o f  
the need in b ro ad b an d  subm arine cable systems to  m axim ize the econom ic use o f the baseband , the C C IT T  does 
no t recom m end any specific values for larger capacity  systems. In no case does the C C IT T  consider it necessary 
to  standard ize the line frequency band , which in each case is subject to  agreem ent between the two A dm in istra­
tions concerned.

It is recom m ended tha t at the inpu t and ou tpu t o f the special term inal equipm ent, at the interconnection  
po in ts defined in § 1 above, the groups and  possibly the supergroups are assem bled in one o f the frequency 
a llocations (or part o f such an allocation  p lan) already recom m ended by the C C IT T  for in terconnection  between 
rad io-relay  links and  systems on m etallic lines; these allocations are given in Table 1/G .423. If  the capacity  does 
n o t correspond  to one o f those m entioned in this table, the capacity im m ediately above should, o f course, be 
taken.

It should be noted th a t these arrangem ents include the possibilities o f the frequency allocation  being a 
single group , supergroup or m astergroup, etc., in its basic frequency position.

3 General transmission conditions

The systems should satisfy all R ecom m endations in Sections 1 and  2 o f the Series G R ecom m endations 
includ ing : noise, crosstalk, a ttenuation  d istortion , erro r on  the reconstituted frequency, varia tion  o f loss with time. 
H ow ever, fo r noise calculations it is necessary to  specify a conventional load  other than  that o f R ecom m enda­
tion  G.223 which applies to  carrier systems on land  cables or rad io  links. F or p lanning  purposes a conventional 
load  value o f —13 dBmO^ per audio channel should be used. This value m ay be relaxed should the p lanned  
operating  requirem ents indicate th a t a lower pow er level m ay exist. Conversely a higher value m ight be considered 
if  the systems considerations require this.

4 Cables

See Subsection 6.3 o f the Series G  R ecom m endations.

Assumes VF telegraphy and data systems operate at an aggregate power level of —13 dBmO per audio channel. 
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SEC T IO N  4

GENERAL CHARACTERISTICS 
OF INTERNATIONAL CARRIER TELEPHONE SYSTEM S  

O N RADIO-RELAY OR SATELLITE LINKS AND INTERCONNECTION  
WITH METALLIC LINES

COORDINATION OF RADIOTELEPHONY AND LINE TELEPHONY

4.1 General recommendations

Recommendation G.411

USE OF RADIO-RELAY SYSTEM S FOR INTERNATIONAL  
TELEPHONE CIRCUITS

The C C ITT

unanimously recom m ends0 ,

that, between fixed points, telephone com m unications should be effected w herever possible by m eans o f 
m etallic conductors or radio-relay links using frequencies above 30 M H z to m ake the allocation  o f rad io ­
frequencies less difficult and , where this can be realized, the objective should be to  atta in  the transm ission  
perform ance recom m ended by the C C IT T  for in ternational te lephone circuits on m etallic conductors.

Reference

[1] C C IR  R ecom m endation Use o f  radio links in international telephone circuits, Vol. I l l ,  Rec. 335-2, ITU , 
G eneva, 1978.

0 This Recommendation is the same as an extract from CCIR Recommendation 335-2 [1],
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Recommendation G.412

TERMINAL EQUIPM ENTS OF RADIO-RELAY SYSTEMS FORM ING PART 
O F A GENERAL TELECOM M UNICATION NETWORK

The C C ITT , 

considering

th a t in Europe, and  also in other parts o f  the w orld, there is a vast in ternational te lecom m unication 
netw ork which (as well as national networks) has been established in conform ity w ith the R ecom m endations o f 
the C C IT T , particularly  as far as the frequency spectrum  o f the telephone channels in the frequency band  up  to 
4 M H z is concerned, and  also as regards the essential technical characteristics o f the term inal equipm ents o f  all 
the carrier systems;

considering, further,

tha t the increasing in troduction  o f dem and w orking and  sem iautom atic telephone service will lead, in the 
near future, to  an appreciable ' increase in the num ber o f long-distance national and in ternational circuits,

and  tha t consequently , during the next few years, it will be necessary to install m ultichannel telephone 
systems on rad io  links and  to  in tegrate these links w ith the general te lecom m unication netw ork;

a n d  considering fina lly

tha t in terconnection  o f the systems should be m ade easy and  tha t the task  o f the telephone A dm inistrations 
w hich will have to  use and  m ain ta in  these systems should  no t be unnecessarily  com plicated;

unanim ously recommends

that, when technically possible and  econom ically desirable,

(1) systems on radio-relay  links should be arranged  in such a way th a t at points o f in terconnection  with 
the general te lephone netw ork, the te lephone circuits appear assem bled in accordance with the rules already 
recom m ended by the C C IT T  for cable systems (this rule is covered by R ecom m endations G.421 and  G.423);

(2) in  all cases channel-m odulating  equipm ent should  meet the basic specification clauses given in 
R ecom m endation  G.232. ■

4.2 Interconnection of radio-relay links with carrier systems on metallic lines

Recommendation G.421

M ETHODS O F INTERCONNECTION

In studying the in terconnection  o f radio-relay systems, either with one another or with systems on m etallic 
lines, d istinction  should be m ade between the follow ing cases:

1 Interconnection at audio-frequencies

This is the norm al m ethod, at the present stage o f technical developm ent, whenever a radio-relay system 
using tim e-division m ultiplex is involved b. O perational requirem ents m ay be such tha t it is also necessary in the 
case o f frequency-division m ultiplex and  o f systems on m etallic lines.

Note from  the Secretariat — This text relates to FDM radio-relay systems which were the subject of Recommenda­
tions G.432 and G.443 (now both deleted). As far as PCM radio-relay systems are concerned see CCIR Report 378-3 [1].
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2 Interconnection by through-group connection

W ith present technical developm ent only radio-relay  links having frequency-division m ultiplex can provide 
telephone channels assem bled in groups, supergroups, m astergroups, and  in som e cases, superm astergroups or in 
15-supergroup assem blies 9.

In terconnection  between a radio-relay system using frequency-division m ultiplex and  a system on m etallic 
lines can be carried out by through-connection  o f  groups, supergroups, etc. This is possible because, accord ing  to 
the provisions o f R ecom m endation G.423, the baseband  o f  such a rad io-relay  system corresponds to th a t o f a 
certain  num ber o f groups, supergroups or m astergroups transm itted  to  line in  coaxial cable systems. These groups 
can be ob ta ined  from  the relevant basic frequency band  by m eans o f  transla ting  equipm ent already  standard ized  
for cable systems in accordance with C C IT T  R ecom m endations.

T hrough-connection should  then be carried out in accordance w ith R ecom m endation  G.242, via the basic 
frequency range for groups (12 to  60 kH z or 60 to  108 kH z), for supergroups (312-552 kH z), etc. (see R ecom m en­
dation  G.211 and  Figure 1/G .211, in particular).

3 Interconnection in the baseband

The baseband  o f frequency-division m ultiplex radio-relay  links is the sam e as the frequency b an d  o f
carrier systems on m etallic lines, and in terconnection  in this band  is possible in the conditions specified in
R ecom m endation G.423.

D irect th rough-connection  m ay also be m ade in this baseband , betw een m etallic-line system s and  
radio-relay  links, in accordance with the general provisions o f R ecom m endation G.242, § 7.

F or tim e-division m ultiplex radio-relay links, the baseband  had  been defined by the C C IR  as “the series o f 
m odulated  pulses before it is app lied  to the carrier frequency”. In terconnection  in the baseband  o f tim e-division 
radio-relay  links w ith m etallic-line systems has no t yet been studied.

4 Interconnection at intermediate frequencies

5 Interconnection at radio frequencies

§§ 4 and  5 concern cases arising only in  the in terconnection  o f  tw o radio-relay  system s and  are the 
concern o f the C C IR .

Reference

[11 C C IR  R eport Characteristics and  performance objectives fo r  digital radio-relay system s, Vol. IX , 
R eport 378-3, ITU , G eneva, 1978.

Recommendation G.422

INTERCONNECTION AT AUDIO-FREQUENCIES

C C IR  R ecom m endation 268-1 [1] states that, as far as is p racticab le , radio-relay  systems for te lephony 
providing circuits which m ay form  part o f an in te rnational connection  should  be such th a t these circuits conform  
with the relevant C C IR  R ecom m endations for m odern  types o f te lephone circuit in the follow ing respects:

1) the transm ission characteristics o f the circuits between audio-frequency term inals (the relevant 
R ecom m endations are contained in Section 1 o f this Part);

2) the characteristics o f  the m ultiplex term inal equipm ent, w here applicable (see R ecom m endations G.232 
and  G.412);

3) the m ethod o f signalling over in te rnational circuits, the relevant R ecom m endations are con tained  in 
Volum e V I; see also the follow ing N ote:

N ote — Since the C C IT T  R ecom m endations m entioned in 2) above envisage the use o f  w ell-defined audio  
signalling frequencies sent over the speech path , no signal repetition problem s should arise.

Note from  the Secretariat — This text relates to FDM radio-relay systems which were the subject of Recommenda­
tions G.432 and G.443 (now both deleted). As far as PCM radio-relay systems are concerned see C C IR  Report 378-3 [1].
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W hen different signalling m ethods are used on a cable system and  a radio-relay system, equipm ent will be 
necessary at the in terconnection  point to convert the two types o f signalling to a com m on type, preferably d.c. 
signalling.

Reference

[11 C C IR  R ecom m endation Interconnection a t audio frequencies o f  radio-relay system s for telephony, Vol. IX, 
Rec. 268-1, ITU , G eneva, 1978.

Recommendation G.423

INTERCONNECTION AT THE BASEBAND FREQUENCIES OF FREQUENCY-DIVISION
M ULTIPLEX RADIO-RELAY S Y S T E M S 2>

(am ended a t Geneva, 1964)

1 General principles

The C C IR  issued R ecom m endations 380-3 [1] and  381-2 [2] so that, as far as possible, radio-relay links 
using frequency-division m ultiplex should have characteristics which allow direct in terconnection  at baseband 
frequencies with systems o f the sam e capacity on m etallic lines having the sam e line frequencies.

D irect in terconnection  is advantageous, for exam ple, in the follow ing cases:

1) at a junc tion  between a system on m etallic lines and  a radio-relay system o f the same capacity, when 
it is no t required to  extract groups o f te lephone channels;

2) at a junc tion  po in t between a radio-relay  system and  a short cable extension (see § 3 below). A cable 
extension is regarded as “short” if  it does no t require its own line-regulating system.

The pre-em phasis characteristics at the ou tpu t o f cable system repeaters have no t been fully standardized 
by the C C ITT. M oreover, line transm ission in a repeater section o f a system has various special features due, for 
exam ple, to  the presence o f various pilots and  to  the pow er feeding o f the repeaters. Further, points R  and T  
defined in R ecom m endation G.213 may be very near to  each other, or they may be linked by several kilom etres o f 
cable.

F or these reasons, it is unnecessary to provide a direct in terconnection  o f a telephony radio-relay link with 
either a sym m etric cable pair o r coaxial cable for a telephone system, such tha t the inpu t and ou tpu t levels o f the 
relay link correspond  exactly to  the norm al levels at the inpu t and  ou tpu t o f a repeater in the cable system. It is 
p referable to  m ake the in terconnection  at a po in t in the telephone equipm ent where the level is independent o f the 
frequency. Consequently , interconnection  w ith m ultiplex telephone equipm ent in the baseband  o f a radio-relay 
link  (which in accordance w ith C C IR  R ecom m endation 381-2 [2] is always considered to be at one end o f the 
line-regulating  section on a radio-relay link) should always be effected in a m ain repeater station 3). In terconnec­
tion  w ith ano ther system w hether cable or radio-relay  link will be effected in this station between points T  and  T ' 
defined in R ecom m endation G.213.

2 Baseband frequency limits, impedance and relative power levels

C C IR  R ecom m endation 380-3 [1] includes a table which shows preferred values given by the C C IR  for the 
follow ing:

— baseband  frequency limits;

— nom inal baseband  im pedance;

— inpu t and  ou tpu t relative pow er levels at the rad io  equipm ent ( R ' and R); 

together w ith an annex on definitions which corresponds to C C IT T  R ecom m endation G.213.

Brought up to date by the Secretariat after the Plenary Assembly of Mar del Plata, 1968.

Similarly to the corresponding CCIR Recommendations, this Recommendation applies to line-of-sight and near line-of- 
sight radio-relay systems and also to tropospheric scatter systems of the capacities concerned.

Described in § 3.18 of Recommendation G.211.
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Table 1/G .423 shows the frequency arrangem ents, corresponding  to  the baseband  frequency lim its in 
C C IR  R ecom m endation 380-3 [1], recom m ended by the C C IT T  for rad io-relay  systems th a t m ay be in terconnected  
w ith m etallic lines. These frequency arrangem ents are p roduced by C C IT T  standard ized  frequency-translating  
equipm ents for cable systems.

Figures 1/G .423 to  10/G .423 show diagram s o f the frequency arrangem ent for the rad io-relay  baseband , 
recom m ended for purposes o f in terconnection with coaxial cable systems.

N ote 1 — All the diagram s in Figures 1/G .423 to  10/G .423 show  the line p ilots, the m astergroup  pilots, 
the superm astergroup pilots, the 15-supergroup assem bly pilots and  the add itiona l m easuring frequencies which 
m ay  be in the band  transm itted  (see § 3).

N ote 2 — The m eaning o f the symbols used in these Figures is given a t the beg inn ing  o f  this fascicle.

N ote 3 — Some o f the diagram s in the Figures o f o ther R ecom m endations also apply  to  rad io-relay  links 
(see Table 1 /G .423).

3 Regulated-line sections — line-regulating and other pilots

In  C C IR  R ecom m endation 381-2 [2], the follow ing pilots are recom m ended fo r the regulation  o f  rad io ­
relay links:

1) a continuity  p ilo t outside the “to tal bandw id th” shown in Table 1/G .423 ;

2) a line-regulating p ilo t w ith a frequency o f 308 kH z (or 60 kH z, depending  on the rad io -link  capacity),
and  a level o f —10 dBmO;

3) when required, an  upper line-regulating p ilo t o f frequency an d  level in  accordance w ith C C IT T
R ecom m endations for the relevant cable systems.

3.1 Pilot-blocking a t an interconnection point

The C C IT T  m akes the following general recom m endations to  the C C IR : in all cases, the level o f  the 
continuity  pilot o f a radio-relay system should  be reduced so th a t it is no t greater than  —50 dBmO at an 
in terconnection  po in t with a system on a m etallic line.

This interconnection  po in t norm ally occurs at the lim its o f two regulated-line sections, one o f  them  being 
on a m etallic line and  the o ther on a radio-relay system. This being so, at the in terconnection  p o in t the follow ing 
conditions should be observed:

1) the level o f any line-regulating p ilo t on the m etallic line should  be reduced so th a t it is no t greater 
than  —50 dBmO, unless otherw ise agreed by the A dm inistra tions concerned;

2) the absolute pow er level o f any regulating p ilo t o f the rad io-relay  link  should  be reduced so th a t it is 
below  —50 d B m 0 4);

3) any other p ilo t o r additional m easuring frequency o f the m etallic line system th a t is w ithin the  “to ta l 
b andw id th” defined in Table 1/G .423 will be freely transm itted  over the rad io-relay  system.

A radio-relay  system m ay be extended by short cable sections th a t form  p art o f the sam e regulated-line 
section; there may then be overall transm ission o f the p ilo t on that regulated-line section.

4 Limits for residues of signals outside the baseband

The C C IT T  makes .the following recom m endations to the C C IR  for residues, o f signals outside the 
baseband  frequency lim its:

4.1 In the absence o f any special agreem ent betw een A dm inistrations, the level o f any p ilo t or supervisory
signal transm itted  outside the baseband  o f a radio-relay system at a frequency no t specified by the C C IR  should  
be reduced, w ithin the radio  equipm ent, to —50 dBmO at po in t R.

In the case of low-capacity systems (up to 120 channels) a line-regulating pilot of 60 kHz with a level of —10 dBmO may 
be used; in this case the suppression level should conform with the provisions of the CCITT (Recommendation G.243 and 
Recommendation G.322, § 1.4). The level of the line-regulating pilot established by the CCITT for lines differs according to 
whether it concerns coaxial cables or symmetric pairs ( —10 dBmO for coaxial cables and —15 dBmO for symmetric pair 
systems).
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Sim ilarly, in the absence o f special agreem ents between A dm inistrations, the levels o f all pilots or 
supervisory  signals sent over the cable system outside the baseband  o f the radio-relay link should be reduced, 
w ith in  the equipm ent o f the cable system, to  —50 dBmO at po in t T.

4.2 I f  a radio-relay system service channel, adjacen t to a te lephone channel in the baseband, uses the levels, 
frequency allocation and  signalling levels corresponding  to those which w ould be recom m ended by the C C IT T  for 
an  o rd inary  telephone channel in the sam e position  in the frequency spectrum , the channel filters are sufficient to 
avoid  the risk o f crosstalk interference.

4.3 I f  the condition  referred to in § 4.2 above is no t met, an  additional filter m ay be necessary and  m ust be 
p rovided  in the radio  equipm ent.

4.4 The frequencies m entioned in §§ 4.1 and  4.2 above m ust be sufficiently d istan t from  the baseband  to  
ensure th a t the filters (or other app rop ria te  devices) required to  elim inate them  do no t cause attenuation  d istortion  
in  the passband  to exceed the recom m ended values.

4.5 To avoid overloading the cable system, the level o f any signal transm itted  beyond po in t R  outside the 
baseband  m ust be kept dow n to —20 dBmO. M oreover, the level o f the total pow er o f the residues o f such signals 
(including noise and  in term odulation  products) m ust be kept dow n to —17 dBmO.

5 Other requirements intended to ensure satisfactory transmission performance

5.1 Return loss

This characteristic is o f great im portance for carrier cable systems, which com prise a 
regularly  spaced repeaters. It is felt that, in  the case o f radio-relay systems, the cable sections 
equ ipm ent to  the m ultiplex equipm ent are generally fairly short and  o f unequal lengths, so that 
o f  system atic undu la tion  o f the a ttenua tion /frequency  characteristic.

T hat being so, it is recom m ended th a t at in terconnection  points T  and  T ' the return  loss, in relation  to the 
nom inal im pedance, should be at least 20 dB th roughou t the frequency band  occupied by the telephone channels. 
The m ain purpose o f  this recom m endation is to  facilitate m easurem ents and  m aintenance and  to ensure some 
pro tec tion  against the random  reflections which occur at various points between the equipm ent and  the cable 
sections; it takes in to  account the value o f 24 dB for the return  loss at R  and  R '  recom m ended by the C C IR  [4].

N ote  — The atten tion  o f the C C IR  is draw n to the fact that, if  the cables jo in ing  the radio  equipm ent to 
the m ultiplex equipm ent in the interm ediate stations are long enough (for exam ple 1 to 2 km) and no t equipped 
w ith am plifiers, system atic reflection effects m ay occur. These special cases m ust be studied in accordance w ith the 
princip les established by the C C IT T  (see R ecom m endation G.214); they do not seem to justify a general 
recom m endation.

5.2 Attenuation/frequency distortion

A ccording to  the R ecom m endation cited in [5], the levels m easured at the frontier on a high-frequency 
cable line section m ust not deviate at any frequency by m ore than  ±  2 dB from  the nom inal values, w hatever the 
pre-em phasis characteristic used. At po in t T, for a cable system, one can expect to  find variations o f the same 
order in relation  to  a flat characteristic.

N o value is fixed for the radio-relay  links in the R ecom m endation cited in [6]. The C C IR  has recom ­
m ended [7] the same to lerance o f ±  2 dB at the po in ts R  and  R

5.3 Variation o f  loss with time

The C C IT T  is studying the results tha t can be ob ta ined  on cable line-regulating sections, tak ing  into 
account R ecom m endations M.530 [8] and G.333. W hen this study is com plete, it will be possible to  po in t out to 
the C C IR  th a t a sim ilar recom m endation w ould be desirable for radio-relay links.

num ber o f fairly 
linking the radio  
there is little fear
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TABLE 1/G.423
Frequency arrangements within the baseband of radio-relay links, which are recommended 

in the case of interconnection with systems on metallic lines

Capacity 
of radio-relay 

system 
(maximum 

number 
of telephone 
channnels)

Recommended 
alternative 

arrangements 
of telephone 

channels

Diagram 
in figure

Limits of band 
occupied 

by telephone 
channels 

(kHz)

Pilots or frequencies 
which may 

be transmitted a) 
(kHz)

Total 
bandwidth b> 

(kHz)
below

(4)
above

(4)

1 2 3 4 5 6

24
2 G C)
2 G d>

2a)/G.322 
1/G.327 [3]

12-108 
6-108 or 12-120

- —
12-108 

6-108 or 12-120

60
SGI 2cJ/G.322 12-252 - - 12-252

SGI 4/G.322 60-300 - - 60-300

120
SG 1 and 2 4/G.322 12-552 - - 12-552

SGI and2 4/G.322 60-552 - - 60-552

300
5 SG laj/G.341 60-1300 - 1364

60-1364
1 M G') lty/G.341 64-1296 60 1364

600
10 SG 1/G.423 60-2540 - 2604 J 60-2792

2 M Ge) 2/G.423 64-2660 - 2792

900 3 MG or 1 SMG 9 3/G.423 316-4188 300, 308 4287 J 60-4287
960 16 SG 4/G.423 60-4028 -  ' 4092

1260 g)
21 SG 
21 SG 
4 MG

Plan 1 1 h) 
Plan 2 f 
Plan 3 J

60-5636
60-5564

316-5564 308

5680
5608
5608

J 60-5680

1800

15SG + 3MG 5/G.423 312-8204

300,308 8248 300-824815SG+15SG 0 6/G.423 312-8120

6 MG or 2 SMG 7/G.423 316-8204

2700

15SG + 6MG 8/G.423 312-12 388

300,308 12 435 300-12 435
15SG + 
15SG + 
15 SG 0

9/G.423 312-12 336

9 MG or 3 SMG 10/G.423 316-12 388

G = group SG = supergroup MG = mastergroup SMG = supermastergroup

a) See § 3 of the present Recommendation and Recommendation G.322, § 1.4.
b) This is the bandwidth occupied by the telephone channels, the associated pilots and reference frequencies, excluding the continuity 

pilots of the radio-relay system.
c) For 12-channel radio-relay systems, either of the groups A (12-60 kHz) or B (60-108 kHz) recommended by the CCITT may be 

accommodated in the band 12-108 kHz.
d) In these variants, there are certain restrictions on the use of noise measurement channels or continuous pilot channels recommended by 

the CCIR.
e) This frequency arrangement is obtained from the basic mastergroup by modulating with multiples of the supergroup carriers.
9 The special case of 600 channels comprising two mastergroups in the band 316-2868 kHz (Figure 3/G.423) is regarded as a partially 

equipped 960-channel system.
g) According to CCIR Recommendation 380-3 [1], other limits of the band occupied by telephone channels may be used by agreement 

between the Administrations concerned.
h) Figure 1/G.344.
') For the use of 15-supergroup assemblies, see Recommendation G.211.
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Super­
group No.

A . A

^  i x i i  k  k  k  k  k  k  k  k
x f  e g  oco co

A

OlO 
cm m  
CM CM

kHz

CCITT-45791

FIGURE 1/G.423

FIGURE 2/G.423

FIGURE 3/G.423

FIGURE 4/G .423
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Supermastergroup No. 
2
/'■v

C C I T T - 4 5 8 1 1

FIGURE 5/G.423

Additional measuring frequencies 
as in Recommendation G.332

O  00
S 3
AA

Super­
group No.

> N N K K
„ 7 J  9 10 11 12 13 14 15 16

\ K K N K K K K K K
15 15 14 13 12 11 10 9 8 7 , 6 . 5 4 3 2

/ W \ A ^
CO ^  v j  
CM <*> O
o  N* £  k H z  00

C C I T T - 4 5 8 2 1

FIGURE 6/G.423

Supermastergroup No. Supermastergroup No.
1 2

FIGURE 7/G.423

Supermastergroup No.

Super­
group
No. | 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 j ^  | 4 5 6 7 8 | | 4  5 6 7 8 | ! 4 5 6 7

2
<M LO 
OO CO

kHz

FIGURE 8/G.423
C C I T T - 4 5 8 4 0
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Super­
group
No.

/ t \ K K K K K K K K K K K N K
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ] « ,  116 15 14 13 12 11 10 9 8 7 6 5 4 3 2 e  I 16 15 K  13 12 11 10 9 8 7 6 5 4 3 2 Icot'J o § o <o

S 3  Si 2  S3 kHz
-sj 00  CD CM

CCITT-40480

N o te -  For pilots and additional measuring frequencies transmitted in the frequency band of telephone channels,
see Recommendation G.332.

FIGURE 9/G.423

Supermastergroup No.

group ^ A 
No.
Super­
group 
No. 4 5 6 7 8 | | 4 5 6  7 8 I 1 2. 5 6  7  8 ! ! 4  5 6 7 8 1 1 4 5 6  7 8 ! I 4  5 6 7 8 I ! 8 7 6 5 4 ! ! 8 7 6 5 4 ! ! 8 7 6 5 4 l

00<JD 00(0 CO CvJ s7(SI >J(SI vj m  00(0 00(0 °°

m kHz
coco co eg sirsi >»cg m  aou>
( O l d  oo (*> ( O i o  0 0 1 "  o  >»(*>00(71 -— <*> (0(0 oooi eg to  r^co
eg (si >7 ■>» in to  (0 ( 0  oo ao o io i

CCITT-45850

FIGURE 10/G.423

R eferen ces

[1] C C IR  R ecom m endation Interconnection a t baseband frequencies o f  radio-relay systems fo r  telephony using 
frequency-division multiplex, Vol. IX, Rec. 380-3, ITU , G eneva, 1978.

[2] C C IR  R ecom m endation Conditions relating to line regulating and other pilots and to limits fo r  the residues 
o f  signals outside the baseband in the interconnection o f  radio-relay and  line system s fo r  telephony, Vol. IX, 
Rec. 381-2, ITU , G eneva, 1978.

[3] C C IR  R ecom m endation Valve-type system s offering 12 telephone carrier circuits on a symmetric cable pair  
[(12 +  12) systems], O range Book, Vol. I I I - l ,  Rec. G.327, F igure 1/G .327, ITU , G eneva, 1977.

[4] C C IR  R ecom m endation Interconnection a t baseband frequencies o f  radio-relay system s fo r  telephony using 
frequency-division multiplex, Vol. IX , Rec. 380-3, § 3, ITU , G eneva, 1978.

[5] C C IT T  R ecom m endation Bringing a new international carrier system  into service, Vol. IV, Fascicle IV. 1, 
Rec. M.450, §§ 2.2 and 2.3.

[6] Ibid., § 2.1.

[7] C C IR  R ecom m endation Interconnection a t baseband frequencies o f  radio-relay system s fo r  telephony using 
frequency-division multiplex, Vol. iX , Rec. 380-3, N ote 7, ITU , G eneva, 1978.

[8] C C IT T  R ecom m endation Readjustm ent to the nom inal value o f  an international group, supergroup, etc., 
link, Vol. IV, Fascicle IV. 1, Rec. M.530.
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4.3 Hypothetical reference circuits

Recommendation G.431

HYPOTHETICAL REFERENCE CIRCUITS FOR FREQ UENCY-DIVISIO N  
MULTIPLEX RADIO-RELAY SYSTEM S

(modified a t Geneva, 1964)

1 Hypothetical reference circuit for radio-relay systems providing 12 to 60 telephone channels (form erly P art A)

The hypothetical reference circuit defined in C C IR  R ecom m endation  391 [1], for frequency-division  
m ultiplex radio-relay  systems w ith a capacity  o f 12 to  60 telephone channels per rad io  channel, has a length o f 
2500 km.

This circuit has for each direction  o f  transm ission:

— three pairs o f channel m odulators,
— six pairs o f group m odulators,
— six pairs o f supergroup m odulators,

it being understood  tha t a “pa ir o f m odula to rs” com prises a m odu la to r and  a dem odu la to r (see Figure 1/G .431).

2500 km

~ > § § { } { } § § <  > § M M <  > § M § <  > & S£]—

G ro u p  A ud io  G ro u p  A u d io  G ro u p  A ud io

C CITT-45860
/  ra d io  m o d u la to r o r  d em o d u la to r
'  (baseband in p u t o r o u tp u t)

Note -  The meaning of the symbols used in this Figure is given in the Preliminary notes to this fascicle.

FIGURE 1/G.431
Hypothetical reference circuit for frequency-division multiplex radio-relay systems 

with a capacity of 12 to 60 telephone channels per radio channel

This circuit also has six sets o f radio  m odulators and dem odulators, fo r each d irection  o f  transm ission , so 
tha t they divide the circuit into six hom ogeneous sections o f equal length (see R ecom m endation  G.322).

2 Hypothetical reference circuit for radio-relay systems providing more than 60 telephone channels (form erly 
Part B)

The hypothetical reference circuit defined in C C IR  R ecom m endation 392 [2], for frequency-division 
m ultiplex radio-relay  systems w ith a capacity  o f  m ore than  60 telephone channels per rad io  channel, has a length 
o f  2500 km.

This circuit has for each direction o f transm ission:

— three pairs o f channel m odulators,
— six pairs o f group m odulators,
— nine pairs o f supergroup m odulators,

it being understood  tha t a “pair o f m odu la to rs” com prises a m odulator and  a dem odulato r (see F igure 2 /G .431).

This Recommendation applies only to line-of-sight or near line-of-sight radio-relay systems.
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2500 km

[H H ih >§ _ &< H H K  > § M § <  >§ S { H } S § < H H K  ^ K H ]
1 1 1 2 1  3 1 4 1 5  1 6 1 7 1 8  1 9 1

vudio Superg roup  G roup  A ud io  S uperg roup  G roup  A udio  Superg roup  G ro u p  A udio

C C I T T - 4 5 8 7 0
,  ra d io  m o d u la to r o r d em o d u la to r 
'  (baseband in p u t o r  o u tp u t)

Note -  The meaning of the symbols used in this Figure is given in the Preliminary notes to this fascicle.

FIGURE 2/G.431
Hypothetical reference circuit for frequency-division multiplex radio-relay systems 

with more than 60 telephone channels per radio channel

This circuit also has n ine sets o f radio  m odulators and  dem odulators for each direction o f  transm ission so 
th a t they divide the circuit into nine hom ogeneous sections o f equal length (see R ecom m endation G.322).

References

[1] C C IR  R ecom m endation Hypothetical reference circuit fo r  radio-relay system s fo r  telephony using frequency- 
division multiplex with a capacity o f  12 to 60 telephone channels, Vol. IX, Rec. 391, ITU, G eneva, 1978.

[2] C C IR  R ecom m endation Hypothetical reference circuit fo r  radio-relay system s fo r  telephony using frequency- 
division multiplex with a capacity o f  more than 60 telephone channels, Vol. IX , Rec. 392, ITU , G eneva, 1978.

Recommendation G.433

HYPOTHETICAL REFERENCE CIRCUIT FOR TROPOSPHERIC-SCATTER  
RADIO-RELAY SYSTEM S USING FREQUENCY-DIVISION MULTIPLEX

(Geneva, 1964)

(See C C IR  R ecom m endation 396-1, Volume IX , ITU , G eneva, 1978.)

Recommendation G.434

HYPOTHETICAL REFERENCE CIRCUIT FOR COM M UNICATION-SATELLITE
SYSTEM S

(Geneva, 1964)

(See C C IR  R ecom m endation 352-3, Volume IV, ITU , G eneva, 1978.) 
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4.4 Circuit noise

Recommendation G.441

PERM ISSIBLE CIRCUIT NO ISE ON FREQ UENCY-DIVISIO N  
M ULTIPLEX RADIO-RELAY SYSTEM S

1 Design objectives for noise on hypothetical reference circuits

In C C IR  R ecom m endation 393-3 [1] it is recom m ended:

“ 1 th a t the noise pow er at a po in t o f zero relative level in any te lephone channel on  a 2500-km hypothetical
reference circuit for frequency-division m ultiplex radio-relay systems should  no t exceed the values given below, 
which have been chosen to take account o f fading:

1.1 7500 pWOp, psophom etrically  w eig h ted ,2) one-m inute m ean p o w e r ,3) for m ore th an  20% o f any m on th ;

1.2 47 500 pWOp, psophom etrically  w eig h ted ,2) one-m inute m ean p o w e r ,3) for m ore than  0.1% o f any m on th ;

1.3 1 000 000 pWO, unw eighted (with an integrating  tim e o f 5 ms), for m ore than  0.01% o f any m onth .”

A dding these values to the 2500 pWOp o f psophom etric pow er allow ed for m ultiplexing equipm ent 
(R ecom m endation G.222, § 3) gives the recom m ended objectives shown in R ecom m endation  G.222, § 1.1 fo r the 
te lephone transm ission and  signalling aspect. C C IR  R ecom m endation 393-3 [1] gives the conditions for applying 
these objectives to radio-relay systems; these conditions are in general the sam e as those given in R ecom m enda­
tion  G.222, § 2 and  in R ecom m endation G.223.

The C C IR  has not yet recom m ended any noise objectives in connection  w ith voice-frequency telegraph 
transm ission. C C IT T  R ecom m endation G.442 covers this aspect.

2 Noise on real circuits

(See C C IR  R ecom m endation G .395-2 [4].)

References

[1] C C IR  R ecom m endation Allowable noise power in the hypothetical reference circuit fo r  radio-relay system s fo r  
telephony using frequency division multiplex, Vol. IX , Rec. 393 3, ITU , G eneva, 1978.

[2] C C IR  R ecom m endation Allowable noise power in the hypothetical reference circuit o f  transhorizon radio­
relay system s fo r  telephony using frequency division multiplex, Vol. IX , Rec. 397-3, ITU , G eneva, 1978.

[3] C C IR  R eport Sum m ation o f  noise distribution in cascaded circuits as a m ethod o f  subdividing noise 
recommendations, Vol. IX , R eport 604-1, ITU , G eneva, 1978.

[4] C C IR  R ecom m endation Noise in the radio portion o f  circuits to be established over real radio-relay links fo r  
FD M  telephony, Vol. IX, Rec. 395-2, ITU , G eneva, 1978.

The Recommendation relates only to “line-of-sight” radio-relay systems. Transhorizon radio-relay systems are dealt with in 
Recommendation 397-3 [2].

The level of uniform-spectrum noise power in a 3.1-kHz band must be reduced by 2.5 dB to obtain the psophometrically 
weighted noise power.

The one-minute mean power was chosen by CCITT Study Group XII which is responsible for all studies concerned with 
the quality of telephone transmission (Recommendation G.222). Moreover, in 1977 CCITT Study G roup XII suggested to 
the CCIR that it should add to §§ 1.1 and 1.2 an intermediate clause referring to 17 500 pWOp (i.e. 20 000 pWOp including 
2500 pWOp for multiplex equipment) and 3% of any month. However, the subdivision of the objective of this clause among 
the various homogeneous sections of a hypothetical reference circuit poses problems that have not yet been solved (see 
Report 604-1 [3]); some Administrations also consider this clause to be superfluous since it is automatically observed if 
§§1.1 and 1.2 are observed. Administrations are therefore requested to study the advisability of introducing such a clause 
during the next study period.
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Recommendation G.442

RADIO-RELAY SYSTEM  DESIG N OBJECTIVES FOR NO ISE AT THE 
FAR END OF A HYPOTHETICAL REFERENCE CIRCUIT WITH  

REFERENCE TO TELEGRAPHY TRA NSM ISSIO N

(modified a t Geneva, 1964)

As is show n in R ecom m endation G.222, if  the in ten tion  is to  use on radio  links, am plitude-m odulated  
voice-frequency telegraph equipm ent for 50 bauds conform ing to Series R R ecom m endations, then in order to 
ob ta in  telegraph connections with the quality  indicated  in R ecom m endation F.10 [1], the design o f these radio 
links should  include the objectives recom m ended for te lephone transm ission and signalling and , in addition , 
should  include the objectives set out below:

O n any telephone channel constitu ted  in accordance w ith the hypothetical reference circuit for the type o f 
rad io  link considered, the unw eighted noise pow er, m easured o r calculated with a tim e-constant (integrating time) 
o f  5 ms and  referred to a zero relative level po in t, should no t exceed 106 pWO during m ore than  10-5 (i.e. 0.001%) 
o f  any m onth , nor m ore than  0.1% o f any hour.

Provided tha t short bursts o f high-level noise due to  causes o ther than  propagation  have been reduced to 
negligible p roportions, and  assum ing tha t the fine structure o f the noise is the same as white noise, it is assum ed 
tha t, in designing line-of-sight radio  links, the objective during  any m onth  is in practice equivalent to the 
follow ing objective:

The unw eighted noise pow er on a telephone channel at a zero relative po in t, calculated from  m easure­
m ents m ade with an  integrating  tim e o f 1 second, should no t exceed 2 x 105 pWO for m ore than  10-4 (i.e. for 
m ore than  0.01%) o f any m onth.

W ith regard to  the objective to  be met during any hour, it m ay happen  tha t on certain  rad io  links 
unforeseen exceptional p ropagation  conditions m ay result in this objective not being met during certain  most 
unfavourab le  hours. These hours, called “hours o f  in terrup ted  telegraph traffic” , will be those during which a 
noise level o f 106 pWO is exceeded for m ore than  36 seconds.

Every effort should be m ade to reduce the num ber o f such hours to a very small fraction o f the to tal time. 
Since it follows from  the recom m ended objective for te lephone signalling tha t the 5 ms unw eighted noise pow er 
should  no t exceed 106 pWO during m ore than  10-4 (i.e. 0.01%) o f any m onth , there should never be m ore than  
seven “hours o f in terrup ted  telegraph traffic” during a m onth.

It m ay then be expected that the telegraph service will be satisfactory. N evertheless, to achieve this object, 
it m ay be necessary in certain  cases to select the channels allocated to am plitude-m odulated  voice-frequency 
te legraphy for 50 bauds from  am ong those which are the least sensitive to p ropagation  noise.

Note 1 — Use o f a m easuring instrum ent having a 5-ms tim e constan t (integrating tim e) is recom m ended 
so as to detect, in particu lar, the presence o f  short high-level noise bursts, such as those caused by pow er supplies 
and  by the equipm ent. A dm inistrations should take all possible practical steps to  elim inate such noise.

It is expected that on the m ajority  o f  line-of-sight rad io  links (if no t on all) it will be possible to  reduce 
short noise bursts to negligible p roportions, and  tha t for the m ajority  o f radio  links, any rem aining short 
high-level noise bursts will be due to  propagation . N oise surges having a m ean pow er in excess o f  abou t 105 pWO 
will then last from  1 to 10 seconds and  will have an approxim ately  constan t level during this period. U nder these 
conditions, for p ropagation  m easurem ents and  prelim inary  design m easurem ents for rad io  links, instrum ents 
having a tim e constan t (integrating time) o f 1 second could be used.

Note 2 — The fraction  10-5 o f a m onth , for a 2500-km circuit, leads to im practicably small fractions o f 
the tim e for shorter circuits (for exam ple, 10-6 for a 250-km circuit). It is for this reason tha t the practical 
objective refers to a greater fraction o f the tim e (10-4 for 2500 km ), together with a reduced pow er (2 x 105 pWO), 
the latter m easured w ith a tim e constant (integrating tim e) o f  1 second.

Reference

[1] C C IT T  R ecom m endation Character error rate objective fo r  telegraph communication using 5-unit start-stop 
equipment, Vol. II, Fascicle II.4, Rec. F.10.
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Recommendation G.444 n

ALLOWABLE NO ISE POW ER IN THE HYPOTHETICAL REFERENCE  
CIRCUIT FOR TRO POSPH ERIC SCATTER RADIO-RELAY SY STEM S  

USING  FREQ UENCY-DIVISIO N M ULTIPLEX

(Geneva, 1964)

(See C C IR  R ecom m endation 397-3, Volum e IX, ITU , G eneva, 1978.)

Recommendation G.445

NO ISE OBJECTIVES FOR COM M UNICATION-SATELLITE SYSTEM  D ESIG N

(Geneva, 1964)

(See C C IR  R ecom m endation 353-3, Volum e IV, ITU , G eneva, 1978.)

4.5 Radiotelephone circuits

Recommendation G.451

USE OF RADIO LINKS IN INTERNATIONAL TELEPHO NE CIRCUITS 2)

The CC ITT , 

considering

(a) that, at the present tim e, rad io telephone systems connecting the various countries often em ploy 
carrier-frequencies below  abou t 30 M Hz 3);

(b) tha t the use o f such a radio  link, in a long-distance te lephone circuit, im plies certain  special 
conditions, which in troduce particu lar difficulties not encountered  when purely  m etallic connections are used;

(c) tha t such a rad iotelephone circuit differs from  a m etallic circuit in the follow ing ways:

1) such a rad io telephone circuit is subject to attenuation  variation  w ith the special difficulty  o f fading;

2) such a rad io telephone circuit suffers from  noise caused by atm ospherics, the intensity  o f  w hich may 
reach, o r even exceed, a value com parable with that o f the signal which it is desired to  receive;

3) special precautions are necessary in the setting up and m ain tenance o f  such a rad io telephone circuit, 
to  avoid d isturbance o f the rad io  receiver by any radio transm itte r and  especially by its ow n rad io  
transm itte r;

9 Recommendation G.443 has been deleted, as has CCIR  Recommendation 394.

2) CCIR Recommendation 335-2 [1],

3) Further reference to 30 MHz in this Recommendation means “about 30 M Hz”.
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4) to m ain ta in  the rad io telephone link in the best condition  from  the po in t o f view o f transm ission 
perform ance, it is necessary to  take special m easures to ensure tha t the radio  transm itter always 
operates, as far as possible, under conditions o f full loading, w hatever m ay be the nature and  the 
a ttenuation  o f the telephone system connected to the rad io telephone circuit;

5) it is necessary to  take m easures to avoid or correct conditions o f  abnorm al oscillation or cross-talk;

6) although the recom m ended frequency band , to be effectively transm itted  by in ternational landline 
circuits, has been determ ined by a study o f the requirem ents o f the hum an ear, this band  (for a 
rad io telephone circuit operating at a frequency below  30 M Hz) may be lim ited by the necessity o f 
ob ta in ing  the m axim um  num ber o f telephone channels in this p art o f the radio-frequency spectrum  
and  so tha t each telephone channel does not occupy a radio-frequency band  larger than  necessary;

7) in general, such a rad iotelephone circuit is a long-distance in ternational circuit giving telephone 
service between two extended netw orks, and  this fact is o f great im portance from  two points o f view:

i) on the one hand , in ternational conversations, in general, are o f great im portance to  the 
subscribers and , on the other hand , they are m ade in languages which are no t always their 
m other tongue, so that high quality  reception is particularly  im portan t;

ii) the public should  no t be deprived o f a very useful service under the pretext tha t it does not 
always satisfy the degree o f excellence desirable for long-distance com m unication ,

unanim ously recommends

1 Circuits above 30 M Hz

th a t between fixed po ints, telephone com m unications should be effected wherever possible by m eans o f 
m etallic conductors, or rad io  links using frequencies above 30 M H z to m ake the allocation o f rad io  frequencies 
less difficult; where this can be realized, the objective should  be to attain  the transm ission perform ance 
recom m ended by the C C IT T  fo r in ternational te lephone circuits on m etallic conductors;

2 Circuits below 30 M Hz

2.1 tha t since it becom es necessary to  econom ize in the use o f the frequency spectrum , when considering 
in te rnationa l circuits which consist m ainly o f single long-distance radio links operating  at frequencies less than 
30 M Hz, it is desirable to use single-sideband transm ission to the m axim um  extent possible, to em ploy a speech 
ban d  less than  the 300 to 3400 Hz recom m ended by the C C IT T  for landline circuits and , preferably, to reduce the 
u p p er frequency o f the speech b a n d  to 3000 Hz or less, bu t no t below  2600 Hz, except in special circum stances;

2.2 that, although it will be necessary to tolerate large variations in noise level on such a radiotelephone 
circuit, every possible effort should be m ade to obtain  m inim um  disturbance to the circuit from  noise and  fading 
by the use o f such techniques as full transm itter m odulation , directional an tennas and single-sideband operation ;

2.3 tha t, during the tim e tha t such a rad io telephone circuit is connected to  an extension circuit equipped with 
echo suppressors (voice-operated switching device), the intensity o f disturbing currents should not be sufficient to 
operate  the echo suppressor frequently;

2.4 th a t such a rad io telephone circuit should be provided with an echo suppressor to avoid singing or echo 
d istu rbance on the com plete circuit, or, preferably, w ith term inals using the principles o f constan t overall 
transm ission  loss, as set forth  in C C IR  R ecom m endation 455-1 [2];

2.5 tha t such a rad iotelephone circuit should be equipped with autom atic gain control to com pensate 
au tom atically , as far as possible, for the phenom enon o f fading;
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2.6 that the term inal equipm ent o f such a rad io telephone circuit should  be such th a t it m ay be connected , in
the same way as any other circuit, with any other type o f circuit;

2.7 that, where privacy equipm ent is used, this equipm ent should  no t appreciably  affect the quality  o f
telephone transm ission;

2.8 tha t, when suitable au tom atic devices are not provided, the circuit con tro ls should  be adjusted, as often as
necessary, by an opera to r to ensure optim um  adjustm ent o f transm itte r loading, received volum e and  the 
operating  conditions o f the echo suppressor.

Note  — A lthough the requirem ents contained  in § 2 are m uch less severe than  those im posed on 
in ternational landline circuits, the objective rem ains to attain  the same standards o f te lephone transm ission  in all 
cases. In view o f this, it is desirable tha t the telephone systems connected  to  a rad io te lephone circuit should 
conform  to C C IT T  R ecom m endations covering the general conditions to be m et by in te rnational circuits used for 
landline telephony, especially in respect o f equivalent, d istortion, noise, echoes and  transien t phenom ena.

Bearing in  m ind the recom m endations contained  in §§ 1 and  2, it is desirable tha t in each particu la r case, 
A dm inistrations concerned should first reach agreem ent on how far the s tandards usually  em ployed for 
in te rnational landline circuits may be attained  in the case considered. I f  the technique o f § 1 can be used, the 
objective should  be to  obtain , as far as possible, the characteristics recom m ended by the C C IT T  for in te rnational 
landline circuits. O therw ise the A dm inistrations concerned should  study the best solu tion  from  the po in t o f view 
o f both technique and  econom y.
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[1] C C IR  R ecom m endation Use o f  radio links in international telephone circuits, Vol. I l l ,  Rec. 335-2, ITU , 
G eneva, 1978.

[2] C C IR  R ecom m endation Improved transmission system  fo r  H F  radiotelephone circuits, Vol. I l l ,  Rec. 455-1, 
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Recommendation G.453 9

IM PROVED TRA NSM ISSIO N SYSTEM  FOR HF RADIO -TELEPHO NE CIRCUITS

(See C C IR  R ecom m endation 455-1 and  R eport 354-3 entitled ’’Im proved  transm ission systems for use over 
H F  rad io telephone circuits” ; Volume III, ITU , G eneva, 1978.)

4.6 Devices associated with radiotelephone circuits

Recommendation G.464 2)

PRINCIPLES OF THE DEVICES USED TO ACHIEVE PRIVACY  
IN RADIOTELEPHONE CO NVERSATIO NS

(See C C IR  R ecom m endation 336-2, Volume III, ITU, G eneva, 1978.)

Recommendation G.452 has been deleted.

Recommendations G.461, G.462 and G.463 have been deleted.
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4 .7  Links with m obile stations

Recommendation G.471

CO ND ITIO NS NECESSARY FOR INTERCO NNECTION OF M OBILE RADIOTELEPHONE  
STATIO NS AND INTERNATIONAL TELEPHONE LINES

(See C C IR  R ecom m endation 77-3, Volum e V III, ITU , G eneva, 1978.)

Recommendation G.473 9

INTERCONNECTION OF A M ARITIM E M OBILE SATELLITE SYSTEM  WITH THE  
INTERNATIONAL AUTOM ATIC SW ITCHED TELEPHONE SERVICE; 

T RA NSM ISSIO N ASPECTS

(Geneva, 1980)

1 Purpose

In an  in ternational connection  which includes a m aritim e m obile station , the m aritim e satellite system may 
be regarded from  a transm ission view point as analogous to a national netw ork, and  the ship term inals as 
som ew hat analogous to  subscriber term inals w ithin th a t network.

W hen a m obile station in a m aritim e satellite service is connected to  a subscriber in the in ternational 
au tom atic  switched telephone netw ork, the connection should, as far as possible, provide to  each party  a 
transm ission  quality which is no t inferior to tha t recom m ended for an in ternational connection  between two 
terrestrial te lephone subscribers (e.g. Rec. G . l l l  [1]).

The purpose o f this R ecom m endation is to specify various transm ission characteristics o f the m aritim e 
satellite system which will ensure com pliance with the above objective.

Should the recom m ended characteristics no t be obtained, the transm ission quality  offered m ay not be in 
keeping w ith the im portance, value and cost o f the service.

2 Definitions (See Figure 1/G .473)

The following term s are necessary when describing the transm ission perform ance o f the m aritim e m obile 
satellite system. (Space-division switching o f analogue signals is assum ed at the m aritim e centre and  at the 
m aritim e term inal. However, digital sw itching and  transm ission could in due tim e replace their analogue 
counterparts. This replacem ent w ould logically be reflected in the text o f this docum ent where the w ord analogue 
is presently being used.)

2.1 maritime mobile satellite system (maritime system)

F: system e mobile m aritime a satellites (systeme maritime)

S :  sistema movil m aritimo por satelite (sistema maritimo)

All o f a tem porary  connection  between a telephone at a maritime terminal, and  the 4-wire virtual analogue 
sw itching points o f an  in ternational sw itching centre. It com prises a m aritime terrestrial circuit, a m aritime satellite 
circuit and  a maritime local system.

9 R ecom m endation G.472 has been deleted.
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2.2 maritime terrestrial circuit

F: circuit terrestre due system e maritime 

S :  circuito m aritimo terrenal

A 4-wire circuit in a w holly-terrestrial transm ission m edium , between a 4-wire switch a t an in te rnational 
exchange and  an analogue 4-wire interface at a maritim e centre. In some situations it m ay traverse a national 
boundary  so tha t for the purpose o f this R ecom m endation it is no t regarded as a national circuit.

2.3 maritime satellite circuit

F: circuit m aritime par satellite 

S : circuito m aritimo por satelite

A 4-wire circuit between an  analogue interface at a m aritim e centre, via a satellite repeater to  a 4-wire or 
2-wire analogue interface (which m ay be a sw itching device) at a maritime terminal.

2.4 maritime local system

F: system e local maritime 

S :  sistema m aritimo local

All equipm ent between the 4-wire or 2-wire interface (which m ay be a sw itching device) at a m aritim e 
term inal, and  a 2-wire or a 4-wire telephone w ithin the boundary  o f tha t term inal. It m ay include a 4-wire or 
2-wire sw itching device using analogue switching. .

2.5 maritime centre (shore s ta tio n )2)

F: centre m aritime (station terrienne cotiere)

S :  centro m aritimo  (estacion terrena costera)

A satellite earth  station which provides a 4-wire analogue interface for connection  to  a  m aritim e terrestrial
circuit.

Note — For some nontransm ission functions, a m aritim e centre m ay be classified as a CT. For the 
purpose o f  this R ecom m endation, a m aritim e centre is not regarded as a CT, bu t is an in term ediate po in t in a 
m aritim e system.

2.6 maritime term inal3)

F: term inal maritime 

S :  term inal maritimo

A term inal station (in a m aritim e m obile satellite system) which provides a 4-wire analogue interface for 
connection  to a m aritim e local system.

9 This term used for the purpose of this Recommendation is defined as coast-earth-station in the Radio Regulations
(Article 1, No. 71) [18]).

3) This term used for the purpose of this Recommendation is defined as ship-earth-station in the Radio Regulations (Article 1, 
No. 73) [19]).
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Note 1 -  M,M’ are the miscellaneous telephone equipment needed for the maritime satellite circuit; e.g. signalling devices, echo suppres­
sors, etc. C,C’ are the channel transmitting and receiving equipments, which may include voice-activated switches, compandors, or other 
voice-processing devices.
Note 2 -  This interface represents the point where different maritime local systems may be switched to the maritime satellite circuit. At a 
maritime terminal, the local systems will be represented by a choice from :

A. 4-wire switched, 4-wire telephone
B. 2-wire switched, 2-wire telephone
C.1 4-wire switched, 2-wire telephone

In Type B, the 4-wire/2-wire terminating set is part of the maritime satellite circuit; in Type C, it is part of the maritime local system. At a 
given maritime terminal, it would be possible to have local systems of more than one type.
Note 3 -  Points a and b are virtual analogue switching points of the international system [14].
Note 4 -  This interface may have a switching function; from the point of view of signalling and switching, the maritime centre may under­
take some of the functions of a CT (Recommendation Q.13 [15]). It is therefore appropriate to designate the terrestrial and satellite 
segments as « circuits » interconnected here.
Note 5 -  May be of zero length in some countries.

FIGURE 1/G.473 
Structure of maritime-mobile satellite system

3 Connections to the terrestrial network

Figure 2/G .473 shows how a telephone connection  may be established between a m aritim e term inal MT1 
or MT2 and  a terrestrial subscriber on local exchange LEI in C ountry  No. 1 or a subscriber on local exchange 
LE2 in C ountry  No. 2.

A connection  from  MT1 to LE2 for exam ple, m ight be routed via M C I, the in ternational chain, and  the
national chain o f C ountry  No. 2, or via M C2 and  the national chain o f C ountry  No. 2. O ther possible
connections involving MT1, M T2, LEI and  LE2 m ay be inferred from  the figure.

The essential po in t to note is tha t a connection  involving a M T and  a LE can incur a lim iting
in ternational chain; therefore the transm ission perform ance o f the m aritim e system m ust be no worse than  the
lim iting perform ance o f a national system, if the transm ission quality o f connections between a m aritim e term inal 
and  a terrestrial subscriber is' not to be inferior to that recom m ended between two terrestrial subscribers in an 
in te rnational connection.
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Country No. 1 Country No. 2
C C I T T - 3 3 9 4 1

Note 1 -  Five national circuits and four international circuits shown as the maximum routing in accordance with the traffic routing infor­
mation contained in Recommendation G. 101 [16].
Note 2 -  MT1, MT2 are two maritime terminals, which may be ships, oil rigs, light ships, etc. MCI and MC2 are maritime centres in coun­
tries 1 and 2 respectively; they can have CT functions. ISC1 and ISC2 are international switching centres (e.g. CT3s).
Note 3 -  Exceptionally, alternative routings allowing direct connection of the national system to the MC may occur (i.e. not via the ISC as 
shown).

FIGURE 2/G.473 
Connection arrangements to the terrestrial network
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4 The maritime satellite system

4.1 Corrected reference equivalents

Since the reference equivalents o f any individual m aritim e system ought to  be under the full control o f the 
designer, w ithout undue econom ic penalty , the long-term  objectives o f R ecom m endation G.121 [2] should apply.

Therefore the p lanning  values o f the corrected reference equivalents o f a m aritim e system should lie w ithin 
the  follow ing ranges:

Sending: 11.5 to  13 dB

Receiving: 2.5 to 4.0 dB

These values are referred to  the v irtual analogue sw itching points o f the in ternational circuits to which the 
m aritim e system can be directly connected. (See Figures 1/G .473  and  2 /G .473, for a graphical description o f the 
extent o f the m aritim e system. See also Figure 3/G .473.)

4.2 Loss o f  path a-b

The loss between the po in ts a and  b (Figure 1/G .473) shall be no t less than  12 dB over the bandw idth  0 
to  4 kHz fo r all three types o f m aritim e local system, and  for all circuit-states during the setting-up, occupation, 
an d  clearing dow n o f the m aritim e system. Any echo-control device should be rendered inoperative when checking 
com pliance with this clause. This requirem ent also serves to control listener-echo effects on full-duplex data 
transm ission when echo suppressors are disabled.

5 The m aritim e local system

5.1 Corrected reference equivalents

5.1.1 The reference equivalents o f the m aritim e local system depend on the type o f switching at the m aritim e 
term inal and  the type o f telephone. They are referred to  the switch, and should lie within the ranges given in 
Table 1/G .473.

TABLE 1/G.473

Type Switching Telephone
Range (dB)

Sending Receiving

A 4-wire 4-wire 9.5 to 11.0 0.5 to 2.0

B 2-wire 2-wire 6.0 to 7.5 -1 .0  t o - 3.0

C 4-wire 2-wire 9.5 to 11.0 a> 0.5 to 2.0 a)

a) Includes the loss of a 4-wire/2-wire terminating set. The values are 6.0 to 7.5 dB sending and -1 to -3 dB receiving if referred to the 
2-wire port of a terminating set having a 4-wire/2-wire loss of 3.5 dB. See Figure 3/G.473 for a graphical description.

5.1.2 In Type B and  Type C local systems, the sidetone reference equivalent o f the sh ipboard  installation  should 
exceed 17 dB when the 4-wire paths are properly  term inated  and  no go-to-return path  is present. A chievem ent o f 
th is objective m ay require particu lar attention  to  the im pedances involved, e.g. the balance netw ork in the 
te lephone instrum ent.

The sam e objective also stands for a Type A local system, but is likely to be m ore readily achieved.
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5.2 Go-to-return cross talk (Type A local system only)

W hen an echo suppressor is not fitted in a Type A installa tion , the linear go-to-re turn  crosstalk  ratio , 
m easured at any frequency in the range 300 to 3400 Hz from  the sh ipboard  4-wire sw itchpoints tow ards an  
off-hook telephone, should exceed 55 dB. The m easurem ent includes the effects o f electrical crosstalk  a tten u a tio n  
(e.g between cable pairs) and  the acoustic path  between the earpiece and  m outhpiece o f the te lephone handset.

W hen an echo suppressor is fitted in a Type A installation , the go-to-return  crosstalk ratio  o f  the local 
system may be less than  the requirem ent o f R ecom m endation G.131 [3] (43 dB), depending  on the requirem ents o f  
nontelephony services.

6 The maritime satellite circuit and the maritime terrestrial circuit (F igure 1/G .473)

6.1 Scope

The requirem ents o f § 6 apply to the overall 4-wire path  betw een the in te rnational virtual ana logue 
switching points w ith the sw itchpoints at the m aritim e term inal. It is for the agencies jo in tly  concerned  in the 
connection  o f the m aritim e satellite system to the in te rnational te lephone netw ork to  assign the allow able 
im pairm ents to  the circuit sections involved.

6.2 Transmission loss

The p lanning  values o f  transm ission loss in each direction are given in Table 2/G .473.

TABLE 2/G.473

Maritime terrestrial
Type of switching in the circuit Maritime satellite
maritime local system (assuming a switch at 

the maritime centre)
circuit

4-wire 0 dB 2.0 dB
2-wire OdB 5.5 dB

Note 1 -  When there is no switch at the maritime centre, the losses given in the table do not apply. The values given in the third column 
then apply to the total loss in each direction (between the switch at the maritime terminal and the virtual analogue switching points).
Note 2 -  When the maritime terrestrial circuit has significant delay and variation of transmission loss with time or frequency, the loss may 
be increased to 0.5 dB.

If  any signal-dependent services (e.g. com pandors) are included in the m aritim e satellite circuit, the 800-Hz 
test tone used for m easuring the loss should be set at the unaffected level (see [4]) o f those devices. (This level is 
norm ally 0 dBmO, but other levels may be encountered  in some designs o f equipm ent.)

See Figure 3 /G .473 for a graphical descrip tion  o f these losses and  the associated relative levels.

6.3 Effectively-transmitted bandwidth

The preferred nom inal frequency ban d  is 300 to 3400 Hz, so as to ensure satisfactory speech quality  on 
in ternational connections. However, it is recognized that econom ic a n d /o r  technical considerations m ay favour a 
reduced nom inal bandw id th ; if  so, the latter should be not less than  300 to  3000 Hz.
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Maritime local 
system 1

(See Note 1)

Maritime terminal

Loss 5.5 dB each way

*■

- 3 .5  dBr

(See Note 3)

2-wire or 4-wire switch
RRE-1 to - 3  dB

4

b * _  —
- 5 .5  dBr W-1

0 dB r^ !

9 dBr

S R E 4 .5 to 7 .5 d B

- 3 .5  dBr
a *

Loss 2 dB each way
 %(See Note 2) \

- 5 .5  dBr

b *
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\  \

\  \
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i
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Type C
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Note 1 -  a, b denote virtual analogue switching points [17] of an international circuit. Losses to real switchpoints will differ from those 
shown when the send relative level of the circuits differs from -  3.5 dBr. For a send relative level of S dBr, the losses must be adjusted by ± 
(S + 3.5) dB according to the direction of transmission. In the particular case illustrated above, the losses in decibels will be:

Direction TypeB Types A, C

Virtual analogue switching 
points to maritime 9 + S 5.5 + S

Maritime to virtual 
analogue switching points 2 -S  . -  1.5 -  S

Note 2 -  T erminating set is assumed to have a loss of 3.5 dB in each direction. The relative levels are those at the 2 -wire port of the termina­
ting set.
Note 3 -  This loss may be increased by 0.5 dB if the terrestrial circuit (Figure 1/G.473) contributes significant delay or variation of loss 
with time, or attenuation/frequency distortion.
Note 4 -  The types of maritime local system are described in Note 2 to Figure 1/G.473.

FIGURE 3/G.473 
Losses, reference equivalents and relative levels
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6.4 Attenuation distortion

The loss, relative to the loss at 800 Hz, should lie w ithin the lim its given in Table 3 /G .473 w hen the 
nom inal bandw idth  is 300 to  3400 Hz. W hen the nom inal bandw idth  is 300 to 3000 Hz, the bracketed  values 
supersede the corresponding up p er lim its, bu t the rem aining values still apply.

TABLE 3/G.473

Frequency (Hz) Lower limit Upper limit 
(dB)From To (dB)

Belo'v 300 > 0 NS
300 400 -  1.0 + 3.5
400 600 -  1.0 + 2.0
600 2400 -  1.0 + 1.0

2400 2700 -  1.0 + 2.0 (+3.5)
2700 3000 -  1.0 + 3.5 (NS)
3000 3400 -  1.0 NS

Above 3400
1

> 0 NS

NS = not specified

6.5 Crosstalk

The requirem ents o f the R ecom m endation cited in [5] apply.

6.6 Noise

As the circuit may contain  speech-dependent devices (e.g. com pandors) the custom ary specification  o f 
idle-circuit noise is inadequate. Therefore, the near-term  objective is given by the solid lines in F igure 4 /G .473 , 
which relate subjectively equivalent speech signal-to-noise ratio  (dB) [6] to  m ean speech pow er level (dBmO, tim e 
average while active).

The long-term  objective is given by the dashed lines show n in F igure 4 /G .473 , expressing the perfo rm ance 
likewise in term s o f equivalent signal-to-noise ratio. It is recognized th a t it m ight be difficult, w ith the m aritim e 
m obile satellite facilities o f today, to com ply with the long-term  objective. W hen practicable, how ever, it is 
expected tha t the system in the future will com ply with this objective.

6.7 Echo control

The echo loss a-t-b shall conform  to the R ecom m endations cited in [7] and  [8] i.e. not less than  56 dB. An 
echo control device is always required at the terrestrial end.

W hen a 2-wire te lephone is used at the m aritim e term inal, an  echo contro l device is also required  at the 
m aritim e term inal.

W hen a 4-wire telephone is used at the m aritim e term inal, the echo loss m ay be sufficient w ithout the use 
o f  an echo control device. If  it is no t sufficient, an echo contro l device is recom m ended at the m aritim e term inal.

The echo control device should com ply with the ap p rop ria te  clauses o f Rec. G.161 [9], G .164 [10]
and  G.165 [It].

6.8 Group-delay distortion

No recom m endation is m ade concerning group-delay d istortion  when the m aritim e system is used in the 
au tom atic switched in ternational telephone service [6].

W hen a m aritim e system is connected at a term inal in te rnationa l centre to an  in te rna tiona l line
(R ecom m endation M. 1010 [12]) to form  p art o f a special-quality in te rnational leased circuit, the group-delay
distortion  o f the overall circuit m ust com ply with the requirem ents o f  the R ecom m endation  cited in [13].
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10 0 0 0  pWOp equivalent noise

Speech power level
C C I T T - 2 7 7 2 3

Dashed curve: long-term objective 
Solid curve: near-term objective

Note -  The ranges of speech power below -40 dBmO and above 0 dBmO are not specified.

Near-term and long-term limits of required speech signal-to-psophometrically-weighted noise ratio as function of mean speech power
(dBmO, time-average while active)

7 Application o f  this Recommendation

Supplem ent No. 23 provides explanatory  notes for the in form ation  o f designers o f m aritim e satellite 
systems, an d  illustrates various practical realizations o f  systems which will com ply with this R ecom m endation.
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SEC TIO N  5

AUDIO-FREQUENCY CIRCUITS

The R ecom m endations under subsections 5.1, 5.2 and  5.3 have been deleted.

5.4 Specifications recommended by the CCITT for audio-frequency cable circuits

IN TRODUCTION

The C C IT T  recom m ends A dm inistrations to use the follow ing specifications for the supply  o f  au d io ­
frequency telecom m unication  cables liable to  be used in the in te rnational service (and  also auxiliary  equipm ent: 
loading coils, repeaters, etc.).

In these specifications, only the clauses relating to 4-wire circuits app ly  to in te rnational te lephone circuits 
on loaded cables. All the specifications apply to national trunk  circuits liable to enter into an  in te rnational call, 
these being either 2-wire or 4-wire circuits.

The C C IT T  considers that the efficiency o f such a long-distance cable (with several repeater stations) 
depends to a large extent on constructional details and  the general arrangem ent o f the system.

An A dm inistration  m ight prefer to place a contract with a firm  for a com plete system (cable and repeaters) 
instead o f having their own specialist engineers assum e the responsibility , which results from  acceptance o f the 
parts o f the system separately. The C C ITT  proposes to  recom m end to such an  A dm inistra tion  to  ob ta in  from  the 
con tracto r detailed in form ation  regarding the project and  to obtain  all the necessary guarantees to ensure strict 
adherence to the outline specification below. The A dm inistration  should give p rio r in fo rm ation  to  the con tracto r 
regarding the circuits necessary and  estim ated traffic.

C ertain  A dm inistrations include in their specifications for underground  cables details o f m ethods o f 
m anufacture, laying, etc. These are not included in the follow ing specifications, because the C C IT T  considers it is 
better to leave the various A dm inistrations free to choose their own m ethods for m anufacture and  laying o f  cables, 
with the reservation that the com plete circuits should satisfy the general conditions show n in R ecom m enda­
tion  G .511 [1].

(See also the A nnex to R ecom m endation G.543, headed “ D ifferent m ethods o f cooperation  between two 
A dm inistrations for the construction o f a loaded cable section crossing a fron tie r” [2].)

References

[1] C C IT T  R ecom m endation General characteristics o f  audio-frequency circuits, O range Book, Vol. I l l - 1,
Rec. G .511, ITU , G eneva, 1977.

[2] C C IT T  R ecom m endation Specification fo r  repeater sections o f  loaded telecommunication cable,
O range Book, Vol. I I I - l ,  Rec. G.543, ITU, G eneva, 1977.
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Recommendation G.541

SPECIFICATION OF FACTORY LENGTHS OF LOADED 
TELECOM M UNICATION CABLE

Recommendation G.542

SPECIFICATION OF LOADING COILS FOR LOADED 
TELECOM M UNICATION CABLES

Recommendation G.543

SPECIFICATION FOR REPEATER SECTIONS 
OF LOADED TELECOM M UNICATION CABLE

Recommendation G.544

SPECIFICATIONS FOR TERMINAL EQUIPM ENT AND 
INTERMEDIATE REPEATER STATIONS

The four R ecom m endations listed above are in Volum e III o f the Orange Book. In these R ecom m enda­
tions, the characteristics o f audio-frequency cable circuits are specified and  these are useful for the design o f 
cables, e.g., interstice quad o f coaxial cable.
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SEC T IO N  6

CHARACTERISTICS OF TRA N SM ISSIO N  M EDIA

This Section contains the R ecom m endations on physical transm ission  m edia, bo th  for the ana logue or 
digital m ode. It does not deal w ith VF cables, open-w ire lines or radio.

6 .0  G eneral 

Recommendation G.601

TERM INOLOGY FOR CABLES

(Geneva, 1980)

1 General term s: repeaters, power feeding, etc.

1001 repeater

F: repeteur 

S : repetidor

An equipm ent essentially including one or several am plifiers a n d /o r  regenerators, and  associated devices, 
inserted at a po in t in a transm ission medium .

Note — A repeater m ay operate in one or both  d irections o f transm ission.

1002 analogue repeater; analog repeater

F: repeteur analogique 

S : repetidor analogico

A repeater for am plifying analogue signals or digital signals and  capable o f o ther functions, bu t excluding 
regeneration o f digital signals.

1003 regenerative repeater

F: repeteur regenerateur 

S :  repetidor regenerativo

A repeater ensuring regeneration o f digital signals, and  capable o f o ther functions.

N ote  — This defin ition  is different from  that given in R ecom m endation  G.702 [1]. A t the tim e when 
R ecom m endation G.702 was drafted , a suitable C C IT T  definition o f  repeater was no t available. The ensem ble o f 
definitions given here m akes it desirable to incorporate the regenerative repeater in the fam ily o f transm ission 
systems, instead o f defining it only as a device, as is the case in R ecom m endation G.702.
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1004 directly powered (repeater) station

F: station (de repeteurs) a alimentation independante 

S :  estacion (de repetidores) alim entada directamente

A repeater station  which receives its electric pow er directly from  the local m ains or from  a local generator.

1005 power feeding (repeater) station

F: station d ’alimentation (de repeteurs)

S :  estacion (de repetidores) de telealimentacion

A directly powered repeater station  which supplies electric pow er to o ther repeater stations.

1006 dependent (repeater) station

F: station (de repeteurs) telealimentee 

S :  estacion (de repetidores) telealimentada

A repeater station  which receives its electric pow er supply from  a power feed ing  repeater station.

N ote — Electric pow er m ay be conveyed to the dependent station either by the physical transm ission 
m edium  itself, or by conductors in the same cable sheath, or by exterior cables.

1007 section termination

F: extremite de section 

S : extremo de seccion

A po in t selected conventionally  to  be the interface between the physical transm ission m edium  and 
associated equipm ent such as repeaters.

N ote -  The precise selection o f the po in t to  constitute the section term ination  should take into account 
associated accessories such as splices, connectors or flexible connecting cables in order to include them , as the 
case may be, on one side or on both sides o f the term ination .

1008 elementary cable section

F: section elementaire de cable •

S : section elemental de cable

All o f  the physical transm ission m edia and accessories such as splices, connectors or flexible connecting 
cables included between two consecutive section terminations.

1009 elementary repeatered section

F: section elementaire amplifiee 

S :  section elemental con amplification

In a given direction o f transm ission an elementary cable section together with the im m ediately follow ing 
analogue repeater, all included between two section terminations.

1010 elementary regenerated section

F: section elementaire regeneree 

S :  section elemental con regeneration

In a given direction o f transm ission, an elementary cable section together with the im m ediately follow ing 
regenerative repeater, all included between two section terminations.
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1011 take-up factor

F: fac teur de cablage 

S : fac to r de cableado

R atio between the value o f a linear param eter m easured on the length un it o f a cable and  the value o f  the 
sam e param eter m easured on the length un it o f a pair o f tha t cable.

The result o f cabling (assem bly o f com ponents and possibly tw isting o f wires in pairs and  then in quads) 
is tha t the length o f the cable com ponents is greater than  that o f the axial length o f the cable. The take-up  factor 
is the ratio  between these two lengths.

1012 G raph ic illustration  o f the use o f som e term s in § 1.

a
V

R ep ea te r

>
^  E lem entary  cab le  sec tio n  ^

R ep e a te r

>
d
7

P hysical tra n sm issio n  m edium  4 ------------------------------------------------------- ►4----- E quipm ent
----- ►
C CITT - 3 2 3 9 0

a, b, c, d S ec tio n  te rm in a tio n s

FIGURE 1/G.601 
Terminology for generic reference to repeaters and cable sections

E lem entary  re p e a te re d  s ec tio n
(A— B)

E lem entary  cab le  sec tio n

E lem entary  rep e a te re d  sec tio n
(B— - A)

C CITT - 3 2 4 0 0

X S ection  te rm ina tion

FIGURE 2/G.601 
Terminology for elementary repeatered section

2 Terms concerning cables measurements

2.1 Use o f  the word echo, in cable testing only

2101 echo

F : echo 

S :  eco

An electric, acoustic or electrom agnetic wave which arrives at a given poin t, after reflection or indirect 
p ropagation , with sufficient m agnitude and  delay for it to  be perceptible at the given po in t, as a wave d istinct 
from  that directly transm itted.
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2102 backward echo

F: echo (vers Vamont)

S :  eco hacia atras

An echo arriv ing at a defined po in t and  having a direction o f transm ission opposite to tha t o f  the direct
signal.

2103 forward echo

F: echo vers Vaval; trainage 

S : eco hacia adelante

An echo arriving at a defined po in t and  having the sam e direction o f transm ission as tha t o f  the direct
signal.

2.2 Pulse m easurements

2201 echometric measurement

F: mesure echometrique 

S :  medicion ecometrica

A m easurem ent m ade by studying the echo which follows the em ission o f a signal o f lim ited duration , 
know n as a “m easuring signal” , w ith a view to analyzing all the causes o f reflections.

2202 pulse duration

F: duree d ’une impulsion 

S :  duracion del impulso

The interval o f tim e between the first and  last instan t at which the instan taneous value o f a pulse (or o f its 
envelope if a carrier frequency pulse is concerned) reaches a specified fraction o f the peak am plitude.

2203 sine-squared

F: impulsion en sinus carre 

S :  impulso en seno cuadrado

A unid irectional pulse defined by the expression:

y =  K sin2 ( n t /2T); 0 <  t <  2T 

y =  0; t <  0 and  t > 2T

where

K is the am plitude

T  is the pulse duration  at half-am plitude 

t is the time.

2204 pulse echo meter

F: echometre a impulsions 

S :  ecometro de impulsos

A pparatus designed to  take echometric m easurem ents by m eans o f pulses.

2205 elementary echo

F: echo elementaire 

S :  eco elemental

In an  echometric measurement, the state o f the echo in a tim e interval o f a du ration  com parable to tha t o f 
the test signal.

2206 peak amplitude of an elementary echo

F: am plitude de crete d ’un echo elementaire 

S :  am plitud de cresta de un eco elemental

M axim um  value o f echo am plitude reached in the duration  o f an elementary echo.
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2207 relative amplitude of an elementary echo

F: amplitude relative d ’un echo elementaire 

S :  am plitud relativa de un eco elemental

R atio  between the p ea k  amplitude o f  an elementary echo and the m axim um  am plitude o f  the m easuring 
signal, evaluated at the em ission point.

2208 pulse echo return lo ss ; pulse echo attenuation

F: affaiblissem ent d ’echo

S : perdida de retorno para el eco; atenuacion de eco 

Relative amplitude o f  an elementary echo expressed in transm ission units.

2209 amplitude-corrected echo

F: echo corrige en amplitude 

S :  eco corregido en am plitud

An echo observed, after processing to carry out at least partial correction  o f p ropaga tion  effects.

2210 amplitude- and phase-corrected echo

F: echo corrige en amplitude et phase 

S : eco corregido en am plitud y  en fa se

An echo observed, after processing has been m ade to  correct the p ropagation  effects on the am plitude and  
shape o f the echo.

2211 echo curve

F: courbe d ’echo 

S :  curva de eco

A graphic or oscilloscopic representation  o f echo am plitude function  o f time.

Note — The echo m ay be corrected in am plitude or in  am plitude and  phase; the curve is then called , as 
the case m ay be, “am plitude-corrected echo curve” or “am plitude- and phase-corrected echo curve” .

2212 equivalent resistance error

F: ecart equivalent

S :  error de resistencia equivalente

The value o f a hypothetical im pedance deviation which, if situated  at the end o f  a section o f  a 
transm ission m edium , would produce in an  echom etric m easurem ent at th a t end the sam e reflected energy as all 
the irregularities o f the section.

2213 corrected equivalent resistance error

F: ecart equivalent corrige 

S : error de resistencia equivalente corregido

Equivalent resistance error evaluated by an echom etric m easurem ent com prising echo correction . The 
correction m ay be effected in am plitude or in am plitude and  phase or according to o ther criteria (e.g. in energy).

Note — The corrected equivalent resistance error m ay be evaluated in term s o f one k ilom etre, as the ratio  
A k between corrected equivalent resistance error Ae as m easured on a cable section, and  the square roo t o f  the 
length L  o f  this section, in km. ■

A*' = A e/ f L  Q  - km "*
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2.3 M easurem ents m ade with sine-wave signals

2301 irregularity reflection coefficient

F: fac teur de reflexion sur les irregularites 

S :  coeficiente de reflexion de las irregularidades

The reflection coefficient m easured at one end o f a section o f a transm ission m edium , for a specified m ode 
o f  p ropagation , under conditions allowing for the elim ination  o f the effects o f  reflections other than those due to 
irregularities inheren t in the section concerned.

2302 regularity loss

F: affaiblissem ent de I’onde reflechie sur les irregularites 

S :  perdida de retorno por irregularidades

The expression in transm ission units o f  the m odulus o f irregularity reflection coefficient Ph Its value in 
decibels is equal to :

Ai =  - 2 0  logjo |^-|.

Reference

[1] C C IT T  R ecom m endation Vocabulary o f  pulse code m odulation (PCM) and  digital transmission terms, 
Vol. I l l ,  Fascicle III.3 , Rec. G.702.

6.1 Symmetric cable pairs

Recommendation G.611

CHARACTERISTICS OF SYMMETRIC CABLE PAIRS FOR ANALOGUE TRANSMISSION

(former Recom mendation G.321, Geneva, 1974; am ended a t Geneva, 1980)

1 Cable specification — Examples of the electric characteristics of a star-quad cable designed to provide 12,
24, 36, 48, 60 or 120 carrier telephone channels on each quad pair (form erly P art A)

1.1 Types o f  cable

A dm inistrations which decide to equip their sym m etric pair cable netw ork should, w herever possible, 
choose those which conform  to the types o f cable defined below.

N ew  cables laid  in the E uropean and  N orth-A frican in te rnational te lephone netw ork include un loaded  
sym m etric pairs, designed to be used for 12, 24, 36, 48, 60 or 120 carrier te lephone channels on each pair. These 
pairs are laid  up in star quads and  all un loaded  pairs o f the same cable are one o f the types whose nom inal 
characteristics are show n in Table 1/G.611.

It is essential tha t a repeater section crossing a fron tier should be o f  a uniform  type th roughou t its length. 
W hen a fron tier section is between a large and a small country, the A dm inistration  o f the larger country  should 
do  everything possible to use whichever o f  the three types has been adopted  by the sm aller country, so as not to 
oblige the A dm inistrations o f sm all countries to  use sections o f in te rnational cable o f a d ifferent type from  tha t o f 
the ir na tional cables.

N ote 1 — Some A dm inistrations, by paying special atten tion  to  crosstalk balance and  adopting  ap p ro ­
p ria te  repeater spacing, have been able to set up  systems w ith 2 supergroups, in accordance w ith R ecom m enda­
tion  G.322, on paper-insu lated  sym m etric pairs conform ing with this p resen t specification.

N ote 2 — It is also possible to  set up  2 supergroup systems that conform  with R ecom m endation G.322 on 
pairs o f  type II bis and  type III  bis. Type II bis pairs are insulated  by polythene and type III bis pairs by styroflex.
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TABLE 1/G.611

Type I Type II Type II bis Type III Type III bis

Diameter of conductors (mm) 0.9 1.2 1.2 1.3 1.3

Effective capacity (nF/km) 33 26.5 21 28 22

Characteristic impedance ( Q )
to 60 kHz 153 178 206 170 196
to 120 kHz 148 174 203 165 193
to 240 kHz — 172 200 163 190
to 550 kHz — 198 — 188

Attenuation per unit length at 10 °C in dB/km
to 60 kHz 2.3 — — —

to 120 kHz 3.1 2.0 1.5 1.8 1.4
to 240 kHz — 2.9 2.1 2.7 2.0
to 552 kHz — 4.8 3.1 4.4 3.0

1.2 Regularity o f  fac tory  lengths

The regularity m ay be characterized by one or o ther o f the equivalent m ethods below , the choice o f  w hich 
is left to the A dm inistrations concerned.

1.2.1 Effective capacity

The “effective capacity” is m easured between the two conductors o f  the pair, all o ther cable conducto rs 
being connected together and  to  the sheath.

Ratios o f  the effective capacity

Type I  cable — The average o f the effective capacities o f all the pairs in any factory length should  no t 
d iffer from  the nom inal value by m ore than  ±  5%.

In  any factory length, the difference between any individual value o f  effective capacity  and  the average 
value ob ta ined  for this factory length should no t exceed ±  7.5%; the arithm etic  m ean o f  the m agnitudes o f  these 
differences should no t exceed 2.5%.

Types II, I I  bis, I I I  and  I I I  bis cables — The average effective capacity  o f any length should  n o t differ 
by m ore than  ±  3% from  the nom inal value.

In any length, the difference between the effective capacity  o f  any p a ir  and  the average capacity  for the 
cable length should no t exceed ±  5%.

1.2.2 Impedance (types II, II bis, I II  and I II  bis cables)

The real p art o f  the characteristic im pedance o f any circuit, m easured w ith a frequency o f  120 kH z, should
no t depart by m ore than  ±  5% from  the m ean value o f all the pairs o f the first m anufacturing  batch  o f each type.
This m ean value should  no t depart by m ore than  ±  5% from  the nom inal value at 120 kHz.

The im pedance will be m easured on the factory lengths using a bridge, the circuits being te rm inated  by an
im pedance equal to  tha t which is m easured by the bridge.

1.3 Crosstalk

The quality o f the cable from  the po in t o f view o f crosstalk m ay be characterized by one or o the r o f  the 
tw o equivalent m ethods below, the choice o f  which is left to the A dm inistra tions concerned.

1.3.1 Direct m easurements o f  crosstalk

F or a factory length o f  230 metres the crosstalk between any two side circuits should  satisfy the follow ing
conditions:

— far-end crosstalk ratio  should be greater than  68 dB;
— near-end crosstalk attenuation  should be greater than  56 dB.

F or cables to  be used w ith 5 groups or 2 supergroups these values should ho ld  up  to  240 kH z; an d  for
cables w ith two groups, up  to  120 kHz.
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D uring  these m easurem ents, the circuits will be term inated  by the real part o f the nom inal im pedance for 
the frequency considered.

F or factory lengths greater than  230 m etres, the above lim its will be reduced by

20 logi° 2^0 dB’

L  being the length in metres. Lengths shorter than  230 m etres should satisfy the same conditions as a length o f  
230 metres.

1.3.2 Capacity unbalance and m utual inductances

All the capacity unbalance m easurem ents should be m ade with an alternating  current o f  800 Hz. The 
m utual im pedance m easurem ents should be m ade w ith an alternating  current o f 5000 Hz. All the m easurem ents 
should  be m ade at the am bient tem perature, w ithout applying corrections; but in case o f dispute, the results 
ob ta ined  a t 10 °C  will be considered as final. All the conductors, o ther than  those under test, should be connected 
to  the cable sheath.

F o r a factory length o f 230 m etres the capacity  unbalance should no t exceed the values given in 
Table 2/G .611 and the m utual inductances should n o t exceed the values given in Table 3 /G .6 1 1. These tables 
show differen t values for type I cables in one colum n, and  for types II, II bis, III and III  bis in the other.

TABLE 2/G.611 
Capacity unbalance

Mean of all readings 
(ignoring signs)

Maximum individual 
reading

Type I Types II, II bis, 
III and III bis Type I Types II, II bis, 

III and III t e

Capacity unbalance in picofarads:

between pairs of the same quad 33 17 125 60
between pairs of adjacent quads in the same layer 10 5 60 25

I mean value not specified because
between pairs in nonadjacent quads in the same layer < all possible combinations are not 20 10

I measured
between pairs in quads in adjacent layers ' 10 5 60 25
between any pair and earth 100 100 400 400

Note -  The limits shown for the mean values do not apply to cables which have four or less quads.

TABLE 3/G.611 
Mutual inductances

Mean of all readings 
(ignoring signs)

Maximum individual 
reading

Type I Types II, 116/5, 
III and 1116/5 Type I Types II, I I6/5, 

III and 111 bis

Mutual inductances in nanohenrys:

between pairs of the same quad 150 125 600 500
between pairs of adjacent quads in the same layer 100 40 400 150
between pairs in nonadjacent quads 50 20 350 150
between pairs in quads in adjacent layers 100 40 600 250

Note -  The limits shown for the mean values do not apply to cables which have four or less quads.
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The average values from  pair to  pa ir given in Tables 2/G .611 and  3/G .611 should  be m ultip lied  by the
square roo t o f  the ratio  between the length in question and  230 metres.

All the m axim um  values, as well as the average values between a pa ir and  earth , should be m ultip lied  by 
the ratio  between the length in question and  230 metres.

Lengths shorter than  230 metres should  satisfy the sam e conditions as the length o f  230 metres.

1.4 Dielectric strength

W hen specially requested, cables will have a construction  such tha t the insu lation  o f any cable length
should be capable o f w ithstanding, w ithout breakdow n, a po ten tia l difference specified in each particu la r case bu t
n o t exceeding 2000 volts r.m.s., applied  for at least 2 seconds between all the conductors connected  together and  
the earthed sheath. The test can be m ade with a 50-Hz alternating  current. The value o f  the test voltage should  no t 
exceed by m ore than  10% the peak  value o f a sinusoidal voltage having the sam e r.m.s. value.

The test can also be carried  out using direct curren t (see [1]). In  such a case, the lim it for the voltage will
be 1.4 tim es the r.m.s. value o f the voltage when using alternating  curren t 0.

1.5 Insulation resistance

In  a length o f cable, the insulation  resistance m easured between a conductor and  all the o ther conductors 
connected together, and  to the earthed sheath, should no t be less than  10 000 M Q -km , the po ten tia l d ifference
used being at least 100 volts and  no t greater than  500 volts. The reading shall be m ade after electrification  fo r one
m inute, the tem perature being at least 15 °C.

For lengths greater than  230 metres, it is necessary to  app ly  the follow ing rules:

2 Specification of a repeater section (form erly Part B .l)

2.1 M axim um  attenuation in a repeater section

The m axim um  attenuation  at the highest frequency transm itted  to  line o f a norm al repeater section shall be
41 dB for low -gain systems with 1, 2 or 3 groups and  36 dB for low -gain systems w ith 4 or 5 groups or
2 supergroups.

2.2 Crosstalk

The far-end crosstalk ratio  between circuits in the sam e direction, m easured on the repeater sections o f a
carrier system on un loaded  sym m etric pairs, term inated  at their two ends by im pedances equal to  their
characteristic im pedance, should not be less than  the values shown below  (which allow  for the existence o f  any 
crosstalk balancing networks).

1) For the classical m ethod o f balancing, the repeater section far-end crosstalk ratio  for low  gain 
transistorized systems up to 120 channels on type II and  III  cables (or sim ilar cables) o r low -gain 
120-channel systems on type II bis o r III bis cables should no t be less than  69.5 dB.

2) W hen a “balancing  section” com prises several repeater sections, an  equivalent result can be ob ta ined
from  the form ula 69.5 — 10 log10« (dB), where n is the num ber o f repeater sections in  the balanc ing
section.

2.3 Regularity o f  impedance

The im pedance o f any circuit in a repeater section form ing p art o f a carrier system on un loaded  sym m etric 
pairs should no t differ from  the nom inal value by m ore than  the values show n below:

±  5% (value m easured at 60 kHz) for a repeater section form ing p art o f a 12-channel system ;

±  8% (value m easured at 108 kHz) for a repeater section form ing p art o f a 24-channel system ;

0 In reference [2], the CCITT does not recommend a formula for general application for tests on mixed dielectrics. However, 
for tests of telephone cables, the CCITT recommends the use of the factor 1.4 as representative of current commercial 
practice.
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±  8% (value m easured at 120 kH z) for a repeater section form ing p art o f a 36- o r 48-channel system ;

±  8% (value m easured at 240 kH z) for a repeater section form ing p art o f  a 60-channel system;

±  8% (value m easured at 552 kHz) for a repeater section form ing p art o f  a 120-channel system.

2.4 Dielectric strength

I f  it is desired to check the dielectric strength o f a repeater section after laying, direct curren t will be
app lied  to  the cable at a voltage equal to  the specified r.m.s. a lternating  curren t test voltage for tests on factory
lengths (see § 1.4 above).

2.5 Insulation resistance

The insu lation  resistance m easured at the end o f the cable between any one conductor and  all the other 
conducto rs bunched and  connected to the earthed sheath (excluding in ternal repeater station wiring) should no t be 
less than  10 000 M G -km  m easured at a po ten tia l difference o f at least 100 volts and  not m ore than  500 volts. The 
reading shall be m ade after electrification for one m inute.

References

[1] Dielectric strength tests, Blue Book, Vol. I l l ,  Part 4, A nnex 19, ITU , G eneva, 1965.

[2] Ibid., § 4.

Recommendation G.612

CHARACTERISTICS O F SYMMETRIC CABLE PAIRS DESIGNED FOR THE TRANSM ISSION OF 
SYSTEMS WITH BIT RATES OF THE ORDER OF 6 TO 34 M bit/s

(Geneva, 1976; am ended a t Geneva, 1980)

I Preamble

This R ecom m endation relates to  sym m etric pair cables which have been developed for the transm ission o f 
signals w ith bit rates o f  the order o f 6 to  34 M b it/s , bu t they are no t ru led  out for the transm ission o f low er or 
higher b it rates, subject to the use o f an app rop ria te  regeneration section; in m ost cases they can also be used for 
baseband  transm ission o f videophone or television signals.

These cables fall into two categories, according to w hether o r no t the cable is in tended for use in both 
directions o f  transm ission in the same cable.

2 Parameters to be measured

Those param eters which, for digital system transm ission, have to be m easured by a particu lar m ethod or at 
frequencies d ifferent from  those defined in R ecom m endation G.611, are: characteristic im pedance, attenuation  
coefficient, and  far-end crosstalk between pairs on  the sam e direction o f transm ission. I f  the cable is in tended  for 
use w ith bo th  d irections o f transm ission w ithin the sam e cable, it is also necessary to m easure the near-end 
crosstalk  betw een pairs in tended for different directions o f transm ission.

2.1 Characteristic impedance

The characteristic im pedance m ay be m easured:

— either in the sinusoidal m ode, when the m easured p a ir  will be term inated  by an im pedance constantly  
equal to  th a t m easured by the bridge, except when the length is sufficient fo r the m easurem ent result 
to  be independent o f  the term ination  im pedance;
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— or by a pulse echo m eter 0, w hen the im pedance o f the p a ir  being m easured is com pensated  by an  
ad justab le balancing  netw ork graduated  to  show the im pedance value. The pa ir being m easured is 
term inated  by an  identical network.

2.2 A ttenuation coefficient

The a ttenuation  per km o f the pairs is derived from  tha t value to  be ob ta ined  on an  elem entary  cable 
section, allow ance being m ade for the to lerance accepted on the length o f  these sections.

N ote  — In the case o f  looped m easurem ent, a check should be carried  out to  ensure th a t the near-end  
crosstalk a ttenuation  between the ends o f the circuit being m easured is sufficient.

2.3 Crosstalk

C rosstalk  m ay be specified either in sinusoidal m ode, a t a frequency near the tim ing half-frequency o f  the 
system concerned, o r in digital m ode 2).

2.3.1 Far-end crosstalk m easurem ent

The far-end crosstalk m easurem ents are carried out on  pairs used in the sam e d irection  o f  transm ission  at 
a frequency above abou t 100 kH z; if this frequency is no t the tim ing half-frequency o f the system, the value to be 
specified will be corrected to  the factor 20 log10 / .

2.3.2 N ear-end crosstalk m easurements

I f  it is in tended  to  transm it in bo th  directions on the sam e cable, these m easurem ents are conducted  on a 
pro to type length, either in sinusoidal m ode or digital m ode, between pairs used fo r opposite  d irections o f 
transm ission.

3 Description of pairs and cables

A dm inistra tions which decide to  use sym m etrical pairs to  transm it digital signals w ith a bit rate  o f  the 
order o f 6 to  34 M b it/s  should, wherever possible, choose one o f the types o f cable described in §§ 3.1 and
3.2 below.

3.1 Cable designed fo r  use with one cable fo r  each direction o f  transmission

3.1.1 The basic characteristics o f the pairs are given in Table 1/G .612.

3.1.2 The characteristics o f  cables constructed with these pairs are given in Table 2/G .612.

3.2 Cables designed fo r  transmission in both directions in the sam e cable

Tables 3 /G .612 and  4/G .612  indicate the characteristics o f the pairs w hich m ake up  cable pairs an d  quad
cables respectively 3).

All these cables consist o f bundles p rotected  by one or m ore copper or alum inium  screens, the pairs in
each bundle being used for the sam e direction o f transm ission. For this reason , near-end  crosstalk  values relate
only to pairs in different bundles.

Note 1 — To m ake the presen tation  o f Tables 3 /G .612 and  4 /G .612  un iform , the values o f characteristic 
im pedance are given at 1 M H z (real p art o f Z,). The ratio  between im pedance Z, =  X x — j Yj at 1 M H z and  
im pedance Zf  — Xf  — ]Yf  at f  M H z is

Xf  =  X x -  Yx +  y ,/i/7  and  Yf  =  Yx/ { f .

The differencee between the value o f the real p art o f the im pedance a t 1 M H z and  its value at 4 M H z is betw een
2 and  3 £2. A t 1 M H z, the im aginary p art o f  the im pedance is between 4 and  6 Q ; for frequencies above abou t 
0.3 M H z, it varies in the inverse ratio  to  the square roo t o f the frequency.

This method is similar to the one used for coaxial pairs, but with a symmetrical measuring head and networks. The pulse 
duration is equal to 100 ns; the echo is not corrected.

An example of a digital technique is given in Supplement No. 19.

During Study Period 1981-1984, an attempt should be made to reduce the number of cables having the same diameter of 
conductors as far as possible.
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N ote 2 — F or the sam e reason as in N ote 1 above, the attenuation  value is given at 1 M Hz. At a 
frequency / M H z ( f  > 1), a ttenuation  ct^is related to  attenuation  a ,  at 1 M H z by the ratio  af  = a , y[f .

N ote 3 — The value o f far-end crosstalk is reduced to  a length o f 1000 m by a correction o f 10 log10 L  if 
the cable length L  being m easured is d ifferent from  1000 m. The crosstalk values indicated  are the m inim um  lim it 
values fo r the specification o f systems. W here either o f the above conditions is no t fulfilled, the values are show n 
between brackets.

TABLE 1/G.612

Pair characteristics Type I cable

Diameter of conductors (mm) 0.64

Average mutual capacitance of pairs (nF/km) 24.2

Characteristic impedance (Q)a) 178

Attenuation coefficient at 24 °C (dB/km) a> 13.5

a) The attenuation and impedance measurement frequency is 3150 kHz.

TABLE 2/G.612

Set 1 a> Set 2a>

Nominal characteristic impedance Zo (Q) 1 78
(desired average at 3150 kHz)

Attenuation and crosstalk

Attenuation at 3150 kHz at 24 °C (dB/km)
pair minimum 11.8 11.8 .
pair maximum 14.35 14.6

Far-end crosstalk (FEXT) loss at 3150 kHz dB
for a 300 m (1000 feet length)

pair minimum power sum 37.5 39.0
minimum pair-to-pair (0.1 % point) 40.5 40.5

DC resistance at 24 °C (Q/km)
maximum conductor 56.8
desired average 54.5

Cable average mutual capacitance (nF/km)
maximum 25.4
minimum 23.0
desired average 24.2
r.m.s. standard deviation (o)of pairs within a cable (%) 7

Capacitance unbalance to ground (pF/km)
maximum pair 443
cable average 164

DC dielectric strength
between conductors for ARPAP b> sheath 1 500 V applied for 1 s
core and inner aluminium to shield ^  20000 V applied for 3 s
core to inner aluminium and shield ^  5 000 V applied for 3 s

a) Two sets of values for attenuation and far-end crosstalk are given. The cable may meet either one of these sets, thus allowing a cable 
with lower loss to meet a less stringent crosstalk requirement.

b) Aluminium-resin-polythene-aluminium-polythene.
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TABLE 3/G.612
Cable pairs

Characteristics
Cable type

I II III ‘ IV V VI VII

Nominal characteristic 
impedance Z0 at 1 MHz (Q) 160 160 140 120 145 180 180

Far-end crosstalk
(minimum values referred to 1000 m) 
(dB)

1 MHz 
4 MHz 

17 MHz
43 a> 43 a> 40

56
44
31

64
52
40

40 40

Near-end crosstalk from 1 to 17 MHz 
(minimum values, dB) 119 119 98 116 125 110 110

Nominal attenuation coefficient at 1 MHz b> 
(dB/km at 10 °C) 7.0 9.3 10.5 9.5 5.2 8.2 8.0

Nominal capacity (nF/km) 28.5 28.5 31.5 38 30 24 24

Diameter of conductors (mm) 0.8 0.6 0.65 0.9 1.2 0.62 0.65

a> Far-end crosstalk measurements on elementary cable sections for pairs of this type are made in the digital mode only (see Supplement No. 19).
The maximum value specified is 30 mV. 

b) The real values should make it possible to meet the conditions required for an elementary cable section (Type I: 56 ± 2 dB at 4.2 MHz and 
10 °C for 4 km; Type II: 56 ± 2 dB at 4.2 MHz and 10 °C for 3 km; Type III: below 55 dB at 3.15 MHz for 2.8 km).

TABLE 4/G.612 
Quad cables

Characteristics

Cable type

I II

Nominal characteristic impedance Zo at 1 MHz (Q)) 165 120

Far-end crosstalk
(minimum values referred to 1000 m) 
(dB)

Different
quads

1 MHz 
4 MHz 

13 MHz 
17 MHz

46
34
31

56
44

31

Same
quad

1 MHz 
4 MHz 

13 MHz 
17 MHz

(45) 1 
(25) \ a> 
(21) )

46
34

C )

Near-end crosstalk, from 1 to 17 MHz (minimum values, dB) 125 b> 116

Nominal attenuation coefficient at 1 MHz (dB/km at 10 °C) 8.8 9.5

Nominal capacity (nF/km) 28 38

Diameter of conductors (mm) 0.65 0.9

a> For 34 Mbit/s transmission over each pair of a star quad, a balancing method is applied to the elementary cable section of 2 km by means of
systematic crossings every 500 m, which improves the far-end crosstalk values by at least 15 dB. Hence the values given in this box correspond to
500 m of cable. 

b> The value must be above 130 dB in 99 % of cases.
c> The transmission of 34 Mbit/s over each pair of a star quad is being studied.
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6.2 Land coaxial pair cables

The coaxial cables described in the follow ing R ecom m endations can be used for d ifferent kinds o f systems. 
The follow ing tables illustrate the possible uses o f the various pairs.

TABLE l 
Cables in analogue systems

Designation of 
system types 

(MHz)
Typical frequency band 

(MHz)
Types of coaxial cables 

that might be used 
(mm)

1.3 0.06 to 1.3 1.2/4.4

4 or 6 0.06 or 0.3 to 4 or 6 1.2/4.4 
2.6/9.5

12 or 18 0.3 to 12 or 18 1.2/4.4 
2.6/9.5

60 4 to 60 2.6/9.5

TABLE 2 
Cables in digital systems

Proposed designation 
of system types

Possible bandwith 
(MHz)

Typical example 
of bit rate of system 

(Mbit/s)

Types of coaxial cables 
that might be used 

(mm)

8.5 8 0.7/2.9

Medium bit rate
35 34 0.7/2.9 

1.2/4.4

High bit rate 100 140
0.7/2.9a>
1.2/4.4 b> . 
2.6/9.5

Very high bit rate 700 565 1.2/4.4 
2.6/9.5

a) This type of cable can probably be used economically also for high bit rate systems.
b) For high bit rate systems a hybrid system might be employed, i.e. there are several analogue type repeaters 

between each regenerator. In this case the effective bandwidth could be reduced (for example within 35 MHz).
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Recommendation G.621

(Geneva, 1976; am ended a t Geneva, 1980)

A dm inistrations which decide to  use for digital transm issions, and  possibly also fo r p articu la r types o f 
analogue transm ission, coaxial pairs sm aller than  the 1.2/4.4-m m  coaxial pair should  as far as possible choose 
pairs com plying w ith the specifications given in this R ecom m endation. The use o f these pairs  is defined  in 
Tables 1 and  2 given in the in troduction  to  Subsection 6.2.

1 Pair characteristics

1.1 Electrical characteristics o f  the coaxial pair

1.1.1 Characteristic impedance

The nom inal value o f the real p a rt o f the characteristic im pedance at 1 M H z should  be 75 £2.

The m ean real p art o f the im pedance o f a coaxial pa ir a t 1 M H z should  no t differ from  the nom inal figure
by m ore than  ±  2.5 £2.

Table 1/G.621 shows the general trend  o f the varia tion  o f the im pedance as a function  o f  frequency.

CHARACTERISTICS OF 0.7/2.9-m m  COAXIAL CABLE PAIRS

TABLE 1/G.621 
Mean real part of the impedance measured at various frequencies

Frequency (MHz) 0.2 0.5 1 2 5 10 20 oo

Impedance (Q) 77.7 75.9 75 74.2 73.4 73 72.8 72.2

1.1.2 Attenuation coefficient

The nom inal value o f the attenuation  coefficient, at 10 °C  and at 1 M H z, is equal to  8.9 dB /km .
Table 2/G .621 shows the general trend  o f the varia tion  in a ttenuation  coefficient as a function  o f 

frequency at the tem perature 10 °C.

TABLE 2/G.621 
Mean values of the attenuation coefficient at various frequencies

Frequency (MHz) 0.2 0.5 1 2 5 10 20

Attenuation coefficient (dB/km) 4.5 6.5 8.9 12.6 19.8 28.0 39.6

1.2 M echanical construction o f  the coaxial pair

The pair has the follow ing constitu tion:

a) nom inal diam eter o f solid-copper wire inner conductor: 0.7 m m ;

b) nom inal in ternal diam eter o f outer conductor: 2.9 m m ;

c) outer conductor consisting o f a copper tape w ith a thickness o f the o rder o f 0.1 m m , laid  lengthw ise 
with overlap 0;

d) screen consisting o f a steel tape w ith a thickness o f  the order o f 0.1 m m , laid  lengthw ise with 
overlap

0 A single bimetallic copper-steel-copper tape may also be used to serve as outer conductor and screen.

Fascicle III.2 — Rec. G.621 209



2 Cable specification (factory lengths o f about 500 m)

2.1 Characteristic impedance

To check tha t the value given in § 1.1.1 is met, pulse m easurem ents can be made. The m ean real p a rt o f 
the im pedance at 1 M H z is to  be taken as m eaning the resistive com ponent o f the im pedance at 1 M H z o f the 
netw ork with the best balance against the coaxial pa ir m easured.

2.2 Impedance regularity

R outine contro l m easurem ents o f im pedance regularity  are carried out by m eans o f pulse echom eters from  
one or bo th  ends o f the factory lengths. The echo curve should be p lo tted  w ith correction in am plitude and  if 
possible in am plitude and  phase.

Table 3/G .621 shows the various values to be ob ta ined  according to  the purpose for which the cable is 
intended.

TABLE 3/G.621 
Echometric measurement of factory lengths a)

Type of system Digital

Bit rate Medium bit rate High bit rate

Maximum pulse duration 100 ns

General provisions Maximum peak
100% 36 dB

95% 39 dBb>

Additional optional provisionsc)
A Mean of 3 maximum peaks

B Equivalent resistance error

a) The values to be inserted in the empty boxes are still under study.
b) Value proposed by the Italian Administration.
c> It is enough to check that one of the two conditions A or B is fulfilled.

Note 1 -  The percentage figures given in the table relate to all the pairs of a batch of cables submitted for control or delivered at the same time. 
Note 2 -  With the construction techniques used so far, systematic faults do not give rise, in steady-state measurements of regularity return loss, to 
peaks at frequencies below 60 MHz. For this reason, and taking into account the bit rate envisaged, steady-state measurements of regularity return 
loss do not seem necessary. For other types of construction which might be used in future, supervision of the regularity return loss might be wise; in 
such cases, the value should be 20 dB from 4 to 60 MHz.

2.3 A ttenuation coefficient

The attenuation  o f pairs should be such as to allow  com pliance with the provisions o f  § 3.3 below 2\

2.4 N ear-end crosstalk attenuation

The near-end crosstalk attenuation  between coaxial pairs used for d ifferent transm ission directions, 
m easured in the frequency ban d  0.5-20 M H z on factory lengths, m ust be above 135 dB for 100% of m easurem ents.

2) At this stage o f manufacture, attenuation measurements are merely prototype measurements.
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2.5 Dielectric strength

The pair should w ithstand  an  a.c. voltage o f 1000 r.m.s. at 50 Hz (or a  d.c. voltage o f  1500 volts) app lied  
for at least 1 m inute between the centre and  the outer conductor.

If  in norm al service the outer conductors o f  the coaxial pairs are n o t to  be earthed, a d ielectric strength  
test m ust be carried out between the outer conductors and the earthed m etal sheath. F or this test, an  a.c. voltage o f  
a t least 2000 volts r.m.s. at 50 Hz or a d.c. voltage o f not less than  3000 V will be applied.

2.6 Insulation resistance

The insulation  resistance between the centre and  outer conductors o f  the coaxial pair, m easured w ith a 
perfectly steady voltage o f betw een 100 and  500 V, should no t be less than  10 000 M Q -km  after elec trification  for 
one m inute at a tem perature no t lower than  15 °C. The m easurem ent o f  the insu lation  resistance should  be m ade 
after the dielectric strength test. This m easurem ent should be m ade on every factory  length.

3 Elementary cable section specification

It will be a m atter for agreem ent between the A dm inistration  and  the supplier w hether tests are to  be
carried  out on all sections o r w hether som e percentage or even a type-approval test alone will be sufficient,
especially in the case o f m easurem ents w hich are different to carry  out under field conditions.

3.1 M ean impedance

The m ean real part o f the im pedance o f a coaxial pair at 1 M H z m ust no t differ from  the nom ina l value
(as defined in § 1.1.1) by m ore than  3 Q. M easurem ents should be affected as described in § 2.1.

3.2 Impedance regularity

M easurem ents are effected as described in § 2.2 above. Table 4/G .621 indicates the various values to  be
obtained  according to  the purpose for which the cable is intended. N ote 1 o f § 2.2 rem ains valid.

TABLE 4/G.621 
Echometric measurement of elementary cable sections a)

Type of system Digital

Bit rate Medium bit rate High bit rate

Maximum pulse duration 100 ns

General provisions Maximum peak
100% 30 dB

95% 33dB b>

Additional optional provisionsc)
A Mean of 3 maximum peaks

B Equivalent resistance error

a> The values to be inserted in the empty boxes are still under study.
>b) Value proposed by the Italian Administration.
c> It is enough to check that one of the two conditions A or B is fulfilled.
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3.3 Attenuation coefficient

At 1 M Hz, the real attenuation  coefficient m ust no t d iffer from  the nom inal figure, as defined in § 1.1.1, 
by m ore than  ±  0.4 dB.

A ttenuation  m easured on a cable at an average tem perature o f t° C  is referred to  10 °C  by the form ula:

1
am — a , ----------------------

10 ' 1 + ka (t -  10)

The coefficient o f the variation in attenuation  as a function  o f tem perature ka is about 1.8 • 10-3 p e r ° C  
fo r frequencies above 2 M Hz and about 1.9 • 10'3 per °C  for 1 M Hz.

3.4 Crosstalk

The near-end crosstalk attenuation  between coaxial pairs used for different transm ission directions, 
m easured in the frequency band  0.5-20 M H z on 2- and  4-km sections, should be above 130 dB.

3.5 Dielectric strength

The pair m ust w ithstand a d.c. voltage o f at least 1000 V applied  during at least 1 m inute between the 
in te rnal and  external conductors.

In  addition , a test o f dielectric strength between the coaxial pair and  earth  shall be m ade as described in 
§ 2.5 using a d.c. voltage o f at least 2000 V applied  for 1 m inute.

3.6 Insulation resistance

The insulation  resistance between the centre and  outer conductors o f  the coaxial pair, m easured with a 
perfectly steady voltage o f  between 100 and  500 V should no t be less than  5000 M Q -km  after electrification for 
1 m inute. The m easurem ent o f the insulation  resistance should be m ade after the dielectric strength test. This 
m easurem ent should be m ade on every elem entary cable section.

Recommendation G.622

CHARACTERISTICS OF 1.2/4.4-mm COAXIAL CABLE PAIRS

(former Recom mendation G.342; am ended a t Geneva, 1976 and  1980)

The follow ing R ecom m endation describes the 1.2/4.4-m m  coaxial pair recom m ended by the C C IT T  for the 
in te rna tiona l service. The use o f this pair is defined in Tables 1 and  2 given in the in troduction  to  Subsection 6.2. 
W hen the possibility o f television or digital transm ission has been envisaged, it is expressly m entioned in each 
provision.

1 Characteristics of the pair

1.1 Electricql characteristics o f  the coaxial pair

1.1.1 Characteristic impedance

The nom inal real part o f the characteristic im pedance is 75 Q at 1 M Hz.

The tolerance is ±  1.5 f l  for telephony or ±  1 Q ' 1 for pairs tha t m ay be used for television transm is­
sions.

F or inform ation, the im pedance values in Table 1/G .622  were ob tained at various frequencies on coaxial 
pairs m anufactured  by d ifferent processes.

Provisional values.
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TABLE 1 /G.622
Mean real part of the characteristic impedance measured at various frequencies

Frequency (MHz) 0.06 0.1 0.2 0.5 1 1.3 4.5 12 18

Impedance (£2) 79.8 78.9 77.4 75.8 75 74.8 74 73.6 73.5

1.1.2 A ttenuation coefficient

The nom inal value o f the attenuation  coefficient, at 10 °C  and at 1 M H z, is 5.3 dB /km .

Table 2 /G .622 shows the general trend  o f the varia tion  o f the attenuation  coefficient as a function  o f 
frequency for all pairs which conform  to the present R ecom m endation. At higher frequencies, a fo rm ula should  be 
g iven . 2)

TABLE 2/G.622 
Nominal values of the attenuation coefficient at various frequencies

Frequency (MHz) 0.06 0.1 0.3 0.5 1 1.3 . 4.5 12 18

Attenuation coefficient (dB/km) 1.5 1.8 2.9 3.7 5.3 6.0 11 18 22

N ote — By way o f in form ation , A nnex A shows the values m easured or specified in various countries, 
w ith the corresponding  deviations or tolerances. In any case, am plifier design m ust be based on the values 
m easured on the type o f cable which will actually be used.

1.2 M echanical construction o f  the coaxial pair

The nom inal d im ensions are the follow ing:

— diam eter o f  solid copper centre conductor: 1.2 m m ;

— inner diam eter o f outer conductor: 4.4 mm.

The cylindrical outer conductor is ob ta ined  using a copper tape with a thickness o f 0.15 or 0.18 mm.

2 Cable specification

2.1 Characteristic impedance

To check tha t the value given in § 1.1.1 above is met, pulse m easurem ents can be m ade. The real p art o f 
im pedance at 1 M H z is to be taken as m eaning the resistive com ponent o f  the im pedance at 1 M H z o f the 
netw ork with the best balance against the coaxial pair m easured.

2.2 Impedance regularity

R outine contro l m easurem ents o f im pedance regularity are carried out by m eans o f pulse echom eters from  
one or both  ends o f  the factory lengths. The echo curve should  be p lo tted  with correction  in am plitude and  if 
possible in am plitude and  phase. I f  the equivalent resistance erro r is m easured, it m ust be corrected. H ow ever, for 
rou tine m easurem ents, correction may be dispensed with if  the test length is so short tha t the correction  is small.

Under study.
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Table 3 /G .622  shows the various values to  be ob ta ined  according to  the purpose for which the cable is 
intended.

TABLE 3/G.622 
Echometric measurement of factory lengths a)

Type of system Analogue Digital

Frequency range or bit rate 0.06-6 MHz 0.3-20 MHz Medium bit rate High bit rate

Maximum pulse duration 100 ns 50 ns 50 ns 10 nsb)

General
provisions

Maximum
peak

100% • 45 dB 44-48 dBc) 44-48 dBc> 44-48 dBc)

95% 46-50 dBc> 46-50 dBc)

Additional optional 
provisions d>

A
Mean of 
3 maximum 
peaks

48 dB b> 47-51 dBc) 47-51 dBc>

B
Equivalent
resistance
error

1.2 £2b> 0.9 Q b) 0.9 Q b>

a) The values to be inserted in the empty boxes are still under study. 
b> Provisional values.
c) Values under study (a possible range is indicated).
d) It is enough to check that one of the two conditions A or B is fulfilled.

Note 1 -  For 0.06-1.3 MHz analogue systems, the provisions are the same as for 0.06-4 or 6 analogue systems.
Note 2 ■— The percentage figures given in the table relate to all the pairs of a batch of cables submitted for control or delivered at the same time. 
Note 3 -  For the use of cables with high bit rate digital systems, some Administrations have suggested that a number of return wave attenuation 
measurements should be carried out to detect systematic irregularities. These measurements are of the same kind as those described in Table 3/G.623. 
The limit to be observed might be provisionally fixed at 20 dB. For the use of cables with very high bit rate digital systems, the value remains under 
study.

2.3 Attenuation coefficient

The attenuation  o f pairs should be such as to allow  com pliance with the provision o f § 3.3 b e lo w .3)

If  reference is m ade to the length m easured along a generatrix  o f the cable sheath, the a ttenuation  
coefficient should be m ultiplied by the take-up  factor, the values o f which for different num bers o f pairs 
con tained  in the cable are given as an ind ication  in Table 4/G .622.

TABLE 4/G.622 
Take-up factor values

Number of pairs 
in cable

Take-up factor, 
last layer

Weighted take-up factor, 
entire cable

4 or 6 1.002
8 1.003

12-18 1.004 1.003
24 1.005 1.004
48 1.008 1.006

3) At this stage of manufacture, attenuation and crosstalk measurements are merely prototype measurements. 
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2.4 Crosstalk

The crosstalk between pairs should be such as to allow  com pliance with the provisions o f  § 3.4 b e lo w .3)

2.5 Dielectric strength

The pa ir should  w ithstand an  a.c. voltage o f 1000 V r.m.s. at 50 Hz (or a d.c. voltage o f  1500 V) app lied  
fo r at least one m inute between the centre and  outer conductors.

If, in  norm al use, the outer conductors o f the coaxial p a ir  are no t earthed, a dielectric strength  test is m ade 
between the outer conductors and  the earthed m etallic sheath. The conductors o f the auxiliary  quads o r pairs are 
connected to  the ou ter conductors o f  the coaxial pairs or to  the sheath, according to  the k ind  o f  system used for 
these quads o r pairs. U nder these conditions, an a.c. voltage o f  2000 V r.m.s. o r m ore a t 50 Hz will be app lied  for 
a t least one m inute (or a d.c. voltage o f 3000 V or more).

N ote — The test voltages recom m ended take account o f  the norm al safety m argins app lied  in the various 
countries. Polythene insulation , however, m ight reasonably  w ithstand considerably  higher test voltages. In any 
case, some other dielectric m ight conceivably be used in the future.

2.6 Insulation resistance

The insu lation  resistance between the centre and  ou ter conductors o f the coaxial pair, m easured w ith a 
perfectly steady voltage o f between 100 and 500 V, should n o t be less than  5000 M Q -km  after electrification for 
one m inute, a t a tem perature no t lower than  15 °C . The m easurem ent o f  the insu lation  resistance should  be m ade 
after the dielectric strength test. This m easurem ent should be m ade on each factory length.

3 Elementary cable section specification

3.1 E nd impedance

The conditions described in §§ 1.1.1 and  2.1 above are applicable.

3.2 Impedance regularity

Im pedance regularity  m easurem ents are carried out from  each end o f the elem entary cable section. 
Reference should be m ade to  one o f the colum ns in  Table 5 /G .622, according to the purpose for w hich the cable 
is intended.

3.3 A ttenuation coefficient

At 1 M H z, the real a ttenuation  coefficient m ust no t differ from  the nom inal figure by m ore than  ±  0.2 dB. 

A ttenuation  m easured on a cable at an average tem peratu re o f  t °C  is referred to  10 °C  by the form ula:

ttl0 1 + ka it -  10)

The coefficient ka o f the varia tion  in attenuation  with tem perature is abou t 2 x 10-3 per °C  at frequencies o f 
500 kH z or m ore. It increases slightly at low er frequencies (abou t 2.8 x 10-3 per °C  at 60 kHz).

3.4 Crosstalk

The far-end crosstalk ratio  between two coaxial pairs in a cable transm itting  in the sam e direction  at any 
frequency in the band  actually transm itted  m ust be no t less th an  the values given in Table 6/G .622.

At this stage of manufacture, attenuation and crosstalk measurements are merely prototype measurements.
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TABLE 5/G.622
Echometric measurement o f elementary cable sections a)

Type of system Analogue Digital

Frequency range or bit rate 0.06-6 MHz 0.3-20 MHz Medium 
bit rate

High 
bit rate

Maximum pulse duration 200 ns 100 ns 100 nsb) 50 ns b)

General Maximum
100% 42 dB 40-44 dBc> 40-44 dBc>

provisions peak
95% 46-50 dBc) 46 dB b>

Additional optional 
provisions d)

A

Mean of 
3 maximum 
peaks. 
Uncorrected 
maximum

45 dBb> 45 dBb> 

52 dB

45-47 dBe)

Equivalent'
resistance
error

B
Energy 
corrected 
(Q • km _ i  )

C Uncorrected (Q)

a> The values to be inserted in the empty boxes are still under study.
U Provisional values.
c! Values under study (a possible range is indicated).
d) It is enough to check that one of the three conditions A, B or C is fulfilled.
Note 1 -  Notes 1 and 2 to Table 3/G.622 still hold good. However, for 0.06 to 1.3 MHz analogue systems, the provisions of column 0.06 to 
6 MHz apply, but the pulse duration must be increased for elementary cable sections longer than 4 km. The maximum duration of the pulse must 
nevertheless not exceed 400 ns.
Note 2 -  Measurements using sine-wave signals on elementary cable sections are unnecessary unless there are serious grounds for believing that 
systematic irregularities may have been introduced during the laying or installation of the cable. In such cases, the measurement reshlts should not 
be less than 20 dB (provisional value).

TABLE 6/G.622
Minimum far-end crosstalk ratio between two 1.2/4.4 mm coaxial pairs

Length of the section 
(km)

Far-end crosstalk ratio (dB)

Without phase inversion With phase inversion 
at repeaters

8 87
6 89 80
4 93 —

3 95 83

216 Fascicle III.2 — Rec. G.622



There is no need to specify a near-end crosstalk ratio  when the form er lim its are chosen for the far-end  
crosstalk ratio .

W hen phase inversion is used, the near-end crosstalk  ratio for pairs transm itting  in opposite d irections 
m ust be at least 84 dB for a section about 6 km  long, and  87 dB for a section abou t 3 km  long.

N ote  — These lim its enable a far-end crosstalk ratio  o f 65 dB to  be ob ta ined  on the w orst hom ogenous 
280-km section, assum ing tha t for the frequencies in question only far-end  crosstalk  due to  the cable is to  be 
considered 4); for the form er lim its (far-end crosstalk w ithout phase inversion), it is assum ed th a t the varia tion  in 
the m inim um  far-end crosstalk ratio  as a function  o f the distance L  (expressed in kilom etres) approxim ately  
follows 5> the law 2 /3  [20 log10 2 8 0 /L].

3.5 Dielectric strength

The pair m ust w ithstand a d.c. voltage o f at least 1000 V applied  during  a t least one m inute betw een the 
inner and the outer conductors.

In add ition , a test o f dielectric strength between the coaxial p a ir  and  earth  shall be m ade as described in 
§ 2.5, using a d.c. voltage o f a t least 2000 V applied  for one m inute.

N ote  — The recom m ended test voltages take account o f the norm al safety m argins app lied  in the various 
countries. Polythene insulation, however, m ight reasonably  w ithstand considerably  higher test voltages. In  any 
case, som e o ther dielectric m ight conceivably be used in the future.

3.6 Insulation resistance

The insulation  resistance between the centre and  outer conductors o f  the coaxial pair, m easured w ith a 
perfectly steady voltage o f between 100 and  500 V, should n o t be less th an  5000 M£2-km after elec trification  for 
one m inute. The m easurem ent o f the insulation  resistance should  be m ade after the dielectric strength  test. This 
m easurem ent should be m ade on every elem entary cable section.

ANNEX A 

(to R ecom m endation G.622)

Examples of attenuation coefficient measured or specified in some countries

(Values given as an indication)

TABLE A-1/G.622 
Values measured on a type of pair whose outer conductor is 0.15 mm thick

Frequency (MHz) 0.060 0.1 0.3 0.5 1 4 12 18 52

Attenuation (dB/km) 1.54 1.85 2.89 3.67 5.21 10.4 18.0 22.0 37.5

Tolerance (dB/km) ± 0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.1 ± 0.2 ± 0.2 ±0.5

Temperature coefficient 0.0028 0.0026 0.0024 0.00225 0.0020 0.0020 0.0020 0.0020 0.0020

In practice it is possible to forget the influence of line equipment on intelligible crosstalk, but this is only true for low 
frequencies of the band (less than 300 kHz).

This law is certainly valid for distances greater than those given in Table 6/G .622; it is an average between the law valid 
for very short distances (variation proportional to distance) and the one valid for long distances (variation proportional to 
the square root o f the distance). The precise limits (distances) of application of these laws remain for study.
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TABLE A-2/G.622
Values specified in certain countries for a type of pair whose outer conductor is 0.18 mm thick

Frequency (kHz) 60 100 200 300 500 700 1000 1300 4500

Specific attenuation (dB/km) 1.49 1.80 2.42 2,91 3.73 4.43 5.30 6.05 11.2

Tolerance (dB/km) ± 0.1 ± 0.1 a) a) a) a) ± 0.2 ± 0.2 ± 0.2

a) Not specified.

Form ula proposed  by the U nited K ingdom  A dm inistra tion  for the a ttenuation /frequency  law:

a  =  0.066 +  5.15 j / /  +  0 .0 0 4 7 /

This form ula is given as an exam ple.

Recommendation G.623

CHARACTERISTICS OF 2.6/9.5-m m  COAXIAL CABLE PAIRS

(former Recom mendation G .331; am ended at Geneva, 1976 and 1980)

1 Pair characteristics

It is necessary to have throughout the in te rnational netw ork types o f coaxial pairs having the same 
electrical characteristics, in order to enable transm ission systems to  operate on any cable m eeting the specifications 
o f  this R ecom m endation. The use o f these pairs is defined by Tables 1 and  2 given in the in troduction  to 
Subsection 6.2.

*
1.1 Electrical characteristics o f  the coaxial pair

1.1.1 Characteristic impedance

The characteristic im pedance o f the coaxial pa ir follows a w ell-defined law depending on frequency given
by:

Z = 74.4 [ l  + (1 -  j) J
where / i s  the frequency m easured in M Hz /  There is therefore no po in t in specifying values at all frequencies.

The figure o f 74.4 Cl (im pedance at infinite frequency) is subject to  a tolerance o f ±  1 £2.

1.1.2 Attenuation coefficient

The nom inal attenuation  coefficient o f the coaxial pa ir at a frequency o f 60 M Hz and a tem perature o f 
10 °C  should be w ithin the lim its o f 18.00 ±  0.3 d B /k m  2).

The rate o f the varia tion  o f the attenuation  with frequency, for a nom inal value, o f 18.00 d B /k m  at 
60 M Hz, is indicated  in Table 1/G .623 3).

0 This formula is equivalent to Z  =  74.4 +  (0.92/]//) (1 — j) Q. If this latter formula is used, a correcting factor should be 
applied to the tolerance indicated in the text.

2) For internal reasons, some Adminstrations considered it advantageous to use pairs of larger dimensions, with smaller
attenuation, making it possible to use longer repeater sections (2 km). Cables manufactured by assembly of these pairs may
be regarded as meeting the requirements of this Recommendation for 60-MHz systems provided the electrical characteristics 
of the repeater sections built up with these cables comply with this Recommendation and provided the line equipments are 
exactly the same as those used with the cables referred to in this Recommendation. The French Administration’s
3.7/13.5-mm pairs described in [1] fall within this category.

3) The values to be inserted in the empty boxes are still under study.
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TABLE 1/G.623 
Nominal attenuation coefficient at various frequencies

Frequency (MHz) 0.06 0.3 1 4 12 20 40 60 150 300

Attenuation (dB/km) 0.59 1.27 2.32 4.62 8.01 10.35 14.67 18.00

1.2 M echanical construction o f  coaxial pairs

a) The inner conductor is a solid copper wire 2.6 mm in diam eter.

b) The insu lation  is such that the perm ittivity o f the com bination  o f gas and  low-loss solid dielectric
m aterial is low enough to  meet the requirem ents o f this specification.

c) The outer conductor consists o f a copper tape 0.25-mm thick  form ed into a cylinder o f  in ternal
d iam eter 9.5 mm around  the insulation.

d) F or reasons o f crosstalk, the outer conductor should be su rrounded  by soft steel tapes.

A nother form  o f construction  having the sam e electrical characteristics bu t w ith an  inner copper conductor
o f 2.8-mm diam eter and  an alum inium  outer conductor o f 10.2-mm in ternal diam eter is used by some
A dm inistrations. This type o f construction is described in detail in A nnex A.

2 Cable specification

2.1 Characteristic impedance

To check th a t the value given in § 1.1.1 above is met, either sine-wave signal m easurem ents or pulse 
m easurem ents can be made.

For sine-wave signal m easurem ents, the check is often m ade in term s o f the sm ooth  im pedance/frequency
curve.

For pulse m easurem ents, a sine-squared pulse having a half-am plitude du ration  o f less than  100 ns should 
be used. O ne m ay either balance the im pedance against a variable reference im pedance or m easure the reflection 
coefficient against a fixed reference standard.

2.2 Impedance regularity

R outine contro l m easurem ents o f im pedance regularity are carried out by m eans o f pulse echom eters from
one or both  ends o f the factory lengths. The echo curve should be p lo tted  with correction  in am plitude and  if
possible in am plitude and  phase. If  the equivalent erro r is m easured, it m ust be corrected. H ow ever, fo r rou tine 
m easurem ents, correction may be dispensed with if the test length is so short that the correction  is small.

Table 2 /G .623 shows the various values to be ob ta ined , according to the purpose for which the cable is
intended.

Note 1 — For 0.06-4 M Hz or 6 M Hz analogue systems, the provisions are the sam e as for 0.3-20 M Hz 
analogue systems.

N ote 2 — To detect system atic irregularities, return  wave attenuation  m easurem ents should  be carried  out 
on  a small p roportion  o f fabricator lengths. The lim its to  be observed are given in Table 3/G .623.

Note 3 — The percentage Figures given in the tables relate to all the pairs o f a batch o f  cables subm itted
for control or delivered at the sam e time.
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TABLE 2/G.623
Echometric measurement o f factory lengths a)

Type of system Analogue Digital

Frequency range or bit rate 0.3-20 MHz 4-70 MHz High 
bit rate

Very high 
bit rate

Maximum pulse duration 50 ns 10 ns 10 ns 10 ns b)

General provisions Maximum peak
100% 50 dB 48 dB 48 dBc)

95% 56 dB 54 dBd> 54 dBc)d)

Additional optional 
provisions e)

A Mean of 3 maximum peaks 53 dB 51 dB 51 dBc>

B
Equivalent
resistance
error

L<  300 m 
300 ^  L ^  500 m 

• L > 500 m

0.6 £2 ) 
0.8 Q / c> 
0.8 Q

1 Q 1 
1.2 Q f c>
1.6 Q J

1 Q 1
1.2 Q J c>
1.6 Q ]

TABLE 3/G.623 
M easurem ent o f factory lengths using sine-wave signals a)

Footnotes to Tables 2/G.623 and 3/G.623:
a) The values to be inserted in the empty boxes are still under study.
b) It would be advisable, in this case also, for routine supervisory measurements to be carried out using a 10 its pulse, maintaining the specifications 

of 4 to 70 MHz analogue systems, even if research or prototype measurements have to be conducted with a 2 ns pulse.
c) Provisional values.
d) Provided that no more than one value between 48-54 dB is encountered on one and the same coaxial pair of an elementary cable section.
e) It is enough to check that one of the two conditions A or B is fulfilled.
^ The provisions for 4-70 MHz analogue systems are certainly adequate. However, much lower values have also been proposed. Agreement 

should be reached on the values to be specified and the frequency band to be explored (4-100 MHz or 62-100 MHz).
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The attenuation  o f pairs should be such as to allow  o f com pliance w ith the provisions o f § 3.3 below  4).

If  reference is m ade to the length m easured along a generatrix  o f the cable sheath, the linear a ttenua tion  
coefficient should be m ultiplied by the take-up factor, the values o f which are given as an  ind ication  in 
T able 4/G .623.

2.3 Attenuation coefficient

TABLE 4/G.623 
Take-up factor values

Number of pairs 
in cable

Take-up factor, 
last layer

Weighted take-up factor, 
entire cable

4 or 6 1.003
8 1.005
12 1.009 1.007

18 or 20 1.012 1.010

2.4 Crosstalk

The crosstalk between pairs should be such as to allow  o f com pliance w ith provisions o f § 3.4 below  4).

2.5 Dielectric strength

The pair should w ithstand for one m inute an  a.c. voltage o f 2000 V r.m.s. at 50 H z (or 3000 V d.c.) app lied  
between the centre conducto r and  the outer conductor connected to the sheath. This dielectric strength  test should  
be m ade on each factory length.

2.6 Insulation resistance

The insu lation  resistance between the centre and  outer conductors o f the coaxial pair, m easured w ith a 
perfectly steady voltage o f between 100 and  500 volts, should  not be less than  5000 M Q -km  after electrification  
for one m inute at a tem perature no t low er than  15 °C . The m easurem ent o f the insu lation  resistance should  be 
m ade after the dielectric strength test. This m easurem ent should be m ade on each factory length.

3 Elementary cable section specification

The A dm inistra tion  and  the supplier m ust agree on whether tests are to  be carried  out on  all sections or 
w hether som e percentage or even a type-approval test alone will be sufficient, especially in the case o f 
m easurem ents which are d ifficult to carry out under field conditions.

3.1 End impedance

The conditions described in §§ 1.1.1 and  2.1 above are applicable.

3.2 Impedance regularity

Im pedance regularity  m easurem ents are carried out from  each end o f  the elem entary  cable section. 
Reference should be m ade to  one o f the colum ns in Table 5/G .623, according to  the purpose for which the cable 
is intended.

Note 1 — N otes 1 and  3 to § 2.2 in connection  w ith Table 2 /G .623 still hold  good. H ow ever, for 
0.06-4 M H z or 6 M H z analogue systems, the provisions o f colum n 0.3-20 M H z apply , bu t the pulse d u ra tio n  m ust 
be increased for elem entary cable sections longer than  5 km. The m axim um  du ration  o f  the pulse m ust 
nevertheless no t exceed 200 ns.

At this stage of manufacture, attenuation and crosstalk measurements are merely prototype measurements.
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N ote 2 — M easurem ents using sine-wave signals on elem entary cable sections are unnecessary unless there 
are serious grounds for believing that system atic irregularities m ay have been in troduced  during the laying or 
installation  o f the cable. In such cases, the m easurem ent results should no t be less than  33 dB for the 4-62 M H z 
ban d  and  x  dB for the 62-y  M H z band  5).

TABLE 5/G.623 
Echometric measurement of elementary cable sections a)

Type of system Analogue Digital

Frequency range or bit rate 0.3-20 MHz 4-70 MHz High 
bit rate

Very high 
bit rate

Maximum pulse duration 50 ns 10 ns 10 ns b)

General Maximum
100% 50 dB 46 dB 46 dBc)

provisions peak
95% 50 dB 50 dBc>

Additional optional

A

Mean of 
3 maximum 
peaks. 
Uncorrected 
maximum

51 dB 

54 dB

49 dB 

52 dB

49 dBc> 

52 dBc>

provisionsd)
Equivalent
resistance
error

B
Energy 
corrected 
(Q • km _ 2) ■

0.8C> 2 C) 2 C)

C Uncorrected (Q) 10 1.5 c> 1.5'c>

a) The values to be inserted in the empty boxes are still under study.
b) It would be advisable, in this case also, for routine supervisory measurements to be carried out using a 10 ns pulse, maintaining the specifications 

of 4 to 70 MHz analogue systems, even if research or phototype measurements have to be conducted with a 2 ns pulse.
c) Provisional values.
d) It is enough to check that one of the three conditions A, B or C is fulfilled.

3.3 A ttenuation coefficient

F or a cable o f any given m anufacture with a nom inal attenuation  coefficient defined by the lim its given in 
§ 1.1.2 above, the difference between the m axim um  and  m inim um  attenuation  coefficient values m easured at 
60 M H z on the coaxial pairs o f all elem entary sections o f 1.5 km m ust be below  0.4 d B /k m  (referred to 10 °C).

A ttenuation  m easured on a cable at an average tem perature o f t °C  is referred to 10 °C  by the form ula:

1
a ]n = a , ----------------------

10 r 1 + k a (t -  10)

The tem perature coefficient ka is 0.002 per °C  at frequencies above 1 M Hz.

’ The values of x  and y  are under study.
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3.4 Crosstalk

The far-end  crosstalk ratio  between two coaxial pairs o f a cable at any frequency in the ban d  transm itted  
should be at least equal to  the values listed in Table 6/G .623.

TABLE 6/G.623

Lengths
(km)

Frequency band 
(MHz)

Far-end crosstalk ratio 
(dB)

9 0.06-4.3 85
4.5 0.3-12.5 94 a)
1.5 4-62 130

a) If the cable operates both in the 0.3-12 MHz frequency band and the lower frequency band with 
longer repeater sections, the value of the far-end crosstalk should be increased by a few decibels to 
frequencies higher than 300 kHz to allow for the differences in levels across some points of the 
cable. A limit of 100 dB suffices.

W ith cables operating  at 60 M Hz, the near-end crosstalk attenuation  at 60 M H z between pairs transm itted  
in opposite directions should  be at least 140 dB. N o lim it is fixed for o ther systems, previous studies having 
show n that the near-end  crosstalk ratio under service conditions was greater than  the far-end crosstalk ratio . These 
values include the con tribu tion  o f accessories which are associated to elem entary cable section, such as flexible 
cords and coaxial connector.

N ote 1 — The values given for cables operating  at 60 M Hz are derived from  general considerations on 
crosstalk between sound-program m e circuits given in R ecom m endation J.18 [2]. These values are easy to  ob ta in , 
a lthough in the present state o f the art it is difficult to  test them  with o rd inary  m easuring equipm ents.

Note 2 — The values given for cables operating  at 12 M Hz or less suffice for te lephone transm ission. For 
sound-program m e circuit transm ission, this value m ust be increased to  105 dB, a value which is easily ob ta ined  
w ith all types o f cable at frequencies above 300 kHz.

Note 3 — These lim its enable at far-end crosstalk ratio  o f 65 dB to  be ob ta ined  on  the w orst hom o­
geneous 280-km section, assum ing that for the frequencies in question only far-end crosstalk due to  the cable is to  
be considered 6) and  tha t the varia tion  in the m inim um  far-end crosstalk ratio  as a function  o f  the d istance L  
(expressed in kilom etres) approxim ately  follows 7) the law 2 /3  (20 log10 280 / L).

3.5 Dielectric strength

The pa ir should  w ithstand for one m inute a d.c. voltage o f 2000 V applied  between the centre conducto r 
and  the outer conducto r connected to the sheath. This dielectric strength test should  be m ade on each elem entary 
cable section on com pletion o f laying.

3.6 Insulation resistance

The insu lation  resistance between the centre and  outer conductors o f  the coaxial pair, m easured w ith a 
perfectly steady voltage o f between 100 and  500 V, should no t be less than  5000 M fi-km  after electrification for 
one m inute; the m easurem ent o f the insulation resistance should be m ade after the dielectric strength test. This 
m easurem ent should be m ade on every section.

In practice, it is possible to forget the influence of line equipments on intelligible crosstalk, but this is only true for low 
frequencies of the band (less than 300 kHz).

This law is certainly valid for distances greater than those given in Table 6/G.623. It is an average between the law valid 
for very short distances (variation proportional to the distance) and the one valid for long distances (variation proportional 
to the square root of the distance). The precise limits (distances) of application o f these laws remain for study.

Fascicle III.2 -  Rec. G.623 223



A N N E X  A

Description of a copper-aluminium coaxial pair having the same 
electrical characteristics as the 2.6/9.5-m m  copper coaxial pair

The constitu tion  o f this copper-alum inium  coaxial p a ir is as follows:

— The centre conductor is a solid copper wire 2.8 mm in diam eter.

— The insu lation  is such that the perm ittivity  o f  the com bination  o f  gas and  low-loss solid dielectric 
m aterial is low enough to meet the requirem ents o f this Recom m endation.

— The ou ter conducto r consists o f an alum inium  tape 0.7-mm thick form ed into a cylinder o f internal 
diam eter 10.2 mm around  the insu lation  and  welded longitudinally .

Such coaxial pairs can be jo in ted  w ith each o ther o r w ith 2.6/9.5-m m  copper pairs easily and  reliably. 
They m eet with all the electrical characteristics. o f  this R ecom m endation. In  particu lar, the values o f far-end 
crosstalk o f  § 3.4 o f the text are obtained between pairs transm itting  in the sam e direction.

References

[1] A nnex 2 to C C IT T  Q uestion 17/XV, G reen Book, Vol. I I I .3, ITU , G eneva, 1973.

[2] C C IT T  R ecom m endation Crosstalk in sound-programme circuits set up on carrier systems, Vol. I l l ,  
Fascicle III.4 , Rec. J.18.

(to R ecom m endation G.623)

6.3 Submarine cables

The R ecom m endations in this Subsection relate to  the specifications for subm arine cables. The R ecom m en­
dations concerning systems are in Subsection 3.7.

Supplem ent No. 11 contains docum entation  on the cable ships used in various countries.

S upplem ent No. 18 contains in form ation  on subm arine cables used in deep water.

Recommendation G.631

TYPES OF SUBM ARINE CABLE TO BE U SED FOR SYSTEM S  
W ITH LINE FREQUENCIES OF LESS THAN ABOUT 45 M Hz ])

(Geneva 1976)

The C C ITT, 

recognizing

tha t the special com plications o f cable repair in the case o f subm arine cable systems laid  in deep water 
(i.e. at depths where there is no  need to use arm oured  cables) justify  m easures which w ould reduce the num ber o f 
cable types with which repa ir ships have to deal;

appreciating

at the same tim e that system designers require flexibility in the choice o f cables in order to  optim ize the 
overall cost per un it length o f individual systems;

^ Recommendations for systems using higher frequencies are still under study. 
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recognizing

th a t the m ost significant cable characteristics in determ ining w hether any tw o cables m ay be jo in ed  
together are:

— the inner diam eter o f the outer conductor,
— the characteristic im pedance o f  the cable;

recommends

tha t for subm arine systems handling  line frequencies up  to 45 M H z 0 the cable used in the deep w ater 
sections o f such systems should conform  w ith the lim its set out in Table 1/G .631 .

TABLE 1/G.631

Inner diameter of outer conductor 25.0-25.5 mm 37.0-38.5 mm 43.2 mm

Characteristic impedance 43-46 Q a) 53-54 Q a) 49-50 Q
b) 60-62 Q b) 53-54 Q

c) 60-62 Q

6 .4  W aveguides

Recommendation G.641

WAVEGUIDE DIAMETERS

(Geneva, 1976)

The C C ITT, 

considering

(a) th a t large waveguides have advantages o f low er basic attenua tion  and  allow  increased repeater 
spacings on relatively straight routes, bu t are m ore costly to m anufactu re and  are m ore critical in laying 
requirem ents;

(b) that sm all d iam eter waveguides are cheaper, m ore to le ran t o f  bends and  less critical in laying 
requirem ents — thus offering advantages in u rban  areas or rough te rrains — bu t require closer spacing o f 
repeaters;

(c) tha t optim ization  o f waveguide diam eter for a specific case is a com plex m atter involving such aspects 
as a detailed analysis o f the particu lar route involved, relative production  and  laying costs for various possible 
types and diam eters o f waveguide, relative costs o f the types and varying num ber o f  repeaters required , and  
overall reliability targets;

(d) tha t it is app rop ria te  to  m inim ize wasteful pro liferation  by standard iz ing  a small num ber o f w aveguide 
d iam eters;

recommends

tha t waveguide inner diam eters should be chosen, as appropria te , from  the series 30, 40, 50, 51, 60 and
70 mm.

0 Recommendations for systems using higher frequencies are still under study.
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6.5 Optical fibre cables

Recommendation G.651

CHARACTERISTICS OF 50/125  pm GRADED INDEX OPTICAL FIBRE CABLES

(Geneva, 1980)

The C C ITT, 

considering

(1) that optical fibre cables will be used widely in fu ture telecom m unications netw orks;

(2) tha t the foreseen potential app lications m ay require m any kinds o f  fibres differing in

— type: a) m ultim ode, b) single m ode;

— nature o f refractive index profile: a) graded index, b) step index;

— nature o f m aterial: a) high grade silica, b) com pound  glasses, c) others;

— operation  w avelength: a) 0.8-0.9 pm , b) 1.2-1.3 pm , c) others;

— geom etrical and  optical characteristics;

(3) that, however, practical use studies on  all the kinds o f  fibres have not yet sufficiently progressed;

(4) that it w ould be reasonable to  m ake a recom m endation on one type o f fibre whose practical use 
studies are m ost advanced;

(5) tha t recom m endations on different kinds o f fibres including other graded index fibres can be prepared  
w hen practical use studies have sufficiently progressed;

recommends

a silica or com pound glass, graded index, m ultim ode fibre to  be used with a source wavelength o f 
0.8-0.9 pm  as most A dm inistrations are considering this type o f fibre for initial use in public networks.

This fibre can be used for analogue and  for digital transm ission !).

Its geom etrical, optical, m echanical and  transm ission characteristics are described below.

Relevant com m ents to the various param eters given in the R ecom m endation are contained  in A nnex A.

The m eaning o f the term s used in this R ecom m endation is given in A nnex B and the guidelines to  be 
follow ed in the m easurem ents to verify the various characteristics are indicated in A nnex C. In  the future, when 
other R ecom m endations on optical fibres are agreed, A nnexes B and  C can becom e separate R ecom m endations.

N ote — C onsidering tha t the developm ent in this field is still in progress, it is useful to note tha t this 
R ecom m endation will be revised as required  in the next study period. In particu lar, the figures given in this 
R ecom m endation correspond  to the state o f  the art for a particu lar type o f application  rather than  an ultim ate 
standard . It should be clearly understood tha t the selection o f only one set o f fibre values should not preclude the 
recom m endation  o f o ther fibre designs.

The use with digital line transmission systems having a bit rate up to 274 M bit/s is considered the most common at the 
present time.
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1 Fibre characteristics

The Fibre characteristics dealt with in § 1 are those which ensure the in terconnection  o f fibres with 
acceptably low losses.

Only the intrinsic fibre characteristics (not depending on the cable m anufacture) are recom m ended in § 1. 
They will app ly  equally to  individual fibres, fibres incorporated  in a cable and  w ound on a d rum , and  fibres in 
installed cables.

1.1 Geometrical characteristics o f  the fibre

1.1.1 Core diam eter

The recom m ended nom inal value o f the core diam eter is 50pm.

The core d iam eter deviation should no t exceed the lim its o f ±  6%.

1.1.2 Reference surface diam eter

The recom m ended nom inal value o f the reference surface diam eter is 125 pm.

The reference surface diam eter deviation should  no t exceed the lim its o f ±  2.4%.

N ote — D epending upon  the technology used, the reference surface m ay be either the cladding surface 
(Figure 1/G .651) or a surface which encloses one or m ore coatings over the cladding (Figure 2/G .651) if these do 
no t have to  be rem oved for jo in ting . In either case the reference surface diam eter shall have the value 125 pm.

C ladding

Core

r R efe ren ce  su rface

Dp =  re fe re n ce  su rfa c e  d ia m e te r 
DCo =  co re  d iam ete r

FIGURE 1/G.651

CCITT - 3 2 6 6 0

C oating

Dp = re fe re n ce  su rfa c e  d ia m e te r 
DCo = co re  d iam ete r

FIGURE 2/G.651
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1.1.3 Cladding diam eter

It does no t appear necessary to separately specify the geom etrical param eters o f the cladding.

N ote  — As aforem entioned the reference surface is used for jo in ting  purposes and  two possibilities may 
arise according to the particu lar fibre design:

a) the coating  is fine enough and well centred  no t to have to be rem oved for jo in ting ; in this case the 
cladding plays no part in jo in ting  and no value needs to  be recom m ended;

b) the coating is either too  thick o r badly centred and  canno t be taken as the reference surface; in this 
case it m ust be rem oved and the cladding becom es by definition the reference surface.

1.1.4 Concentricity error

The recom m ended concentricity error should be less than  6%.

1.1.5 Noncircularity

1.1.5.1 Core noncircularity

The recom m ended core noncircularity  should be less than  6%.

1.1.5.2 Reference surface noncircularity

The recom m ended reference surface noncircularity  should be less than  2%.

N ote  — The above indicated tolerances are prov isional and require further study.

1.2 Optical properties o f  the fib re

1.2.1 Refractive index profile

F or fibres dealt with in this R ecom m endation, the refractive index profiles are expected to be near 
parabolic.

1.2.2 M axim um  theoretical numerical aperture

The recom m ended nom inal value o f the m axim um  theoretical num erical aperture is N A ,max.

T he actual value should no t differ from  this nom inal value by m ore than  0.02.

N ote  — A concentra tion  o f p roposals were in the range 0.15-0.24, so in this range the final value is 
expected to  be chosen.

2 Factory length specifications

Since the geom etrical and  optical characteristics o f fibres are barely affected by the cabling process, § 2 
will give recom m endations m ainly relevant to transm ission characteristics.

T ransm ission characteristics depend greatly on the wavelength used to  convey the inform ation. Priority is
given, fo r the tim e being, to the range 0.8-0.9 pm, while indications for other wavelengths are left for further
study.

T ransm ission characteristics specified below shall be met and m easured at room  tem perature 
(1 0 ° to 35 °C).

The spectral w idth o f the source m ust be indicated  when the transm ission characteristics are given.

2.1 A ttenuation coefficient

O ptical fibres, covered by this R ecom m endation, can be divided in the follow ing categories:

1) a(k) <  10 dB /km ,
2) a ( \ )  <  6 dB /km ,
3) a ( X )  <  4.5 dB /km ,
4) a(k) <  3 dB /km .

N ote  -  All the above values o f a ttenuation  refer to  X =  0.85 pm.
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2.2 Baseband response

The baseband  response is presented in the frequency dom ain. A dm inistra tions w ishing to use the tim e 
dom ain  will still be able to do it by m eans o f m athem atical operations. For this purpose the am plitude and  phase 
response should  be available.

The baseband  response is referred to 1 km. The varia tion  as a function  of length is no t fully know n and  
further study is required.

2.2.1 Am plitude response

The am plitude response is specified in the form  o f a bandw idth  (B) between — 6 dB points (electrical) o f 
the am plitude /frequency  curve. A m ore com plete curve should also be given.

O ptical fibres covered by this R ecom m endation can be divided in the follow ing categories:

1) |B| >  200 M Hz,
2) |B| >  500 M Hz,
3) |B| >  1000 MHz.

N ote — All the above values o f am plitude response refer to X =  0.85|im  and  are provisional.

2.2.2 Phase response

Further study is necessary in order to ascertain if any value should be recom m ended.

2.3 M aterial dispersion

It seems prem ature to form ulate any recom m endation on this subject.

2.4 Effective core diameter, effective numerical aperture

The im portance of these param eters, which are connected with transm ission, has no t yet been clearly 
shown. F urther study is required.

2.5 M echanical properties

It does no t seem advisable to form ulate recom m endations on this subject at this po in t in time. 
A dm inistrations and  designers should ensure tha t good engineering practice is followed.

3 Elem entary cable sections

An elem entary cable section usually includes a num ber o f spliced factory lengths. These operations 
essentially affect transm ission param eters and  new values for attenuation  and  baseband  response should  be 
determ ined, taking in to  account splice losses and the laws o f variation  with fibre length.

3.1 Attenuation coefficient 

U nder study.

Note — The attenuation  coefficient o f an elem entary cable section w ould likely no t exceed the attenuation  
coefficient o f the factory lengths, but further study is required.

3.2 Baseband response •

The effects o f splices and  the variation o f baseband  response with length are still under study.

3.3 Effective core diameter, effective numerical aperture

U nder study.
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ANNEX A 

(to R ecom m endation G.651)

N ote  — The num bering w ithin parentheses gives the po in t referred to  in the text.

A .l Geometrical characteristics o f  the fib re  (§1 .1 )

T he core diam eter, cladding diam eter and  reference surface diam eter (nom inal value and  tolerances) can 
affect a num ber o f im portan t fibre characteristics, including m icrobending loss, splice loss, coupling efficiency (in 
particu lar to  incoherent sources), m echanical strength, fibre cost and m anufacturing  difficulties. T rade-offs exist 
between these effects and  fibre dim ensions.

A.2 Core diam eter  (§ 1.1.1)

The core d iam eter should be as large as possible to  m inim ize splice losses and increase the source coupling 
coefficient, in particu lar for incoherent sources. However, the larger the core, the m ore expensive is the fibre and 
the larger the m icrobending loss for a given cladding  diam eter. The tolerance o f the core d iam eter should take 
in to  account splice losses and m anufacturing difficulties.

A.3 Reference surface diam eter (§ 1.1.2)

The techniques available for jo in ting  m ay be lim ited according to w hether the reference surface is or is not 
the cladding surface.

A.4 Concentricity error (§ 1.1.4)

C oncentricity  error between the reference surface and  the core m ainly affects jo in ting  and  should be kept 
as low as possible, tak ing  into account available m anufacturing  m ethods.

A.5 Noncircularity (§1.1.5)

N oncircu larity  m ainly affects jo in ting  and  should be kept as low as possible, taking into account available 
m anufacturing  m ethods.

A.6 M axim um  theoretical numerical aperture (§ 1.2.2)

In  order to have high source coupling efficiency, in particu lar w ith incoherent sources, and to  reduce 
m icrobending effects, the m axim um  theoretical num erical aperture should be m ade as large as possible w ithout 
too  m uch affecting baseband  response and attenuation  characteristics.

A.7 Complementary notes

A.7.1 Fibre materials

The substances o f which the fibres are m ade should be indicated.

A.7.2 Protective materials

The physical and  chem ical properties o f the m aterial used for the fibre prim ary coating and  the best way 
o f  rem oving it if necessary should be indicated. In the case o f a single jacketed fibre sim ilar indications should be 
given.

A.8 Factory length specifications (§ 2)

It is also im portan t tha t the transm ission perform ance o f cables be established by type testing for other 
tem peratures w ithin the expected operational range. The possible variations o f transm ission perform ance with 
tem peratu re should be the subject o f further study.

A.9 A ttenuation  (§ 2.1)

The loss at o ther wavelengths in the range 0.8-0.9 pm  m ay be calculated by reference to a curve giving, for 
the type o f  fibre concerned, typical spectral loss/w avelength  characteristics relative to  the loss at 0.85 pm.

Comments to the various parameters given in the Recommendation
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In view o f the possibility  o f variable OH content, the ex trapo lation  will becom e less accurate as the 
w avelength approaches 0.9 pm.

A. 10 M aterial dispersion (§ 2.3)

The m aterial dispersion values in the range 0.8-0.9 pm  should be ind icated  as well as the m easurem ent 
m ethod.

ANNEX B 

(to R ecom m endation G.651)

Meaning of the terms used in the Recommendation

Preamble

The m eaning o f the term s which follow  apply  only with respect to  optical fibres in w hich the design 
in ten tion  is to  p roduce coaxial circular structures o f core, cladding, etc., and  in which only sm all departu res from  
the desired structure are likely to be encountered. All o f these definitions, except th a t for reference surface in 
§ B.9, apply  to  a section o rthogonal to the axis o f the fibre.

The defin itions are num bered consecutively.

B.l core

F: coeur 

S : nucleo

The sm allest cross sectional area o f a fibre (excluding any “centre d ip ”) con tained  w ithin the locus o f 
po in ts where the refractive index n 3 is:

n3 = n2 +  k (n, -  n2)

where

n, is the m axim um  refractive index o f the fibre core

n2 is the refractive index o f the hom ogeneously external region o f  the fibre cladding  (see 
F igure B -l/G .651)

k is a constan t

Note  — Unless otherw ise specified k value is assum ed 0.05. The final choice requires further study.

B.2 core centre

F: centre du coeur 

S :  centro del nucleo

The centre o f  the sm allest circle w ithin which the whole o f the core can be contained.

B.3 core diameter ( D Co)

F: diam etre du coeur ( D c)

S :  diam etro del nucleo ( D Co)

The d iam eter o f  the circle defining the core centre.
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B.4 average core diam eter 2) ( D Coav)

F: diametre moyen du coeur ( D Cmoy)

S : diametro medio del nucleo (D Coav)

The arithm etic m ean o f the length o f two chords, one D Co max, the longest straight line passing th rough the 
core centre and jo in ing  the two points on the co re /c ladd ing  interface («3 locus), the other D Comin, the shortest 
straight line passing th rough the core centre and  jo in ing  the two poin ts on the co re /c ladd ing  interface 
(n3 locus), i.e.:

T̂  D e o  m ax D e o  min
^Coav — ~

9)

n2 a n4

FIGURE B-1/G.651 
Some refractive index profiles

C CITT - 2 4 5 6 0

B.5 cladding

F: gaine 

S :  revestimiento

All the optical m aterial o f an optical fibre except the core.

B.6 cladding centre

F: centre de la gaine 

S :  centro del revestimiento

The centre o f the sm allest circle w ithin which the whole o f the cladding can be contained.

2) It is not envisaged that this definition will be used very much, in view of the fact that almost circular constructions are now 
commonly achieved.
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B.7 cladding diameter ( D CL)

F: diam etre de la gaine  ( DG)

S :  diametro del revestimiento (D CL)

The diam eter o f  the circle defining the cladding centre.

B.8 average cladding diam eter2) (D CLaw)

F: diam etre moyen de la gaine (D Cmoy)

S : diametro medio del revestimiento (D CLav)

The arithm etic m ean o f the length o f two chords, one DCL max, the longest straight line passing th rough  the 
cladding centre and  jo in ing  two points on the cladding surface, the other D CL min, * he shortest straight line th rough 
the cladding centre and  jo in ing  the two points on the cladding surface, i.e.:

n  D c l  m a x  ^ C L m in
C L  av — 2

B.9 reference surface

F: surface de reference 

S :  superficie de referenda

The quasi-cylindrical outer surface o f the optical fibre to  which reference is m ade for jo in tin g  purposes.

B.10 reference surface centre

F: centre de la surface de reference 

S : centro de la superficie de referenda

The centre o f  the sm allest circle w ithin which the whole o f the reference surface can be contained.

B .ll  reference surface diameter ( D R)

F: diametre de la surface de reference ( D R)

S : diametro de la superficie de referenda (D R)

The diam eter o f the circle defining the reference surface centre.

B.12 average reference surface diameter 2) ( D RdV)
F: diam etre moyen de la surface de reference (D Rmoy)

S :  diam etro medio de la superficie de referenda ( D Rdv)

The arithm etic m ean o f the lengths o f two chords, one D RmaK, the longest straight line passing through  the 
reference surface centre and  jo in ing  two poin ts on the reference surface, the o ther £>Kmjn, the shortest straight line 
passing through the reference surface centre and  jo in ing  the tw o points on  the reference surface, i.e.:

^  . D r  m ax +  ^ 7 ?  min

Drav = 2

B.13 concentricity error, core/reference surface ( C Co/R)

F: erreur de concentricite cceur/surface de reference ( Cc/R)

S :  error de concentricidad nucleo/superficie de referenda ( CCo/R)

The distance (y) between the core centre and  the reference surface centre divided by the core diam eter DCo.

' C o / R

2) It is not envisaged that this definition will be used very much, in view of the fact that almost circular constructions are now 
commonly achieved.
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B.14 concentricity error, core/cladding ( C Co/CL)

F: erreur de concentricite coeur/gaine ( Cc/G)

S :  error de concentricidad nucleo/revestimiento ( CCo/CL)

The distance (x ) between the core centre and  the cladding centre divided by the core diam eter DCo.

S'   X
c Co/CL -

U Co

B.15 noncircularity of core ( N Co)

F: non-circularite du coeur ( N c)

S :  no circularidad del nucleo ( N Co)

The difference in length between two chords each passing through the core centre, one D Co max, the longest 
line connecting po in ts on the core cladding interface («3 locus), and  the o ther D Comin, the shortest line connecting 
poin ts on the core cladding interface (n3 locus), divided by the core d iam eter ( D Co) i.e.:

x r  ^Co  max — -^ C o m in
N a> = ----------5 ------------

U Co

B.16 noncircularity of reference surface ( N R)

F: non-circularite de la surface de reference ( N R)

S :  no circularidad de la superficie de referenda ( N R)

The difference in length between two chords, each passing th rough  the reference surface centre, one 
( D r max), the longest line connecting po in ts on the reference surface and  the other (D Rmin), the shortest line 
connecting  points on the reference surface, divided by the reference surface d iam eter (D R) i.e.:

xr  ^ 7 ?  m ax D /? m in

N r =   K --------

B.17 noncircularity of cladding ( N CL)

F: non-circularite de la gaine ( N G)

S : no circularidad del revestimiento  ( N CL)

The difference in length between two chords, each passing through the cladding centre, one (£>CjLmax), the 
longest line connecting points on the outer cladding surface and  the o ther (D CLmin), the shortest line connecting 
poin ts on the outer cladding surface, divided by the cladding surface diam eter D CL, i.e.:

xr  D c l  m ax +  ^ C L  m in
Kcl =  JZ-----------

U CL

B.18 refractive index profile

F: profil de Vindice de refraction 

S :  perfil del indice de refraccion

The distribution  o f the refractive index across a straight line passing through the core centre.
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B.19 maximum theoretical numerical aperture ( N A tmax) [for bound  modes]

F: ouverture numerique theorique m axim ale  ( O N tmax) [pour les m odes guides]

S :  apertura numerica teorica m axim a ( A N lmkx) [para m odos guiados]

The square roo t o f the difference o f the squares o f the m axim um  refractive index (n,) o f the fibre core and  
the refractive index ( n2) o f the fibre cladding, i.e.:

N A ,  = V  n 1. — nl  .I y -r i t  m ax > l 2

B.20 core diameter deviation (A D Co)

F: ecart sur le diam etre du coeur (A D c)

S : desviacion del diametro del nucleo (A DCo)

The difference between the ratio  core diam eter Z)Co/recom m m ended  nom inal core d iam eter D Cor an d  unity , 
expressed as a percentage, i.e.:

A D Co = ( -  1 ) x 100( J E c l
V  D Cox J

B.21 reference surface diameter deviation (A D R)

F: ecart sur la surface de reference (A D R)

S :  desviacion del diametro de la superficie de referenda  (A D R)

The difference between the ratio reference surface diam eter D R/recom m ended  nom inal reference surface 
diam eter D Rr and unity , expressed as a percentage, i.e.:

-  1 ) x 100

B.22 cladding surface diameter deviation (A D CL)

F: ecart sur le diam etre de la gaine  (A D G)

S : desviacion del diametro de la superficie del revestimiento  (A D CL)

The difference between the ratio  actual cladding surface d iam eter Z)CL/recom m ended  nom inal cladding  
surface diam eter D CLr and  unity, expressed as a percentage, i.e.:

B.23 primary coating

F: revetement primaire 

S :  recubrimiento primario

The prim ary coating is the coating (possibly no t all app lied  in one operation) o f a single m ateria l applied  
in in tim ate contact w ith the cladding surface, to retain  the initial integrity o f th a t surface.

B.24 single fibre jacket

F : revetement de fib re  individuelle 

S :  envoltura de una fibra

A tubu la r structure which is som etim es applied  to an individual, prim ary  coated  fibre.

Note — The single fibre jacket is no t necessary for all types o f cable structure.
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B.25 attenuation

F: affaiblissem ent 

S : atenuacion

The attenuation  A (k) at wavelength k  between two cross-sections 1 and  2 separated by distance L  o f  a 
fibre is defined as:

A {k)  =  10 log10 P X /P 2

where

P 1 is the optical pow er traversing the cross-section 1 and 

P2 is the optical pow er traversing the cross-section 2.

For a uniform  fibre under equilibrium  condition , it is possible to define an attenuation  per unit length, or 
an  attenuation  coefficient

which is independent o f the chosen length o f the fibre.

B.26 baseband response

F: reponse en bande de base 

S : respuesta en banda base

The baseband response can be expressed in either the tim e dom ain or frequency dom ain.

(i) Time domain (impulse response)

The im pulse response g ( t )  is defined to  be the function  which, when convolved with the optical pow er 
in p u t to  the fibre, gives the optical pow er output.

ii) Frequency domain

The frequency response G (co) is defined to be the function  given by:

where

.Pl(co) is the spectrum  Of the m odulation  signal at the cross-section 1 and 

P2((a) is the spectrum  o f the m odulation  signal at the cross-section 2.

The am plitude and  phase responses are respectively the absolute value and  the argum ent o f (7(co). 

Note — The baseband responses in the tim e and  frequency dom ain in a linear system are related by:

B.27 material dispersion coefficient

F: coefficient de dispersion du materiau  

S :  coejiciente de dispersion debida al m aterial

The m aterial d ispersion can be characterized by the pulse broadening  caused by the wavelength depen­
dence o f g roup  delay x. For a un iform  fibre the d ispersion is linearly proportional to its length, L. The m aterial 
d ispersion coefficient is defined as:

a(X) = dB/unit length,

M (k)  = -
1 dx

L  d k

where

d x  is the variation  o f the group delay due to a variation  d k  o f the wavelength.
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A N N E X  C

(to R ecom m endation G.651)

Fibre test methods

C .l Introduction

The review o f the relevant contribu tions and  the discussions indicated  th a t the op in ions o f  m any 
A dm inistrations still diverged in respect o f recom m ending particu lar test m ethods for m easuring certain  pa ram e­
ters o f optical Fibres. However, for a num ber o f param eters, there is sufficiently wide agreem ent to enable one 
p articu lar testing m ethod to be designated as a “ reference test m ethod” .

A lthough reference test m ethods were chosen as being applicable to  a wide range o f  op tical fibres available 
at present, it was no t in tended th a t the recom m endation o f a particu lar test m ethod should  exclude the design o f 
fibres which, although meeting C C IT T  R ecom m endations could not, by  reason o f  their constructions, be m easured 
using the reference test m ethod. Indeed, the designation o f a reference test m ethod is an  ind ication  th a t there is, at 
the present tim e, for a large num ber o f types o f optical fibres, sufficient confidence that it can  yield accurate 
results and hence be used as a reference with which to com pare the results o f  o ther m ethods.

In the follow ing, where agreem ent has been reached, reference test m ethods have been indicated . O ther 
m ethods tha t were considered to be suitable for m easurem ents o f the sam e param eter have been designated  
“ alternative test m ethods” .

C.2 Equilibrium m ode distribution

The usefulness o f a num ber o f m easurem ents is dependent on the establishm ent o f an approx im ate  
equilibrium  m ode d istribu tion  th roughout the fibre under test. An equilibrium  m ode d istribu tion  is here 
understood  to  exist when the pow er d istribution  o f the field patterns at the ou tpu t o f  the fibre is independen t o f 
length.

A m ode scram bler is one suitable m ethod for generating an approx im ate equilibrium  m ode d istribu tion . It 
is im portan t to note, however, tha t the perform ance o f such a m ode scram bler should no t m ask the characteristics 
o f  the fibre under test.

C.3 Geometrical and  optical parameters

C.3.1 General

It is assum ed that the geom etrical and  optical param eters, which are the subject o f  this R ecom m endation , 
w ould be m easured only in the factory or in the laboratories o f certain  A dm inistra tions w ishing to verify these 
param eters for system design or other purposes. Hence, it is an ticipated  tha t the m easurem ents will be conducted  
either on sam ple fibre lengths or on sam ples extracted from  cable factory lengths.

The reference surface diam eter and  noncircularity , which are external fibre d im ensions, can be m easured 
readily and  accurately by m icroscope or m icrom eter m ethods and  present no  problem .

The core diam eter and  noncircularity  and  the theoretical num erical aperture are defined using the 
refractive index profile as a basis. The rem aining param eter, core /re ference surface noncircu larity , can be derived 
from  the above through a sim ple geom etrical calculation. H ence, it follows tha t all the geom etrical and  optical 
param eters that are the subject o f this R ecom m endation, and  their to lerances as app rop ria te , can  be ob ta ined  
through two basic tests; one for the reference surface diam eter and  one for the determ ination  o f  the refractive 
index profile. A sim ple m eans o f verifying that the geom etrical param eters have been m et is the use o f a tem plate 
such as is show n in Fig.C-1 /G .651.

C.3.2 Test m ethod fo r  the reference surface diameter

Two m ethods are generally suggested for m easuring the reference surface d iam eter: using a conventional 
m icroscope or a m icrom eter. As a m icroscope m ay be m ore generally available for high precision m easurem ents, it 
is designated as the reference test m ethod. The “m icrom eter” m ethod is a suitable alternative test m ethod. W hen 
all o f the m aterial w ithin the reference surface is optical m aterial, in terferom etric m ethods and  the refracted  near 
field technique o f refractive index profile m easurem ent can also be used to m easure the reference surface d iam eter.
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FIGURE C-1/G.651 
Tolerance field

As it will be necessary to  determ ine the noncircularity , the tolerance o f the reference surface, and  the 
concentricity  error between reference surface and  core, the m easurem ent m ust be perform ed along a m inim um  o f 
tw o axes.

C .3.3 Test m ethod fo r  the refractive index profde

Axial interference m icroscopy seems to  be the m ost generally recognized m ethod o f achieving accurate 
results. However, sam ple p repara tion  is tim e consum ing and  requires high precision and  expensive optical 
equipm ent. The near field m ethod, although generally recognized as being useful, suffers in tha t absolute values o f 
the index canno t be determ ined. Also, leaky m odes can cause errors. Some o ther m ethods have prom ise, bu t have 
n o t received the sam e degree o f interest as the above.

In  the light o f the above it has no t been possible to  achieve agreem ent on a reference test m ethod. 
However, the follow ing are available as potential candidates to  becom e reference m ethods:

a) axial interference m icroscopy;

b) near field scanning;

c) reflection m easurem ents;

d) transverse interferogram s;

e) forw ard scattering;

f)  refracted near field technique.

C.3.4 Core diam eter

It is im plicit in the foregoing and from  the defin ition  o f core diam eter tha t the derivation  o f core diam eter 
from  refractive index profiles taken along a num ber o f axes constitutes the reference test m ethod. A m inim um  o f 
two axes m ust be explored. M icroscopic observations, chem ical etching and  the m easuem ents o f certain energy, 
density  d istributions in the ou tpu t o f the fibre are o ther m ethods recognized as useful alternative test m ethods.

The core centre and  core noncircularity  can also be determ ined from  these test m ethods and the 
determ ination  o f the concentricity error between the core and  the reference surface can be derived from  the data.
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C.4 Transmission characteristics

C.4.1 Cable fac to ry  length

C .4 .1.1 Attenuation  

C .4.1.1.1 Introduction

There is general agreem ent that for m easurem ents on cable factory lengths to be useful in  p red ic ting  the 
loss o f elem entary cable sections (regenerator sections), a state o f equilibrium  m ode d istribu tion  m ust exist 
th roughou t the fibre under test. This is to ensure th a t the to ta l o f the losses m easured on ind iv idual cable factory  
lengths can be in good agreem ent with the cum ulative loss m easured at the resulting elem entary  cable sections. A 
variety o f relevant techniques have been p roposed  by different A dm inistrations. Basically, these p roposals concern  
m ethods o f approx im ating  an  equilibrium  m ode distribu tion  th roughout the fibre un d er test o r o f  p roducing  an 
equivalent result. The proposed  m ethods can be grouped into two general categories:

i) the use o f a m ode scram bler at the inpu t o f the fibre under test;

ii) selection o f spot size and launching N A  to produce a transm ission  m easurem ent equivalen t to  tha t 
under equilibrium  m ode d istribution  conditions.

In bo th  approaches, it is necessary to restrict the source spectral w idth in o rder to  rem ove spectral 
dependent loss effects.

A cladding m ode stripper is useful to  ensure tha t cladding m odes reaching the detector do no t d isto rt the
results.

G ood agreem ent on cum ulative loss results have been reported  by a num ber o f A dm in is tra tions using 
either app roach  ou tlined  above. Hence, it is established tha t the generation o f an  equilibrium  m ode d istribu tion  is 
a useful m ethod o f ob tain ing m eaningful results on cable factory lengths. The m ode scram bler an d  the selection o f 
spo t size and  launching  N A  are practical m eans o f achieving the desired result.

The values o f  spot size, N A, spectral linew idth and  the design o f  the m ode scram bler should  be the 
subjects o f fu rther study.

C .4.1.1.2 M easurem ent m ethod

The m ost com m only used m easurem ent m ethods are:

a) the cut-back m ethod,

b) the insertion  loss m ethod,

c) the backscatter or T D R  m ethod.

The cut-back m ethod is generally recognized as yielding accurate results bu t suffers from  the d isadvantage 
th a t it is destructive. The insertion loss m ethod introduces additional uncertain ties due to splices o r connectors. 
The backscatter m ethod is nondestructive but is lim ited in range.

Some A dm inistrations were in favour o f designating the cut-back m ethod as a reference test m ethod  but 
the view has been expressed by others tha t the choice should be delayed.

C .4 .1.2 Baseband response 

C .4 .1.2.1 General

As in the case o f attenuation , it is im portan t that the baseband response m easurem ents be conducted  with 
the test fibre p ropagating  an equilibrium  m ode distribution . Hence the launching concepts described in §§ C.2 
and  C .4.1.1 have applicability  to  the baseband response m easurem ents. It is again im portan t th a t the perform ance 
o f  any m ode scram bler does no t mask the characteristics o f the fibre under test. The spectral linew idth o f the 
source m ust be lim ited to m inim ize the effect o f m aterial d ispersion on the m easured baseband  response. A 
cladding m ode stripper is useful to ensure that pow er p ropagating  in the cladding  does no t d isto rt the results.

Even with well contro lled  launching conditions, it rem ains difficult to  predict the baseband  response o f 
elem entary cable sections based on m easurem ents conducted  on factory lengths.
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C .4 .1.2.2 M easurem ent m ethod

Two basic approaches are recognized as being useful. O ne is based on tim e dom ain  m easurem ents while 
the other is based on frequency dom ain m easurem ents. At present, there is no  clear preference for one approach  
over the o ther, although some proposals have been m ade to adop t one or the other as a reference. In add ition , it 
w as noted  tha t m ore than  one m ethod o f these techniques has been suggested.

At present, therefore, both  basic approaches are considered as candidates to  becom e the reference test 
m ethod.

C .4 .1.3 M aterial dispersion

The m easurem ent m ethods are under study.

C.4.2 Elem entary cable sections

Based on the little attention  this subject has received in the various contributions, it is considered 
prem ature to  attem pt a selection o f test m ethods. N evertheless, the general principles involved in the m easurem ent 
o f  cabled factory lengths and  discussed in §§ C.2 and  C .4 .1.1 are also applicable to elem entary cable sections. 
N ondestructive and  portab le test m ethods are m ore desirable for the elem entary cable sections bu t the need for 
absolute accuracy is no t as great. This may lead to  some relaxation  o f the launch condition requirem ents.
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Supplement No. 5

M EASUREM ENT OF THE LOAD OF TELEPHONE CIRCUITS UN D ER  FIELD CO N D IT IO N S

(M ar del Plata, 1968; am ended a t Geneva, 1972, 1976 and 1980; 
referred to in Recom m endations G.223 and  H.51 [1])

In the Study Periods 1968-1972 and  1973-1976 several A dm inistrations carried ou t speech pow er m easure­
m ents under field conditions. These m easurem ents were carried out in accordance w ith rules and  defin itions as 
given in § 1. The results o f the m easurem ents are contained  in § 2.

Rules and definitions for the measurement of the loading of telephone channels and transmission systems

1.1 Rules and definitions fo r  the m easurem ent o f  speech power from  the public switched telephone network in fie ld  
conditions

1.1.1 The in form ation  to be collected serves prim arily  a tw ofold  purpose:

a) to  be able to assess the contribu tion  o f speech and  signalling pow ers on the public te lephone netw ork
to the to ta l load and  to com pare this to ta l load  w ith the conven tional.load ;

b) to  be able to  apply  w ell-defined changes to load com ponents when the need arises (e.g. in troduction
o f new signalling systems, increase o f non-telephone services, etc.) such tha t the overall load on
channels and  systems is no t adversely affected.

The po in t a) is o f im m ediate interest, w hereas po in t b) falls m ore w ithin the scope o f longer-term  studies. 
In  addition , a th ird  po in t m ay be o f interest in the future:

c) it m ay be desirable to be able to  com pute further characteristics from  the in fo rm ation  collected, such 
as characteristics o f  the m ulti-channel load.

1.1.2 List o f  definitions (see also F igure 1)

Z s (mWO) is the speech pow er while ta lker is active

y s (dBmO) is the level o f speech pow er, while active =  10 log10 Z s

(dBmO) is the m ean o f the levels y s

o ys (dB) is the standard  deviation o f y s

Z c (mWO) is the speech pow er on a channel averaged over a conversation  (a d istinction  m ay be m ade 
between auxiliary and  m ain conversations)

y c (dBmO) is the level o f speech pow er on a channel averaged over a conversation  =  10 log10 Z c

o yc (dB) is the standard  deviation  o f y c

y c (dBmO) is the m ean o f the levels o f speech pow er y c

yp (dBmO) is the level o f the long-term  m ean speech pow er averaged over a popu la tion  o f  talkers
participating  in custom er conversations,

yP = y c +  0.115 o yc2 (assum ing yc is G aussian)
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x c is the long-term  m ean o f  the activity factor w ithin a conversation

ab +  cd +  ef +  gh . . _ .xc — -------------——---------—  in c) or Figure 1
A  Y

x 0 is the long-term  m ean o f the “channel busy” custim er occupancy factor

x =  X X  
0 w z

x B is the long-term  m ean o f the “channel engaged” factor defined as the fraction o f “busy h o u r’
during which “channel busy” conditions occur

SW Z
*B =

y m is the level o f m ean speech pow er averaged over the “busy ho u r”

observation period

=  x0 x  x B; on the assum ption tha t x Q and  x B are statistically independent, it follows tha t

x0 x xB = x0 x xB .

This is the long-term  m ean o f the p ropo rtion  o f tim e o f the “busy-hour” in which 
conversation  occurs.

7
Sig (mWO)

y sig (dBmO)

(mWO)

y, (dBmO)

7
S t

y s,

^ sig

— Z SIg +  Z ,

=  10 log,o Z st

is the long-term  m ean o f the occupancy factor fo r signalling w ithin a “channel busy” period, 

W T +  YZXcio =
W Z

x, is the long-term  m ean o f the occupancy factor for supervisory tones w ithin a “channel busy”
period, including tones from  PBX where applicable

x =' w z

%i is the long-term  m ean o f the occupancy factor for signalling and  tones w ithin a “channel
busy” period

_ _  W T +  UV +  YZ 
W Z

x s =  x st x x B is the long-term  m ean o f the occupancy factor for signalling and tones within
“busy h o u r”

Z uc (mWO) is the total m ean pow er averaged over calls and  channels and including the contribu tions of
speech, signalling and  tones.

y uc (dBmO) =  10 log t0 Z m

The follow ing relationships apply:
level o f m ean pow er due to custom er conversation averaged over the “busy h o u r”

y m =  yP +  1 0  I o § i o

y c = ys +  iog I0 xc

yP — y c +  0.115 a,,f2 (assum ing a G aussian  d istribution)

All the m ean values x o f the various activity and  occupancy factors Xy are m ean values averaged over calls
and  channels.

Levels should  be indicated  in dBmO.
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FIGURE 1 
Load of a telephony channel

1.1.3 M easurem ents to be m ade on one channel

1.1.3.1 M ean power level during conversations o f the subscribers, y c dBmO. The results should  be presented  in the 
form  of y  c and  o yc from  which yp m ay be derived.

— The beginning and  the end o f the m easurem ent periods and  the criterion  used for their detection  
should be clearly indicated. It should also be stated w hether the m easured speech signals include the 
m ain conversation  only (i.e. th a t betw een the actual calling and  called subscriber) o r if  aux iliary  
conversations such as speech from  PBX operators and  o ther in term ediaries such as secretaries, etc., 
are included or excluded. This distinction  will be im possible to m ake when au tom atic  m easuring 
m ethods are used (e.g. the “conversation” w ould then extend betw een the po in ts V and  Y in b) o f 
F igure 1).

— y c is o f im portance when considering points b) and c) o f  § 1.1.1, bu t it m ay also serve as an 
in term ediate quantity  in a). yp is required for a) and  may be determ ined from  y c and  o yc bu t there are 
o ther ways o f ob ta in ing  yp which do no t involve y c.

— y s is o f in terest to  Study G roup X II. I f  y s is m easured, o r ob ta ined  from  values o f y c and  t c, results 
w ould m ost usefully be provided in term s o f the m ean value, y s and  the standard  dev iation  a ys.
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1.1.3.2 The po in t o f  m easurem ent should be chosen so th a t only un id irectional signals are incorporated  in the 
results. The relative level o f this po in t should  be indicated  as well as its situation in the connection (i.e. p rim ary  
centre, secondary  centre, etc.).

— A 4-wire po in t w ould fulfil the requirem ent o f  un id irectional signal flow. However, echoes m ay be 
present and  this should be indicated  in  the report o f the results. I f  the m easurem ent m ethod used 
enables in form ation  on echo pow er to  be ob ta ined , this in fo rm ation  should also be given.

— A 2-wire po in t m ay also be chosen provided suitable p recautions are taken to  ensure th a t only signals 
flow ing in one d irection  are m easured.

1.1.3.3 The activity factor xc is no t itself o f  p rim ary  im portance to  these studies; if  however, it is used as a m eans 
to  ob ta in  y c from  ys, its long-term  m ean value should be included in the results; Study G roup  X II is in terested in 
bo th  quantities y s and  x c.

A num ber o f  p recautions and  considerations which should  be observed when m easuring activity are listed
below:

1) W hen m easuring the activity factor in field tests, short noise spikes during tim es o f no  activity should 
be suppressed and  not counted  as active tim e. A sm oothing equivalent to  a tim e constan t o f 
aproxim ately  60 ms has been p roposed  by one A dm inistration .

2) The m inim um  in terrup tion  tim e o f  signal, which is counted  as inactive tim e, should be approxim ately  
350 ms. (Results subm itted by various A dm inistra tions indicate tha t there is a substantial dependence 
o f  the activity on this time.)

3) The sam pling rate used to assess the activity has to be adequate. O ne A dm inistration  has found  tha t a 
rate o f the o rder o f  25 . . .  50 sam ples per second is suitable; the m atter is still under study and  further 
p roposals on  this m ay be forthcom ing.

4) At least one A dm inistration  considers it desirable to  set the threshold  o f activity at a level o f  15 dB 
below  the m ean active pow er level during  the conversation  rather than  at —30 dBmO. This w ould 
enable a com parison to  be m ade between results o f  field tests and  laboratory  tests.

1.1.3.4 The circuit occupancy factors  t g, x b  and  their p roduct x u should be given in the form  o f their long-term  
m ean  value.

— The factor x0 should be m easured over a large num ber o f calls.

— x B should preferably be derived from  traffic statistics in order to  get a representative weighting o f  the 
m easured pow er levels (which are ob ta ined  on selected channels) when the level o f the m ean pow er 
averaged over a large num ber o f channels is determ ined. A lternatively, it m ay be m easured on a 
sufficiently large num ber o f representative channels.

1.1.3.5 The level o f  the signalling and  supervisory tone pow er yst should be m easured and  the results subm itted in 
the form  o f m ean level in dBmO and  the standard  deviation.

— The com ponents o f  yst, nam ely Zsig and  Z „ are o f  interest separately when the effect o f  specific
changes to one or the o ther is to  be investigated. D epending on the m ethod o f m easurem ent used and 
on  the type o f system involved, it m ay prove difficult to m easure the separate quantities.

— In  o rder to  be able to assess the load on m ulti-channel systems, due consideration  should be given to
signal com ponents which m ay be present on  the audio-frequency inpu t side o f the channel translating  
equipm ent bu t which are not reaching the m ultiplex side. One the o ther hand , consideration m ust be 
given to  ou tband  signalling systems (e.g. w ith 3825 H z); these signals never appear on audio-frequency 
term inals. It is essential that the results subm itted should be accom panied by a clear statem ent as to 
which signals and  tones are included.

1.1.3.6 The signalling occupancy xsl should be determ ined and  indicated  as long-term  m ean value.

— If  Zsig and  Z, are subm itted as separate quantities, the occupancy factors t sig and  x, w ould then also be 
o f  interest.

1.1.3.7 From  the in form ation  collected the level o f the long-term mean speech power y m should be com puted. The 
to ta l long-term  m ean pow er being the sum o f speech, signalling and tone com ponents is also requested; this 
in fo rm ation  should be presented in the form  of pWO and  dBmO.
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1.1.3.8 The choice o f  circuits should  be at random .

— Inform ation  is welcom e regarding national and  in ternational circuits, satellite and  subm arine circuits, 
their approxim ate length and  w hether they are incom ing o r outgoing.

1.2 Rules and  definitions fo r  the m easurem ent o f  the power o f  a multiplex system, averaged over a given tim e

1.2.1 This m easurem ent expresses, in dBmO, the level o f the m ean pow er o f all signals in a p articu la r m ultip lex  
system, averaged over a tim e in terval determ ined by the m easuring equipm ent.

The m easurem ent is usually  conducted  during a num ber o f busy periods and  gives directly, after d ivision 
by N  (num ber o f channels in the system), the m ean pow er per te lephone channel. I f  channels are used to  carry  
signals o ther than  telephony, suitable corrections have to be applied. The m ean pow er per channel ob ta ined  in this 
way can be com pared w ith the conventional load.

1.2.2 L ist o f  definitions

y t (dBmO) level o f the m ultiplex signal pow er averaged over a specified tim e interval (e.g. 1 m inute)

Gy (dB) standard  deviation o f y t 

y ,  (dBmO) m ean level (m ean o f y {) 

y N (dBmO) level o f the m ean pow er

(J n =  yi +  0-115 Oyj1 assum ing a G aussian  d istribution)

P  (mWO) m ean pow er, whereby 

y N =  10 log10 P.

1.2.3 M easurem ents to be m ade on assemblies o f  channels

1.2.3.1 The mean power on  assem blies o f channels (basic groups, supergroups, etc., and  m ultichannel system s) is 
to  be m easured.

— The one-m inute m ean pow er should  always be given, bu t in fo rm ation  referring  to  o ther tim e intervals 
m ay also be subm itted.

— The m ean level y t and  the standard  deviation Gy/ are also o f  in terest and  m ay also be included.

— The m easuring period  should include several “busy hours” .

— The frequency on sam pling the pow er should be indicated  (e.g. 30 per hour).

1.2.3.2 Inform ation  abou t the constitu tion  o f the groups (num bers o f channels used for te lephony , te legraph  
bearers, program m e circuits, data , etc.) is to be provided.

1.2.3.3 The m easuring po in t is to  be indicated.

— Any channels from  ad jacent groups are to  be elim inated if  necessary.

1.2.3.4 Statistical inform ation  on the m ultiplex signal, averaged over several busy hours (p robability  d istribu tion  
o f  the instan taneous signal level in dBmO) is also o f  interest, particu larly  for estim ating the p robab ility  o f 
overload. (An exam ple o f a set o f such d istribu tion  curves is con tained  in this Supplem ent.)
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1.2.3.5 The presen tation  o f the results should be in the form  o f a table, an exam ple o f which is given below  
(Table 1).

TABLE 1
Measurements on assemblies o f channels
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Super­
groups

(20)
1 min 30/hour 1180 20 21.0 + 0.25 1.2 + 2.7 17.5

( -1 7 .6 )
15.6

( - 1 8 .1 )

N o te -  The figures shown are by way of example.

2 Results of speech power measurements under field conditions

The results o f the m easurem ents o f the pow er on one channel are contained  in Table 2.

The results o f  m easurem ents on groups o f channels and  systems are show n in Table 3.

Figures 1 and  2 indicate d istribution  curves for the instan taneous signal levels on basic groups and 
supergroups. M easurem ent results ob tained during Study Period 1973-1976 as show n in Figures 3 to 7 are also 
given.
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TABLE 2
Measurements on one channel

Administration
y c

dBmO

Oyc

dB

y p

dBmO

Auxiliary
conversations

included excluded

Echo 

included excluded

Measuring point Start/stop 
of measuring Special remarks

Switzerland 
COM Sp. C-No. 77

— 17.2 5.2 —14.1 X X +10 dBr audio 
frequency output 
channel translating 
equipment -  secondary 
switching centre

Called subscriber 
answers —► 
subscriber announcing 
end of conversation

National circuits

Australia
Temp. Doc. No. 1 
(March 1972)

—16.1 X X 0 dBr Called subscriber 
answer

National circuits

—16.25 X X —2 dBr Called subscriber 
answer

International cable circuits

—16.7 X X —2 dBr Called subscriber 
answer

International satellite circuits

United Kingdom 
Post Office 
COM Sp. C 
-No. 83 +
-No. 87

—21.6 5.7 — 17.9 X X —3.5 dBr 
nominal sending

Called subscriber 
answers —► 
called subscriber 
clears

National circuits

Federal Republic 
of Germany 
Sup. 5 Vol. Ill

— 17.8 X X — 17.4 dBr 
input channel 
equipment

Called subscriber 
answer

International connections

Italy
Temp. Doc. No. 11 
March 1972)

—20.8 4.7 — 18.3 X X —3.5 dBr Called subscriber 
answer

National connections

Hungary
COM Sp. C-No. 84

— 15.8
— 15.4
— 17.4

4.6 — 13.5
— 13.1
— 15.1

X X — 13 dBr Called subscriber 
answer

Overall
operator switched 
automatically switched

Netherlands 
COM Sp. C-No. 12 
(1973-1976)

—21.8
—22.3

X
X

X
X

—3.5 dBr 
input channel 
equipment

Channel busy National circuits
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TABLE 2 (end) 
Measurements on one channel

(Activity and occupancy factors)

Administration To 'B TU y s t %
Level of total 

long-term mean power 
on channel, dBmO

Remarks

Switzerland 
COM Sp. C-No. 77

0.89 0.68 0.61 — 12.1 0 .1 0 —15.6 
(22.8 + 4.4 pW)

xg refers to measured channels

Australia — — — —

United Kingdom 
Post Office

0.83 0.93 0 .7 6 — 5.4 0.14 - 1 2 .7  
(12.4 + 41.0 pW)

x0 and xg measured
yst: level of mean-signalling and supervisory-tones power, 

including switching spikes

Federal Republic of 
Germany

— — — — —

Italy — — —

Hungary
COM Sp. C-No. 84

0 .6 9 0.61 0.42 —16.1
(average)

0.17 Minor conversation y  = —17.7 dBmO 
x (automatic) =  0.05; t  (operator) =  0.2

Netherlands
COM Sp. C-No. 12
(1973-1976)

0.85

0.82

0.7

0.7

- 19 .2  

—20.3

— Incoming
— Outgoing

xg\ from traffic statistics
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TABLE 3
Measurements on groups of channels

Administration
Class of assembly 

of channels 
(group, supergroup, 

system)

Integration
time

Frequency 
of evaluated 

samples

Number of 
telephone 

channels in 
operation

Number of 
non tele­

phone 
channels in 
operation

Total mean 
power for 

all channels

Level of 
mean power 

per 
assembly of 

channels 
(See Note 1)

ay for 
samples

Total mean 
power for 
non tele­

phone 
channels

Mean power 
per channel

Mean power 
per tele­
phone 

channel

A B mWO dBmO dB mWO pWO
(dBmO)

pWO
(dBmO)

Switzerland Groups (30) 1 minute 60/hour 360 
(12 per G)

— 6.850 —6.4* 2.9 — 19.0
(-17.2)

Supergroups (19) 1 minute 60/hour 1128 
(60 Ch. per SG 
on 15 SG; 52- 
59 Ch. per SG 

on 4 SG)

21.900 + 0.6* L6 19.3
(-17.1)

Federal 
Republic 
of Germany

Supergroups

Systems (960- and 
1260-Ch)

5 minutes 

5 minutes

~ 2/hour 

~ 2/hour

405 • 

1094

5

13

6.880

19.700

0.8

0.4

-0.675

-1.755

16.8
(-17.7)

17.8
(-17.5)

15.3 
(-18.1)

16.4 
(-17.8)

Italy Supergroups (4)
(—18 dBmO signalling)

1 minute 20/hour 240 — 4.3 + 0.2** 1.0 — 17.4
(-17.6)

17.4
(-17.6)

Supergroups (10)
(—6 dBmO signalling)

1 minute 20/hour 591 8 16.8 + 2.3** 1.8 3.15 28.0
(-15.5)

23.1
(-16.4)

16-supergroup 
assemblies (5)
(—18 dBmO signalling)

1 minute 20/hour 3968 162 78 + 12.6** 0.8 8.1 18.9
(-17.2)

17.6
(-17.5)

16-supergroup 
assemblies (5)
(—6 dBmO signalling)

1 minute 20/hour 2153 75 75.9 + 15.3** 1.0 22.3 34.1
(-14.7)

25.0
(-16.0)

K>
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TABLE 3 (end)

Administration
Class of assembly 

of channels 
(group, supergroup, 

system)

Integration
time

Frequency 
of evaluated 

samples

Number of 
telephone 

channels in 
operation

Number of 
non tele­

phone 
channels in 
operation

Total mean 
power for 

all channels

Level of 
mean power 

per 
assembly of 

channels 
(See Note 1)

ay for 
samples

Total mean 
power for 
non tele­

phone 
channels

Mean power 
per channel

Mean power 
per tele­
phone 

channel

A B mWO dBmO dB mWO pWO
(dBmO)

pWO
(dBmO)

K.D.D.,
Japan

Supergroup 1 minute 60/hour 60 0 1.34 + 1.27* 1.23 — 22.33
(-16.5)

22.33
(-16.5)

Supergroup 1 minute 60/hour 43 14 2.19 + 3.40* 0.58 0.842 38.48
(-14.2)

31.35
(-15.0)

Hungary 
(See Note 2)

Groups (4) 1 minute ~ 60/hour 37 9 1.97 —3.1 42.83
(-13.7)

Supergroups (2) 1 minute ~ 60/hour 104 9 3.25 + 2.1 28.76
(-15.4)

United
Kingdom

Groups (4)
—Forward signalling

5 seconds 720/hour 48 — 0.48 —9.2* 3.3 — 10
(—20.0)

10
(—20.0)

Groups (6)
—Backward signalling

5 seconds 720/hour 72 — 1.07 —7.5* 2.8 — 15
(-18.3)

15
(-18.3)

Groups (4)
—Forward signalling

40
milliseconds

3600/hour 48 — 0.52 —9.0* 5.5 — 11
(-19.6)

11
(-19.6)

Groups (6)
—Backward signalling

40
milliseconds

3600/hour ■72 — 2.6 —5.9* 5.7 22
(—16.6)

22
(-16.6)

Supergroups (9) 5 seconds 720/hour 540 — 5.7 —2.0* 1.1 11
(-19.8)

11
(-19.8)

Poland 
See Note 2)

Groups (10) 1 minute 30/hour 99 13 5.11 —2.9* 3.06 1.03 45.6
(-13.4)

41.2
(-13.9)

Supergroups (3) 1 minute 30/hour 158 17 8.14 + 4.3* 1.2 1.76 46.5
(-13.3)

40.3
(-13.9)



Note 1 -  If the assembly measured is only partially filled (i.e. A + B < N, where N is the capacity of the assembly) the level of mean 
power per assembly of channels can be defined in two ways:

a) Level of mean power (measured) per assembly
-  10 lo Total mean power for all channels

10 Number of assemblies measured 
The results of this calculation are indicated by an asterisk in Table 3.

b) Level of mean power (possible) per assembly
-  10 lo Total mean power for all channels N

10 Number of assemblies measured n
where N = capacity of the assemblies, and n = total number of channels in operation (A + B in Table 3).
The results of this calculation are indicated by a double asterisk in Table 3.

Note 2 -  Calculated from information supplied by the Administration.

Notes relating to Table 3:

* Point of r.m.s. value for Gaussian signal

1 Group carrying telephony only
2 Group with nine telephone channels and one sound-programme channel
3 Group with 10 telephone channels and two channels carrying telegraphy
4 Curve representing the long-term mean signal, averaged over the 21 groups considered
5 Curve of conventional load (Gaussian)

FIGURE 2
Amplitude distribution curves of signals on basic groups 

(Swiss Administration)
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* Point of r.m.s. value for Gaussian signal

1 Supergroup with 54  telephone channels and two sound-programme channels

2 | To indicate the range in which most of the measured curves are situated 

4 Curve of conventional load (Gaussian)

FIGURE 3
Amplitude distribution curves of signals on supergroups 

(Swiss Administration)
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C C I T T - 4 5 3 7 0

1 liroups carrying telephony (forward signalling)
2 Groups carrying telephony (return-path)
3 Supergroups
4  Curve representing Gaussian distribution

FIGURE 4
Amplitude distribution curves of signals (UKPO)

Level
C C I T T - 4 5 3 8 0

1 Supergroup with 60  telephony 
channels

2 Supergroup with 43  telephony 
channels and 14 non-telephony 
channels

•FIGURE 5
Amplitude distribution curves 
of the one-minute mean-power 

on supergroups (KDD)
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1 Measuring series extended over 10 working days (seven days for one group A, and one day for 
each of three groups B, C and D)

2 Replication of the measurements on group A during five working days

FIGURE 6
Distribution of one-minute mean-powers during busy hour on groups 

(Hungarian Administration)

1 -m in u te  m ean  p o w e r  cc itt-4 5 4 0 0

1 Measuring series extended over seven working days (five days on a supergroup E, 
and two days on a supergroup F)

2 Replication of the measurements on supergroup F during five working days

FIGURE 7
Distribution o f one-minute mean-powers during busy hour on supergroups 

(Hungarian Administration)
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1 Measuring series extended over 2 0 0 0  1 -second measurements (supergroups E and F)
2 Measuring series extended over 3 5 0 0  1 -second measurements (supergroup F)
3 Measuring series extended over 4 0 0 0  1 -second measurements (groups A, B, C, and D)
4 Measuring series extended over 3 500  1 -second measurements (group A)

FIGURE 8
Distribution of the one-second mean-powers during the busy hour on groups and supergroups

(Hungarian Administration)

Reference

[1] C C IT T  R ecom m endation Power levels fo r  data transmission over telephone lines, Vol. I l l ,  Fascicle I II .4, 
Rec. H.51.
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Supplement n° 11

Name
of

ship

P. Faber

Northern

Long Lines

M. Bayard

Ampere

DATA ON THE CABLE SHIPS OF VARIOUS COUNTRIES

(Mar del Plata, 1968; amended at Geneva, 1972, 1976 and 1980; referred to in Recommendation G.371)

Year
of

con­
struc­
tion

Dis­
place­
ment
(tons)

Overall
length

(m)

Draft
(m)

Normal
speed

(knots)

Range
(auton­
omy)

(nautical
miles)

Number
of

tanks

Cable capacity

Cable

Cubic
metres

Weight
(tons)

Repeat­
ers

Cable gear

Forward
cable
drum
(diam­
eter)
(m)

Bow Stern
sheave sheave
(diam­ (diam­
eter) eter)
(m) (m)

Maxi­
mum

operat­
ing

depth
(m)

Capability

1963 11326

1) Ship belonging to the Danish Postal and Telegraph Administration

1961 395 56

1962 1744 82.2
and
1968

3.6

5.3

17.5

12

4000 150 305 2.20

2) Ship belonging to the Great Northern Telegraph Co. 

10000 3 330 600 — 1.90

3.00

2.00

1000

4500

UNITED STATES OF AMERICA

156 7.9 15 10000 4420 7000 125 3.66 3.05 3.66 All

Reinforced for operation in 
icefilled waters

Reinforced for operation in 
icefilled waters

Cable ship belonging to 
AT & T. Lays/repairs all 
types of telephone cable

FRANCE

1961 7 197 121.2 6.43 14
(days)

55 4 2235 3 300 70 2.10* 3.0 2.10*
bow
3.0

stern

All Lays/repairs all types of cable. 
Can lay in one operation 
850 nautical miles or 
8.38/25.4 central carrier 
cable with repeaters every 
20 nautical miles.
* 3 m in 1975

1950 3 465 91.3 5.14 12 25 3 415 900 1.80 All Repair ship for all types of 
cable (not usable in winter 
in North Atlantic)
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Name
of

ship

Vercors

Salernum

KDD Maru

Dir. Gen. 
BAST

a> Cable -

Year
of

con­
struc­
tion

Dis­
place­
ment
(tons)

Overall
length

(m)
Draft
(m)

Normal
speed

(knots)

Range
(auton­
omy)

(nautical
miles)

Number
of

tanks

Cable capacity ' Cable gear
Maxi­
mum

operat­
ing

depth
(m)

Cable

Repeat­
ers

Forward
cable
drum
(diam­
eter)
(m)

Bow
sheave
(diam­
eter)
(m)

Stern
sheave
(diam­
eter)
(m)Cubic

metres
Weight
(tons)

1974 10670 133 7.3 16.5 35 3 2 535 6000** 140 3 Linear 3.0 All
bow
4.0

stern

ITAL Y

(nautical
miles)

1956 2 834 102 5.60 16 10000 3 850 1800 2.50 2.00 2.00 All
(30000
cubic
feet)

JAPA N

(shute)
1967 4257 113.83 6.3 16 7 000 3 1012 2 700 70 3.6 3.0 4.0 All

NETHERLANDS

1969 630 54.96

Diameter, 7 m. Coiling depth, 2 m.

3.2 10.6 2 300 143 a> 300 a> 2.15 1.83 400

Capability

Laying and repair of all types 
of telephone and power cables. 
Capacity: 1300 nautical miles 
1-inch cable; 650 nautical miles 
1.5-inch cable; 500 nautical miles 
1.7-inch cable
** A different weight in the case 
of power cable

Lays and repairs cables

Cable ship belonging to 
KDD. Lays/repairs all types 
of telephone cable

Lays and repairs principally 
shore ends
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Name
of

ship

Year
of

con­
struc­
tion

Dis­
place­
ment
(tons)

Overall
length

(m)

Draft
(m)

Normal
speed

(knots)

Range
(auton­
omy)

(nautical
miles)

Number
of

tanks

Cable capacity

Cable

Cubic
metres

Weight
(tons)

Repeat­
ers

Cable gear

Forward
cable
drum
(diam­
eter)
(m)

Bow
sheave
(diam­
eter)
(m)

Stern
sheave
(diam­
eter)
(m)

Maxi­
mum

operat­
ing

depth
(m)

Capability

Kabeljau

FEDERAL REPUBLIC OF GERMANY b>

1944 499 52 3.94 1 500 375 670 2.20 2.20 2.20 700 Lays and repairs cables. 
Property of Norddeutsche 
Seekabelwerke AG, Nordenham

b) The Administration of the Federal Republic of Germany points out that a number of cable ships are described in the publication Underseas Cable World, Volume 1, No. 5, June-July 1967.

UNITED KINGDOM
1. Ships belonging to Cable and Wireless Limited

Recorder 1954 5 059 104 5.64 11.5 4000 3 563 1 100 24 2.16 2.13 None All Lays/repairs armoured cables. 
Repairs light-weight cables 
(see Note)

Retriever 1961 5 650 112 5.82 13 8000 3 629 1 542 11 3.00 3.00 3.05 0 All Ditto

Mercury 1962 11683 144 7.5 14.5 8 000 3 3 056 3 500 144 3.05 3.05 3.05°) All Laying by sheave linear motor. 
Lays/repairs armoured and 
light-weight coaxial cables

Cable
Venture

1962 16997 151 8.97 12.5 10000 4+ 1 
reserve

5 086 9 500 350 . 2.80 3.00 3.00 All Ditto

Cable
Enterprise

c) shute

1964 5 759 113 5.84 13 6000 3 887 2150 30 2.13 2.48 3.05 All Lays/repairs armoured cables. 
Repairs light-weight cables 
(see Note)

2. Ships belonging to the United Kingdotn Post Office

Alert 6515 127.2 6.86 13 6000 3 1 583 2 677 48 2.1 2.1 2.7 All Lays/repairs all types of cable

Ariel

Iris

1 509 

1 512

76.9

76.9

4.88

4.88

11

11

2 500 

2 500

3

3

456

456

693

693

Limited

Limited

1.9

1.9

1.9

1.9

None

None

3 660 

3 660

| Lays/repairs armoured 
/ cables. Repairs light- 
j weight cables

Note -  Only relatively short cables are laid and only shore ends.



Supplement No. 17

GROUP-DELAY DISTO RTION PERFORM ANCE OF TERM INAL E Q UIPM ENT

(Geneva, 1980; referred to in Recom m endations G.233 and  G.242)

D uring the Study Period 1977-1980, Study G roup  XV has collected in fo rm ation  on the group-delay  
d istortions o f  group and  supergroup  translating  equipm ent as well as th rough-group  and  supergroup  filters w ith a 
view to p reparing  relevant R ecom m endations. (See R ecom m endations G.233 and  G.242.)

This Supplem ent contains a sum m ary o f the in fo rm ation  m ade available, representing  perfo rm ance figures 
o f  m odern  type equipm ent.

It was not clear w hether there is a necessity to extend the specified frequency range to  62 and  106 kH z 
respectively on group band  circuits.

F or in form ation , the follow ing m axim um  values, based on  results o f m easurem ents, have been noted :

at 62 kH z: 25 ps for g roup translating  equipm ent 
350 ps for through-group  filters

at 106 kH z: 15 ps for g roup  translating  equipm ent 
350 ps for th rough-group filters

It m ust be po in ted  ou t th a t the group-delay perform ance a t these frequencies is extrem ely sensitive to 
com ponent tolerances, tem perature variation  effects, etc.

C CITT-32800

FIGURE 1
Spread of limiting values o f the group-delay distortion of the group 

translating equipment (from the contributions received)

Fascicle III.2 -  Suppl. No. 17 261



C C I T T - 3 2 8 1 0

FIGURE 2
Spread of limiting values of the group-delay distortion of 
through-group filters (from the contributions received)

300 320 350 400 450 500 544 550 kHz
C C I T T -3 2 8 2 1

FIGURE 3
Spread of limiting values of the group-delay distortion of the supergroup 

translating equipment (from the contributions received)
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300 320 350 400 450 500 544 550 kHz
C C I T T - 3 2 8 3 1

FIGURE 4
Spread of limiting values o f the group-delay distortion of 
through-supergroup filters (from contributions received)

Supplement No. 18

INFO RM ATION O N SUBM ARINE CABLES U SE D  IN DEEP WATER

(Geneva, 1980; referred to in Subsection 6.3)

The inform ation  received has been assem bled in the two parts o f this Supplem ent:

— one listing the m ain characteristics o f o rd inary  cables with outer arm ouring  o r central carrier,

— the other indicating  the possibilities o f jo in ting  different types o f  cable.

This Supplem ent is the report p repared  by Mr. B lanchi (France), Special R apporteu r, during  the S tudy 
Period 1968-1972. It has been updated  on the basis o f in form ation  received during  the S tudy Periods 1973-1976 
and  1977-1980.
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DENMARK

No. Type

Inner conductor Outer conductor Charac­
teristic

impedance
ohms

Attenuation
dB/NM

Breaking
load

T
Nature and composition

Diameter
Nature and composition

Diameter

1 MHz 5 MHzInches mm Inches mm

Cables with center carrier

1 1.47"/0.368" 43 stranded steek wires, copper 0.368 9.34 Longitudinal aluminium 1.47 37.3 54 1.71 3.88 9.7
welded 0.38 mm tape, 128.5 mm x 0.46 mm

(5.05" x 0.018")

Cables with outer armouring

1 0.320"/0.156" Stranded copper wires 0.156 3.96 Copper 0.320 8.13 75
2 0.591"/0.161" Solid copper 0.161 4.1 Copper 0.591 52
3 0.620"/0.160" Solid copper 0.160 4.06 6 helically wound annealed 0.620 15.75 54

copper tapes 0.32"x 0.015"
(8 mm x 0.38 mm)
+ 1 copper binding
1.375"x 0.003"
(35 mm x 0.076 mm)

4 0.620"/0.160" Stranded copper wires 0.160 4.06 As above 0.620 15.75 54
5 0.902"/0.178" Solid copper 0.178 Copper 0.902 65
6 0.810"/0.226" Solid copper 0.226 Copper 0.810 75

0.935"/0.240" Solid copper 0.240 6.1 6 helically wound copper 0.935 23.75 54
tapes 0.475"x 0.015"
(12.1 mm x 0.38 mm)
+ 1 binding 2"x 0.003"
(50 mm x 0.076 mm)

7 0.935"/0.240" Welded copper, 0.6 mm on 0.240 6.1 0.935 23.75 54
19 stranded mild steel wires

8 0.935"/0.259" Stranded copper wires 0.259 0.935 23.75
9 0.935"/0.264" Stranded copper wires 0.264 0.935 23.75

10 0.950"/0.244" Solid copper 0.244 0.950 54
11 1.47"/0.368" 19 stranded mild steel wires 0.368 9.34 Longitudinal aluminium 1.47 37.3 54

+ welded swaged tape tapes, 5.05"x 0.018"
0.38 mm (128.3 mm x 0.46 mm)
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UNITED STATES OF AMERICA

No. Type

Inner conductor Outer conductor Charac­
teristic

impedance
ohms

Attenuation
dB/NM

Breaking
load

TNature and composition
Diameter

Nature and composition
Diameter

1 MHz 5 MHzInches mm Inches mm

Cables with centre carrier

1" SD Solid copper 0.330 8.38 Longitudinal copper tape, 1.00 25.4 44
List III 87.1 x 0.25 mm
SF List III Solid copper 0.220 5.6 Longitudinal copper tape, 1.00 25.4 60

87.1 x 0.25 mm
CU 0.620"/0.160" Solid copper 0.160 4.06 6 copper tapes 0.620 15.75 54
c u 0.620'70.200" Solid copper 0.200 5.08 6 copper tapes 0.620 15.75 43

WIRE 0.620'70.200" Copper tape on stranded 0.200 5.08 6 copper tapes 0.620 15.75 43
mild steel

CU 0.990'70.248" Solid copper 0.248 Aluminium tape 0.990 54
WIRE 0.990'70.329" Copper on stranded mild Aluminium tape 0.329 . 43

steel

Cables with outer armouring

1" SD 41 stranded steel wires, 0.330 8.38 Longitudinal copper tape, 1.00 25.4 44 7
List I welded and swaged copper, 87.1 x 0.25 mm

0.58 mm
1.5 SF 41 stranded steel wires, 0.330 8.38 Longitudinal copper tape, 1.50 38.1 60 7
List I welded and swaged copper, 127 x 0.25 mm

0.58 mm

KJOs
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FRANCE  
Cables for present links

Inner conductor Outer conductor
Character­ Attenuation

dB/NM
Breaking

load
N°. Type Diameter Diameter istic

impedance
Nature and Composition Nature and Composition

Inches mm Inches mm ohms 1 MHz 5 MHz 30 MHz T

Cables with centre carrier

8.0/25.4
(repairs)

41 stranded steel wires, 
copper welded and swaged 
(0.406)

8.0 Longitudinal aluminium 
tape

25.4 46 ' 2.45 5.70 14.46 7

8.0/38.1 41 stranded steel wires, 
copper welded and swaged 
(0.406)

8.0 Longitudinal aluminium 
tape

38.1 62 1.74 3.04 10.04 7

9.2/43.2 41 stranded steel wires, 
copper welded and swaged 
(0.406)

9.2 - Longitudinal aluminium 
tape

Cables with outer armouring

43.2 62 1.52 3.45 8.96 10

5.3/25.4®)

8.0/38.1

Solid copper 

Solid copper

5.3

8.0

Longitudinal aluminium 
tape
Longitudinal aluminium 
tape

25.4

38.1

62

62

2.52

1.69

5.70

3.83

14.55

10.00

A
ccording 

to 
the type 

of 
arm

ouring

a) A protected version of this cable is also available (mild steel tapes), armoured or with reinforced outer covering.
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FRANCE
Cables made in the past not forming part of the present systems

Inner conductor Outer conductor Character­ Attenuation
dB/NM

Breaking
load

N°. Type Diameter Diameter istic
impedance

Nature and Composition Nature and Composition
Inches mm Inches mm ohms 1 MHz 5 MHz 30 MHz T

Cables with centre carrier

8.4/25.4 41 stranded steel wires, 
copper welded and swaged 
(thickness 0.584)

8.4 Longitudinal copper tape 25.4 44 2.38 — — 7

8.4/38.1 41 stranded steel wires, 
copper welded and swaged 
(thickness 0.584)

8.4 Longitudinal copper tape 38.1 60 1.60 3.64 7

8.0/25.4
(repairs)

41 stranded steel wires, 
copper welded and swaged 
(thickness 0.406)

8.0 Longitudinal copper tape 25.4 46 2.40 5.45 7

8.0/38.1 41 stranded steel wires, 
copper welded and swaged 
(thickness 0.406)

8.0 Longitudinal copper tape 

• Cables with outer armouring

38.1 62 1.65 3.75 7

4.3/15.6 Centre wire and tapes 4.3 6 helically-wound tapes 
+ 1 binding

15.6 51 3.1
(532
kHz)

>
O
O

°  2 £5 Q*
5.0/15.7 Solid copper 5.0 Longitudinal copper tape 15.7 46 3 53 o<3

5.2/15.7 Solid copper 5.2 Longitudinal copper tape 15.7 44 C O
*-t <-►
5* ^  

cro «5.6/25.4 Solid copper 5.6 Longitudinal copper tape 25.4 60
8.0/25.4 Solid copper 8.0 Longitudinal copper tape 25.4 46 2.39 5.42 — CD

8.4/25.4 Solid copper 8.4 Longitudinal copper tape 25.4 44 2.38 — —
5.3/25.4a) Solid copper 5.3 Longitudinal copper tape 25.4 62 . 2.40 5.60

a) A protected version of this cable is also available (mild steel tapes), armoured or with reinforced outer covering.

NJOn
- J
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ITALY

No. Type

Inner conductor Outer conductor Charac­
teristic

impedance
ohms

Attenuation
dB/NM

Breaking
load

TNature and composition
Diameter

Nature and composition
Diameter

1 MHz 5 MHzInches mm Inches mm

Cables with centre carrier

0.990'VLW Clamped copper 0.322 8.20 6 helically wound aluminium 0.990 25.10 44 2.72 7.8
M KI tapes

0.990'VLW Welded copper 0.329 8.40 Longitudinal aluminium 0.990 25.10 44 2.58 5.78 7.6
MKII tape

1.470'VLW Welded copper 0.368 9.35 Longitudinal aluminium 1.470 37.34 54 1.71 3.88 9.7
tape

1.500'7LWR Welded copper 0.322 8.20 Longitudinal aluminium 1.500 38.1 62
for MK I tape
1.500'VLWR Welded copper 0.329 8.40 Longitudinal aluminium 1.500 38.1 62
for MK II tape

Cables with outer armouring

0.620'70.160" Solid copper 0.160 4.1 6 helically wound copper 0.620 15.75 54 >
tapes oo o0.620'70.200" Composite clamped copper 0.200 5.10 6 helically wound copper 0.620 15.75 44 3.£3 Ui.

wire tapes 3  5‘
0.935'70.240" Composite welded copper 0.240 6.10 6 helically wound copper 0.935 23.75 54 2.52 5.67 E3 0Q

9 FTwire tapes C O 
3 . c i

0.935'70.240" Solid copper 0.240 6.10 6 helically wound copper 0.935 23.75 54 2.60 5.90 a ^
Cu tapes ><
0.990'70.329" Composite welded copper 0.329 8.40 6 helically wound copper 0.990 25.10 44 2.56 5.78 n
wire tapes
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JAPAN

Inner conductor Outer conductor Charac­
teris­ Attenuation dB/NM

Break­
ing
loadN°. Type Diameter Diameter tic

impe­ Remarks
Nature and Composition Nature and Composition

Inches mm Inches mm dance
ohms 1 MHz 5 MHz 10 MHz 15 MHz 30 MHz 35 MHz T

Cables with centre carrier

25 mm 41 stranded steel 
wires, welded and 
clamped copper 
(0.58 mm)

8.38 Longitudinal 
copper tape 
(87.1 x 0.25 mm)

25.4 44 2.38 5.38 7.70 9.50

" "

7 P

38 mm 41 stranded steel 
wires, welded and 
clamped copper 
(0.58 mm)

8.38 Longitudinal 
copper tape 
(127x0.25 mm)

38.1 60 1.61 3.65 5.25 6.51 9.53 10.39 7 P

38 mm 41 stranded steel 
wires, welded and 
clamped copper 
(0.58 mm)

8.38 Longitudinal 
aluminium tape 
(130x0.45 mm)

38.1 60 1.69 3.83 5.50 6.83 7 *

Cables with outer armouring

18 mm 

25 mm

Solid copper 

Solid copper

5.0

5.6

Longitudinal 
copper tape 
(64x0.25 mm)
Longitudinal 
copper tape 
(87.1 x 0.25 mm)

18

25.4

51

60

3.32

2.39

7.51

5.39

10.63

7.70

13.10

9.52

18.85

13.77

20.46

14.97

A
ccording 

to 
the type 

of 
arm

ouring

R

P

25 mm Solid copper 8.38 Longitudinal 
copper tape 
(87.1 x 0.25 mm)

25.4 44 2.38 5.38 7.69 9.49 — P

25 mm 41 stranded steel 
wires, welded and 
clamped copper 
(0.58 mm)

8.38 Longitudinal 
copper tape 
(87.1 x0.25 mm)

25.4 44 2.38 5.38 7.69 9.49 P

25 mm Solid copper 5.6 Longitudinal 
aluminium tape 
(88 x 0.3 mm)

25.4 60 2.51 5.67 8.11 10.02 *

P : Production in series 
R : Repairs 
* : for tests
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FEDERAL REPUBLIC OF GERMANY

No. Type

Inner conductor Outer conductor Charac­
teristic

impedance
ohms

Attenuation
dB/NM

Breaking
load

T
Nature and composition

Diameter
Nature and composition

Diameter

1 MHz 5 MHzInches mm Inches mm

Cables with centre carrier

1.47“ LW” Composite 0.368 9.34 1.47 37.3 54 ‘

Cables with outer armouring

0.620"/0.160" Solid copper 0.160 Copper 0.620 54
0.935"/0.240" Solid copper 0.240 0.935 54
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UNITED KINGDOM

Inner conductor Outer conductor Charac­ Attenuation
HR/MM

Breaking
load

No. Type Diameter Diameter teristic
impedance

Nature and composition Nature and composition
Inches mm Inches mm ohms 1 MHz 5 MHz T

Cables with centre carrier

0.990'70.323" 
MK I

43 stranded steel wires and 
clamped copper (0.25 mm)

0.323 8.2 6 helically wound 
aluminium tapes 
(12.8 x 4.6 mm)

0.990 25.1 44 2.72 7.8

0.990"/0.329" 
LW/MKII

43 stranded steel wires and 
welded copper (0.38 mm)

0.329 8.3 Longitudinal aluminium 
tape with overlap 
(86.4 x 30 mm)

0.990 25.1 44 2.56 5.78 7.6

1.000"/0.330" 
List I SD and 
STCSCE 106

41 stranded steel wires and 
welded, swaged copper 
(0.6 mm)

0.330 8.4 Longitudinal copper tape 
with overlap (87x25 mm)

1.00 25.4 44

1.47"/0.368"
LW

43 stranded steel wires and 
welded copper (0.38 mm)

0.368 9.3 Longitudinal aluminium 
tape with overlap 
(128.5 x 46 mm)

1.47 37.3 54 1.71 3.88 9.7

1.5"/0.330" 
SF-List I

41 stranded steel wires and 
welded, swaged copper 
(0.6 mm)

0.330 8.4 Longitudinal copper tape 
(127 x 25 mm)

1.5 38.1 60

1.5"/0.323" 
LWR for 
MK I

43 stranded steel wires and 
clamped copper

0.323 8.2 Longitudinal aluminium 
tape (133.4 x 0.46 mm)

1.5 38.1 62

1.5"/0.329" 
LWR for 
MK II LW

43 stranded steel wires and 
welded, swaged copper 
(0.25 mm)

0.329 8.4 Longitudinal aluminium 
tape (129.5 x 0.46 mm)

1.5 38.1 62

1.47'70.329" 
LWR for 
LW MK II

43 stranded steel wires and 
welded copper

0.329 8.4 Longitudinal aluminium 
tape (129 x 0.46 mm)

Cables with outer armouring

1.47 37.3 62

0.460"/0.128" Solid copper 0.128 3.25 6 helically wound annealed 
copper tapes 
(0.282"x 0.015")

0.46 11.68 52

0.620"/0.160" Solid copper 0.160 4.06 6 helically wound copper 
tapes, 0.320"x 0.15"
(8.1 mm x 0.38 mm)
+ 1 copper binding 
1.375"x 0.003"

0.620 15.75 54

LWR = Repair cable
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UNITED KINGDOM (cont’d)

Inner conductor Outer conductor Charac­ Attenuation
H R  M l

Breaking
load

No. Type Diameter Diameter teristic
impedance

Nature and composition Nature and composition
Inches mm Inches mm ohms 1 MHz 5 MHz T

Cables with outer armouring (continued)

0.620" /0.160" Stranded copper wires 0.160 4.06 6 helically wound copper 
tapes
(8.1 mm x0.38 mm)
+ 1 copper binding 
1.375"x 0.003"
(35 mm x 0.076 mm)

0.620 15.75 54

0.620"/0.200" Clamped copper tapes on 
19 stranded mild steel wires 
Copper tape 
(19.3 mm x 2.5 mm)

0.200 5.08 6 helically wound annealed 
copper tapes 0.320"x 0.012" 
(8.1 mm x 0.3 mm)

0.620 15.75 43

0.620"/0.200" Solid copper 0.200 5.08 6 helically wound copper 
tapes 0.320"x 0.012"
(8.1 mm x 0.3 mm)

0.620 15.75 43

0.620"/0.200" Stranded copper wires 0.200 5.08 6 helically wound copper 
tapes 0.320" x 0.012"
(8.1 mm x 0.3 mm)

0.620 15.75 43

0.620"/0.200" Stranded copper wires on 
stranded mild steel wires

0.200 5.08 Copper 0.620 15.75 43

0.935"/0.240" Solid copper 0.240 6.1 6 helically wound annealed 
copper tapes,
0.475"x 0.015"

, (12.1 mm x 0.38 mm)
+ 1 copper binding 
2"x 0.003"
(50 x 0.76 mm)

0.935 23.75 54 2.60 5.90

0.935"/0.240" Stranded copper wires 0.240 6.1 6 helically wound annealed 
copper tapes, 0.475"x 0.015" 
(12.1 mm x 0.38 mm)
+ 1 copper binding,
2"x 0.003"
(50 x 0.76 mm)

0.935 23.75 54

0.935"/0.240" 0.6 mm annealed copper 
tape welded and swagged on 
19 stranded mild steel wires

0.240 6.1 Copper 0.935 23.75 54 . 2.52 5.67
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UNITED KINGDOM (end)

Inner conductor Outer conductor Charac- ■ 
teristic 

impedance

Attenuation
dB/MN

Breaking
load

No. Type Diameter Diameter
Nature and composition Nature and composition ohms

Inches mm Inches mm 1 MHz 5 MHz T

Cables with outer armouring (continued)

0.935"/0.240" Stranded copper wires on 
stranded mild steel wires

0.240 6.1 6 helically wound annealed 
copper tapes,
0.010" (0.25 mm)
+ 1 .copper binding 
1.375"x 0.003"

0.935 23.75 54

0.935"/0.260" Solid copper 0.260 6.6 Helically wound copper 
tapes, 0.475"x 0.015" 
(12.1 mm x 0.38 mm)

0.935 23.75 54

0.935"/0.260" 7 stranded copper wires, 
0.0765" (1.8 mm)

0.260 6.6 As above 0.935 23.75 50.5

0.990"/0.246" Solid copper 0.248 6.3 Longitudinal band with 
aluminium overlay, 
3.40"x 0.012"
(86.4 mm x 0.30 mm)

0.990 25.15 54

Copper tape on stranded 
mild steel wire

0.248 6.3 As above 0.990 25.15 54

0.990"/0.329" Annealed copper tape 
(0.38 mm) on 19 stranded 
mild steel wires

0.329 8.3 Longitudinal band with 
aluminium overlay, 
3.40"x 0.012"
(86.4 mm x 0.30 mm)

0.990 25.15

1/0.330" Solid copper 0.330 8.38 Longitudinal copper band 
3.43"x 0.01"
(87.1 mm x 0.25 mm)

1.0 25.4 44

1 '70.229" 
solid

Solid copper 0.220 5.59 As above L0 25.4 60

1.47"
solid

Solid copper 0.368 9.35 Longitudinal aluminium 
tape 5.06"x 0.018" 
(128.5 mm x 0.46 mm)

1.47 37.3 54

1.47" 
mild steel

Copper tape (0.38 mm) 
welded on 19 mild 
steel wires

0.368 9.35 As above 1.47 37.3 54

i-o —ju>



JOINTING POSSIBILITIES
I. Cables with outer armouring

No.
N

at
ur

e 
of

 
ou

te
r 

co
nd

uc
to

r

N
at

ur
e 

of
 

In
ne

r 
co

nd
uc

to
r

D
ia

m
et

er
 C

E 
(m

m
)

D
ia

m
et

er
 C

l 
(m

m
)

D
ia

m
et

er
 C

E 
(i

nc
h)

D
ia

m
et

er
 C

l 
(i

nc
h)

C C I T T -4 0 6 8 1

CM <0 “ CO r» CO o> o
- s £ £ £ r- 00 0) oCM 5 a CM CM 8 CO r-»

CM
00
CM 8 oCO CO

CM
CO

CO
CO CO 8

z
a

1 h C 8 .1 3 3 .9 6 0 .3 2 0 0 .1 6 0 X 75

2 H M 1 1 .6 8 3 .2 5 0 .4 6 0 0 .1 2 8 X X X 5 2

3 H M 1 5 .1 5 4 .0 9 0 .5 9 1 0 .1 6 1 X 5 2

4 H
Central
w ires
tapes 15 .6 4 .3 X 51

5 H M 1 5 .7 5 4 .0 6 0 .6 2 0 0 .1 6 0 X X x X X 5 4

6 H C '• ■ 0 .6 2 0 0 .1 6 0 X X 5 4

7 H M 1 5 .7 5 5 .0 8 0 .6 2 0 0 .2 0 0 X X X X XX 4 3

8 H C - 0 .6 2 0 0 .2 0 0 X XX X 4 3

9 H A /T •• 0 .6 2 0 0 .2 0 0 X X X X X 4 3

10 H C/T " 0 .6 2 0 0 .2 0 0 X 4 3

11 L Cu M 1 5 .7 5 .0 X 4 6

12 L Cu M 1 5.7 5 .2 X 4 4

13 L Cu M 18 5 X 4 4

14 M 0 .8 1 0 0 .2 2 6 X 7 5

15 M 0 .9 0 2 0 .1 7 8 X 6 5

16 H M 2 3 .7 5 6.1 0 .9 3 5 0 .2 4 0 X X X X X x X 5 4

17 H C 2 3 .7 5 6.1 0 .9 3 5 0 .2 4 0 X X X X 5 4

18 C/T “ 0 .9 3 5 0 .2 4 0 X X X$ X X X 5 4

19 H S /T " 0 .9 3 5 0 .2 4 0 X X X 5 4

2 0 H M 2 3 .7 5 6 .6 0 .9 3 5 0 .2 6 0 1 X X 5 4

21 H C '■ 0 .9 3 5 0 .2 6 0 X X 5 0 ,5

2 2 C 2 3 .7 5 6 .5 9 0 .9 3 5 0 .2 5 9 X X X X X
2 3 C 2 3 .7 5 6.7 0 .9 3 5 0 .2 6 4 X X x X X
2 4 M 0 .9 5 0 0 .2 4 4 X X X X X 5 4

2 5 LAI M 2 5 .1 5 6 .3 0 .9 9 0 0 .2 4 8 X X 5 4

2 6 LAI C/T - 0 .9 9 0 0 .2 4 8 X 5 4

2 7 LAI C/T 2 5 .1 5 8 .3 0 .9 9 0 0 .3 2 9 X X 4 3

2 8 LAI C/T 2 5 .1 5 9 .3 4 0 .9 9 0 0 .3 6 8 X
2 9 L Cu M 2 5 .4 0 8 .3 8 1.0 0 .3 3 0 x 4 4

3 0 L Cu M 2 5 .4 0 5 .6 1.0 0 .2 2 0 X 6 0

31 L Cu M 2 5 .4 5 .3 1.0 X 62

3 2 L Cu M 2 5 .4 5 .5 5 1.0 0 .2 2 0 X 6 0

3 3 LAI S /T 3 7 .3 9 .3 4 1 .47 0 .3 6 8 xX 5 4

3 4 LAI M 3 7 .3 9 .3 4 1 .47 0 .3 6 8 XX 5 4

3 5

' IV J o in t  s tu d ie d z - <N CO u> CO CO o> o
- 5! 5 8 8 r- 5 2 8 CM 8 CM a 8 CM

r>»
CM 8 8 8 CO CO CO a 8

CE: Outer conductor — C l: Inner conductor — H : Helically wound copper tapes — L : Longitudinal band with overlay — A1 = Aluminium 
Cu = Copper — M: Solid copper inner conductor — C : Stranded copper wire inner conductor — T: 19 stranded mild steel wires 
A : Longitudinal clamped copper band — S: Longitudinal welded copper band.

274 Fascicle III.2 -  Suppl. No. 18



JOINTING POSSIBILITIES (continued)
II. Cables with centre carrier

S

41 1 
4 3  I

Conductor consisting of a clamped 
copper tape (box seam)

Welded copper tape

Number of high-resistance steel 
wires in centre carrier

H Helically wound bands

L Longitudinal band

N ote-  Jointing-techniques have been developed for each of the joints in the hatched area.

III. Joints^ between cables with outer armouring and cables with centre carrier

No.

N
at

ur
e 

of
 

C
E

N
at

ur
e 

of
 

C
l

D
ia

m
et

er
 C

E 
(m

m
)
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e CCITT-48171

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2 0 za
1 HAI a /4 3 0 .9 9 0 0 .3 2 3

PC 
MK I X 43

2 LAI S /4 3 0 .9 9 0 0 .3 2 9
PC 
MK II i 43

3 L Cu S/41 1 .0 0 .3 3 0
PC
SD X X 4 4

4 LAI S /4 3 1 .47 0 .3 6 8
PC
LW X 54

5 1 .47 0 .3 2 9 LWR X 59

6 L Cu S/41 1 .5 0 .3 3 0
SP
PC X X 60

7 LAI a /4 3 1 .5 0 .3 2 3
MKIR
PC X 61

8 LAI S /4 3 1 .5 0 .3 2 9
MKIIR
PC X 62

9 L Cu S/41 2 5 .4 8 .0 PC X 46

10 LAI S /41 3 8 .1 0 8 .0 PC X X 61

11 L Cu M 1 .0 0 .3 3 0
A
SD X X 4 4

12 L Cu M 1 .0 0 .2 2 0
A
SF X X 60

13 L Cu M 2 5 .4 5 .3 A X X 62

14 LAI
S /1 9

D 1 .47 0 .3 6 8 A X X 54

15 LAI M 1 .47 0 .3 6 8 A X X 5 4

16

CE Outer conductor

Cl Inner conductor

PC Centre carrier

A Armoured cable

H Helically wound bands

M Solid copper

a Clamped copper tape

S Welded copper tape

/ 4 1 1 Number of high resistance 
/4 3 )  steel wires in centre carrier

1 9D 1 9 stranded mild steel wires 

Joint studied

a) Only cables which can be thus jointed are represented.
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Supplement No. 19

DIGITAL CROSSTALK MEASUREMENT (M ETH OD  USED BY THE ADMINISTRATIONS 
OF FRANCE, THE NETHERLANDS AND SPAIN)

(Geneva, 1980; referred to in Recom m endation G.612)

In order to speed up  crosstalk m easurem ents, reduce their num ber and  obtain  m easurem ent da ta  which 
can  be directly in terpreted  in relation  to  the system transm itted , a new digital m easurem ent m ethod has been 
developed; this m ethod is in curren t use for 2 M b it/s  and  8 M b it/s  systems. It consists in sending a signal, 
sim ulating  tha t o f the system to be transm itted , sim ultaneously over a large num ber o f interfering pairs o f the 
cable to  be m easured. The induced noise is successively recorded on each o f the pairs suffering interference, 
am plified  in a device having the pre-em phasis characteristics o f the system regenerator and  m easured by a 
voltm eter. In a varian t m ethod, the signal is converted in to  a m easurable error rate. The m easuring device is 
ca lib rated  by sending the em itted signal directly to  the receiver after filtering and  attenuation  in a calibrated 
netw ork.

The m easurem ent result m ay be expressed in dB if we consider the ratio  between the received signal and  a 
voltage p ropo rtional to  the em itted signal or, m ore sim ply, directly in mV (or as an error rate) read on the 
receiver, since the em itted signal am plitude is a constan t quantity  for a given system.

If there are enough generators to send a signal over each o f the interference pairs, it is sufficient to  carry 
ou t a single m easurem ent, in far-end or near-end crosstalk, on each o f the pairs suffering interference.

For cables in tended for the transm ission o f the 8 M b it/s  system, far-end crosstalk m easurem ents are m ade 
on the pairs o f each un it for elem entary cable sections; near-end crosstalk m easurem ents are conducted  only on 
the longest sections, at both  ends. The possibility o f using the sam e m ethod to  m easure factory lengths is being 
studied.

The digital m easuring m ethod is described in detail in the follow ing articles:

Bibliography

S 0 R E N S E N  (P.): M easurem ent o f digital crosstalk and  behaviour o f PCM  regenerators against interference, 
Electrical Communication, pp. 293-294, 47 (1972) 4.

B O U LV IN  (J.), B E Y N IE  (C.), B A R G ETO N  (A.), PAY A N T  (A.) et C O U TTY  (B.): M esures en regim e num erique 
de la d iaphonie sur des cables a paires sym etriques (D igital crosstalk m easurem ents on sym m etric cable pairs) 
Cables et Transmission, April 1975.

Supplement No. 22

MATHEMATICAL M ODELS OF MULTIPLEX SIGNALS

(Geneva, 1980; referred to in Recom mendation G.223)

1 Introduction

Signals which represent the m ultiplex load on an FD M  system can be defined in term s o f the d istribu tion  
o f  short-term  pow er or instan taneous voltage. Values o f these param eters are tim e dependent, and  significant 
varia tion  in the value o f these param eters is to be expected even during the busy periods o f successive days. 
N evertheless, a m eans o f determ ining even an “average” busy period d istribution  for the values o f  these 
param eters w ould be o f great assistance in ensuring tha t p lann ing  m argins were m aintained as the system load 
was altered by the in troduction  o f different types o f traffic. To be o f value, an estim ate o f the m ultiplex load 
d istribu tion  m ust be based on prim ary da ta  that can be m easured directly, o r ob ta ined  from  adequately accurate 
sources, so that the effects o f any proposed  changes in the data  can be correctly incorporated ; and  the estim ate 
m ust be produced  in such a fashion that a direct m easurem ent o f the actual d istribu tion  can be perform ed and 
used to check the validity  o f the estimates. M ethods o f estim ation which m eets these requirem ents are described 
below.
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Section 2 describes in general term s a process which may be used to  calculate the probability  density 
function (p.d.f.) o f m ultiplex load short-term  powers. In § 3, a m athem atical process based on the w ork o f 
H olbrook and  D ixon is described. H ow ever these m ethods are now considered inexact for the purposes o f 
m odelling. The advent o f high-speed digital com puters has led to the developm ent o f  the m ethod described in § 4, 
by which m eans the instan taneous voltage d istribu tion  o f the m ultiplex signal can best be calculated.

The m ethods described in § 4 are however no t yet com plete, in th a t they assum e tha t the FD M  load 
consists entirely o f speech signals. F urther studies to determ ine suitable descrip tions for the d istribu tion  o f 
instan taneous voltage due to signalling, supervisory tones, data  etc. are being continued.

2 Method 1 — Probability density function of multiplex load short-term powers.

2.1 The events occurring in an un id irectional channel o f a “speech-band” circuit m ay be classified as follows:

1) m ain  conversations (sm);

2) m inor (auxiliary) conversations (sa);

3) signalling (num erical signals) (zn);

4) supervisory tones (line signals) (zl);

5) m iscellaneous (e.g. data , echo) (md, me)',

6) idle (i).

M easurem ents o f signals in each o f the classes during an adequate num ber o f busy periods yield 
in form ation  from  which can be ob ta ined  param eters which define the statistical properties o f the channel load.

These param eters are:

1) the various m ean overall activity factor, x (e.g. x sm, x sa, x zn, etc.) which define the fractions o f tim e 
during which each o f the classifications is producing active pow er in the average busy period ;

2) the various m ean y  (e.g. y sm, y sa, y zn, etc.) and  standard  dev iation  a  (e.g. o vsm, o ysa, o yzn, etc.) o f  the 
p.d.f.s o f the levels o f active pow er for each classification.

2.2 The p.d.f. o f  the levels o f short term  (20 ms) active pow er being p roduced  during an average busy period  is 
calculated for each classification. Neglecting the possibility o f certain  fau lt conditions, these p.d.f.s can be 
regarded as m utually  exclusive. Sum m ing the probabilities o f occurrence o f  a given pow er over all classifications 
therefore gives the to tal probability  o f occurrence o f tha t pow er during the average busy period. This p.d.f. p ( Z uc) 
gives a sufficient description, statistically, o f the unidirectional channel load.

p ( Z uc) can alternatively be ob ta ined  by direct m easurem ent. H ow ever, the effect o f changes in any o f  the 
classifications on the overall p.d.f. p ( Z uc), canno t then readily be determ ined.

2.3 O ne direction o f transm ission o f an  FD M  group is form ed from  12 unid irectional channels, each o f which 
yields a p.d.f., p ( Z uc). If, as is usual, the signals in each channel are generated  by statistically sim ilar sources, the 
types o f traffic carried by each channel will be in the same ratio, and  it is then  sufficient, for m any purposes, to 
assum e that each o f the 12 p.d.f., p { Z uc) can be represented by the sam e p.d.f., p (Z ,c) which is the p.d.f. o f  the 
pow er in the “typical channel” o f the f.d.m. group.

The set o f p.d.f., p ( Z lc) are not, o f course, m utually exclusive, and  the m ultiplex load  due to  the 12 
channels is p roduced by convolution  o f this set o f p.d.f. to form  p ( Z g). If  pre-em phasis is used in transm ission, it 
is merely necessary to  m ultiply the pow er range o f each p.d.f. by the app rop ria te  pre-em phasis factor, f  p rio r to 
convolution.

The p.d.f. o f  m ultiplex load short-term  powers for supergroup and  larger group com binations, is ob tained 
by further convolution o f the group p.d.f.

2.4 The effects o f traffic from  nonspeech and  nonconventional te lephony  channels can be incorporated  as 
required. If  in troduced  at the channel stage — e.g. M CVF, TASI — the p.d.f. p ( Z uc) will be m odified accordingly 
prio r to convolution. If  in troduced at the group, o r higher stage, — e.g. w ide-band data  — one or m ore o f the 
group pow er p.d.f. p ( Z g), will be m odified prio r to convolution. The effects o f  g roup and  supergroup lim iters, and 
the inclusion o f pilo t, etc., tones may be incorporated  as necessary.
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The final p.d.f. ob ta ined  is the “unid irectional short-term  m ultiplex pow er p.d.f.” , p { Z um). This p.d.f. is, o f 
course, only applicable to  the particu lar system and the particu lar type o f signalling and  traffic fo r which it was 
determ ined. For sm aller systems, there will be some significant variations in the p.d.f. in different busy periods, 
b u t for larger systems, the varia tion  can be expected to  be relatively small.

2.5 The principles outlined above enable the d istribu tion  o f the pow er o f  the m ultiplex load to  be estim ated. 
A n equivalent procedure em ploying the voltage ra ther than  the pow er statistics o f the initial classifications of 
events yields an estim ate o f  the d istribution  o f the instan taneous am plitudes o f  the m ultiplex load. This is o f 
im portance in considering the probability  o f voltage overload o f am plifiers in a given system (see for exam ple 
§ 4).

3 Method 2 — Equivalent peak power model based on the Holbrook and Dixon load rating theory (Source:
P hilips’ Telecom m unicatie Industrie BV)

In the theory o f H olbrook  and D ixon the m axim um  instan taneous pow er level o f the m ultichannel signal 
is ob ta ined  by the addition  o f a m ultichannel equivalent signal pow er level Lm (the rms value exceeded with a 
p robability  o f 1%, taking into account the d istribu tion  o f active signal pow er levels and channel activity) and a 
m ultichannel peak factor (M PF)„.

3.1 The number o f  active channels n

The probability  tha t during  the busy hour any channel carries a signal is called the “activity factor” , x.

The probability  that in an A-channel system exactly n channels are sim ultaneously active is given by the 
b inom ial p.d.f.

d (n) = ------—  (1 — n
P K )  n \ ( N - n ) \  V '

I f  N  is not too  small, this binom ial p.d.f. m ay be approxim ated  by a norm al p.d.f. w ith m ean n and 
standard  deviation o„ where

n =  Nx and a„ =  j/iVx(l — x)

The num ber o f activity channels which is exceeded w ith a p robability  o f  1% is given by

n = Nt +  2.33 ]/N x(\ -  x)

3.2 The n-channel equivalent signal power level L m

I f  the single-channel active signal pow er level L, =  10 log10 Wt has a norm al p.d.f. represented  by G (L „  
a ,) , then the pow er Wt has a log-norm al p.d.f. with m ean value W, and standard  deviation a wt given by

W t = exp [c £ ,+  '/2 (ca()2]  and 

a wl = Wt V e x p  (ca()2-  1

where

c =  0.1 In 10 =  0.230.

The long-term  m ean pow er is given by

W0 = W , . T

and  the level o f the long-term  m ean pow er by

L 0 =  10 log10 Wq = L , + 0,115 a ,2 + 10 log10 x.
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  I f  n is no t too  sm all, the pow er W„ o f  the sum o f n active channels has a norm al p.d.f. represen ted  by
G (W „ t o wn)

where

W n = nW .t a n d a w„ =  a wtf n .

H ence the level o f the pow er W„ which is exceeded with a p robab ility  o f  1%, called the “n-channel 
equivalent signal pow er level, L m”, is given by

L m = 10 log10 (W n + 2.33 a wn) = L 0-  10 log10x + 10 logi0 |  n + 2.33 V n [exp (0.23 at)2-  1] j

3.3 M ultichannel p ea k  fac to r

The m ultichannel peak factor (M PF)„ has been defined by H olb rook  and  D ixon as the ratio

m axim um  instantaneous voltage exceeded w ith a probability  e
(MPF)„ = 20 log,

rms voltage

fo r n active channels at constan t volume. The value o f p robability  8 to  be used for satisfactory  equ ipm ent 
design, etc., was no t exactly determ ined, bu t was o f the order o f 10-4  o r 10-5 . The (M PF)„ was determ ined  
em pirically  as a function  o f n, and  a good fit for this function is the expression

M PF„ =  12.9 +  [6/(1 +  0.07 n)] dB.

3.4 Equivalent p ea k  power Pet

The equivalent peak pow er is defined as the pow er o f a sinusoid w hose m axim um  am plitude equals the 
m axim um  instan taneous voltage o f  the signal from  n active channels. Thus

Peq = L m + (MPF)„ -  3 dBmO 

=  L 0-  10 log,0x + 10 logjo |  n + 2.33 V [«  (2 exp 0.23 o -  1)] J + 9 .9  + 6 /( I  + 0 .07  n) dBmO

where

n = N x  + 2.33 V [ # t ( 1 - t ) ] .

Substituting the conventional param eter values 

L 0 =  — 15 dBmO

a , =  5.8 dB '

t  =  0.25 

the expression for P  becom es

Peq= 10 logj0(n +  5.17 Vn) + 0.9 + 6 /(1  + 0 .07  n) dBmO

where

n = 0.25 N  + J N

This expression m ay also be w ritten in the form

^ e q - ~  5-1 + 10 log10N +  10 log10 J i +  4 + 1 0 .3 4 V l  +  4_ /v g
I n/AA +  1 +  0.07 (y /N + N /4 )  dBm°

from  which it can be seen tha t for large values o f N, the expression for Peq approaches the asym ptote

lim
N - Peq = -  5.1 + 10 logjo iV dBmO
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4 Method 3 — Models for instantaneous voltage distribution of FDM  signals (Source: B ell-N orthern Research 
an d  Philips’ Telecom m unicatie Industrie  BV)

This m odel deals with the d istribu tion  o f instan taneous telephone signal am plitudes on m ultichannel FD M  
systems. It is based on a know ledge o f te lephone signal am plitudes, single channel signal pow er levels, and 
activity factor.

4.1 Telephone speech am plitude density function

T he probability  d istribu tion  function for telephone speech voltage norm alized with respect to  the rms 
voltage is given by:

P{r) = r  (s r )m ~ 1 exp ( - sr) 0 <  r ^  «,

where

I instantaneous voltage | _ v 
rms voltage u

4.2 Single channel mean power levels

The d istribution  o f the m ean pow er levels o f the telephone signal while active can be represented by the 
expression:

A x )  =.
l

a V 2n
exp - ( x - x y  

2 a 2

where

x  = 20 logi0 u

x  is the m ean value o f  x  and  a  is the standard  deviation. 

T he d istribu tion  o f u is log-norm ai:

g(u ) =
1

ua cf2n
exp

- ( ln w -c x )2 
2 a 2

where

c =  JL in 10 =  0.115 
20

4.3 R andom  channel amplitude density function

The expressions in §§ 4.1 and 4.2 above can be com bined by convolution  to  yield the d istribu tion  o f  active 
channel instan taneous voltage am plitudes.

h(v) ■A P (r )g (u )d r
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4.4 Random  channel am plitude density function

The d istribu tion  given by § 4.3 above m ust be m odified by the activity factor in o rder to  p roduce the 
d istribu tion  o f instan taneous voltage am plitudes on  a random  channel. A ssum ing a channel activity t , and  using a 
D irac D elta function to  m odel the activity factor, the d istribu tion  h(v) from  § 4.3 is m odified thus:

p (v ) =  t • h(v) +  (1 — x) 8(v)

where

5(v) =  1 for v =  0

5(v) =  0 for v 0.

4.5 Lim iting

In o rder to  take account o f the effects o f lim iting associated w ith the channel m odu la to r (R ecom m enda­
tion  G.232, § 8) the d istribu tion  from  § 4.4 above m ust be m odified. It can  be assum ed th a t any signal voltage in
excess o f the lim iting level at the input to the channel m odula to r will ap p ear at the channel m odu la to r o u tp u t at 
the lim iting level. Thus the to ta l probability  o f signal voltages in excess o f the lim iting level can  be considered  to 
be the probability  o f voltages occurring at the lim iting level.

4.6 Signals other than speech

The d istribution p roduced  by § 4.5 above m ay be m odified if necessary to  include signals o ther than  
speech. By repeating  processes in  §§ 4.1 to  4.5 above w ith app rop ria te  expressions fo r the instan taneous voltage 
d istribu tion , d istribution  o f m ean pow er level, activity factor, etc., a d istribu tion  o f instan taneous voltages o ther 
than  speech will be produced. Provided tha t the occurrence o f the various signals on  a channel are m utually  
exclusive, the d istributions m ay be com bined by addition  o f  the ap p rop ria te  elem ents, to  yield the d istribu tion  o f 
instan taneous voltages due to  all signals in a random  channel.

4.7 M ultichannel amplitude density function

By taking repeated  convolutions o f  the d istribu tion  from  § 4.6 above the m ultichannel am plitude density  
function  can be obtained. This can  be represented by the expression:

Pn ( v) =  P (v) * P (v) * P ( v)   A  tim es

where

N  represents the num ber o f channels and  

* denotes a convolution  process.

A lternatively the com bination  m ay be perform ed using the characteristic function  o f p(v).

4.8 Exam ple o f  calculations

The procedure described above has been used to  calculate the equivalent peak  pow er level, assum ing
values for the param eters used in the various expressions. The calculations were m ade using the tw o sets o f
param eters given in Table 1.

TABLE 1
Values assumed for the various parameters

Parameter m X a i Limiting

Value (a) 0.2 -  12.9 5.8 0.25 + 10 dBmO
(b) 1 -  15.1 6.4 0.35

1
+ 10 dBmO
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The equivalent peak  pow er level Peq for an overload probability  o f  e =  10~5 can be expressed as a 
function  o f  the num ber o f system channels N  for the tw o sets (a) and  (b) o f param eters given in Table 2.

TABLE 2

N 1 2 12 24 36 48 60 120 300 600 900 1800 2700 10800

Peq (a) 7.0 9.3 12.7 13.7 14.6 15.3 15.9 17.7 20.4 22.8 24.3 26.9 28.6 34.4

Peq(b) 7.0 8.3 11.7 13.1 14.1 14.8 15.4 17.4 20.4 23.0 24.6 27.5 29.1 35.1

The difference Peq(a) — Peq(b) varies from  1.0 dB ( N  = 12) to  — 0.7 dB (N  = 10 800). A nalytical 
expressions m ay be fitted to the table values w ith a correlation  o f r =  0.9999 and  r =  0.9998 respectively:

param eter set (a) :P eq= 13 I 10“ ° 18 (logi° ^ ) 1 8 1 - 6 .0 +  101og10A  dBmO

param eter set (b ): P eq = 12.3 J  10“ 0-264 0°gio AO 153 J  _ 5.3 + io  log10 A  dBmO

The last two term s in each o f  these expressions represent the lim iting value o f Peq for N  ^  00,
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Supplement No. 23

EXPLANATORY NO TES FOR THE INFORM ATION OF DESIGNERS  
OF A M ARITIM E M OBILE SATELLITE SYSTEM

(Geneva, 1980; referred to in Recom m endation G.473) 0

1 Allocation of losses in the maritime system

1.1 Complying with Recom m endations

1.1.1 Figure 1 illustrates the nom enclature adopted  in this Supplem ent and  the arrangem ents for a 2-wire 
sw itched sh ipboard  installation.

Note o f the Secretariat — A revision of Recommendations G.l 11 [1] and G.121 [2] has been adopted introducing the new 
concept of corrected reference equivalents. The values of reference equivalents are maintained here for the next Study 
Period to give planners sufficient time to become acquainted with the new concepts.
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RRE

Loss (t-b)
Loss (a-t)
Return loss a tt
Send and receive reference equivalents of the local system on-board ship 
(e.g. of the PBX extensions)
Send and receive reference equivalents of the maritime system referred to the 
virtual switching points (a, b) of the most directly connected international circuit

FIGURE 1
Nomenclature for quantities associated with the shipboard installation

S
R
B
s, r

SRE, RRE

1.1.2 The C C IT T  R ecom m endations which jo in tly  influence the choice o f  the losses in the p a th  (a — b) an d  the 
reference equivalents o f  the local system referred to  an  app rop ria te  set o f terrestrial v irtual sw itching po in ts are as 
follows:

Recom mendation G .122[3] — To ensure tha t in ternational connections have an  adequate stability  the loss 
(a  — b) at any frequency in the band  0 to  4 kH z should no t be less than  (6 +  n) dB w here n is the 
num ber o f 4-wire circuits in the national chain.

Recom mendation G .l31 [4] — W hen calculating stability the varia tions o f loss in the two d irections o f 
direction  are taken to  be fully correlated.

Recom mendation G.151 [5] — The standard  deviation o f  transm ission  loss fo r m odern  national and  
in ternational circuits should  no t exceed 1 dB.

We seek a prim a-facie assurance tha t the contribu tion  o f the m aritim e extension to the stability  o f  the 
4-wire chain is no t worse than  that o f a com parable national extension. The factors affecting the stability  are 
m ean departure from  nom inal, s tandard  deviation  o f loss, and  a ttenua tion  d istortion . The m ean departu re  from  
nom inal and  standard  deviation are expected to  be abou t twice the corresponding  values for a terrestrial circuit so 
th a t the one satellite circuit can be regarded as having the sam e effect as four terrestrial FD M  circuits w hen full 
correla tion  is assum ed. As far as attenuation  d isto rtion  is concerned, since the channel equipm ents in the shore 
station  are no t in perm anen t association with those on board  ship, betw een-channel varia tions m anifest them selves 
as another source o f  variance am ong the connections and  an allow ance o f 1 dB is m ade for this effect.

The form ula in the R ecom m endation cited in [3] can be rew ritten as (6 +  In) in w hich the coefficient 
1 dB /circu it is explicit rather th an  im plicit, and  we have derived the coefficient 4 + 1 = 5  dB /c ircu it fo r the case 
o f the satellite circuit. Hence, w ith n =  1 we ob ta in  the condition:

S  +  R  +  B > 11

Recom mendation G.161, Test 8 [6] — The equivalent level g o /re tu rn  loss on the office-side o f  the echo 
suppressor should not be less than  6 dB. In  principle, this quantity , w hich can be derived from  the relative 

. levels at the 2-wire switch po in t, is to be evaluated under conversational conditions a t any frequency 
w ithin the detection ban d  o f the echo suppressor.
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Recom m endation G .l21 [2] — The various constra in ts on  the reference equivalents and  losses o f  national 
systems are as follows, in  which the over-bar indicates an  average value:

S R E :  preferred range: 10 to  13 dB 
perm issible range: 10 to  16 dB

R R E :  preferred range: 2.5 to  4.5 dB 
perm issible range: 2.5 to  6.5 dB

i.e.: 10 <  S  +  s <  13 o r 16; 2.5 <  R  +  r <  4.5 or 6.5

These values obviously take in to  account varia tions although we shall assume tha t the variability  o f s and r 
are sm all, i.e. th a t s = s and  r = r.

S R E max =  21 dB, i.e.: 51 -l- s ^  21

R R E max = 12 dB, i.e.: R  + r < 12

These are 97% p lann ing  values bu t we shall take them  as 100% plann ing  values.

S R E min =  6 dB, i.e.: S  + s > 6

Ideally  this should take variations in to  account bu t the recom m endation is in term s o f a p lann ing  value. 

D ifference betw een the losses (a  — t) and  ( t  — b) should no t exceed 4 dB, i.e.: \S  — R | <  4.

1.1.3 The R ecom m endations do not enable us to  ascertain  the separate values o f S  and  R  because the C C IT T  
does no t specify any particu lar subdivision o f  national reference equivalents as between the local system and  the 
circuits in the rem ainder o f  a national extension.

W e m ay sim plify the problem  by assum ing tha t during  the set-up or clear-dow n o f the connection  it is not
possib le to  prevent B  = 0, so tha t S  + R  = 11 and  furtherm ore we shall aim  to stay w ithin the preferred  ranges
o f  m ean values o f the reference equivalents recom m ended for a national system.

1.1.4 It is clear tha t w ithin the constrain ts of:

S + R =  11; \S  -  R \ < 4; \S  -  S  <  0.5; \R  -  R \  < 0.5; 10 <  S R E  <  13; 2.5 <  M E  <  4.5

the ind iv idual values o f S  and  R  can be chosen to perm it a range o f reference equivalents for the sh ipboard  local 
system  as illustrated  by the solu tion  dom ains show n in Figure 2. We m ust therefore seek o ther criteria on which to 
base a decision.

CCITT-27760

S + R= 1-1; | S - /?  | 4 1 2 .5 -S  ^  s ^  1 0 .5 -S

4-/? > r ^ Z - R

(allowing for 0.5 dB mean 
departure from nominal in 
the S, /? values)

FIGURE 2
Possible values for S, R ,  s and r  complying with the given constraints
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1.2 Subjective criteria

1.2.1 Figure 3, which is based on the corresponding  one in R ecom m endation  G.473, illustrates various 
m inim um , average, and  m axim um  configurations utilizing the in form ation  concerning traffic  routing  con tained  
in  [7]. These routings have been used to develop hypothetical reference connections based on  R ecom m enda­
tion  G .l03 [8] to enable the effects o f loss, noise, and  distortion  to be studied in accordance w ith the princip les 
outlined in the C C IT T  m anual cited in [9].

MC Maritime centre
(can have CT functions) 

ISC International switching 
centre (e.g. CT3)

CT (International) 
transit centre 

QC Quaternary centre 
TC Tertiary centre 
SC Secondary centre 
PC Primary centre 
LE Local exchange

CCITT-22380

FIGURE 3
Possible routings involving the maritime mobile satellite service 

(based on Recommendation G.473)

1.2.2 A few S, R  and  hence s, rv a lu e s  w ithin the perm itted  solu tion  dom ains have been studied  in o rder to 
determ ine an optim um  set from  the po in t o f view o f subscriber op inion. The results o f two such calcu lations are 
recorded in Table 1.

In  one calculation the S  and  R  values were equal (i.e.: the S /R  d ifferential was zero) and  the S R E  and  
R R E  values were in the m iddle o f their preferred  ranges (S R E  =  11.5; R R E  = 3 . 5 ;  S  = 5.5; R  =  s  =  6; 
r  =  — 2). In  the o ther calculation  half the perm itted  S /R  d ifferential was in troduced  reducing the R R E  a t the 
expense o f the S R E  bu t nevertheless keeping their values w ithin 0.5 dB o f the extrem a o f  their preferred  ranges to 
allow  for the 0.5 dB m ean departure from  nom inal in the values o f S  and  R. (S R E  =  12.5; R R E  =  3; 5  =  6.5; 
R  =  4.5; 5 =  6; r =  1.5).
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TABLE 1
Some calculation results for hypothetical reference connections involving 

a 10 000 pWOp maritime satellite system

Shore-to-ship Ship-to-shore

ORE N % D % P+B ORE N %D % P+B

Maximum routing A 26.5 -49 .2 41.2 43.9 27.0 -56 .6 33.2 23.0
1=5 B 27.0 -49 .6 42.6 44.2 26.0 -56.5 30.0 20.7

Average routing A 17.5 -51 .2 9.5 11.8 20.0 -54 .6 12.1 9.8
1=2 B 18.0 -51 .6 10.0 12.1 19.0 -54.5 10.7 8.4

Minimum routing A 13.0 -52 .3 5.4 4.5 15.5 -55.8 6.5 3.3
1= 1.5 B 13.5 -  52.7 5.6 4.5 ' 14.5 -  55.4 5.9 2.7

I  The impairment (dB) due to bandwidth limitation and attenuation distorsion (UKPO data: see [9])
A M E = \2 .5 \R R E = 5
B SRE = 11.5; RRE = 3.5
(the SRE  and RRE  are those of the maritime system)
ORE The planning value of the overall reference equivalent in the direction indicated
N  The weighted noise power level (dBmp) at the input to a 0 dB RRE  end in the direction indicated
% D Percentage of “difficulty” opinions (UKPO data: [9]). Includes the effect of loss, noise, bandwidth limitation, and attenuation-

distortion
% P + B Percentage of poor or bad (see [10]). Does not include any allowance for attenuation-distortion
Neither %D nor %P+B reflect the subjective effects of delay and unsuppressed echo for which no suitable mathematical model is available.

Note -  The terrestrial and international portions of the various HRC’s were constructed from the information given in Recommendation 
G. 103[8].

1.2.3 Table 1 shows tha t m oving from  the centre o f the preferred  ranges has hardly  any effect on the op in ion  
scores o f the sh ipboard  custom er but has a som ew hat greater, w orsening effect on the in land  custom er particularly  
on the m axim um  routing. H ence we advocate arrangem ent B in which the S R E  and  R R E  are a t the m iddle o f 
the ir preferred  ranges. This arrangem ent also has the advantage that the in land  and  ship-board  custom ers’ 
op in ions are m ore nearly equal in the case o f the average routing  (which we m ust assume will carry the m ost 
traffic). This is only true for %D, not for %P  +  B.

1.2.4 F igure 4 illustrates how opinion w orsens as the design noise pow er o f the m aritim e satellite system 
increases from  10 000 pWOp ( — 50 dBmOp) to  100 000 pWOp ( — 40 dBmOp). These are the effective design noise 
pow er levels, i.e.: either an uncom pandored  noise pow er level, o r the result o f a 2:1 com pandor with a 0 dBmO 
unaffected  level operating  on a higher noise pow er level, in which case the em pirical rule one-th ird  speech-on 
noise pow er level plus tw o-thirds speech-off noise-pow er level was used to  calculate the effective noise (see [11]).

Note — The reference equivalents o f the m aritim e system are S R E  =  11.5 and  R R E  =  3.5. O nly the 
effects o f loss, noise, bandw idth  lim itation , and  a tten u a tio n /d is to rtio n  have been estim ated. The effects o f  delay 
and  im perfectly-suppressed echo could no t be taken  account o f in the calculations bu t they should no t be 
d isregarded.
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-5 0  -4 8  -4 6  -4 4  - 4 2  -4 0  dBmOp

Design noise power level of the maritime satellite system
(or effective value if compandors are used) c c it t -22390

FIGURE 4
Subjective effect of satellite system noise for various routings

1.3 The preferred arrangement with 2-wire switching

1.3.1 F igure 5 illustrates the preferred arrangem ents upon  which R ecom m endation  G.473 is based. All the 
arrangem ents are in term s o f the C C IT T  quantities which relate to virtual sw itching po in ts on the in te rnationa l 
circuit.

It is clear tha t S R E min >  6 is com fortably  m et in these arrangem ents, using p lann ing  values. We note tha t 
the lim it is also m et even when varia tion  is allow ed for; the 2.33 a  value for the m id-range value o f the S R E  is
11.5 — 0.5 — 2.33(2) =  6.3 (rounding  dow n to the nearest 0.1).

1.3.2 D iagram  I o f  Figure 6 gives an exam ple o f how A rrangem ent I could be realized in a practical 
installation . W e have assum ed the follow ing:

— actual 4-wire switching levels o f  —2 dBr, which is typical o f m any in ternational sw itching centres;

— a 2-wire sending level o f 0 dBr, which is suitable for a local system w ith a nom inal m id-range value 
o f  sending reference equivalent o f  6 dB (S R E )  connected to  th a t po in t;

— sym m etrical 3.5 dB term inating units;

— channel translating  equipm ents operated  at relative levels o f  + 4  d B r / —14 dBr, a pa ir o f  levels 
appearing  in R ecom m endation G .232;

— far-end  operated , half-echo suppressors in troducing  0 dB transm ission  loss a t the app rop ria te  relative 
levels.

1.3.3 It rem ains to calculate the equal-level g o /re tu rn  loss on the office side o f the echo suppressor which is 
seen to  be

9.5 +  3.5 +  B +  3.5 +  10.5 -  18 =  9 +  B

thus com plying with the test conditions o f  R ecom m endation G.161 [12] (assum ing no negative B-values). The 
quantity  10 can be obtained with m ore insight and  less arithm etic by tak ing  the difference o f the two relative 
levels at the 2-wire switch point.
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RRE = 3.5 i  1

R = 5.5 r = — 2 ± 1

-X -
S = 5.5 

R = 2

s = 6 + 1 .5

r = 1.5 + 1

-X -

X -

-X -

S = 2

R = 2

S = 2

SRE = 11.5 + 1.5

s = 9.5 ±1 .5

r=  1.5+ 1

s = 9.5 +1.5

III

Maritime system

* 3.5 dB terminating unit CCITT-14641

Note 1 -  The points a and b are the virtual switching points of the most directly connected international circuits in the terrestrial network 
and assume that the MC-ISC circuit is operated at 0 dB loss in accordance with the provisions of the Recommendation cited in [13]. How­
ever, if the MC-ISC circuit cannot comply with that Recommendation, then an additional loss will be incurred, e.g. 0.5 dB in each direction.
Note 2 -  In cases I and II the individual values of S  and R ensure that the arrangements comply with Recommendations concerning stability 
and differential loss (assuming that the stability balance return loss is zero). In case III there is considerably more freedom of choice con­
cerning the individual values of S, R, s, and r and within the limits of noise and crosstalk almost any practicable values will be suitable. 
Much will depend on the switching level chosen for the shipboard switch points.
Note 3 -  In cases I and II the values of S  and R  could be less if a minimum non-zero stability return loss could be assured. For Arrangement 
I, Recommendation Q.32 [14] gives guidance on how such a minimum loss can be secured. Other measures are possible for Arrangement II.

FIGURE 5 
Preferred values expressed in CCITT terms
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* These pad values embrace all the losses in the path concerned including, in particular, the losses of signalling terminations. The relative 
level at which any voice-frequency senders and receivers operate will dictate the precise allocation of losses on these paths.
N ote- If the level of acoustic feedback under normal operation permits, the echo suppressor can be omitted.

FIGURE 6
Examples of practicable realizations o f the preferred arrangements
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1.4 Arrangements with 4-wire switching

1.4.1 Figure 5 also illustrates tw o other arrangem ents which incorporate 4-wire sw itching: A rrangem ent II which 
reta ins a 2-wire handset, and  A rrangem ent III  w hich is wholly 4-wire. Exam ples (for guidance only) o f  the 
corresponding  practicable realizations are show n in F igure 6.

1.4.2 A half-echo suppressor is shown in Figure 6 for the wholly 4-wire case. This is to contro l, if  necessary, the 
echo tha t m ight arise from  the acoustical path  via the handset o f the sh ipboard  subscriber. The to tal echo loss 
dem anded  between virtual sw itching po in ts is effectively 56 dB (a consequence o f  the R ecom m endations cited 
in  [15] and  [3]). The m inim um  (electrical) g o /re tu rn  loss is required  to  be o f the sam e order (the R ecom m endation 
cited in [16]) so as no t to  nullify the effect. It is clear th a t the sh ipboard  installation  should aim  at a com parable 
perform ance. The recom m ended values o f R R E  and  S R E  show n in Figure 5 add  up  to 15 dB w hich im plies that 
the acoustic g o /re tu rn  loss m ust fall below  41 dB. As the system designer has no contro l over how the ord inary  
subscriber uses his handset there is a p rim a facie case fo r assum ing little possibility o f being able to  guaran tee this 
value. However, there is little experim ental da ta  on this top ic and  further study is desirable. The results o f  such a 
study m ay indicate tha t suppressors can be dispensed w ith in wholly 4-wire installations. Four-w ire head and 
b reast sets (or press-to-speak handsets) used for special purposes by trained  persons w ould be less troublesom e in 
th is regard and  it is unlikely th a t a sh ip-board  suppressor w ould be needed for these cases.

1.5 Taking advantage o f  a non-zero stability balance return loss

1.5.1 All the allocations o f loss show n for a 2-wire local system tacitly assum e tha t during set-up or clear-dow n
there is the  possibility o f zero balance return  loss at the 2-w ire/4-w ire term inating  set. H owever, if  special 
arrangem ents are m ade, as ind icated  for exam ple in R ecom m endation Q.32 [14] so tha t at all tim es a certain 
m inim um  positive value is assured, there can be corresponding reductions o f the S, R  values and  increases o f 
the s, rva lues .

1.5.2 The arrangem ents o f R ecom m endations Q.32 [14] in troduce a m inim um  o f 6 dB balance return  loss and
assum ing this to be less than  the off-hook balance return  loss o f the sh ipboard  local system, the 5  and  R  values
could  be reduced by 3 dB each and  the s, r values correspondingly  increased. O ther partitions are possible, 
prov ided  they com ply with constra in ts given in § 1.2 above. It is clear tha t if  S  and  R  can be reduced in this way 
there is m ore scope for catering for a range o f  existing sh ipboard  local systems.

2 Estimated speech power levels and signal-to-noise ratios

2.1 Speech power levels entering the m aritime system  a t the shore station

2.1.1 We can estim ate the m ean and  standard  deviation o f  the speech pow er levels at the shore station by
considering the relevant R ecom m endations. N aturally  this is no t claim ed to  be the same as m easured values, bu t it 
is p robably  the best we can do for p lann ing  purposes, particularly  since traffic-w eighted values are no t really 
app rop ria te  for equipm ent design if  a w orldw ide service is p lanned  for.

2.1.2 Recom m endation G .l21 [2]: N ational systems

M ean S R E  calculated to  in te rnational v irtual analogue sw itching po in ts: 13 dB

R ange is (21 — 6) =  15 dB from  which, as an approx im ation , standard  deviation =  lA (range) =  3.8 dB

2.1.3 Recom m endation P .1 6 [ \l] \  C rosstalk

C onversational speech pow er level from  an  active m edian ta lker via a 0 dB S R E  end is —6 dB m ; standard  
deviation  is 4.8 dB.
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2.1.4 A nnex 2, Question 1 /X V I[ 7 ]: International 4-wire chain

From  the statistics o f the in ternational 4-wire chain recorded in [7] we ob ta in  the estim ate o f  the m ean and  
the variance o f  the transm ission loss o f this po rtion  o f the connection show n in Table 2, assum ing tha t the circuits 
com ply w ith the provisions o f R ecom m endation G.151 [18] in respect o f s tan d ard  deviation.

TABLE 2

Number of 
international circuits

Relative
frequency

Nominal loss Weighted values

Mean Variance Mean Variance

1 0.904 0.5 1.0 0.452 0.904
2 0.086 1.0 2.0 0.086 0.172
3 0.008 1.5 3.0 0.012 0.024
4 0.002 2.0 4.0 0.004 0.008

1.000 0.554 1.108

2.1.5 C om bining all these estim ates, the d istribu tion  o f speech pow er levels at the in p u t to  the m aritim e system 
at the shore station we obtain :

M ean = - 1 3 - 6 - 0 . 6  = - 1 9 . 6  dBm

Standard deviation = V 3 . 8 2 + 4.82+ 1.108 = 6.2 dB

2.1.6 W e can reasonably  assum e —3.5 dB r to  be the relative level at the in p u t to  the m aritim e system directly 
connected to  the receive virtual sw itching p o in t o f the in ternational circuit delivering the signal, although  strictly 
speaking there is no recom m endation concerning the relative level at these po in ts on  the “n a tio n a l” side o f  the 
virtual sw itching points.

2.1.7 H ence we finally ob tain  as a defensible system p lann ing  value:

M ean =  M edian =  —16.1 dBmO 

S tandard  D eviation =  6.2 dB.

2.2 Speech power level a t the input to the maritime system fro m  the shipboard local system

In  any studies concerning a fixed threshold  setting (e.g. for echo suppressor or noise squelch circuit) it
should be no ted  tha t the m id-range value o f  the sending reference equivalen t referred to  a 0 dB r po in t fo r the
sh ipboard  local systems illustrated in F igure 6 is 6 dB corresponding to  a m ean active speech pow er level o f 
— 11.5 dBmO, so tha t 99% o f talkers w ould no t fall below  —12 — 2.33(4.8) =  —23.5 dBmO. This w ould thus be a 
suitable level for a threshold  detector based on m ean active pow er level. A detector responding  to  syllabic pow er 
levels w ould need to  be set som ew hat low er if centre clipping effects are to  be avoided. I f  an  increase o f  the 
s  value is foreseen (as a result o f  the considerations outlined in § 1.5.2 above) the m ean active speech pow er level 
will be correspondingly  reduced.

2.3 Distribution o f  speech signal-to-noise ratios a t the output o f  the maritime system  on board ship

2.3.1 W hat follows is an  elem entary estim ate o f the d istribu tion  o f the speech signal-to-noise ratio  in a sw itched
telephone netw ork, in which there is a d istribu tion  o f speech volum es, using a m aritim e satellite system achieving 
the long-term  aim o f a design noise pow er level o f —50 dBmOp (10 000 pWOp) regarded as essentially constan t for 
m ost o f  the time. This, o f course, represents a reversal o f the basis on w hich conventional H F  rad io  circuits are 
designed in which the speech volum e is assum ed to  be held substantially  constan t by m eans o f  a constan t volum e 
am plifier (or a technical operator), and  the noise being regarded as the variable.
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2.3.2 Signal — Since the d istribu tion  o f  speech volum es is substantially  log-norm al, the speech pow er level o f 
the active m edian ta lker is given by:

10 log10 (m ean pow er/1  mW ) — 0.115 a 2

w here a 2 is the variance o f the d istribution o f  speech pow er levels. A llowing, say 2 m icrow atts fo r echos and  other 
currents, the conventional load  for the speech pow er at a 0 dB r po in t averaged over all channels is 20 m icrowatts 
an d  the conventional activity factor is 0.25. H ence the (conventional) m ean active speech pow er is 80 m icrowatts. 
T he standard  deviation o f speech volum es is o f  the o rder o f  6.2 dB (see § 2.1.5 above). We obtain  from  these 
figu res:

speech pow er level o f the active m edian ta lker 
=  10 log,o (80/1000) -  0 .115(38 .44)------- 15.4 dBmO

Noise — In the case being considered, i.e. the long-term  aim , the constan t equivalent value is 
— 50 dBmOp.

2.3.3 H ence, the m ean signal-to-noise ratio  Q, is Q =  S  -  N  =  —15.4— ( — 50) =  34.6 dB. Q  is norm ally 
d istribu ted  with a standard  deviation o f 6.2 dB, and  the principal source o f varia tion  in  the signal level will arise 
either from  different talkers on  the various channels provided by the m aritim e satellite link, or from  successive 
talkers on a particu lar channel, i.e.: it is assum ed tha t the process is essentially ergodic. H ence we can construct 
Table 3 show ing the various percentages o f  tim e (to the nearest 1%) for which particu lar values o f  signal-to-noise 
ratios are exceeded by setting k  =  {Q — 34.6)/6.2 and  consulting tables o f the norm al variate.

TABLE 3
Probability o f particular signal-to-noise ratios being exceeded 

(long term aim)

Q
(dB)

100 Pr(Q  >  q) 
(%)

<20 >99
21 99
22 98
23 97
24 96

25 94
26 92
27 89
28 86
29 82

30 77
31 72
32 66
33 60
34 54

35 47
36 41

2.3.4 In  the case o f  the short-term  lim its for noise, F igure 4 /G .473 defines the follow ing functional relationships 
betw een S  (speech signal) and  Q (signal/no ise ratio) as

S  = Q - 50 f o r l O < 0 < 1 5
(15 (2/11) -55.4545 for 15 < £ < 2 6

Q = constan t at 26 dB for —2 Q < S < 0  

( S  in dBmO, Q  =  S  — N  dB w ith A in  dBmOp.

292 Fascicle III.2 -  Suppl. No. 23



The corresponding  expressions for the standardized varia te  are:

, _ I « 2 -3 4 .6 ) /6 .2  for 10 <  Q <  15
"  1 [(15 0 /1 1 ) -4 0 .0 5 4 5 ] /6 .2  f o r l 5 < < 2 < 2 6

with all the p robability  from  k  =  - 0 .7 4  to  2.48 i.e.: 76% corresponding to  the range — 20 <  S  <  0 being 
assigned to  Q > 26. Table 4 displays the results for this case to  the nearest 1%.

TABLE 4
Probability of particular signal-to-noise ratios being exceeded 

(short-term limits)

Q
(dB)

100 Pr (Q >q)  
(%)

<19 > 9 9
20 98

21 97
22 95
23 92
24 88
25 83

26 76

>26 0

$
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