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REMARKS

1 T he stric t o b se rv an ce  o f  th e  spec ific a tio n s fo r s tan d a rd iz ed  in te rn a tio n a l s ig na lling  an d  sw itch ing  
eq u ip m e n t is o f  th e  u tm o s t im p o rta n c e  in the  m an u fac tu re  an d  o p e ra tio n  o f  the  equ ip m en t. H ence these 
sp ec ific a tio n s a re  o b lig a to ry  excep t w here it is exp lic itly  s tip u la ted  to  th e  co n tra ry .

T he values g iven in Fascicles V I.1 to  VI.6 are  im p era tiv e  an d  m ust be m et u n d e r n o rm a l service 
c o n d itio n s .

2 T he Q u estio n s en tru s ted  to  each  S tudy G ro u p  fo r th e  S tudy  P eriod  1981-1984 can be fo u n d  in 
C o n tr ib u tio n  N o. 1 to  th a t S tudy  G ro u p .

CCITT NOTE

In  th is  Fascicle, th e  ex p ressio n  “ A d m in is tra tio n ” is u sed  fo r  sh o rtn ess  to  in d ica te  b o th  a te leco m m u n ica tio n  
A d m in is tra tio n  an d  a recogn ized  p riv a te  o p e ra tin g  agency.
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SIGNALLING SYSTEM R1

IN T R O D U C T IO N

P R IN C IP L E S O F SIG N A L LIN G  SY ST E M  R1

G eneral

T he d ev e lo p m en t o f  new  exchanges, especially  those  u tiliz ing  sto red  p ro g ra m m e  co n tro l, h as in tro d u c e d  
new  co n cep ts  in the  d iv is ion  o f  fu n c tio n s  betw een  vario u s co m p o n en ts  o f  s ig n a llin g  a n d  sw itch ing  system s. T o
allow  the  m ax im u m  freedom  in in c o rp o ra tin g  new  co ncep ts  w hich can  c o n tr ib u te  to  th e  overa ll econom y  a n d
effic iency  o f  the  system , th e  req u irem en ts  as covered  in th is sp ec ific a tio n  a re  fo r  th e  c o m b in a tio n  o f  eq u ip m en ts  
necessary  to  p ro v id e  a fu n c tio n . F o r exam p le , the  req u irem en ts  fo r line  signal rece iv ing  e q u ip m e n t as g iven here  
m ay  b e  m et by  v a rio u s subd iv is io n s o f  fu n c tio n s  betw een  signal rece iver, tru n k  re lay  sets a n d  sto red  p ro g ra m m e  
co n tro l.

System  R1 m ay be ap p lied  fo r a u to m a tic  a n d  sem i-au to m atic  o p e ra tio n  o f  one-w ay  a n d  bo th -w ay  c ircu its , 
w ith in  an  in te rn a tio n a l reg ion  (w orld  n u m b erin g  zone). W hen u tilized  in an  in teg ra ted  w o rld  n u m b erin g  zo n e  
(e.g. Z o n e  1) th e  n u m b erin g  an d  ro u tin g  p lan s  a n d  o p e ra tin g  fac ilities o f  th a t zo n e  sh o u ld  ap p ly .

T he system  is ap p lic ab le  to  all types o f  c ircu its  (excep t T A S I derived  c i r c u i t s )0 m eeting  C C IT T  tra n sm is 
sion  s ta n d a rd s , in c lu d in g  sa te llite  circuits.

T he sig n a llin g  eq u ip m en t used  in  System  R1 consists  o f  tw o p a rts :

a) line sig n a llin g  fo r line o r  superv iso ry  signa ls; an d

b) reg ister signa lling  fo r ad d ress  signals.

a) L ine  signalling

1) 2600 H z signalling

C o n tin u o u s  to n e  type  in -b a n d  line-signa lling  is used fo r the  lin k -b y -lin k  tra n sm iss io n  o f  all su p e rv iso ry  
signals except th e  r in g -fo rw ard  (fo rw a rd -tran sfe r)  signal w hich is a sp u r t signal. A sing le  freq u en cy , 2600 H z, is 
used  in  each d irec tio n  o f  the  4-w ire tran sm iss io n  p a th , the  p resence  o r ab sen ce  o f  th is freq u en cy  in d ica te s  a 
specific  signal d ep e n d e n t u p o n  w hen it occurs in the  s igna lling  sequence  a n d  in  c e rta in  cases u p o n  its d u ra tio n . 
W hen  the  c ircu it is id le, a  low  level s igna lling  to n e  is co n tin u o u sly  p resen t in b o th  d irec tio n s.

Register signalling can be made compatible with TASI by providing a TASI locking tone.
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2) P C M  signalling

T he 2600 H z line s igna lling  d escribed  in 1) is n o t n o rm a lly  a p p lied  to  the  speech  p a th s  o f  c ircu its w o rk ing  
o n  P C M  system s un less the  PC M  ch an n e ls  a re  co n n ec ted  in  cascade  w ith  an a lo g u e  ch an n e ls  to  fo rm  a circuit. T he 
s ig n a llin g  on  PC M  system s in the  N o rth  A m erican  reg ion  is ch an n e l assoc ia ted , in -slo t, p ro v id in g  tw o signa lling  
ch a n n e ls  p e r speech  ch an n e l, an d  u tiliz ing  b it stea ling  o f  the  e igh th  b it o f  each ch an n e l every six th  fram e.

b) R egister signalling

L ink-by-link  m u ltifreq u en cy  (M F ) in -b a n d  pu lse  s igna lling  is used fo r th e  tran sm iss io n  o f  ad d ress  
in fo rm a tio n . T he s igna lling  frequenc ies are  700 H z to  1700 H z, in 200 H z steps, a n d  co m b in a tio n s  o f  tw o, an d  
tw o  o n ly , d e te rm in e  the  signal. T he ad d ress  in fo rm a tio n  is p reced ed  by a K P  signal (s ta rt-o f-pu ls ing ) an d  
te rm in a te d  by an  ST signal (end -o f-pu lsing ). E ith e r en b loc  2), o r en b loc  overlap  2), o r  o v e rlap  send ing  m ay app ly . 
T h is reg is te r s igna lling  a rra n g e m e n t is used  ex tensively  w ith  o th e r in -b an d  an d  o u t-b a n d  line s igna lling  system s.

C o m p a n d o rs  m ay affec t s igna lling , p a rticu la rly  sh o rt pu lse  co m p o u n d  reg ister signals, due  to  pu lse  leng th  
d is to r t io n  and  the  p ro d u c tio n  o f  in te rm o d u la tio n  frequencies. By v irtue  o f  the  lin k -b y -lin k  signa lling  an d  the  
a d o p te d  d u ra tio n  o f  reg ister an d  line  signal pu lses, System  R1 fu n c tio n s  co rrec tly  in  th e  p resence  o f  co m p an d o rs  
desig n ed  in a cco rd an ce  w ith  C C IT T  reco m m en d a tio n s .

2) See in Fascicle VI.2, Recommendation Q.151, note to § 3:1.1 for an explanation of these terms. 
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S E C T IO N  1

D E F IN IT IO N  A N D  F U N C T IO N  O F SIG N A L S

Recommendation Q .310

1. DEFINITION AND FUNCTION OF SIGNALS

1.1 connect (seizing) signal (sen t in th e  fo rw ard  d irec tio n )

T his line signal is tra n sm itte d  a t th e  b eg in n in g  o f  a call to  in itia te  c ircu it o p e ra tio n  a t th e  in co m in g  en d  o f
th e  c ircu it to  busy  th e  c ircu it an d  to  seize eq u ip m en t fo r  sw itch ing  the  call.

1.2 delay-dialling signal (sen t in th e  b ack w ard  d irec tio n )

T his line signal is tra n sm itte d  by the  in co m in g  exchange  fo llow ing  the  reco g n itio n  o f  th e  co n n ec t (seizing)
signal to  verify  receip t o f  th e  co n n ec t (seizing) signal an d  to  in d ica te  th a t the  in co m in g  reg is te r e q u ip m e n t is n o t
yet a tta ch ed  o r read y  to  receive ad d ress  signals.

1.3 start-dialling (proceed-to-send) signal (sen t in  th e  b ack w ard  d irec tio n )

T his line  signal is sen t from  th e  in co m in g  exchange  su b seq u en t to  the  sen d in g  o f  a d e lay -d ia llin g  signal to  
in d ica te  th a t th e  in co m in g  reg ister e q u ip m en t has been  co n n ec ted  an d  is ready  to  receive ad d re ss  signals.

1.4 KP (start-of-pulsing) signal (sen t in the  fo rw a rd  d irec tio n )

T his reg iste r signal is sen t su b seq u en t to  th e  reco g n itio n  o f  a s ta rt-d ia llin g  signal an d  is u sed  to  p re p a re  th e  
in co m in g  m u ltifreq u en cy  reg ister fo r the  receip t o f  su b seq u en t in te rreg is te r signals.

1.5 address signal (sen t in  the  fo rw ard  d irec tio n )

T his reg ister signal is sen t to  in d ica te  one  decim al e lem en t o f  in fo rm a tio n  (d ig it 1, 2, . .  ., 9 o r  0) a b o u t the
called  p a r ty ’s n u m b er. F o r  each  call a  succession  o f  ad d ress  signals is sent.

1.6 S T  (end-of-pulsing) signal (sen t in  th e  fo rw ard  d irec tio n )

T h is reg ister signal is sen t to  in d ica te  th a t there  a re  no  m ore ad d ress  signals to  fo llow . T he signal is a lw ays 
sen t in  sem i-au to m atic  as w ell as au to m a tic  w ork ing .

In this part the North American designation for line signals is used. The designation of the signal in System No. 5 which 
most nearly corresponds to a particular North American signal is shown in parentheses. There is not always exact 
correspondence in function, e.g. the ring-forward signal can only be effective when a connection has been established 
through an incoming operator.
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1.7 answer signal (sen t in the  b ack w ard  d irec tio n ) 2)- 3)

T his line signal is sen t to  the  o u tg o in g  ex change  to  ind ica te  th a t the  ca lled  p a rty  has answ ered .

In  sem i-au to m atic  w o rk ing , the  signal has a su p erv iso ry  fu n c tio n .

In  a u to m a tic  w o rk ing , it is used :

— to  s ta r t m ete ring  th e  charge  to  the  ca lling  su b sc rib e r;

— to s ta r t th e  m easu rem en t o f  call d u ra tio n  fo r in te rn a tio n a l a cco u n tin g  p u rp o se s , if  th is is desired .

1.8 hang-up (clear-back) signal (sen t in th e  b ack w ard  d ire c tio n ) 2)

T his line signal is sen t to  the  o u tg o in g  ex change  to  in d ica te  th a t the  ca lled  p a rty  has c leared . In  the  
sem i-au to m atic  serv ice it p e rfo rm s a superv iso ry  fu n c tio n .

In au to m a tic  w o rk ing , a rran g em en ts  a re  m ad e  to  c lea r th e  co n n ec tio n , s to p  the  charg ing , a n d  s to p  the  
m easu rem en t o f  call d u ra tio n  if  w ith in  10 to  120 seconds 4) a fte r  reco g n itio n  o f  th e  h a n g -u p  signal, th e  ca lling  
su b sc rib e r has n o t c leared . C lea rin g  o f  the c o n n ec tio n  sh o u ld  p re fe rab ly  be co n tro lled  from  the  p o in t w here the  
ch a rg in g  is ca rried  out.

1.9 ring-forward (forward-transfer) signal (sen t in th e  fo rw a rd  d irec tio n )

T h is line signal is in itia ted  by  an  o p e ra to r  to  recall an  o p e ra to r  a t a  p o in t fu r th e r  ah ead  in the co n n ec tio n .

1.10 disconnect (clear-forward) signal (sen t in  the  fo rw a rd  d irec tio n )

T his line signal is sen t in the  fo rw ard  d irec tio n  a t the en d  o f  a call w hen :

a) in sem i-au to m atic  w ork ing , the  o p e ra to r  a t the  o u tg o in g  exchange  w ith d raw s the  p lug  from  the  ja c k , 
o r w hen  an  eq u iv a len t o p e ra tio n  is p e rfo rm e d ;

b) in a u to m a tic  w ork ing , the ca lling  p a rty  hangs u p , o r  w hen the  tim e-o u t p e rio d  o f  10 to  120 seconds as 
d iscussed  in § 1.8 above  occurs.

1.11 D iagram s show ing signa l sequence

T ypical sequences o f  signals in sem i-au to m atic  a n d  au to m a tic  w o rk ing  a re  show n in  A nnex  A to  these  
S p ec ifica tio n s o f  S igna lling  System  R l.

2) Notes on the answer and hang-up (clear-back) signals. — See corresponding notes in Recommendation Q.120, § 1.8, 
Volume Vl-2 of the Green Book.

3) See Recommendation Q.27 for the actions to be taken to assure that answer signals, both national and international, are 
transmitted as quickly as possible.

4) In world numbering Zone 1, 13 to 32 seconds is used.
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S E C T IO N  2

LINE SIG N A L LIN G

Recommendation Q.311

2.1 2600 Hz LINE SIGNALLING

T he line-signal co d in g  a rra n g e m e n t is based  on  the  a p p lic a tio n  an d  rem o v al o f  a sing le  freq u en cy  to n e  
(2600 H z) as show n  in T ab le  1 /Q .3 1 1 .

TABLE 1/Q.311 
Line signal code

Signal Signal 
direction”- 2)

Transmitted
(sending)
duration

Transmitted sta te5 >• 6>

Originating end Terminating end

Idle 4 ----------------► continuous 0 0

Connect (seizing) -------- continuous 1 0

Delay-dialling 4 -------- continuous3’ 1 1

Start-dialling (proceed-to-send) 4 --------- continuous3’ 1 0

Answer 4 -------- continuous 1 1

Hang-up (clear-back) 4 --------- continuous 1 0

Disconnect (clear-forward) -------- ► continuous 0 0 or 1

Ring-forward (forward-transfer) ------- ► 65-135 ms 0 0 or 1

Busy, re-order (congestion)4’ 4 --------- - off on

” ---------► , --------- -► indicates forward signalling state 0 or 1, respectively.
2> 4 ---------  , 4 ---------indicates backward signalling state 0 or 1, respectively.
31 The durations of these signals are variable and depend upon when the succeeding signal occurs. To ensure proper registra

tion of these signals, the transmitted signal durations should not be less than 140 ms.
4) Busy and re-order (congestion) conditions are indicated by audible tones.
5) 0: Tone on, or signalling bit state 0 in PCM systems.
61 1: Tone off, or signalling bit state 1 in PCM systems.
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By tak in g  ad v an ta g e  o f  th e  fixed o rd e r o f  occu rren ce  o f  specific  signals, b o th  to n e -o n  an d  to n e -o ff  signals 
a re  u sed  to  in d ica te  m ore  th a n  o n e  signal c o n d itio n . F o r exam p le , in th e  b ack w ard  d irec tio n  to n e -o n  is used  to  
in d ic a te  s ta rt-d ia llin g  (p ro ceed -to -sen d ), an d  te rm in a tin g  end  h an g -u p  (c lear-back ) signals w ith o u t conflic t. T he 
e q u ip m e n t m ust re ta in  m em ory  o f  th e  p reced in g  signal sta tes an d  the  d irec tio n  o f  signals in o rd e r to  d iffe ren tia te  
b e tw een  to n e -o n  an d  to n e -o ff  signals.

Recommendation Q .312

2.2 2600 Hz LINE SIGNAL SENDER 1) (TRANSMITTER)

2.2.1 S ig n a l freq u en cy  

2600 ±  5 Hz.

2.2.2 T ransm itted  s igna l level o f  tone-on signals

— 8 ±  1 dBmO fo r the  d u ra tio n  o f  the  signal o r fo r  a m in im um  o f  300 ms (w hichever is sh o rte r) an d  fo r  a 
m ax im u m  o f  550 m s a fte r w hich th e  level o f  th e  signal shall be reduced  to  — 20 ±  1 dBmO.

2.2.3 T ransm itted  signa l dura tions

T he tran sm itted  signal d u ra tio n s  are  show n in T ab le  1 /Q .311 .

2.2.4 S ig n a l freq u en cy  leak

T he level o f  signal frequency  leak  p o w er tra n sm itte d  to  the  line sho u ld  n o t exceed —70 dBmO, d u rin g  the  
to n e -o ff  co n d itio n .

2.2.5 E xtraneous freq u en cy  com ponents

T he to ta l p o w er o f  ex tran eo u s  frequency  c o m p o n e n ts  a c c o m p an y in g  a to n e  signal sh ou ld  be a t least 35 dB  
be low  th e  fu n d am en ta l signal pow er.

2.2.6 Transm itting  line split

T he fo llow ing  sp littin g  a rran g em en ts  a re  req u ired  w hen tra n sm ittin g  line signals to  p rev en t in co rrec t 
o p e ra tio n  o f  the  receiv ing  eq u ip m en t d u e  to  tran s ien ts  caused  by the  o p en in g  o r c lo s ing  o f  d irec t cu rre n t c ircu its  
in the  exchange a t th e  tra n sm ittin g  en d :

a) w hen a to n e -o n  signal is to  be tra n sm itte d , the  speech p a th  from  th e  exchange shall be sp lit 
(d isco n n ec ted ), if  n o t a lread y  sp lit, w ith in  an  in te rv a l from  20 m s b efo re , to  5 m s 2) a fte r  to n e  is 
ap p lied  to  the  line, an d  rem ain  sp lit fo r  a m in im u m  o f  350 m s an d  a m ax im um  o f  750 m s;

b) w hen a to n e -o ff  signal is to  be tran sm itted , th e  speech p a th  from  the  exchange shall be sp lit 
(d isco n n ec ted ), if  n o t a lread y  sp lit, w ith in  an  in te rva l from  20 m s b efo re  to  5 m s a fte r to n e  is rem oved  
from  th e  line, an d  rem a in  sp lit fo r a  m in im u m  o f  75 ms an d  a m ax im u m  o f  160 ms a fte r th e  to n e  is 
rem o v ed ;

c) w hen th e  s ig na lling  e q u ip m en t is receiv ing  an d  send ing  to n es sim u ltan eo u sly  the  sp lit shall be 
m a in ta in ed  u n til:

i) the  tran sm itted  to n e  is te rm in a ted , in w hich case th e  sp lit m ust be rem oved  in th e  in te rv a l
from  75 to  160 ms a fte r  to n e  is rem oved  [as in bj\; o r

ii) th e  in co m in g  to n e  ceases, in w hich  case th e  sp lit m ust be rem oved  in th e  in terval from  350 to
750 m s a fte r to n e  ceases;

d) w hen th e  signa lling  e q u ip m en t is sen d in g  to n e , a sp lit shall be in tro d u c e d , if  n o t a lread y  sp lit, w ith in  
250 m s o f  receip t o f  an  in co m in g  tone .

T he above req u irem en ts  given in a), b), c) an d  d) e stab lish  a tran sm ittin g  p a th  sp lit a t b o th  ends o f  the  
c ircu it d u rin g  the  id le co n d itio n .

See also Recommendation Q. 112.

The 5 ms may be relaxed to 15 ms if tone is applied while tone is being received.
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Recommendation Q .313

2.3 2600 Hz LINE SIGNAL RECEIVING EQU IPM EN T 3)

2.3.1 O perate lim its (tone-on signals)

T he receiv ing  eq u ip m en t shall o p e ra te  on  a received to n e  s igna l, in the  p resence  o f  the  m ax im u m  no ise  
expec ted  on  an  in te rn a tio n a l c ircu it, —40 dBmO u n ifo rm  spectra l energy  o ver the  range  o f  300 to  3400 H z, th a t 
m eets the co n d itio n s  listed  below :

a) 2600 ±  15 H z;

b) to  en su re  p ro p e r  o p e ra tio n  in the  p resence  o f  no ise , the  signal level o f  the  in itia l p o rtio n  o f  each  
to n e -o n  signal shall be au g m en ted  by 12 dB (see § 2.2.2).

As a resu lt, the  fo llow ing  req u irem en t reflects bo th  the au g m en ted  a n d  stead y -sta te  signal levels. T he 
ab so lu te  po w er level N  o f  each signal is w ith in  the lim its ( — 27 +  A <  —1 +  n )  dB m  w here n is the  
re la tive  pow er level a t the  in p u t to  the  receiv ing  equ ip m en t. T he m in im um  ab so lu te  po w er level N  =  ( — 27 +  n ) 
gives a m arg in  o f  7 dB on  the s teady -sta te  n o m in a l ab so lu te  pow er level o f  the  received  signal at the in p u t to  the  
receiv ing  eq u ip m en t. W ith  au g m en ta tio n  the effective m arg in  is increased  from  7 to  19 dB.

T he m ax im u m  ab so lu te  po w er level N  = ( — 1 + n )  gives a m arg in  o f  7 dB  on the au g m en ted  n o m in a l 
a b so lu te  pow er level o f  the  received  signal at the in p u t to  the receiv ing  eq u ip m en t.

T he ab o v e  to le ran ces  are  to  a llow  fo r v a ria tio n s  at the send ing  end  an d  v a ria tio n s  in line tran sm iss io n .

N ote  — S ince h ig h er steady  no ise  as well as im pulsive no ise  m ay be en co u n te red  on in tra -reg io n a l c ircu its  
especially  over certa in  co m p a n d o re d  ca rr ie r  system s, the m ax im um  expec ted  no ise  w ith in  a reg ion  m ust be tak en  
in to  acco u n t in. the design o f  eq u ip m en t fo r th a t region.

2.3.2 N on-opera te  lim its

1) T he receiv ing  eq u ip m en t shall ne ith e r o p e ra te  on signals o rig in a tin g  from  su b sc rib e r s ta tio n s  (o r o th e r  
sources) if  the  to ta l pow er in the b a n d  from  800 Hz to 2450 Hz equa ls  o r exceeds the to ta l po w er p re sen t a t the 
sam e tim e in the  b a n d  from  2450 H z to  2750 Hz, as m easured  at the s ta tio n , n o r d eg rad e  these signals. A llow ances 
shall be m ad e  in the  receiv ing  eq u ip m en t design  to a cco m o d a te  expected  d e v ia tio n s  from  these values d u e  to  
a tte n u a tio n  d is to rtio n  an d  ca rr ie r frequency  sh ift on the to tal tran sm issio n  p a th  betw een  the  s ta tio n  a n d  the  
receiv ing  eq u ip m en t.

2) T he receiv ing  eq u ip m en t shall n o t o p e ra te  on  any to n e  o r signal w hose ab so lu te  pow er level a t the p o in t 
o f  co n n ec tio n  o f  the  receiv ing  eq u ip m en t is ( — 17 —20 +  n )  dB m  o r less, n be ing  the re la tive  pow er level at th is 
p o in t.

2.3.3 R ecognition  o f  signals

1) System  R1 m ust be p ro tec ted  ag a in s t false signal recogn ition  caused  by:

a) s ignal s im u la tio n  o f  to n e -o n  o r to n e -o ff  signals by speech o r o th e r s igna ls;

b) signal s im u la tio n  o f  to n e -o ff  signals by m o m en ta ry  in te rru p tio n s  o f  the  tran sm iss io n  path .

T he m e th o d  o f  p ro v id in g  th is p ro tec tio n  is left to  each A d m in is tra tio n  co n ce rn ed  to  allow  fo r m ax im u m  
flex ib ility  in th e  im p lem en ta tio n  o f  the  s igna lling  an d  sw itch ing  system  design . H ow ever, the  overa ll system  
req u irem en ts  g iven  in 2) a n d  3) be low  shall be m et.

See also Recommendation Q. 112.
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2) T he fo llow ing  req u irem en ts  fo r signal reco g n itio n  are  specified  in  te rm s o f  signal d u ra tio n  a t th e  in p u t to  
th e  signal rece iv ing  eq u ip m en t an d  fu r th e r assum es th a t signal levels, frequency  an d  acco m p an y in g  no ise  a re  
w ith in  th e  lim its specified  in § 2.3.1:

a) A to n e -o n  signal las ting  30 m s o r less m ust be  re jec ted ; th a t is, it m ust n o t be recogn ized  as a signal.

b) A  to n e -o ff  signal las ting  40 m s o r less m ust be re jected  if  the  p rev io u s to n e-o n  signal is 350 m s o r 
lo n g er; th a t is, it m ust n o t be recogn ized  as a signal.

c) S u bsequen t to  estab lish in g  th e  cross o ffice  p a th , a to n e -o n  rin g -fo rw ard  (fo rw a rd -tran sfe r)  sp u r t signal 
la s ting  betw een  65 an d  135 m s m ust be recogn ized  as a v a lid  signal.

d) A to n e-o n  fo rw a rd  signal las ting  300 m s o r lo n g e r m u st be recogn ized  as a  va lid  d isco n n ec t 
(c lea r-fo rw ard ) signal. P rio r to  a tta c h in g  a reg ister, a fo rw ard  to n e -o n  signal las ting  30 m s o r  lo n g er 
m ay be  recogn ized  as a va lid  d isco n n ec t (c lea r-fo rw ard ) signal.

e) T o  p ro tec t aga in s t a m o m en ta ry  in te rru p tio n  in  th e  tran sm iss io n  facility  cau sin g  a co n tin u o u s  
succession o f  false co n n ec t (seizing) an d  d isco n n ec t (c lea r-fo rw ard ) signals, the  in co m in g  e q u ip m e n t 
sh ou ld  be a rran g ed  to  de lay  re sp o n d in g  to  th e  seco n d  o f  tw o  closely  spaced  co n n ec t (seizing) signals. 
T he tim ed  delay  in tro d u ced  sh ou ld  be s ta rted  a t th e  en d  o f  in itia l co n n ec t (seizing) signal o r on  
reco g n itio n  o f  the  d isco n n ec t (c lea r-fo rw ard ) signal. T he de lay  in tro d u ced  sho u ld  be a fu n c tio n  o f  the  
ro u n d  tr ip  s igna lling  tim e. F o r sa te llite  c ircu its  the  reco m m en d ed  tim e is 1300 ±  100 ms. F o r 
te rre s tria l c ircu its  the  re co m m en d ed  tim e is 500 ±  100 ms. I f  th e  second  co n n ec t (seizing) signal 
persists  bey o n d  th is tim ed  in te rv a l, th e  signal sh ou ld  be  co n sid e red  va lid  an d  a  de lay  d ia llin g  signal 
re tu rn ed .

f )  O ther to n e -o n  an d  to n e -o ff  signals sh o u ld  be recogn ized  as va lid  signals, su b seq u en t to  th e  m in im u m  
lim its  im p o sed  by a) a n d  b) ab ove , as soon  as possib le .

N ote  — D elays in tro d u ced  by  line s ig n a llin g  eq u ip m en t sh o u ld  be held  to  a m in im um  co n sis ten t w ith  the  
req u irem en ts  covered  here in  to  m in im ize  signal tra n s fe r  tim es. M in im iz in g  th e  delay  is especia lly  im p o rta n t in th e  
case o f  th e  answ er signal an d  in the  case o f  sa te llite  c ircu it o p e ra tio n . In  th is la tte r  case, if  a h an g -u p  (c lea r-back ) 
signal has n o t been  sent p r io r  to  reco g n itio n  o f  a d isco n n ec t (c lea r-fo rw ard ) s igna l, it is necessary  th a t the  id le  
to n e -o n  signal, sen t by the  in co m in g  exchange  in re sp o n se  to  th e  d isco n n ec t signal, be  recogn ized  by the  o u tg o in g  
ex ch an g e  p rio r to  the  e lapse  o f  the g u a rd  tim in g  specified  in R eco m m en d a tio n  Q .317, § 2.7.1.

3) T he fo llow ing  signal s im u la tio n  ra tes shall n o t be exceeded .

a) O n the  average  n o t m ore  th an  one  false reco g n itio n  o f  a d isco n n ec t (c lea r-fo rw ard ) signal shall occu r 
per 1500 call hou rs  o f  speech , a t the  m in im u m  d isco n n ec t reco g n itio n  tim e, as selected  acco rd in g  to  
§ 2.3.3, 2) c) an d  d). (In  som e o ld e r designs, th is req u irem en t m ay n o t be m et, b u t fo r these  cases the  
call h o u rs  Figure m ust n o t be less th a n  500 4) call hours .)

b) O n the  average , n o t m o re  th a n  one  false  rin g -fo rw a rd  (fo rw a rd -tran sfe r)  signal shall o ccu r p e r 70 4) 
call h o u rs  o f  speech , a t th e  m in im um  r in g -fo rw ard  reco g n itio n  tim e.

c) Speech o r o th e r elec trical signals as au d ib le -to n e  signals, w ith levels u p  to  + 1 0  dBmO shall n o t cause 
any  false s im u la tio n  o f  an sw er signals.

d) T he n u m b er an d  ch arac te ris tics  o f  fa lse  sp lits o f  th e  speech  p a th  caused  by speech  o r o th e r  signals 
shall no t cause  a n o ticeab le  red u c tio n  in the  tran sm iss io n  qu a lity  o f  the  circuit.

2.3.4 Receiving line split

T o p rev en t line signals o f  th e  s ig na lling  system  from  causing  d is tu rb an ce s  to s igna lling  system s on  
su b seq u en t c ircu its, th e  receiv ing  tran sm iss io n  p a th  to  the  co n n ec ted  exchange  shou ld  be sp lit w hen the  signal 
freq u en cy  is received to en su re  th a t no  p o rtio n  o f  an y  signal exceed ing  20 m s d u ra tio n  m ay pass o u t o f  th e  c ircu it. 
T he use o f  a b an d -s to p  filte r fo r sp littin g  is necessary  since in th e  case o f  n o n -ch a rg ed  calls a c o n tin u o u s  signal 
to n e  persists  in the  re tu rn  tran sm iss io n  p a th  d u rin g  co n v ersa tio n . T he level o f  signal leak  c u rren t tra n sm itte d  to  
th e  su b seq u en t c ircu it w ith  the  b a n d -s to p  filte r in se rted  sh ou ld  be  at least 35 dB  below  the  received s ignal level. In

In the case when no answer signal is transmitted (non-charged calls), the simulation rates specified in § 3a) and 3b) may, in 
some existing designs, be somewhat in excess of the values quoted.
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a d d itio n , the b a n d -s to p  filte r m ust n o t in tro d u c e  m ore  th a n  5 dB loss a t freq u en c ies  200 H z o r m ore  ab o v e  o r  
below  th e  m id b a n d  frequency  n o r  m ore  th a n  0.5 dB loss a t frequenc ies 400 H z o r m ore  above  o r be low  th e  
m id b a n d  frequency .

T he receiv ing  line sp lit m ust be m a in ta in e d  fo r the d u ra tio n  o f  the in c o m in g  to n e  signal, b u t m u st cease 
w ith in  300 ms o f  to n e  rem oval.

N ote  — In som e ex isting  designs, the in itia l cut m ay be a physica l line d is c o n n e c tio n  b u t the  filte r m u st 
be in se rted  w ith in  100 m s o f  to n e  recep tion .

Recommendation Q .314

2.4 PCM LINE SIGNALLING

In d iv id u a l ch an n e l line sig n a llin g  is p ro v id ed  in the  fo rm a t o f  the  C C IT T  p rim a ry  m u ltip lex  o p e ra tin g  a t 
1544 k b i t /s  (R eco m m en d a tio n  G .733). D esigna ted  s igna lling  b its a re  m a rk ed  0 o r  1 co rre sp o n d in g  to  to n e -o n , 
to n e -o ff  in the sing le  frequency  in -b a n d  a rra n g e m e n t as show n in T ab le  1 /Q .3 1 1 . A s in th e  in -b a n d  system , the  
sam e s igna lling  sta te  is u sed  to  in d ica te  m ore th a n  one  signal by tak in g  ad v a n ta g e  o f  the fixed  o rd e r o f  o ccu rren ce  
o f  specific  signals. T he eq u ip m en t m ust re ta in  m em ory  o f  the  p reced in g  signal s ta tes  a n d  th e  d irec tio n  o f  signals 
in o rd e r  to  d iffe ren tia te  betw een  like sta te  0 a n d  sta te  1 signals.

Recommendation Q .315

2.5 PCM  LINE SIGNAL SENDER (TRANSMITTER)

2.5.1 S ignalling  fo r m a t

T he p rim a ry  m u ltip lex  fo rm a t is show n  in F igure  1 /Q .315. Per ch an n e l, in -s lo t sig n a llin g  is a cco m p lish ed  
by u tiliz in g  b it N o. 8 in each tim e slo t o f  the  d esig n a ted  fram es (6, 12, etc.) fo r s ig n a llin g  p u rp o ses. Bit N o . 8 o f  
each  tim e  slo t in the  in te rv en in g  fram es (1-5, 7-11, etc.) is used fo r e n co d in g  speech . T w o sig n a llin g  ch an n e ls  p e r 
speech ch an n e l a re  p ro v id ed  in the  fo rm a t. T he m u ltifram e  a lig n m en t req u ired  fo r  sig n a llin g  p u rp o ses  is o b ta in e d  
by su b d iv id in g  the  8 k b i t /s  fram in g  pu lse  stream  in to  tw o 4 k b it /s  s tream s, o n e  fo r  te rm in a l fram in g  a n d  o n e  fo r  
sig n a llin g  fram in g  (S-bits). T he re la tio n sh ip  o f  th e  fram in g  an d  m u ltifram in g  s ig n a ls  to  the  sig n a llin g  b its  is g iven  
in T ab le  2 /Q .315 . S ince on ly  o n e  line s igna lling  ch anne l is req u ired  fo r System  R l ,  the  sam e sig n a llin g  
in fo rm a tio n  is sen t over b o th  sig n a llin g  ch an n e ls  A an d  B.

2.5.2 Transm itted  signal duration

T he tran sm itted  signal d u ra tio n s  are  g iven  in T ab le  1/Q .311  o f  R e c o m m e n d a tio n  Q .311.

2.5.3 Transm itting  line split

Since s igna lling  is o u t-b an d , no  tra n sm ittin g  line sp lit is requ ired .

Fascicle VI.4 -  Rec. Q .315 11



Frame

125 ps (1 ♦ 50 .10'6) = 125 ps ♦ 0.00625 ps

1 2 3 4 5 6 7 8 1 1 2 3 4 5 6 7 8  iiuuunfuii
24

1 2 3 4 5 6 7 8

CCITT-49150

8000 (1 ± 50 X 10-6) H2  = 8000 ±  0.4 Hz 
1544 (1 ± 50 X lO -6) kbit/s =  1544 kbit/s ± 77 bit/s 
193 
24
Eighth bit every sixth frame as shown in Table 2/Q.315.

The 8 bits in each time slot are defined in Table 2/Q.315.
The F-bit is time shared between terminal framing and signalling framing (S) as shown in Table 2/Q.315.

Sampling frequency 
Output bit rate 
Bits/frame 
Time slots/frame 
Signalling

FIG U R E 1/Q.315 
Primary multiplex format

TABLE 2/Q.315 
Multiframe structure

Frame
number

Frame
alignment

signal

Multiframe
alignment

signal
(S-bit)

Bit number(s) in each 
channel time slot

Signalling
channel

For character 
signal

For
signalling

1 1 1 to 8
2 - 0 1 to 8 -

3 0 - 1 to 8 -

4 - 0 1 to 8 -

5 1 - 1 to 8 -

6 1 1 to 7 8 A
7 0 1 to 8 -

8 — 1 1 to 8 -

9 1 1 to 8 -

10 - 1 1 to 8
11 0 - 1 to 8
12 “ 0 1 to 7 8 B

Note 1 -  The sequence shown is repetitive.
Note 2 -  For System R1 the same signalling information is sent on signalling channels A and B.
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Recommendation Q .316

2.6 PCM LINE SIGNAL RECEIVER

2.6.1 R ecognition  o f  signals

System  R1 m ust be p ro tec ted  ag a in s t false  signal reco g n itio n  cau sed  by signal s im u la tio n  d u e  to  
m o m en ta ry  loss o f  sy n ch ro n iza tio n  o f  the  PC M  system . T he m eth o d  o f  p ro v id in g  th is p ro tec tio n  is left to  each  
A d m in is tra tio n  co n ce rn ed  to  allow  fo r m ax im um  flex ib ility  in the im p le m e n ta tio n  o f  th e  sig n a llin g  a n d  sw itch ing  
system  design. H ow ever, the  overa ll system  req u irem en ts  given below  m ust be  m et.

a) A sta te  0 signal las ting  30 ms o r less m ust be re jec ted ; th a t is, it m ust n o t be recogn ized  as a signal.

b) A sta te  1 signal las ting  40 ms o r  less m ust be rejected  if  the  p rev io u s  s ta te  0 signal is 350 m s o r
lo n g er; th a t is, it m ust no t be recogn ized  as a signal.

c) S u bsequen t to  e s tab lish ing  the  speech  p a th , a sta te  0 r in g -fo rw a rd  (fo rw a rd -tra n sfe r)  signal la s tin g
65-135 m s m ust be recogn ized  as a v a lid  signal.

d) A sta te  0 fo rw a rd  signal lasting  300 m s o r longer m u s t be reco g n ized  as a v a lid  d isc o n n e c t 
(c lea r-fo rw ard ) signal. P rio r to  a tta ch in g  a reg ister, a  fo rw a rd  s ta te  0 signal la s ting  30 m s o r  lo n g e r 
m ay  be recogn ized  as a va lid  d isco n n ec t (c lea r-fo rw ard ) signal.

e) To p ro tec t ag a in s t a m o m en ta ry  fau lt cau sin g  a co n tin u o u s  succession  o f  false co n n ec t (seizing) a n d  
d isco n n ec t (c lea r-fo rw ard ) signals, th e  in co m in g  e q u ip m en t sh o u ld  be a rra n g e d  to  delay  re sp o n d in g  to  
the  seco n d  o f  tw o closely sp aced  co n n ec t (seizing) signals. T he tim e d e lay  in tro d u c e d  sh o u ld  be s ta rted  
a t th e  en d  o f  th e  in itia l co n n ec t (seizing) signal o r on  reco g n itio n  o f  the  d isco n n ec t (c le a r-fo rw a rd ) 
s ignal. T he delay  in tro d u c e d  sh o u ld  be  a fu n c tio n  o f  th e  ro u n d  tr ip  sig n a llin g  tim e. F o r sa te llite  
c ircu its  th e  reco m m en d ed  tim e is 1300 ±  100 ms. F or te rre s tr ia l c ircu its  th e  re co m m en d ed  tim e  is 
500 ±  100 ms. I f  the  seco n d  co n n ec t (seizing) signal p ersists  b e y o n d  th is tim ed  in te rv a l, th e  signal 
sh o u ld  be co n sid e red  va lid  an d  a de lay  d ia llin g  signal re tu rn ed .

f )  O th e r s ta te  0 a n d  s ta te  1 signals sh o u ld  be recognized  as va lid  s ig n a ls  su b seq u en t to  th e  m in im u m  
lim its im p o sed  by  a) a n d  b) above, as soon  as possib le.

N ote  — D elays in tro d u ced  by line s ig na lling  eq u ip m en t sh o u ld  be held  to  a  m in im u m  co n sis ten t w ith th e  
req u irem en ts  covered  h ere in  to  m in im ize  signal tra n s fe r  tim es. M in im iz ing  th e  d e lay  is especia lly  im p o r ta n t in th e  
case o f  the  answ er signal an d  in the  case o f  sa te llite  c ircu it o p e ra tio n . In  th is la t te r  case, if  a h an g -u p  (c lea r-b ack ) 
signal has n o t been  sen t p r io r  to  reco g n itio n  o f  a d isco n n ec t (c lea r-fo rw ard ) sig n a l, it is n ecessary  th a t th e  id le  
sta te  0 signal, sen t by  th e  in co m in g  exchange in re sp o n se  to  the  d isco n n ec t sig n a l, be  recogn ized  by  th e  o u tg o in g  
ex ch an g e  p r io r  to  the  e lapse  o f  the  g u a rd  tim in g  specified  in R eco m m en d a tio n  Q .317, § 2.7.1.

2.6.2 Receiving line split

Since s ig na lling  is o u t-b a n d , no  receiv ing  line sp lit is requ ired .

2.6.3 A ction on receipt o f  an alarm

W hen th e  PC M  p rim ary  m u ltip lex  has de tec ted  a fau lt an d  g iven  an  a la rm  (see R eco m m en d a tio n  G .733 , 
§ 3.2) a p p ro p r ia te  ac tio n  shall be tak en  to  rem ove au to m atica lly  th e  a ffec ted  c ircu its  from  serv ice, an d  to  
te rm in a te  calls in  p rog ress , i.e. s top  charg ing , re lease in te rco n n ec ted  c ircu its , etc. W hen  the  a la rm  has been  c lea red  
the  a ffec ted  c ircu its  sho u ld  be au to m atica lly  re s to red  to  service.

Recommendation Q .317

2.7 FURTHER SPECIFICATION CLAUSES RELATIVE TO LINE SIGNALLING

2.7.1 A ccess to  the  o u tg o in g  circu its  shall be den ied  (guarded ) fo r  750 to  1250 m s (1050 ms to  1250 m s fo r  
sa te llite  c ircu its) a fte r in itia tio n  o f  the  d isco n n ec t (c lear-fo rw ard ) signal to  en su re  su ffic ien t tim e fo r the  release  o f  
the  eq u ip m en t a t the  in co m in g  exchange. [See also  th e  n o te  to  § 2.3.3, 2) o f  R e c o m m e n d a tio n  Q .313 a n d  to  § 2.6.1 
o f  R eco m m en d a tio n  Q.316.]
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2.7.2 T he d isco n n ec t (c lea r-fo rw ard ) signal m ay be sen t at any  tim e in the  call sequence.

2.7.3 T he release o f  th e  cha in  o f  c ircu its  in an  e stab lished  co n n ec tio n  is o n ly  in itia ted  from  th e  o rig in a tin g  
ex ch an g e  o r the ch a rg e -reco rd in g  exchange.

2.7.4 T he s ta rt o f  m etering  the charge  shou ld  be de layed  by an  a p p ro p r ia te  tim e a fte r re co rd in g  o f  th e  answ er 
signal to  p rev en t false ch arg in g  re su ltin g  from  poss ib le  false reco g n itio n  o f  an  in v a lid  an sw er signal.

Recommendation Q .318

2.8 DOUBLE SEIZING WITH BOTH-WAY OPERATION

2.8.1 G eneral

T o m in im ize  the p ro b ab ility  o f  d o u b le  seizing , the  c ircu it selection  a t the  tw o en d s  o f  b o th -w ay  c ircu it 
g ro u p s  sh ou ld  be  such th a t, as fa r  as possib le , d o u b le  seizing  can  occu r on ly  w hen a single c ircu it o f  the  g ro u p  
rem ain s  free (e.g. by selec tion  o f  c ircu its  in o p p o site  o rd e r a t th e  tw o  ends o f  the  c ircu it g roup ).

2.8.2 U nguarded  interval

In  genera l the  u n g u a rd e d  in te rv a l is sm all, excep t in th e  case o f  sa tellite  o p e ra tio n  w here  th e  c ircu it
p ro p a g a tio n  tim e is long. H ow ever, System  R1 does p ro v id e  a m eans o f  de tec ting  do u b le  seizing.

2.8.3 D etection o f  double  seizing

In  the even t o f  d o u b le  seizing , the  in co m in g  co n n ec t (seizing) signal is recogn ized  a t each  en d  as a 
d e lay -d ia llin g  signal. If  a s ta rt-d ia llin g  (p ro ceed -to -sen d ) signal is n o t received  w ith in  th e  tim e -o u t in te rva l 
(e.g. 5 seconds) d o u b le  seizing is assum ed.

In  th is even t, e ith er o f  th e  fo llow ing  a rran g em en ts  m ay  a p p ly :

a) an  a u to m a tic  rep ea t a ttem p t to  set u p  the  ca ll; o r

b) a reco rd e r in d ica tio n  is g iven to  the  o p e ra to r  o r to  the  ca lling  su b scrib er an d  no  au to m a tic  rep ea t
a ttem p t is m ade.

W ith  e ither m eth o d , m eans m ust be  p ro v id ed  to  en su re  positive  release o f  the  d o u b le  seized c ircu it. T o 
ach ieve  th e  release it is reco m m en d ed  th a t the  office w hich first assum es (based  on  tim ing ) th a t d u a l seizure  has 
o ccu rred  tran sm its  a to n e -o n  (0 sta te) signal fo llow ed  by a to n e -o ff  (1 sta te) signal b e fo re  the  fina l to n e -o n  
(0 sta te) signal (d isconnec t) is sent. T he d u ra tio n  o f  in itia l to n e -o n  (0 sta te) signal shou ld  be a m in im u m  o f  100 m s 
a n d  a m ax im um  o f  200 ms. T he to n e -o ff  (1 state) signal sh ou ld  be recogn ized  as an u n ex p ec ted  to n e -o ff  (1 sta te) 
signal at the  d is ta n t end , a fte r w hich the  ac tion  specified  in § 3.6.2, l)c )  o f  R eco m m en d a tio n  Q.325 app lies.

Recommendation Q .319

2.9 SPEED OF SW ITCHING IN INTERNATIONAL EXCHANGES

2.9.1 It is reco m m en d ed  th a t th e  e q u ip m en t in in te rn a tio n a l exchanges shall have  a high sw itch ing  speed  so th a t 
the  sw itch ing  tim e m ay be  as sh o rt as possib le.

2.9.2 ' A t the o u tg o in g , tra n s it an d  in co m in g  in te rn a tio n a l exchanges, the  seizing o f  the  c ircu it a n d  th e  se tting  up  
o f  the  co n n ec tio n  sh ou ld  tak e  p lace  as soon  as poss ib le  a fte r rece ip t o f  the  d ig its o f  the ad d ress  th a t a re  necessary  
to  d e te rm in e  the rou ting .

2.9.3 A t in te rn a tio n a l exchanges the  d e lay -d ia llin g  signal sh ou ld  be re tu rn ed  as soon  as poss ib le  a fte r 
reco g n itio n  o f  the  co n n ec t (seizing) signal. T he s ta rt-d ia llin g  (p ro ceed -to -sen d ) signal sh ou ld  be re tu rn ed  as soon  
as poss ib le  bu t in any  case, the  re tu rn  shou ld  be b efo re  th e  tim e-ou t o f  the  o u tgo ing  register. [See § 3.6.2, 1 )a )  
a n d  6) o f  R eco m m en d a tio n  Q.325.]
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S E C T IO N  3

R EG ISTER  SIG N A L L IN G  1}

Recommendation Q .320

3.1 SIGNAL CODE FOR REGISTER SIGNALLING

3.1.1 General

1) E ither sem i-au to m atic  w ork ing  (w ith a u to m a tic  m ach ine  o r d irec t o p e ra to r  access), o r a u to m a tic  w o rk in g  
(w ith au to m a tic  m ach in e  access) m ay  be used fo r ou tg o in g  traffic . W ith  a u to m a tic  m ach in e  access th e  in co m in g  
add ress  signals a re  s to red  in  a reg ister u n til su ffic ien t add ress  in fo rm a tio n  is rece ived  to  ro u te  the  call p ro p e r ly , a t 
w hich  tim e a free c ircu it m ay be selected  an d  a co n n ec t (seizing) line signal sent. S u b seq u en t to  the  re co g n itio n  o f  
a de lay -d ia llin g  line signal a n d  a  s ta rt-d ia llin g  (p ro ceed -to -sen d ) line signal a  K P  (s ta rt-o f-p u ls in g ) s ignal fo llo w ed  
by the  add ress  a n d  ST (en d -o f-p u lsin g ) signals are  tran sm itted . T he K P  sig n a l, w hich is n o m in a lly  100 m s in  
d u ra tio n , p rep a re s  the  receiv ing  eq u ip m en t to  accep t su b seq u en t reg ister signals. T h e  tran sm iss io n  o f  th e  K P  signal 
sh o u ld  be de layed  by a m in im um  o f  140 m s, b u t n o t m ore  th an  300 m s, a fte r  re co g n itio n  o f  th e  s ta rt-d ia llin g  line 
signal.

2) L ink-by-link  reg ister signa lling  app lies.

3) R egister s ig na lling  is in a fo rw a rd  d irec tio n  on ly  an d  shall be in  a c co rd an ce  w ith  the  tw o -o u t-o f-s ix
m u ltifreq u en cy  code show n in T ab le  3 /Q .320 . T h ree  o f  the  15 poss ib le  codes a re  u n u sed  in  in te rn a tio n a l serv ice 
an d  are  av a ilab le  fo r special pu rposes.

4) T he receiv ing  e q u ip m en t m ust fu rn ish  a tw o -an d -tw o  on ly  freq u en cy  check  on each  received  signal to
ensu re  its valid ity .

3.1.2 Send ing  sequence o f  register signals

1) T he sen d in g  sequence  o f  ad d ress  signals co n fo rm s to  th e  sequence  in d ic a te d  in R eco m m en d a tio n  Q .107.
H ow ever, fo r tra ffic  w ith in  an  in teg ra ted  w orld  n u m b erin g  zone (e.g. Z o n e  1) th e  lan g u ag e  o r  d isc rim in a tin g  d ig it 
an d  co u n try  codes m ay  have no  a p p lic a tio n  an d  m ay  n o t be sent. In  Z o n e  1, th e  sequence  o f  signals sen t fro m  the  
o p e ra to r  o r su b scrib er is as fo llow s:

a) S em i-a u to m a tic  w orking fo r  calls to a subscriber within Z o n e  1:

i) K P ;
ii) n a tio n a l (s ign ifican t) n u m b er o f  the  ca lled  su b scrib er;
iii) ST.

As used in this Section the term register includes traditional registers in electromechanical exchanges and also the 
equivalent receiving device, memory and logic in stored program exchanges.
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b) Sem i-au tom a tic  w orking fo r  calls to operators within Z o n e  1:

i) K P ;
ii) special decim al n u m b e r s ;2)
iii) ST.

c) A u to m a tic  w orking fo r  calls to a subscriber Within Z o n e  1:

i) n a tio n a l (s ig n ifican t) n u m b er o f  th e  ca lled  subscriber.

2) T he send ing  sequence  o f  reg ister signals shall co n fo rm  to T ab le  3 /Q .3 2 0 , n o tin g  the  fo llow ing :

a) a  K P  (s ta rt-o f-p u ls in g ) signal shall p recede  the sequence  o f  signals in all cases;

b) the ST  (en d -o f-p u lsin g ) signal shall fo llow  the  sequence  o f  signals in all cases.

TABLE 3/Q.320 
Register signal code of System R1

Signals Frequencies (compound) Hz

KP (start-of-pulsing) 1100 + 1700
Digit 1 700 + 900
Digit 2 700 + 1100
Digit 3 900 + 1100
Digit 4 700 + 1300
Digit 5 900 + 1300
Digit 6 1100 + 1300
Digit 7 700 + 1500
Digit 8 900 + 1500
Digit 9 1100 + 1500
Digit 0 1300 + 1500
ST (end-of-pulsing) 1500 + 1700
Spare 700 + 1700
Spare 900 + 1700
Spare 1300 + 1700

Recommendation Q.321

3.2 END-OF-PULSING CONDITIONS -  REGISTER 
ARRANGEMENTS CONCERNING ST SIGNAL

3.2.1 T he reg ister s ig na lling  a rran g em en ts  shall p ro v id e  fo r the  sen d in g  o f  an  ST  signal fo r b o th  sem i-au to m atic
an d  au to m a tic  o p e ra tio n ; the  a rran g em en ts  in th e  o u tg o in g  in te rn a tio n a l reg ister fo r recogn iz ing  the ST
(en d -o f-p u ls in g ) signal co n d itio n  m ay  vary  as fo llow s:

a) Sem i-a u to m a tic  operation

T he ST co n d itio n  is d e te rm in ed  by the rece ip t o f  the  en d -o f-p u ls in g  signal in itia ted  by  th e  o p e ra to r.

b) A u to m a tic  operation

i) W here the  ST  co n d itio n  is d e te rm in ed  by the o rig in a tin g  n a tio n a l ne tw o rk , an  ST  signal is tran sm itted
to the o u tg o in g  in te rn a tio n a l register. N o  fu rth e r a rran g em en ts  are  necessary  in th a t reg iste r fo r th is
pu rpose .

ii) W here the  ST co n d itio n  is n o t received from  the  o rig in a tin g  n a tio n a l ne tw o rk , th e  o u tg o in g  in te rn a 
tiona l reg ister will be req u ired  to  d e te rm in e  the  ST c o n d itio n . (See fo r exam p le  th e  req u irem en ts  fo r 
System  N o. 5, R eco m m en d a tio n  Q .152, Green Book.)

The special numbers used to reach operators are by agreement between Administrations.
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Recommendation Q .322

3.3 MULTIFREQUENCY SIGNAL SENDER

3.3.1 S ignalling  frequenc ies  700, 900, 1100, 1300, 1500 an d  1700 Hz. A signal shall co n sis t o f  a c o m b in a tio n  o f
any  tw o  o f  these six frequencies. T he frequency  v a ria tio n  shall n o t exceed ±  1.5% o f  each n o m in a l frequency .

3.3.2 T ran sm itted  signal level — 7 ±  1 dBmO p er frequency . T he d iffe ren ce  in  tra n sm itte d  level be tw een  the tw o 
frequenc ies co m p ris in g  a signal shall n o t exceed 0.5 dB.

3.3.3 S ignal frequency  leak  an d  m o d u la tio n  p ro d u c ts . T he level o f  th e  signal leak  cu rre n t tra n sm itte d  to  th e  line  
sho u ld  be a t least:

a) 50 dB  below  the  single frequency  level w hen a m u ltifreq u en cy  signal is n o t b e in g  tra n sm itte d ;

b) 30 dB  below  th e  tran sm itted  signal level o f  e ither o f  the  tw o freq u en c ies  w hen a m u ltifreq u en cy  signal 
is be in g  tran sm itted . T he m o d u la tio n  p ro d u c ts  o f  a  signal shall be  a t least 30 dB  below  th e  tra n sm itte d
level o f  e ither o f  the tw o frequenc ies  co m p ris in g  th e  signal.

3.3.4 S ig n a l dura tions

K P  signal: 100 ±  10 ms.

All o th e r signals: 68 ±  7 ms.

In te rv a l be tw een  all signals: 68 ±  7 ms.

3.3.5 C om pound  signa l tolerance

T he in te rva l o f  tim e betw een  th e  m o m en ts  w hen the  tw o frequenc ies  c o m p ris in g  a signal are  sen t m u s t n o t 
exceed  1 ms. T he in te rva l o f  tim e betw een  the  m o m en ts  w hen the  tw o frequenc ies  cease m ust n o t exceed  1 ms.

Recommendation Q .323

3.4 MULTIFREQUENCY SIGNAL RECEIVING EQUIPM ENT

3.4.1 O perate lim its

T he signal rece iv ing  e q u ip m en t m ust o p e ra te  sa tisfac to rily  on  an y  c o m b in a tio n  o f  tw o  o f  th e  freq u en c ies  
received  as a sing le  pu lse  o r tra in  o f  pu lses in  the  p resence  o f  m ax im u m  expec ted  no ise  o n  an  in te rn a tio n a l
c ircu it, —40 dBmO u n ifo rm  spec tra l energy  ov er the  ran g e  o f  300 to  3400 H z, th a t m eets th e  c o n d itio n s  listed  
below :

a) each  frequency  o f  the  received  signal is w ith in  ±  1.5% o f  th e  n o m in a l s ig n a llin g  freq u en cy ;

b) th e  ab so lu te  p o w er level N  o f  each received  frequency  is w ith in  th e  lim its

( —14 + n < N  < +  0 +  n )  dB m

w here n is th e  re la tive  p o w er level a t th e  signal receiver in p u t. A ssum ing  a n o m in a l c ircu it loss o f  
0 dB  these lim its give a m arg in  o f  ±  7 dB  on  the  n o m in a l ab so lu te  level o f  each  received  signal. 
C o n sid e rin g  th a t a single eq u ip m en t m ay  serve circu its w hose desig n ed  loss (n o m in a l loss) is g rea te r 
th a n  0 dB  (e.g., c ircu its  th a t a re  n o t eq u ip p ed  w ith  echo su p p resso rs )  a c c o u n t m ust be ta k e n  o f  the  
h ighest c ircu it loss in th e  design  o f  th e  receiv ing e q u ip m e n t (e.g., by in c reasin g  m u s t-o p e ra te  
sensitiv ity ) to  en su re  th a t th e  m in im u m  m arg in  is 7 dB ;
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c) the  d iffe ren ce  in level betw een  the frequenc ies  co m p ris in g  a received signal is less th a n  6 dB ;

d) the  signal receiv ing  e q u ip m e n t m ust accep t signals m eeting  th e  fo llow ing  c o n d itio n s :

i) signals w ith in  the  lim its specified  in a), b), a n d  c) ab o v e  in the  p resence  o f  m ax im um  expected  
no ise  an d  subject to  th e  m ax im um  expected  de lay  d is to r tio n ;

ii) th e  d u ra tio n  o f  each  frequency  co m p ris in g  a signal is 30 m s o r g rea te r; an d

iii) th e  silen t in terval p reced in g  the  signal is 20 ms o r  g rea ter.

T he to le ran ces given in a), b), an d  c) a re  to  a llow  fo r v a ria tio n s  a t th e  sen d in g  en d  an d  in line 
tran sm iss io n .

T he test values in d ica ted  in d) a re  less th a n  the  w o rk in g  values. T he d iffe rence  betw een  the  test va lue  an d  
th e  w o rk in g  values will a llow  fo r pu lse  d is to rtio n , v a ria tio n s  in reg is tra tio n  devices, etc.

N ote  — S ince h igher steady  no ise  as well as im pu ls ive  no ise  m ay  be e n co u n te red  on in tra re g io n a l c ircu its, 
espec ia lly  over ce rta in  co m p a n d o re d  c a rr ie r  system s, th e  m ax im u m  expected  no ise  w ith in  a reg ion  m ust be tak en  
in to  ac c o u n t in th e  design  o f  e q u ip m en t fo r th a t reg ion .

3.4.2 N on-opera te  lim its

1) T he receiv ing  e q u ip m en t shall no t o p e ra te  on  any  signal w hose ab so lu te  p o w er level a t th e  p o in t o f  the
receiv ing  eq u ip m en t is 9 dB  o r m o re  below  the  m u s t-o p e ra te  sensitiv ity  req u ired  to  satisfy  th e  c o n d itio n s  
e s tab lish ed  in § 3.4.1 b).

2) T he receiv ing  e q u ip m en t shall re lease w hen  the  signal level falls 1 dB  below  the  level e stab lished  in § 1)
above.

3) O p e ra tio n  o f  th e  receiv ing  eq u ip m en t shall be de layed  fo r a m in im u m  p e rio d  n ecessary  to  g u a rd  ag a in s t
false  o p e ra tio n  due  to  sp u rio u s  signals g en era ted  in te rn a lly  on  recep tio n  o f  any  signal.

4) T he receiv ing  e q u ip m en t sh o u ld  n o t o p e ra te  on  a pu lse  signal o f  10 m s o r less. T h is signal m ay  be o f  a 
sing le  frequency  o r tw o frequencies received  sim u ltan eo u sly . L ikew ise, a fte r o p e ra tio n  the  eq u ip m en t shall ignore  
sh o rt in te rru p tio n s  o f  th e  signal frequencies.

3.4.3 In p u t im pedance

T he value o f  the  in p u t im p ed an ce  sh o u ld  be such th a t the  re tu rn  loss ov er a frequency  ran g e  o f  500 to  
2700 H z aga in s t a 600-ohm  n o n -in d u c tiv e  re s is to r in series w ith a tw o -m ic ro fa rad  c a p a c ito r  is g rea te r th a n  27 dB.

Recommendation Q .324

3.5 ANALYSIS OF ADDRESS INFORMATION FOR ROUTING

In the  a p p lic a tio n  o f  System  R1 to  in tra re g io n a l n e tw orks , the  ro u tin g  p la n  o f  th a t n e tw o rk  shall app ly . 
T he ro u tin g  p lan  is such th a t ana ly s is  is lim ited  to  a m ax im um  o f  six digits.
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Recommendation Q .325

3.6 RELEASE OF REGISTERS

3.6.1 N orm al release conditions

1) A n o u tg o in g  reg ister shall be released  w hen it has tran sm itted  th e  ST  signal.

2) A n in co m in g  reg ister shall be re leased  on  the  fo rw a rd  tran sm iss io n  o f  th e  ST  signal to  the  n ex t ex ch an g e , 
o r w hen all p e r tin e n t in fo rm a tio n  has been  tran sfe rred  to  an  o u tg o in g  register.

3.6.2 A b n o rm a l release conditions

1) A n o u tg o in g  reg ister shall re lease in any  o f  the  fo llow ing  s itu a tio n s :

a) on  fa ilu re  to  recogn ize  a  d e lay -d ia llin g  signal w ith in  5 seconds o f  c ircu it se izu re  un less  a lo n g e r 
in te rv a l is p re fe rred  fo r p a rtic u la r tra ffic  c o n d itio n s ;

b) on  fa ilu re  to  recogn ize a s ta rt-d ia llin g  (p ro ceed -to -sen d ) signal w ith in  5 seconds o f  reco g n itio n  o f  the  
d e lay -d ia llin g  signal un less a longer in te rv a l is p re fe rred  fo r  p a r tic u la r  tra ffic  c o n d itio n s ;

c) on  reco g n itio n  o f  an  u n ex p ec ted  to n e -o ff  (0 sta te) line signal su b seq u en t to  th e  reco g n itio n  o f  a 
s ta rt-d ia llin g  (p ro ceed -to -sen d ) signal, b u t p r io r  to  co m p le tio n  o f  o u tp u ls in g . T h is signal sequence  will 
o ccu r in the  even t o f  d o u b le  seizing  a n d  th e re fo re  a rep ea t a tte m p t m ay  be in v o k ed  an d  as a resu lt th e  
reg ister m ay n o t be re leased  p rio r  to  co m p le tio n  o f  the seco n d  a ttem p t. (See R eco m m en d a tio n  Q .318.)

d) on  exceed ing  overall reg ister tim in g  o f  240 seconds.

2) A n in co m in g  reg iste r shall re lease in any  o f  the  fo llow ing  situ a tio n s:

a) on  fa ilu re  to  receive the  K P  signal w ith in  10 to  20 seconds o f  reg iste r se izu re ;

b) on  fa ilu re  to  receive the  1st th ro u g h  3 rd  d ig its w ith in  10 to  20 seco n d s o f  rece ip t o f  th e  K P  signal;

c) on  fa ilu re  to  receive the  4 th  th ro u g h  6th d ig its w ith in  10 to  20 seco n d s  o f  th e  reg is tra tio n  o f  the  
3rd  d ig it;

d) on fa ilu re  to  receive the  rem a in in g  d ig its  an d  ST signal w ith in  10 to  20 seco n d s  o f  reg is tra tio n  o f  th e  
6 th  d ig it;

e) on  e rro r  d e tec tio n  such as rece ip t o f  one  o r m ore  th an  tw o freq u en c ies  in  a p u lse ;

f )  on  fa ilu re  to  ga in  access to  assoc ia ted  sw itch ing  e q u ip m en t w ith in  a p p ro p r ia te  in te rv a ls  o f  tim e.

T he tim ing  in te rva ls  given in 1) an d  2) above  are  rep resen ta tiv e  values b u t need  n o t necessarily  ap p ly  to  
all types o f  sw itch ing  system s o r all tra ffic  loads.

A n ab n o rm a l re lease o f  an  ou tg o in g  reg ister on  fa ilu re  to receive a d e lay -d ia llin g  signal as d iscussed  in 
1 )a ) above, shall resu lt in the  c ircu it be in g  locked  o u t w hich  m a in ta in s  th e  to n e -o ff  (1 sta te) c o n d itio n  to w a rd  th e  
d is ta n t end . T he m a in ten an ce  perso n n e l sh ou ld  be a lerted .

A b n o rm al re leases sh ou ld  resu lt in the  re tu rn  o f  an  au d ib le  re -o rd e r (co n g es tio n ) to n e  to w ard  the  
o rig in a tin g  end . I f  th is co n d itio n  (re -o rder) persists  fo r m ore  th an  1 to  2 m in u tes , m a in te n a n c e  p e rso n n e l sh o u ld  
be a lerted .

Recommendation Q .326

3.7 SW ITCHING TO THE SPEECH PO SITION

A t all exchanges, the  c ircu it shall be sw itched  to  the  speech  p o sitio n  w hen  th e  reg isters (in co m in g  o r 
ou tgo ing ) are  released .
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S E C T IO N  4

T EST IN G  A R R A N G E M E N T S

Recommendation Q .327

4.1 GENERAL ARRANGEMENTS

T he g u id in g  p rin c ip les  fo r the  m a in ten an ce  o f  au to m a tic  c ircu its  as co v e red  in  R e c o m m e n d a tio n s  M .700 
to  M .734 are  in genera l ap p licab le  to  testing  o f  System  R l.

Recommendation Q .328

4.2 ROUTINE TESTING OF EQUIPM ENT 
(LOCAL MAINTENANCE)

4.2.1 T est eq u ip m en t fo r ro u tin e  testing  o f  in d iv id u a l item s o f  eq u ip m en t, such  as c ircu it eq u ip m en t, co n n ec tin g  
c ircu its , registers, etc., sh o u ld  be p ro v id ed  in every in te rn a tio n a l exchange. R o u tin e  tests  sh o u ld  be m a d e  in 
acco rd an ce  w ith the p rac tice  fo llow ed  in each  co u n try  fo r the local m a in te n a n c e  o f  sw itch ing  eq u ip m en t a n d  m ay 
be m ad e  w ith su itab le  sem i-au to m atic  o r au to m a tic  test eq u ip m en t if  availab le .

4.2.2 T he testing  eq u ip m en t m ust co n fo rm  to  the fo llow ing  p rin c ip le s:

a) an  item  o f  eq u ip m en t m ust n o t be  tak en  fo r test un til it is free;

b) an  item  o f  eq u ip m en t tak en  fo r test w ill be m ark ed  engaged  (busy) fo r  the  d u ra tio n  o f  the  test. B efore
a c ircu it eq u ip m en t is tak en  fo r  test, the  circu it will be w ith d raw n  fro m  service at b o th  in te rn a tio n a l
exchanges;

c) as an  a lte rn a tiv e  to  b), a  like item  o f  eq u ip m en t, k now n  to  be p ro p e rly  a d ju s ted , m ay be sw itched  in , 
an d  the  item  o f  eq u ip m en t to  be tested  is sw itched o u t d u rin g  the  test.

4.2.3 T esting  o f  the c ircu it an d  sig n a llin g  eq u ip m en t sh o u ld  in c lu d e  a check th a t  the  sp ec ific a tio n s  o f  System  R l 
are  m et in regard  to  the fo llow ing :

a) 2600 H z line signalling  system  :

— signal frequency ;
— tran sm itted  signal levels;
— signal frequency  leak ;
— receiv ing  eq u ip m en t o p e ra te  a n d  n o n -o p e ra te  lim its;
— receiv ing-end  line sp lit;
— send ing -end  line sp lit;
— send ing  d u ra tio n  o f  signals.

b). P C M  line signalling eq u ip m en t:

— receiv ing  eq u ip m en t o p e ra te  a n d  n o n -o p e ra te  lim its;
— send ing  d u ra tio n  o f  signals.
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c) R egister signalling  system  :

— signal frequenc ies;
— tra n sm itte d  signal levels;
— signal frequency  leak ;
— sen d in g  d u ra tio n  o f  signals;
— receiv ing  e q u ip m en t o p e ra te  an d  n o n -o p e ra te  lim its;
— o p e ra tio n  o f  the  receiv ing  eq u ip m en t in resp o n se  to  a series o f  pu lses;
— e rro r  check ing  fea tu res.

Recommendation Q .329

4.3 MANUAL TESTING

4.3.1 F unctional testing  o f  signalling arrangem ents

F u n c tio n a l tests from  one en d  o f  th e  c ircu it to  the  o th e r can  be m ad e  by v erific a tio n  o f  sa tisfac to ry  signal 
tran sm iss io n  by in itia tin g  a test call to :

a) techn ica l p e rsonne l at th e  d is tan t-en d  in te rn a tio n a l ex change ; or

b) a test call signal tes ting  an d  an sw erin g  device, if  such eq u ip m en t is av a ilab le  at the  d is tan t-en d  
in te rn a tio n a l exchange.

4.3.2 Test calls

1) S teps in th e  v erific a tio n  o f  sa tisfac to ry  tran sm iss io n  o f  signals, invo lved  in  th e  co m p le tio n  o f  test calls 
(m an u a l m ethod ):

a) p lace  a call to  th e  techn ica l perso n n e l a t the  d is ta n t in te rn a tio n a l ex change ;

b) on co m p le tio n  o f  the  co n n ec tio n  the  au d ib le  r ing ing  to n e  sh ou ld  be h ea rd  an d  the answ er signal
sh o u ld  be received  w hen th e  call is an sw ered  a t th e  d is ta n t en d ;

c) request d is ta n t en d  to  in itia te  a h an g -u p  (c lea r-back ) signal, fo llow ed  by a  re -an sw er signal;

d) a  h an g -u p  (c lear-back ) signal shou ld  be received  an d  recogn ized  w hen  th e  d is ta n t end  hangs up  a n d  a
second  answ er signal sh o u ld  be received an d  recogn ized  w hen the  d is ta n t end  re-answ ers the  call;

e) in itia te  a r in g -fo rw ard  (fo rw ard -tran sfe r)  signal w hich  shou ld  be recogn ized  a t th e  d is tan t en d ;

f )  te rm in a te  th e  call an d  observe  th a t the  c ircu it resto res to  the  id le co n d itio n .

2) I f  in co m in g  signa lling  tes ting  devices a re  av a ilab le  a t the  d is tan t in te rn a tio n a l exchange, the  signal 
v e rific a tio n  tests sh ou ld  be m ade using  th is e q u ip m en t to  the  ex ten t th a t the  ap p lic ab le  fea tu res in d ica ted  in
1) ab o v e  are  availab le .

Recommendation Q .330

4.4 AUTOMATIC TRANSMISSION AND SIGNALLING TESTING

C o n sid e rin g  th a t a u to m a tic  tran sm iss io n  an d  signa lling  tes ting  o f  in te rn a tio n a l c ircu its is ex trem ely  
d e s irab le , A d m in is tra tio n s  using  o r in ten d in g  to  use System  R l are  en co u rag ed  to  p ro v id e  fo r th is type  o f  testing . 
E x isting  au to m a tic  tes ting  e q u ip m en t p resen tly  in use in w orld  n u m b erin g  Z o n e  1, m ay be used. W hen the 
a u to m a tic  tran sm iss io n  m easu rin g  an d  s igna lling  testing  eq u ip m en t (A T M E ) N o. 2 becom es av a ilab le , it m ay be 
u sed  as an  a lte rn a tiv e  by ag reem en t o f  th e  A d m in is tra tio n s  concerned .
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Recommendation Q.331

4.5 TEST EQUIPM ENT FOR CHECKING EQUIPM ENT AND SIGNALS

4.5.1 G eneral

F o r local checks o f  co rrec t e q u ip m en t o p e ra tio n  a n d  fo r read ju s tin g  the  eq u ip m en t, in te rn a tio n a l 
exchanges sh o u ld  have test eq u ip m en t av a ilab le  w hich  inc ludes:

a) line an d  reg ister signal g en e ra to rs ;

b) s ig n a l-m easu rin g  ap p a ra tu s .

4.5.2 S ig n a l generators

T he signal g en e ra to rs  sh o u ld  be ab le  to  sim u la te  all line an d  reg iste r signals. T he g e n e ra to rs  m ay  be p a r t  
o f  test e q u ip m en t w hich  cycles the  e q u ip m en t to  be tes ted  th ro u g h  ac tua l s ig n a llin g  sequences, in  a  m a n n e r  w hich  
en ab le s  ra p id  co m p le te  tes ting  to  d e te rm in e  w h eth er the  eq u ip m en t m eets system  sp ec ific a tio n s .

1) L ine s igna l genera tor characteristics as fo llo w s:

a) signal frequency  sh ou ld  be w ith in  ±  5 H z o f  the  n o m in a l signal freq u en cy  a n d  shall n o t vary  d u rin g  
th e  tim e req u ired  fo r te s tin g ;

b) signal levels sh o u ld  be v a riab le  be tw een  the  lim its g iven in th e  sp ec ific a tio n  a n d  be ab le  to  be  set 
w ith in  ±  0.2 dB ;

c) signal d u ra tio n s  sh o u ld  be long  en ough  so th a t th e  signals can  be  recogn ized . See R e c o m m e n d a 
tio n  Q .313, § 2.3.3.

2) R egister signa l genera tor characteristics as fo llo w s:

a) signal frequencies sh o u ld  be w ith in  ±  1.5% o f  th e  n o m in a l signal freq u en cy  o r  freq u en c ies  an d  shall 
n o t vary  d u rin g  the  tim e req u ired  fo r tes ting ;

b) signal 'levels sh ou ld  be v a riab le  be tw een  the  lim its g iven in th e  sp ec ific a tio n  a n d  be ab le  to  be  set 
w ith in  ±  0.2 dB ;

c) signal d u ra tio n s  an d  in te rv a ls  betw een  signals sha ll be w ith in  th e  lim its  g iven  in  th e  sp ec ific a tio n  in 
R eco m m en d a tio n  Q .322, § 3.3.4, fo r n o rm a l o p e ra te  va lues an d  in R e c o m m e n d a tio n  Q .323, § 3.4.1 d), 
fo r tes t o p e ra te  values.

4.5.3 Signa l-m easuring  equipm ent

E q u ip m en t c ap ab le  o f  m easu rin g  signal frequencies, signal levels, s ignal d u ra tio n s  a n d  o th e r  s ig n ifican t 
signal tim e in te rva ls  m ay be p a r t o f  the  test eq u ip m en t re fe rred  to  in § 4.5.2, o r sep a ra te  in s tru m en ts .

1) L ine s igna l m easuring  equ ipm ent characteristics as fo llo w s:

a) signal frequency  betw een  th e  ex trem e lim its g iven in th e  sp ec ific a tio n  sh o u ld  be  m easu red  w ith  an  
accu racy  o f  ±  1 H z;

b) level o f  the  signal frequency  m easu red  over th e  ran g e  g iven  in th e  sp ec ific a tio n  sh o u ld  be  m easu red  
w ith  an  accu racy  o f  ±  0.2 dB ;

c) signal d u ra tio n s , an d  o th e r sig n ifican t tim e in te rv a ls  as g iven  in the  sp ec ific a tio n  sh o u ld  be m easu red  
w ith  an  accu racy  o f  ±  1 m s o r ±  1% o f  the  n o m in a l d u ra tio n , w h ichever y ields th e  h ig h e r value.

2) R egister signa l m easuring  equipm ent characteristics as fo llo w s:

a) signal frequency  o r frequencies be tw een  the  ex trem e lim its g iven  in  th e  sp ec ific a tio n , sh o u ld  be
m easu red  w ith an  accu racy  o f  ±  1 H z;

b) level o f  the  signal frequency  o r frequencies over the  ran g e  g iven in  the  sp ec ific a tio n  sh o u ld  be 
m easu red  w ith an  accu racy  o f  ±  0.2 dB ;

c) signal d u ra tio n  an d  in te rv a ls  betw een  signals as g iven in the  sp ec ific a tio n  sh o u ld  be  m easu red  w ith  an  
accu racy  o f  ±  1 ms.

3) In  reg ard  to  m easu rin g  tim e in te rva ls  a reco rd e r hav in g  a  m in im u m  o f  tw o  in p u t c h an n e ls  m ay  be usefu l.
T he reco rd e r ch a rac te ris tic  sh ou ld  co n fo rm  w ith  the  accu racy  req u irem en ts  q u o ted  in 1) a n d  2) ab o v e  an d  be
easily  co n n ec ted  to  the c ircu it u n d e r test. T he reco rd e r in p u t ch a rac te ris tic  sh o u ld  be such as to  have  a neg lig ib le  
effect on  c ircu it p e rfo rm ance .
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ANNEX A TO THE SPECIFICATIONS 
OF SIGNALLING SYSTEM Rl

SIG N A L  SE Q U E N C E S

TABLE A-l
Semi-automatic (SA) and automatic (A) traffic in Zone 1

Outgoing (or transit) exchange Incoming (or transit) exchange

CALL TO FREE SUBSCRIBER

Idle
2600 Hz (0)

Idle '- “ ' w 
2600 H z(0)

The connect (seizing) signal is sent forward 
after the circuit is selected (the speech path 
is open as long as the register is attached).

* ( . ) ---------------- ►
(1)

Receipt of the connect (seizing) signal 
causes the circuit to be made busy, a 
delay-dialling signal to be sent (removal 
of tone), and the selection process of the 
register to be started.

140 ms after receipt of the start-dialling 
(proceed-to-send) signal interregister signals 
are sent as follows:

-  KP,
-  national significant number,
-  ST.

2600 H z(0) When a register is attached and ready to 
receive address information, a start-dial
ling (proceed-to-send) signal is returned 
(the speech path is open as long as the 
incoming register is attached).

The address signals are received in the 
incoming register. The* register starts 
setting up the call when sufficient infor
mation has been received to determine 
the routing. The incoming register 
releases and establishes the speech path 
as soon as it has sent forward all the 
necessary information.

MF 2/6 code

The outgoing register releases after the 
ST (end-of-pulsing) signal has been sent. 
The speech path through the outgoing 
exchange is established.

SA: The operator or 
A : the calling subscriber hears the ringing 

tone

^ .................... The ringing tone of the country of desti
nation is sent back.

^ .........................

SA: An answer indication is given to the 
controlling operator.

A : Charging and measurement of the call 
duration begins after an appropriate 
delay.

(1) The called subscriber answers; an answer 
signal (removal of tone) is sent back.

SA: A clearing supervisory signal is given 
to the controlling operator.

A: After 13-32 seconds, if there is no dis
connect (clear-forward) signal the 
connection is released and the charging 
and measurement of the call duration 
are ceased.

2600 H z(0) The called subscriber clears, the hang-up 
(clear-back) signal is sent back.

The outgoing operator (SA) or calling sub
scriber (A) clears. A disconnect (clear-for
ward) signal is sent.

2600 H z(0)

The outgoing access is maintained busy for 
750 to 1250 ms (cable circuits)

1050 to 1250 ms (satellite circuits)

The disconnect (clear-forward) signal 
causes the release of the incoming equip
ment and the circuit. The disconnect 
signal is repeated to the next link.
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Outgoing (or transit) exchange Incoming (or transit) exchange

CALL TO A BUSY SUBSCRIBER OR CONGESTION 

The signal sequence is the same as for a call to a free subscriber, up to the release of the incoming register

The operator (SA) or calling subscriber (A) 
hears the audible tone and clears. The dis
connect (clear-forward) signal is sent.

1. Ring-forward (forward-transfer) 
Following a call established by operators, 
if the outgoing controlling operator wishes 
to recall the incoming operator, a ring- 
forward (forward-transfer) signal is sent.

2. Double seizing
The outgoing end sends the connect 
(seizing) signal.

<■■■■■...........

^ ....................

SPECIAL CONDITIONS

2600 H z(0)
pulse

(100 35 ms)
w

(1)
-----------------►

(1)

Busy subscriber. The audible busy tone 
of the country of destination is returned. 
Congestion. The audible congestion tone 
of the country of destination is returned.

Recalls the incoming operator.

The incoming end also sends the connect 
(seizing) signal.

Each end interprets the connect (seizing) signal as a delay-dialling signal. If the start-dialling (proceed-to-send) signal is not 
recognized within the specified timing interval, double seizing is assumed and the following may apply;

a) an automatic repeat attempt is made, or
b) a re-order (congestion) audible tone is given to the calling subscriber or operator and no automatic repeat attempt 

is made.

(See Recommendation Q.318.)

In  this table the arrows have the fo llo w in g  m ean ings:

 ► transmission of a signalling frequency (perm anent or pulse emission).
 ► end of transmission of the signalling frequency in the case of its perm anent transmission.
 ► transmission of an audible tone.
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PART II

Recommendation Q.332

INTERWORKING OF SIGNALLING SYSTEM Rl 
WITH OTHER STANDARDIZED SYSTEMS
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Recommendation Q .332

5. INTERWORKING

5.1 G eneral

System  R l is c ap ab le  o f  in te rw o rk in g  w ith  an y  o f  the C C IT T  s ta n d a rd iz e d  s ig n a llin g  system s. 

S pec ifica tions on  in te rw o rk in g  o f  System  R l w ith o th e r C C IT T  s ig na lling  system s a re  n o t ye t ava ilab le . 

T yp ical in fo rm a tio n  is fo u n d  in R eco m m en d a tio n  Q .180 o f  Fascicle  V I.2.
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SIGNALLING SYSTEM R2

IN T R O D U C T IO N

G eneral

S igna lling  System  R2 is u sed  as an  in te rn a tio n a l signa lling  system  w ith in  in te rn a tio n a l reg io n s (w orld  
n u m b erin g  zones). M oreover, System  R2 can be u sed  fo r in teg ra ted  in te rn a t io n a l /n a t io n a l s ig n a llin g  if  it is 
em p lo y ed , in  co n fo rm ity  w ith the  p resen t sp ec ifica tio n s , as a sig n a llin g  system  in  th e  n a tio n a l n e tw o rk s  o f  the 
reg io n  co n cern ed . S u itab le  fo r b o th  au to m a tic  a n d  sem i-au to m atic  w o rk in g  it o ffers a h igh  re liab ility  in 
tran sm iss io n  o f  the  in fo rm a tio n  necessary  fo r se tting  up  a call. It a llow s fo r ra p id  call se t-up  a n d  p ro v id es  
su ffic ien t signals in b o th  d irec tio n s to  p e rm it the  tran sm iss io n  o f  nu m erica l a n d  o th e r in fo rm a tio n  re la tin g  to  the  
ca lled  a n d  ca lling  su b sc rib e rs’ lines a n d  to  increase  ro u tin g  facilities.

System  R2 is specified  fo r one-w ay  o p e ra tio n  on  an a lo g u e  a n d  d ig ita l tran sm iss io n  system s a n d  fo r 
b o th -w ay  o p e ra tio n  on d ig ita l tran sm iss io n  system s. D is tin c tio n  is m ad e  betw een  line s ig n a llin g  (sup erv iso ry  
signals) a n d  in te rreg iste r signalling  (call se t-up  co n tro l signals). V ersions o f  line sig n a llin g  a re  spec ified  fo r use on  
4 -w ire c a rr ie r  o r PC M  circu its. N evertheless, the  in te rreg is te r sig n a llin g  specified  can  a lso  be u sed  on  2-w ire 
c ircu its . System  R2 is su itab le  fo r use on  sa te llite  links a n d  3 kH z spaced  c a rr ie r  c ircu its . It is n o t d es ig n ed  fo r use 
on  tran sm iss io n  system s w ith speech in te rp o la tio n  b u t it m ay  be used  on  d ig ita l tran sm iss io n  system s w ith  speech  
in te rp o la tio n  as long  as tra n sp a re n c y  fo r pu lsed  in te rreg is te r signals is g u a ran teed .

T he in te rreg iste r signa lling  is a com pelled  m u ltifreq u en cy  code  system . T his o ffe rs th e  p o ss ib ility  o f  
e n d -to -en d  s igna lling  a n d  to  tak e  ad v an ta g e  o f  m o d ern  sw itch ing  system s by p ro v id in g  a su ffic ien t n u m b e r o f  
signals in b o th  d irec tions.

System  R2 is cap ab le  o f  n o rm a l in te rw o rk in g  w ith  o th e r C C IT T  sig n a llin g  system s.

Line  signalling

T he fo llow ing  versions o f  line  signalling  a re  specified :

— line s igna lling  fo r ca rr ie r  system s ca lled  the  an a lo g u e  vers io n ;

— line s igna lling  fo r PC M  system s called  the  d ig ita l version.

S ince m u ltifreq u en cy  s igna lling  perm its exchange  o f  a large a m o u n t o f  in fo rm a tio n  b e tw een  reg isters, th e  
q u a n tity  o f  in fo rm a tio n  th a t has to  be tran sm itted  in  the form  o f  line signals is sm all. T he v e rs io n s o f  line 
sig n a llin g  fo r System  R2 have been  designed  acco rd ing ly . T he an a lo g u e  line  s ig n a llin g  v ers io n  s ta n d a rd iz e d  
o rig in a lly  fo r use on in te rn a tio n a l c ircu its is a lso  su itab le  fo r n a tio n a l w ork ing . A n an a lo g u e  ( in -b an d ) line 
sig n a llin g  version  is on ly  described  fo r the specific use on  3 kH z sp aced  ca rr ie r  c ircu its  o f  in te rn a tio n a l su b m arin e  
cab les (see A nnex  D to  the  specifica tions). The d ig ita l line s igna lling  version  w as d esigned  fo r  n a tio n a l w o rk ing  
b lit m ay  also  be used  fo r in te rn a tio n a l w ork ing . A lthough  these v ers ions do  n o t in c lu d e  a fo rw a rd - tra n s fe r  signal, 
fo rw a rd - tra n s fe r s igna lling  m ay be in tro d u ced  fo r in te rn a tio n a l w o rk in g  by b ila te ra l ag reem en t.

T he analogue version is lin k -by -link  using  an  o u t-b an d , low -level c o n tin u o u s  to n e -o n -id le  s igna lling  
m ethod . S ignal tra n sfe r  sim ply  invo lves the tra n s itio n  from  one sig n a llin g  co n d itio n  to  th e  o th e r , excep t fo r the  
c lea rin g  sequence w hich is based  on  a d d itio n a l tim in g  crite ria . It is necessary  to  have  a dev ice fo r p ro tec tio n  
a g a in s t the  effect o f  in te rru p tio n  in  the  signa lling  ch an n e l since in te rru p tio n  o f  the  sig n a llin g  freq u en cy  sim u la tes 
a false seizure o r an sw er signal ( in te rru p tio n  co n tro l). T h e  s igna lling  frequency  is tra n sm itte d  a t a low  level w hich  
av o id s o v e rlo ad in g  o f  the tran sm iss io n  system  w hen  th e  frequency  is sen t c o n tin u o u sly  in b o th  d irec tio n s  on  all 
id le  c ircu its. T he exchange line-signa lling  eq u ip m en t o f  the  an a lo g u e  version  can  a lso  be u sed  o ver c e rta in  d ig ita l 
links (see R eco m m en d a tio n  Q .421).
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T he dig ita l version  is lin k -b y -lin k  u sing  tw o  s igna lling  ch an n e ls  in  each  d irec tion  o f tran sm iss io n  p e r 
speech  circuit. T he s igna lling  ch an n e ls  a re  tw o o f  the  fo u r p ro v id ed  fo r ch an n e l associa ted  signalling  in a 
2048 k b it /s  p rim a ry  m ultip lex  (see R eco m m en d a tio n  G .732). P ro tec tion  ag a in s t the  effects o f  fau lty  tran sm iss io n  is 
p ro v id e d  by a transm ission fa u l t  control.

T he an a lo g u e  version  an d  the  d ig ita l version  o f  the line s igna lling  can  be converted  to  each o th e r by a 
tra n sm u ltip le x e r  o r o th e r co nvers ion  eq u ip m en t. Such eq u ip m en t fo rm s a co n v ers io n  p o in t betw een  an a lo g u e  
(F D M ) tran sm issio n  on one  h an d  a n d  dig ita l (P C M ) tran sm iss io n  on the  o th e r h an d . T he System  R2 line 
s ig n a llin g  how ever m ust be trea ted  sep a ra te ly  because  fo r b o th  tran sm iss io n  system s d iffe ren t line sig n a llin g  
ve rs io n s are  specified . A lthough  b o th  versions a re  described  to  som e d e ta il, a d esc rip tio n  o f  the ac tua l co n v ers io n  
is g iven  in A nnex  C to  the S pecifica tions.

In terreg ister signalling

T he in te rreg iste r signalling  is p e rfo rm ed  en d -to -en d  using  a 2 -ou t-o f-6  in -b a n d  m u ltifrequency  code  w ith 
fo rw a rd  an d  b ack w ard  com pelled  signalling . T he s igna lling  frequenc ies do  n o t th e re fo re  overlap  w ith th e  line 
s ig n a llin g  frequency  an d  d iffe r acco rd in g  to  the  d irec tion  o f  tran sm iss io n  w ith  a view  to  possib le  use o f  the  
m u ltifreq u en cy  p a rt o f  the  system  on  2-w ire c ircuits.

System  R2 is designed  to  use six signa lling  frequencies (1380, 1500, 1620, 1740, 1860 an d  1980 Hz) in  the  
fo rw a rd  d irec tio n  an d  six signalling  frequenc ies  (1140, 1020, 900, 780, 660 a n d  540 H z) in the b ack w ard  d irec tio n . 
N everthe less  fo r n a tio n a l ap p lic a tio n  less signa lling  frequenc ies m ay  be used .

E n d -to -en d  s igna lling  is a m e th o d  fo r s igna lling  betw een  reg isters o ver tw o o r  m ore  links in tan d em  
w ith o u t signal reg en e ra tio n  in in te rm ed ia te  exchanges (see F igure 1).

B—

R2 register register in a 
transit exchange

register in a 
transit exchange

FIG URE 1
Principle of end-to-end R2 interregister signalling

register in an 
international or 

national term inal 
exchange

W ith  th is s igna lling  m ethod , in genera l on ly  the  ad d ress  in fo rm a tio n  n eed ed  fo r ro u tin g  the call th ro u g h  
an  in te rm e d ia te  (tran sit)  exchange is tran sfe rred  from  the  ou tg o in g  reg ister to  the  incom ing  register. In  the 
in te rm ed ia te  exchange  the speech p a th  is im m ed ia te ly  th ro u g h -co n n ec ted  a n d  the  in co m in g  reg ister re leased . T hen  
the  o u tg o in g  reg ister can  exchange in fo rm a tio n  d irec tly  w ith the  in co m in g  reg ister o f  the  next exchange. Such 
en d -to -en d  sig n a llin g  is ad v an ta g eo u s  as it reduces the in te rreg is te r sig n a llin g  eq u ip m en t needed  an d  m in im izes the 
h o ld in g  tim e o f  registers in tran s it exchanges.

System  R2 has been  designed  to  allow  en d -to -en d  in te rreg iste r m u ltifreq u en cy  sig n a llin g  over several links 
in tan d em . H ow ever, in c ircu m stan ces w here tran sm iss io n  c o n d itio n s  do  n o t com ply  w ith the req u irem en ts  
specified  fo r System  R2 a n d  m ight co n seq u en tly  jeo p a rd iz e  the  exchange o f  the in te rreg is te r signals, o r in case o f  
u sing  System  R2 v ia a sa te llite  link , th e  overall m u lti-lin k  co n n ec tio n  is d iv id ed  in to  sections, each  w ith  its 
in d iv id u a l in te rreg iste r s igna lling  (s ignals be ing  then  re layed  an d  regen era ted  by a reg ister at the p o in t, w here the 
d iv is io n  is m ade).
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G en era lly  tran sm iss io n  co n d itio n s  in a n a tio n a l ne tw o rk  com ply  w ith  th e  req u irem en ts  spec ified  fo r  
System  R2 an d  as such a llow  en d -to -en d  signa lling  over co m p le te  co n n ec tio n s  b e tw een  local exchanges.

In th e  case o f  in te rn a tio n a l System  R2 w ork in g  tran sm iss io n  c o n d itio n s  im p o se  d iv is io n  in to  a t least tw o  
s ig n a llin g  sec tions, w hen b o th  th e  o u tg o in g  an d  in co m in g  c o u n tr ie s  use System  R 2 in th e  n a tio n a l ne tw o rk . T h e  
d iv is io n  m ust be m ad e  in an  exchange  in the  o u tg o in g  co u n try . T he re lay in g  o r  reg en e ra tin g  reg iste r s itu a ted  a t 
th e  p o in t w here th e  d iv is ion  is m ad e  is ca lled  the outgo ing  in terna tiona l R 2  register. In  the  case  w hen  System  R 2 is 
n o t u sed  in the  o u tg o in g  co u n try  th e  o u tg o in g  in te rn a tio n a l R2 reg ister receives ad d re ss  in fo rm a tio n  v ia  a n a tio n a l 
sig n a llin g  system  an d  it c o n tro ls  th e  call se t-up  over th e  o u tg o in g  System  R2 s ig n a llin g  sec tion .

The ou tgo ing  R 2  register  is genera lly  d efin ed  as a  reg iste r s itu a ted  a t th e  o u tg o in g  en d  o f  a  s ig n a llin g
section  on w hich  System  R2 in te rre g is te r signalling , acco rd in g  to  the  p re sen t sp ec ific a tio n s , is u sed . I t c o n tro ls  th e
call se t-up  over th e  w ho le  s ig n a llin g  section . It sends fo rw ard  in te rre g is te r  signals a n d  receives b a c k w a rd  
in te rreg iste r signals. T he o u tg o in g  R2 reg ister receives in fo rm a tio n  v ia th e  p reced in g  links o f  the  c o n n e c tio n  in  a 
fo rm  used by th e  s ig n a llin g  system  ap p lied  ov er th e  last o f  these  lin k s; th is system  m ay  be  System  R 2, a d e cad ic  
p u lse  system , o r  any  o th e r system . T he p reced ing  lin k  m ay  also  be a su b sc rib e r’s line.

W hen an  R 2  register in a transit exchange  is w o rk in g  acco rd in g  to  th e  d e fin itio n  ab o v e  it is a lso  ca lled  an  
outgo ing  R 2  register. The outgo ing  in terna tiona l R 2  register is th e  special case o f  th e  o u tg o in g  R 2 reg iste r w hen  th e  
o u tg o in g  s ig na lling  sec tion  com prises  a t least one in te rn a tio n a l link .

The incom ing R 2  register is d e fin ed  as a  reg ister situ a ted  a t th e  in co m in g  en d  o f  a lin k  o n  w hich
System  R2 in te rreg is te r s igna lling , acco rd in g  to  th e  p resen t sp ec ific a tio n , is used . It receives fo rw a rd  in te rre g is te r
signa ls via the  p reced in g  link(s) an d  sends b ack w ard  in te rreg is te r signals. T h e  in fo rm a tio n  received  is u sed  
com ple te ly  o r in p a r t fo r  th e  co n tro l o f  selection  stages an d  m ay  be sen t in  its en tire ty  o r in p a r t  to  th e  succeed ing  
eq u ip m en t, in w hich case th e  sig n a llin g  used  fo r re tran sm iss io n  is nev er System  R2. In te rw o rk in g  th en  tak es p lace  
betw een  System  R2 an d  th e  o th e r System . T hus every  reg iste r n o t s itu a ted  a t th e  o u tg o in g  en d  o f  a System  R2 
s ig na lling  section  is ca lled  an  in co m in g  R2 reg ister in d ep en d e n tly  o f  th e  ex ch an g e  type.

T he fo llow ing  o p e ra tio n a l fea tu res  a re  p ro v id ed  by using  all th e  15 fo rw a rd  an d  15 b a c k w a rd  c o m b in a 
tio n s  o f  the  m u ltifreq u en cy  code:

— cap ab ility  o f  tra n sfe rr in g  ad d ress  in fo rm a tio n  fo r a u to m a tic , sem i-au to m a tic  a n d  m a in te n a n c e  ca lls ;

— in d ica to rs  in o rd e r to  id en tify  tra n s it a n d  m a in ten an ce  (test) ca lls;

— lan g u ag e  d ig its  o r d isc rim in a tin g  d ig it(s) fo r in te rn a tio n a l ca lls;

— tra n s fe r  o f  th e  nex t d ig it o r rep e titio n  o f  th e  last b u t one , th e  las t b u t tw o , o r th e  las t b u t th ree  d ig it
on  request by the  reg iste r a t th e  in co m in g  en d ;

— fo rw ard  an d  b ack w ard  signals fo r co n tro l o f  echo  su p p resso rs ;

— request o f  th e  o u tg o in g  reg ister by m eans o f  a b ack w ard  signal to  send  th e  in te rn a tio n a l co d e
in d ica tin g  th e  id en tity  o f  th e  o rig in a tin g  in te rn a tio n a l exch an g e ;

— in fo rm a tio n  co n ce rn in g  th e  n a tu re  an d  the  o rig in  o f  th e  call (ca llin g  p a r ty ’s ca tego ry ) can  be 
tra n sfe rre d  to  the  reg ister a t the  in co m in g  en d  i.e. w h eth er n a tio n a l o r  in te rn a tio n a l, w h e th e r from  an  
o p e ra to r  o r  from  a subscriber, w hether from  d a ta - tra n sm iss io n , m a in te n a n c e  o r o th e r  eq u ip m en t, e tc .;

— in fo rm a tio n  co n ce rn in g  th e  n a tu re  o f  th e  c ircu it can  be req u es ted  by  th e  reg ister a t the  in co m in g  en d , 
i.e. w h eth er a sa te llite  link  is a lready  in c lu d ed  o r n o t;

— in fo rm a tio n  on  co n g estio n , u n a llo ca ted  n u m b e r an d  on  th e  c o n d itio n  o f  the  ca lled  su b sc rib e r’s line
can  be tran sfe rred  to  the  o u tg o in g  reg ister i.e. w hether free , busy  o r  o u t o f  service, e tc.;

— a res tric ted  n u m b e r o f  signals left to  th e  d isc re tion  o f  A d m in is tra tio n s  fo r a llo c a tio n  o f  n a tio n a l
m ean ings.

T he in te rreg iste r s igna lling  specified  fo r System  R2 can  also  be used  to g e th e r w ith  any  n o n -s ta n d a rd iz e d
line signalling  system . T he re su lting  c o m b in a tio n  is n o t con sid ered  to  be System  R2.
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System  R2 gives p o ten tia l fo r a sh o rt p o st-d ia llin g  de lay  u sin g  overlap operation  w ith  d ia llin g  an d  
e n d -to -en d  signalling . T he o u tg o in g  R2 reg ister s ta rts  call se t-up  as soon  as it h as received th e  m in im u m  requ isite  
in fo rm a tio n . T here fo re  signal tra n s fe r  s ta rts  b efo re  the  com ple te  ad d re ss  in fo rm a tio n  is received , i.e. b efo re  the  
ca lle r fin ishes d ia lling . T his p rac tice  p a rticu la rly  ap p lie s  a t an  o u tg o in g  R2 reg iste r w here the co m p le te  ad d ress  
in fo rm a tio n  from  a su b sc rib e r o r o p e ra to r  is s to red  (e.g. local registers). T his is in  c o n tra s t to  en bloc  reg ister 
s ig n a llin g  i.e. th e  tran sm iss io n  o f  all the  ad d ress  in fo rm a tio n  as a w hole in o n e  sequence s ta rtin g  o n ly  a fte r 
co m p le te  recep tio n  o f  the  ad d ress  in fo rm a tio n .

U nused  s ig na lling  capac ity  p rov ides p o ten tia l fo r d ev e lo p m en t an d  a llow s fo r fu tu re  req u irem en ts  yet 
u n d e fin ed . T his sp a re  cap ac ity  m ay be used  fo r in c reasin g  the  n u m b e r o f  signals a n d  s igna lling  p ro ced u res e.g. fo r 
new  serv ices to  be o ffe red  to  subscribers.
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S E C T IO N  1

D E F IN IT IO N S A N D  F U N C T IO N S O F SIG N A L S

Recommendation Q .400

DEFINITIONS AND FUNCTIONS OF SIGNALS

1.1 FORWARD LINE SIGNALS

1.1.1 seizing signal

A signal sen t a t the  b eg in n in g  o f  the  call to  in itia te  tra n s itio n  o f  the  c ircu it a t the  in co m in g  en d  fro m  id le  
to  busy . A t the  in co m in g  exchange  it causes the  a sso c ia tio n  o f  eq u ip m en t c ap ab le  o f  receiv ing  reg iste r signals.

1.1.2 clear-forward signal

A signal sen t to  te rm in a te  th e  call o r call a tte m p t a n d  to  re lease in the  in co m in g  ex ch an g e  a n d  b e y o n d  it 
all sw itch ing  u n its  he ld  on  the  call.

T he signal is sen t w hen :

a) in sem i-au to m a tic  w o rk in g  the  o p e ra to r  o f  the  ou tg o in g  in te rn a tio n a l ex change  tak es th e  p lu g  o u t o r 
p e rfo rm s an  eq u iv a len t o p e ra tio n ;

b) in au to m a tic  w o rk ing , th e  ca lling  su b sc rib e r c lea rs o r p e rfo rm s an  eq u iv a len t o p e ra tio n .

T h is signal is a lso  sen t by  the  ou tg o in g  in te rn a tio n a l exchange  u p o n  receiv ing  a b ac k w a rd  reg ister signal 
req u es tin g  the o u tg o in g  in te rn a tio n a l R2 reg ister to  c lea r the  co n n ec tio n , o r  in  th e  case o f  fo rced  release  o f  th e  
c o n n ec tio n  as m en tio n ed  in R eco m m en d a tio n  Q .l 18. T his signal m ay  a lso  be  sen t as th e  resu lt o f  a b n o rm a l 
re lease  o f  th e  ou tg o in g  in te rn a tio n a l R2 register.

1.1.3 forward-transfer signal 1)

A signal sen t on  sem i-au to m atic  calls w hen the  ou tg o in g  in te rn a tio n a l exch an g e  o p e ra to r  w an ts  the  h e lp  o f  
an  o p e ra to r  a t th e  in co m in g  in te rn a tio n a l exchange. T he signal w ill u sua lly  b rin g  an  ass is tan ce  o p e ra to r  (see 
R eco m m en d a tio n  Q. 101) in to  the  c ircu it. I f  the  call is co m p le ted  v ia  an  in co m in g  o r  d e lay  o p e ra to r  a t the  
in co m in g  in te rn a tio n a l exchange, the  signal in d ica tes  th a t recall o f  th is  o p e ra to r  is w an ted .

1.2 BACKWARD LINE SIGNALS

1.2.1 seizing-acknowledgem ent s ig n a l2)

A signal sen t to  the  o u tg o in g  exchange to  in d ica te  the  tra n s it io n  o f  th e  e q u ip m e n t a t th e  in co m in g  en d  
from  id le  to  busy . R eceip t o f  the  se iz ing -acknow ledgem en t signal a t the  o u tg o in g  end  te rm in a te s  se izure o f  th e  
circu it.

b This signal is not provided in either the analogue or digital version of System R2 line signalling. Information about 
possible arrangements for such a signal and signalling procedures involved are contained in Annex A to the present 
Specifications.

2) This signal is only used in the digital version of System R2 line signalling.
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1.2.2 answer signal

A signal sen t to  the o u tg o in g  in te rn a tio n a l exchange  to  in d ica te  th a t the ca lled  party  has an sw ered  the  call 
(see R eco m m en d a tio n  Q .27). In sem i-au to m atic  w o rk in g  th is signal has a su p erv iso ry  func tion .

In  a u to m a tic  w ork ing  th is signal is used :

— to s ta rt m etering  the ch a rg e  to  the  ca lling  subscriber, un less the reg ister signal ind ica tin g  no  charge  
has been  sen t p rev iously ;

— to  s ta rt m easu rem en t o f  the call d u ra tio n  fo r in te rn a tio n a l acco u n tin g  purposes.

1.2.3 clear-back signal

A signal sen t to  the ou tg o in g  in te rn a tio n a l exchange  to  in d ica te  th a t th e  called  party  has c lea red . In 
sem i-au to m a tic  w ork ing , th is signal has a superv iso ry  fu n c tio n . In a u to m a tic  w o rk ing , a rran g em en ts  m ust be m ade 
in a cco rd an ce  w ith R eco m m en d a tio n  Q .118, an d  the  no tes o f  R eco m m en d a tio n  Q .120, § 1.8 a lso  app ly .

1.2.4 release-guard signal

A signal sen t to  the  ou tg o in g  exchange  in re sp o n se  to  a c lea r-fo rw a rd  signal to  in d ica te  th a t the  la tte r has
been  fu lly  effective in re tu rn in g  the  sw itch ing  un its  a t the in co m in g  en d  o f  th e  c ircu it to  idle co n d itio n . A n
in te rn a tio n a l c ircu it is p ro tec ted  ag a in s t su b seq u en t seizure  as long  as the re lease o p e ra tio n s  in itia ted  by the
c lea r-fo rw ard  signal have  n o t been  co m p le ted  a t the  in co m in g  end.

1.2.5 blocking signal

A signal sen t on  an  id le c ircu it to  the  o u tg o in g  exchange  to  cause  engaged  co n d itio n s  (b lock ing) to  be 
a p p lie d  to  th is c ircu it, g u a rd in g  it ag a in s t su b seq u en t seizure.

1.3 FORWARD REGISTER SIGNALS

1.3.1 address signal

A signal c o n ta in in g  one  e lem en t o f  in fo rm a tio n  (d ig it 1, 2, . . . ,  9 o r  0, code  11, code 12 o r code 13) a b o u t 
th e  ca lled  o r ca lling  p a rty ’s n u m b er o r  the  end  o f  p u ls in g  in d ica tio n  (code 15).

F o r each call a series o f  ad d ress  signals is sen t (see R eco m m en d a tio n s  Q.101 an d  Q .107).

1.3.2 country-code and echo-suppressor indicators

Signals in d ica tin g :

— w hether o r n o t the co u n try -co d e  is in c lu d ed  in the  ad d re ss  in fo rm a tio n  ( in te rn a tio n a l tran s it o r  
te rm in a l ca ll);

— w hether o r  n o t an  ou tg o in g  half-echo  su p p re sso r sh o u ld  be in se rted  in the  First in te rn a tio n a l ex ch an g e  
reach ed ;

— w hether o r  n o t an  in co m in g  ha lf-echo  su p p re sso r shou ld  be in se rted  (an  ou tg o in g  half-echo  su p p re sso r 
hav ing  a lread y  been  in serted  in the  co n n ec tio n ). ,

1.3.3 language or discriminating digit

A n um erica l signal occu p y in g  a p red e te rm in ed  po sitio n  in the  sequence  o f  ad d ress  signals in d ica tin g :

— in sem i-au to m atic  w ork ing , the  service language  to  be used  in th e  in co m in g  in te rn a tio n a l ex change  by 
the  in co m in g , de lay  an d  ass is tan ce  o p e ra to rs  w hen they  com e in the  c ircu it (language  d ig it);

— the au to m a tic  w o rk ing  o r  an y  o th e r special charac te ris tic  o f  th e  call (d isc rim in a tin g  digit).

1.3.4 test call indicator

A signal occu p y in g  the p o sitio n  o f  the  lan g u ag e  d ig it w hen the  call is o rig in a tin g  from  test equ ip m en t.

1.3.5 nature o f circuit indicators

S ignals o n ly  sen t on  request by certa in  b ack w ard  signals a n d  u sing  a seco n d  m ean in g  o f  som e signals, to 
in d ic a te  w h eth er a sate llite  link  is a lre ad y  in c lu d ed  in the  co n n ec tio n  o r no t.
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1.3.6 end-of-pulsing signal

A n add ress  signal sen t in d ica tin g  (in sem i-au to m atic  service) th a t  n o  o th e r  ad d re ss  signal w ill fo llow  o r  
(in a u to m a tic  service) th a t the  tran sm iss io n  o f  th e  code  id en tify in g  the  o rig in  o f  th e  ca ll is co m p le ted .

1.3.7 calling party’s category signals

A  special g ro u p  o f  signals p ro v id in g , in  ad d itio n  to  th e  in fo rm a tio n  c o n ta in e d  in  th e  lan g u ag e  o r  
d isc rim in a tio n  d ig it, su p p lem en ta ry  in fo rm a tio n  co n ce rn in g  the  n a tu re  o f  th e  call (i.e. w h e th e r n a tio n a l o r  
in te rn a tio n a l)  a n d  its o rig in .

T ypical ca tego ries a re :

— o p e ra to r  cap ab le  o f  sen d in g  the  fo rw a rd - tran s fe r s ig n a l;

— o rd in a ry  su b sc rib e r o r o p e ra to r  w ith  no  fo rw a rd - tra n s fe r fac ility ;

— su b sc rib e r w ith  p rio rity ;

— d a ta  tran sm iss io n  ca ll;

— m a in ten an ce  call.

1.3.8 Signa ls f o r  use on the na tio n a l netw ork

Som e o f  th e  G ro u p  II fo rw a rd  signals (see R eco m m en d a tio n  Q .441, § 4.2.3.2) h av e  been  a llo ca ted  fo r  
n a tio n a l use. W hen  the  o u tg o in g  in te rn a tio n a l R2 reg ister receives th em , it m u st reac t as sp ec ified  in  R eco m m en 
d a tio n  Q.480.

1.4 BACKWARD REGISTER SIGNALS

1.4.1 Signa ls requesting  transm ission  o f  address signals

Five b ack w ard  signa ls  w ith o u t p a rtic u la r  nam es a re  p ro v id e d ; fo u r  o f  them  are  in te rp re te d  w ith  re fe ren ce  
to  th e  la test ad d ress  signal sent:

— signal req u estin g  the  tran sm iss io n  o f  th e  ad d ress  s ignal fo llo w in g  th e  la te st ad d re ss  s ignal sen t;

— signal req u estin g  rep e titio n  o f  th e  ad d ress  signal p reced in g  th e  la te st ad d re ss  s ignal sen t (last b u t o n e );

— signal req u estin g  th e  rep e titio n  o f  th e  last b u t tw o  ad d ress  sig n a ls  sen t;

— signal req u estin g  the  rep e titio n  o f  th e  iast b u t th ree  ad d re ss  signals sen t;

— signal requesting  the  tran sm iss io n  o r rep e titio n  o f  th e  lan g u ag e  o r d is c r im in a tio n  d ig it.

1.4.2 S ig n a l requesting  in form ation  a b ou t the circuit

A b ack w ard  signal is p ro v id ed  to  request the  n a tu re  o f  the  c ircu it.

1.4.3 S ignals requesting  in form ation  a b ou t the call or calling party

F our b ack w ard  signals w ith o u t p a r tic u la r  nam es are  p ro v id ed  fo r  th is  p u rp o se :

— signal in q u irin g  the  ca llin g  p a r ty ’s ca teg o ry ;

— signal requesting  the  rep e titio n  o f  the  co u n try -co d e  in d ic a to r ;

— signal in q u irin g  the  o rig in  o f  th e  call (lo ca tio n  o f  o u tg o in g  in te rn a tio n a l R2 reg is te r);

— signal in q u irin g  w hether o r  n o t in co m in g  ha lf-echo  su p p re sso r sh o u ld  be  in serted .

1.4.4 C ongestion signals

T w o congestion  signals a re  p ro v id ed :

— a signal in d ica tin g  in te rn a tio n a l co n g estio n , i.e. th a t th e  call se t-u p  a tte m p t has fa iled  o w in g  to  
con g estio n  o f  the  g ro u p  o f  in te rn a tio n a l c ircu its, o r  co n g estio n  in  the  in te rn a tio n a l sw itch ing  
e q u ip m en t, o r  to  tim e-o u t o r a b n o rm a l release o f  an  in co m in g  R2 reg is te r in an  in te rn a tio n a l tra n s it 
exch an g e ;

— a signal in d ica tin g  n a tio n a l co n g estio n , i.e. th a t the  call se t-up  a tte m p t has fa iled  ow ing  to  co n g estio n  
in th e  n a tio n a l ne tw o rk  (exclud ing  a  busy  ca lled  su b sc rib e r’s line) o r  to  tim e -o u t o r  a b n o rm a l re lease
o f  an  in co m in g  R2 reg ister in a te rm in a l in te rn a tio n a l ex ch an g e  o r  a  n a tio n a l exchange.
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1.4.5 address-complete signals

Signals in d ica tin g  th a t it is no  lo n g er necessary  to  send  a n o th e r  ad d ress  signal, and

— e ith e r cause  im m ed ia te  p assage  to  the  speech p o sitio n  to  en ab le  the  ca lling  subscriber to  h ea r a to n e  
o r a reco rd ed  an n o u n c e m e n t o f  the  n a tio n a l inco m in g  n e tw o rk ;

— o r a n n o u n c e  th e  tran sm iss io n  o f  a signal in d ica tin g  th e  c o n d itio n  o f  the  called  su b sc rib e r’s line.

1.4.6 S igna ls ind ica ting  the condition o f  the called  subscriber’s line

Six signals sen t in the b ack w ard  d irec tio n  are  p ro v id ed  to  g ive in fo rm a tio n  ab o u t the  called  su b sc rib e r’s
line  a n d  to  in d ica te  the  en d  o f  in te rreg is te r signalling . T hese signals are :

— send special information tone

a signal sen t in the  b ack w ard  d irec tio n  in d ica tin g  th a t the  special in fo rm a tio n  to n e  shou ld  be  re tu rn ed  
to  th e  ca lling  p arty . T h is  to n e  in d ica te s  th a t the  ca lled  n u m b e r c a n n o t be reached  fo r reaso n s  n o t 
covered  by o th e r specific  signals an d  th a t the  u n av a ilab ility  is o f  a  long  term  na tu re . (See a lso  
R eco m m en d a tio n  Q .35);

— subscriber line busy

a signal in d ica tin g  th a t th e  line  o r lines co n n ec tin g  the  ca lled  su b sc rib e r to  the exchange are  bu sy ;

— unallocated number

a signal in d ica tin g  th a t th e  n u m b e r received  is n o t in use (e.g. an  u n u sed  co u n try  code o r an  u n u sed  
tru n k  code  o r  su b sc rib e r n u m b e r th a t has n o t been  a llo ca ted );

— subscriber line free, charge

a signal in d ica tin g  th a t the ca lled  su b sc rib e r’s line is free a n d  th a t the  call is to be charged  on an sw er;

— subscriber line free, no charge

a signal in d ica tin g  th a t th e  ca lled  su b sc rib e r’s line is free a n d  th a t th e  call is n o t to  be ch a rg ed  on 
answ er. T his signal is used o n ly  fo r calls to  special d e s tin a tio n s ;

— subscriber line out o f order

a signal in d ica tin g  th a t th e  su b sc rib e r’s line is ou t-o f-serv ice  o r faulty .

1.4.7 Signa ls fo r  use in the n a tiona l netw ork

Som e o f  the b ack w ard  signals have  been  a llo ca ted  fo r n a tio n a l use. S ince n o t all in com ing  reg isters can  
know  the  o rig in  o f  the  co n n ec tio n  a n d  since en d -to -en d  s igna lling  is u sed , it m ay h ap p en  th a t the above- 
m en tio n ed  signals are  sen t to the o u tg o in g  in te rn a tio n a l R2 register. W hen th is reg is te r receives them  it m ust reac t 
as in d ica ted  in R eco m m en d a tio n s  Q .474 a n d  Q.480.
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S E C T IO N  2

L IN E SIG N A L L IN G , A N A L O G U E  V E R SIO N

Recommendation Q.411

2.1 LINE SIGNALLING CODE

2.1.1 G eneral

T he System  R2 line  s igna lling , an a lo g u e  vers ion , is in te n d e d  fo r  use on  ca rr ie r  c ircu its . T he lin e  signals a re  
tran sm itted  link -by -link . T he code fo r the  tran sm iss io n  o f  line  signals is b a sed  on  the tone-on-id le  s ig n a llin g  
m eth o d . It is req u ired  th a t the  c ircu its  on  w hich  the  system  is em p lo y ed  a re  e q u ip p e d  in  each  d irec tio n  o f  
tran sm iss io n  w ith  a s igna lling  ch an n e l o u ts ide  "the speech  freq u en cy  b an d . W hen  th e  c ircu it is id le , a  low -level 
s igna lling  to n e  is sen t c o n tin u o u sly  in  b o th  d irec tio n s  over the  sig n a llin g  ch an n e ls . T he to n e  is rem o v ed  in  the  
fo rw a rd  d irec tio n  a t the  m o m en t o f  seizure  an d  in  the  b a ck w ard  d irec tio n  w hen  th e  ca lled  su b sc rib e r answ ers.

T he co n n ec tio n  is re leased  w hen  the  s igna lling  to n e  is res to red  in  the  fo rw a rd  d ire c tio n ; re lease  causes the  
to n e  to  be res to red  in  the  b ack w ard  d irec tion . I f  the  ca lled  p a rty  is the  first to  c lea r, the  s ig n a llin g  to n e  is re s to red  
in  the  b ack w ard  d irec tio n  first. It is th en  res to red  in  th e  fo rw ard  d irec tio n  e ith e r w hen  th e  ca lle r c lea rs  o r w hen  a 
c e rta in  in te rv a l has e lap sed  a fte r reco g n itio n  o f  the  sig n a llin g  to n e  in  th e  b a ck w ard  d irec tio n . T h is  sig n a llin g  
m e th o d , req u irin g  on ly  sim ple  e q u ip m en t, p ro v id es ra p id  signal re co g n itio n  a n d  re tran sm iss io n . T he signal 
tra n s fe r  speed  p ro v id ed  by c o n tin u o u s  type  sig n a llin g  co m p en sa te s  fo r the  need  o f  signal re p e titio n  in h e re n t in 
lin k -b y -lin k  tran sm iss io n .

T he s igna lling  system  is specified  fo r one-w ay  o p e ra tio n  o f  4 -w ire c a rr ie r  circu its.

2.1.2 L in e  conditions

T o n e-o n  o r  to n e -o ff  d en o tes  a ce rta in  s igna lling  state. T he line thus has tw o po ss ib le  s ta tes  in each  
d irec tio n , i.e. a  to ta l o f  fo u r  s igna lling  states. T ak in g  in to  acco u n t the  tim e  sequence , th e  c ircu it w ill have  th e  six 
ch a rac te ris tic  o p e ra tin g  co n d itio n s  show n  in T ab le  1/Q .4 1 1 .

TABLE 1/Q.411

Operating condition 
of the circuit

Signalling states

Forward Backward

1. Idle Tone-on Tone-on

2. Seized Tone-off Tone-on

3. Answered Tone-off Tone-off

4. Clear-back Tone-off Tone-on

5. Release Tone-on Tone-on or off.

6. Blocked Tone-on Tone-off
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T he tra n s itio n  from  one sig n a llin g  sta te  to  a n o th e r  c o rre sp o n d s  to  the  tra n s fe r  o f  a line signal acco rd in g  to  
th e  d e fin itio n s  in S ection  1. To ch an g e  from  release  to  idle a d d itio n a l c rite ria  (tim ing) are  necessary  to  en su re  a 
d e fin ed  sequence  co rre sp o n d in g  to  the  tra n sfe r  o f  the  re lease-guard  signal (see § 2.2.2.6 below ).

Recommendation Q .412

2.2 CLAUSES FOR EXCHANGE LINE SIGNALLING E Q U IPM E N T 0

2.2.1 R ecognition  tim e fo r  transition o f  signalling  sta te

T he reco g n itio n  tim e tr fo r a chan g ed  sta te  ( tran s itio n  from  to n e -o n  to  to n e -o ff  o r vice-versa) is 
4 0 + 1 0  m s 2). T he recogn ition  tim e is defined  as th e  m in im um  d u ra tio n  th a t the  p resence  o r ab sence  o f  a d irec t 
cu rre n t signal m u st have a t the  o u tp u t o f  the  signal rece iver in o rd e r to  be recogn ized  as a va lid  s igna lling  sta te  by 
the  exchange  equ ip m en t. T hus the  specified  value  does n o t inc lude  the response  tim e trs o f  signalling  receivers (see 
R eco m m en d a tio n  Q .415). H ow ever, it is d e te rm in ed  on  the assu m p tio n  th a t th ere  is in te rru p tio n  co n tro l (see 
R eco m m en d a tio n  Q .416).

2.2.2 N orm al operating conditions  (

2.2.2.1 S e ized

T he ou tg o in g  en d  rem oves th e  to n e  in the  fo rw a rd  d irec tion . I f  seizure is im m ed ia te ly  fo llow ed by release, 
rem oval o f  the  to n e  m ust be m a in ta in ed  fo r a t least 100 m s to  m ake sure  th a t it is recogn ized  a t the  in co m in g  end .

2.2.2.2 A nsw ered

T he in co m in g  en d  rem oves th e  to n e  in the  b ack w ard  d irec tion . W hen a n o th e r  link  o f  the  co n n ec tio n  u sing  
to n e -o n -id le  c o n tin u o u s  signalling  p recedes the o u tg o in g  exchange, the  to n e -o ff  c o n d itio n  m ust be e stab lished  on  
th is link  im m ed ia te ly  a fte r  it is recogn ized  in th is  ex ch an g e . W hen an o th e r  sig n a llin g  system  is used  on the 
p reced in g  link , the  ru les fo r in te rw o rk in g  are  ap p licab le .

2.2.2.3 C lear-back operating  condition

T he in co m in g  en d  resto res the  to n e  in the  b ack w ard  d irec tion . W hen a n o th e r  link  o f  the  co n n ec tio n  using  
to n e -o n -id le  co n tin u o u s  signalling  p recedes the  o u tg o in g  exchange the  tone-on  sta te  m ust be estab lished  on th is 
link  im m ed ia te ly  a fte r  it is recogn ized  in th is exchange. W hen a n o th e r  s igna lling  system  is used on the  p reced ing  
link , the  ru les fo r in te rw o rk in g  a re  app licab le . T he p ro v is io n s  set fo rth  in § 2.2.2.6 below  m ust also be  tak en  in to  
co n sid e ra tio n .

2.2.2.4 C lear-forw ard operation condition

T h e  ou tg o in g  en d  resto res the  to n e  in the  fo rw a rd  d irec tio n  (see § 2.2.2.1 above). T he fo rw ard  co n n ec tio n  
is re leased  an d  the  re lease-guard  sequence  beg ins as so o n  as the  changed  s igna lling  sta te  is recogn ized  at the  
in co m in g  end . In th e  ou tg o in g  exchange  the c ircu it rem ain s b locked  un til th e  re lease-guard  sequence is te rm in a ted  
(see § 2.2.2.6 below ).

2.2.2.5 B locked

A t th e  o u tg o in g  exchange the  c ircu it stays b lo ck ed  so long  as the  to n e  rem ain s o ff  in the  b ack w ard  
d irec tio n .

Although the signalling state (tone-on or tone-off) physically only appears in transmission equipment, it is used in this 
section as a reference criterion to specify functions of exchange equipment.

Originally this value was (20 ±  7) ms. Since there will be no problem in the interworking between equipment having the 
original recognition time tr = (20 ±  7) ms, and equipment having the new recognition time tr =  (40 ±  10) ms, existing 
equipment need not necessarily be changed to the value tr =  (40 ±  10) ms.
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R esto ra tio n  o f  th e  to n e  in the  b ack w ard  d irec tio n  — acco m p an ied  by the  p resence  o f  th e  to n e  in  th e  
fo rw ard  d irec tio n  — resto res the  c ircu it to  idle. T he c ircu it m ay  th en  be seized fo r  a  new  call.

2.2.2.6 R elease a n d  release-guard operating  conditions

R elease -guard  m ust be en su red  w h atever th e  o p e ra tin g  c o n d itio n  o f  th e  c ircu it a t th e  m o m e n t th e
c lea r-fo rw a rd  signal is sen t — seized p rio r  to  an sw er, an sw ered  o r c lea red  by th e  ca lled  party . I t m ay  a lso  h a p p e n
th a t an sw ering  o r c lea ring  by the  ca lled  p a rty  occu rs w hen re lease has a lre ad y  begun  a t the  o u tg o in g  exchange. 
T h e cases are  described  below  an d  show n in  th e  F igures 2 /Q .4 1 2  to  4 /Q .4 1 2 . T he exact tim in g  is show n  in  
F igure  5 /Q .412 .

a) R elease  prior to answ ered  condition

T he c lea r-fo rw a rd  signal is sen t from  th e  ou tg o in g  en d  by  re s to rin g  th e  to n e  in  th e  fo rw a rd  d irec tio n  
(see F igu re  2 /Q .4 1 2 ). R eco g n itio n  o f  th is  to n e  h as  th e  fo llow ing  co n seq u en ces a t th e  in co m in g  end :

i) th e  to n e  in the  b ack w ard  d irec tio n  is rem o v ed ;

ii) th e  release o f  th e  sw itch ing  u n its  is in itia ted ;

iii) the  re lease-guard  sequence  starts .

W hen release o p e ra tio n s  at th e  in co m in g  end  are  co m p le te , b u t n o t b e fo re  an  in te rv a l T2 has e lap sed  a fte r
th e  rem oval, th e  to n e  is ag a in  res to red  a t the  in co m in g  end  in  the  b a c k w a rd  d irec tio n .

Operating
condition

Outgoing end

Forward

Backward

Forward

Backward

Incoming end

Idle

Seizing

Seized

Clear-forward

Release

» r * ‘ i

/
4 -

Sending 

—■ Receiving 

Legend: see Figure 5/Q.412.

Release-guard sequence

Idle

CCITT-49172

FIG URE 2/Q.412 

Release prior to answered condition

W hen T, has e lap sed  the  o u tg o in g  en d  m ust recogn ize  th a t th e  to n e -o ff  s ta te  in the  b a c k w a rd  d irec tio n  is 
e stab lished . A fte r th is recogn ition  th e  res to rin g  o f  the  to n e  in th e  b ack w ard  d irec tio n  re tu rn s  the  c ircu it to  id le  an d  
com ple tes  the  re lease-guard  sequence.

A t the  in co m in g  en d  the  sen d in g  o f  an  answ er signal can  o n ly  be p rev en ted  a fte r  the  c le a r-fo rw a rd  signal 
has been  recogn ized . To avo id  any  false  o p e ra tio n  sh o u ld  answ er co in c id e  w ith re lease , tra n s it io n  from  tone-on  to  
to n e -o ff  in  the b ack w ard  d irec tio n  m ust n o t be in te rp re ted , a t th e  o u tg o in g  en d , as p a r t o f  the  re lease -g u a rd  
sequence  d u rin g  an  in terval Tx . T he in te rva l Tj s ta rts  w ith th e  sen d in g  o f  the  to n e  in th e  fo rw ard  d irec tio n . It is 
long  en o u g h  to  m ake  qu ite  sure th a t th e  c lea r-fo rw ard  signal is recogn ized  an d  th e  to n e -o ff  s ta te  e stab lish ed  a t the  
in co m in g  end.
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F or the  ca lcu la tio n  o f  the  in te rv a ls  T\ an d  T2 see § 2 2 .2 .1  below .

b) R elease in answ ered  condition

In th is case, th e  re lease o p e ra tio n s  d iffe r on ly  from  a) above  in so fa r  as i) does no t app ly . A t th e  
in co m in g  end , how ever, sen d in g  o f  a c lea r-back  signal can  o n ly  be p rev en ted  a fte r the c lea r-fo rw ard  signal has 
been  recognized . S hou ld  th e re  be a c lea r-back  signal the  specified  in terval T, enab les  any  re su ltan t d ifficu lties  to  
be ob v ia ted  (see F igure 3 /Q .412 ).

c) R elease  in clear-back condition

T he release o p e ra tio n s  are  id en tica l to  th o se  d escribed  in a) above. S hou ld  th ere  be a second  answ er signal, 
th e  specified  in te rv a l 7j enab les  any  re su ltan t d ifficu lties to  be o b v ia ted  (see F igure  4 /Q .412 ).

Operating
condition

Outgoing end

Forward

Backward

Forward

Backward

Incoming end

Idle

Seizing-.

Seized Answered

Clear-forward

Answer ^

Sending

Receiving

Legend: see Figure 5/Q.412.

Release

\
F =\

V ‘i

Idle

Release-guard sequence

CCITT-49182

FIG URE 3/Q.412 
Release in answered condition

Operating
condition

Outgoing end

Forward

Backward

Idle Seized Answered Clear-back Release Idle

Forward

Backward

incoming end

Sending 

Receiving 

Legend: see Figure 5/Q.412.
CCITT-49192

FIG URE 4/Q.412 

Release in clear-back condition
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F igure  5 /Q .4 1 2  show s the  fac to rs  invo lved  in  ca lc u la tin g  the  in te rv a ls  7] an d  T2.

A t th e  o u tg o in g  en d  w hen  the  in te rva l Tx h as  e lap sed  (F igu re  5 /Q .4 1 2 , p o in t D ) th e  to n e -o ff  sta te  in the  
b a c k w a rd  d irec tio n  can  be  expected  a n d  recogn ized  w ith  ce rta in ty  in  all cases m e n tio n e d  in  § 2.2.2.6 above.

S im ilarly , the  in te rv a l T2 p reced in g  th e  re s to rin g  o f  the  to n e  in th e  b a c k w a rd  d irec tio n  m ay  be  a p p lie d  in 
all cases. T o av o id  false o p e ra tio n  in  the  even t o f  co in c id in g  fo rw a rd  an d  b a c k w a rd  sig n a ls  o r an  irreg u la r 
sequence  o f  signals, th e  tim e  in te rv a l T2 m ust a lso  be observed  w ith  the  re lease o p e ra tio n  [see 2.2.2.6 b) above].

2.2.2.7 C alculation o f  the intervals T , a n d  T 2 specified  fo r  release a n d  release-guard  operations

Tone-on or -off pend ing  operating  
condition  in w hich  re lease  s ta rts  
(see § 2 .2 .2 .6 )

Legend

tp : Propagation time

tQ: Overall response time of signalling sender and receiver

tr : Recognition time

t i ■ Internal operating time

FIG U R E 5/Q.412 
Release-guard sequence

T he m in im um  va lue  o f  f  is the  sum  o f  the  m ax im um  values o f  th e  tim es req u ired  fo r th e  v a rio u s  
o p e ra tio n s  w hich  tak e  p lace  betw een  a p p lic a tio n  o f  th e  to n e  in th e  fo rw a rd  d irec tio n  a n d  reco g n itio n  o f  th e  
ab sen ce  o f  to n e  in the  b ack w ard  d irec tion .

T2 de lays release o f  th e  circuit. It m ust th e re fo re  be as sh o rt as possib le . H ow ever, it m ust be lo n g  en o u g h  
to  en su re  reco g n itio n  o f  th e  to n e -o ff  co n d itio n  in th e  b ack w ard  d irec tio n  a t th e  o u tg o in g  end  w hen  f  is a t its 
m ax im u m , even w hen  th is co n d itio n  beg in s as early  as possib le .
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a) E xclusive terrestrial circuits

T he ca lcu la tio n  is based  on  a m ax im um  one-w ay  tran sm iss io n  delay  o f  30 m s fo r a c ircu it. T hus, fo r 
c ircu its  on  h igh-velocity  tran sm iss io n  system s via  te rre stria l lines (in c lu d in g  su b m arin e  cables) th e  m ax im um  
o p e ra tin g  range o f  the  specified  line s ig na lling  system  is 4800 km  3).

V alues used  fo r th e  ca lcu la tio n  o f  Tx an d  72 :

0 <  tp < 30 ms
0 <  (, <  30 ms (see § 2.3.2.4)

30 ms <  tr < 50 ms
0 <  (  <  20 ms.

C a lcu la tio n  o f  in te rv a ls  Tj an d  T2 :

Tj >  A C 7, >  2 ( (  +  ( )  m ax. +  ( m a x .  +  (  m ax.
7, >  (2 x 60 +  50 +  20) ms 
7, >  190 ms

A llow ing  a safety m arg in  o f  10 m s an d  a to le ran ce  o f  ±  20%, th e  specified  va lue  o f  7, is (250 ±  50) ms.

7, >  BF 7> >  7, m ax. +  ( m a x .  +  ( m a x .  — 2 ( (  +  ( )  m in . — ( m in .  — (m in .
T2 >  (300 +  50 +  20 -  0 -  30 -  0) ms 
T2 > 340 ms

A llow ing  a safety  m arg in  o f  20 m s an d  a to le ran ce  o f  ±  20%, th e  specified  value  o f  72 is (450 ±  90) ms.

b) Circuits including a sa tellite  link

T he ca lcu la tio n  is b ased  on  the  a ssu m p tio n  th a t the  com ple te  co n n ec tio n  inc ludes tw o  te rre stria l sec tions 
w ith  a  m ax im um  one-w ay  tran sm iss io n  delay  o f  15 m s each  an d  a sa te llite  sec tion  w ith a one-w ay tran sm iss io n  
d e lay  o f  (270 ±  20) ms.

V alues used  fo r the  ca lc u la tio n  o f  7, an d  72 :

250 < tp < 320 ms
0 < tn < 30 m s (see § 2.3.2.4)

30 <  (  <  50 ms
0 <  (  <  20 ms.

C a lcu la tio n  o f  in te rva ls  7, an d  72 :

T\ > AC 7, >  2(tp + t j  m ax. +  ( m a x .  +  (m a x .
7, >  (2 x 350 +  50 +  20) ms 
T\ >  770 ms

A llow ing  a safety  m arg in  o f  30 ms an d  a to le ran ce  o f  ±  20%, th e  specified  value  o f  Tx is (1000 ±  200) ms.

T2 > BF 7, >  7, m ax. +  ( m a x .  +  ( m a x . — 2 ( (  +  (,) m in . — ( m in .  — (m in .
T2 > (1200 +  50 +  20 -  2 x  250 -  30 -  0) ms 
T2 > 740 ms

A llow ing  a safety  m arg in  o f  60 m s an d  a to le ran ce  o f  ±  20%, the  specified  va lue  o f  72 is (1000 ±  200) ms.

c) Terrestrial circuits a n d  circuits including a sa tellite  link

T he s itu a tio n  in w hich  eq u ip m en t can  serve te rrestria l c ircu its as well as c ircu its  in c lu d in g  a sa te llite  link  is 
n o t to  be p re fe rred  because  fo r th e  case o f  te rrestria l c ircu its the re lease sequence  is u n d u ly  p ro lo n g ed . T he 
ca lc u la tio n  is b ased  on  the  sam e a ssu m p tio n  as in b) above, b u t w ith a  m in im um  fo r ( (  -I- ( )  =  0. T his does n o t 
a ffec t the  value o f  Tx , so a lso  in  th is s itu a tio n  7, =  1000 ±  200 ms.

V alues used  fo r the  ca lcu la tio n  o f  72 :

0 <  tp <  320 ms
0 <  (  <  30 ms (see § 2.3.2.4)

30 <  (  <  50 ms
0 <  (  <  20 ms.

x

■0 See Recommendation G.114, Fascicle 111.1.
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T2 > B F T2 >  Tj m ax. +  /, m ax. +  t, m ax. — 2(tp +  t()  m in . — /r m in . — m in.
T2 > (1200 +  50 +  20 -  0 -  30 -  0) ms 
T2 >  1240 ms

A llow ing  a safety  m arg in  o f  40 ms an d  a to le ran ce  o f  ±  20%, the  specified  va lue  o f  T2 is (1600 ±  320) m s.

C a lcu la tio n  o f  in te rva l T2 :

2.2.3 A b n o rm a l conditions

T he s itu a tio n s  d escribed  below  are  those  in w hich in te rru p tio n  co n tro l o f  s ig n a llin g  ch an n e ls  (see R eco m 
m en d a tio n  Q .416) does n o t fu n c tio n  an d  w hich  occu r o n ly  d u rin g  in te rru p tio n s  o f  in d iv id u a l ch an n e ls  o r  in  th e  
even t o f  a fau lt in a lin e-sig n a llin g  equ ip m en t. In  ad d itio n , th e  s itu a tio n s  d esc rib ed  in §§ 2.2.3.3 a n d  2.2.3.4 be low  
m ay a lso  result from  o p e ra tio n  o f  in te rru p tio n  c o n tro l a t th e  in co m in g  en d  o f  th e  c ircu it. In  th a t case  th e  c ircu it 
au to m atica lly  re tu rn s  to  n o rm a l a t the  co m m an d  o f  in te rru p tio n  co n tro l.

2.2.3.1 I f  an  exchange  e rro n eo u sly  recogn izes an  answ er signal (i.e. to n e -o ff  s ta te  in th e  b a c k w a rd  d irec tio n ) 
befo re  th e  o u tg o in g  R2 reg ister has received a signal A-6 o r a  G ro u p  B -signal, th e  c o n n ec tio n  m u st be  re leased . 
C o n g estio n  in fo rm a tio n  is then  sen t b ack w ard s  o r a rep ea t a ttem p t is m ad e  to  set u p  th e  call.

2.2.3.2 In  the  case o f  n o n -recep tio n  o f  the an sw er signal, o f  de lay  in  c lea rin g  by th e  ca llin g  su b sc rib e r in 
au to m a tic  w ork in g , o r o f  n o n -recep tio n  o f  the  c lea r-fo rw ard  signal by th e  in co m in g  ex ch an g e  a fte r  th e  c lea r-b ack  
signal has been  sen t, the  p ro v is io n s o f  R eco m m en d a tio n  Q. 118 app ly .

2.2.3.3 If, in the  cases g iven in § 2.2.2.6 a) o r c) above , the  to n e  in th e  b a c k w a rd  d irec tio n  is n o t rem o v ed , th e  
c ircu it w ill rem a in  b lo ck ed , since it c a n n o t re tu rn  to  id le co n d itio n  o f  its ow n  acco rd . T he ac tio n  to  be  ta k e n  in  
such cases is d escribed  in  § 6.6.

2.2.3.4 I f  a fte r sen d in g  o f  the  c lea r-fo rw a rd  signal the  sig n a llin g  to n e  in the  b a c k w a rd  d irec tio n  is n o t re s to red , 
th e  c ircu it stays b lo ck ed , as d escrib ed  in section  § 2.2.2.5 above. T he sam e occu rs  w hen , in th e  id le  p o s itio n , th e  
s ig n a llin g  to n e  in  the  b ack w ard  d irec tio n  is in te rru p te d  by a fau lt.

2.2.3.5 W hen  th e  s ig na lling  to n e  in  th e  fo rw a rd  d irec tio n  o f  an  id le c ircu it is in te rru p te d  ow ing  to  a  fau lt, th e  
in co m in g  en d  recogn izes a  seizure  a n d  con n ec ts  m u ltifreq u en cy  s ig n a llin g  e q u ip m e n t, b u t n o  in te rre g is te r  
s ig na lling  fo llow s.

a) W hen th e  in te rru p tio n  is g rea te r th a n  th e  in co m in g  R2 reg iste r tim e -o u t (see R eco m m en d a tio n  Q .476) 
the  reg ister w ill re lease a n d  the  c ircu it m ust be b ro u g h t in to  b lo ck ed  c o n d itio n  by rem o v al o f  th e  
sig n a llin g  to n e  in the  b ack w ard  d irec tio n . As soon  as the  fau lt is c lea red  an d  th e  to n e  in th e  fo rw a rd  
d irec tio n  co n seq u en tly  res to red , the  c ircu it re tu rn s  to  id le in a c c o rd a n c e  w ith  § 2.2.2.6 b) above.

b) W hen th e  in te rru p tio n  is sh o rte r th a n  the  tim e-o u t, re s to ra tio n  o f  th e  s ig n a llin g  to n e  in  the  fo rw ard  
d irec tio n  will re tu rn  th e  c ircu it to  id le  in acco rd an ce  w ith  § 2.2.2.6 a) above.

2.2.4 A larm s fo r  technical s ta f f

A cco rd in g  to  R eco m m en d a tio n  Q. 117, an  a la rm  sh o u ld  in genera l be g iven  to  tech n ica l s ta ff  as so o n  as an  
a b n o rm a l co n d itio n  is recogn ized  as p ro b ab ly  due  to  a fau lt.

It is reco m m en d ed  th a t a  de lay ed  ac tio n  a la rm  sh o u ld  be o p e ra te d  a t th e  o u tg o in g  en d  fo r th e  c o n d itio n s  
desc rib ed  in §§ 2.2.2.5, 2.2.3.3 an d  2.2.3.4 above, i.e. w hen  the  c ircu it d oes n o t rev e rt to  id le  a fte r  sen d in g  o f  th e  
c le a r-fo rw ard  signal o r rece ip t o f  th e  b lo ck in g  signal.

A rran g em en ts  fo r the  o p e ra tio n  o f  the  a la rm  will be m ad e  by each  A d m in is tra tio n .

A t b o th  the  o u tg o in g  an d  th e  in co m in g  en d , w hen  in te rru p tio n  co n tro l (see R eco m m en d a tio n  Q .416) 
fu n c tio n s , a la rm  co n d itio n  m ust first be e stab lished  fo r the  tran sm iss io n  eq u ip m en ts . H ow ever, in th is  case a 
d e lay ed -ac tio n  a la rm  m ay  also  be g iven to  the  techn ica l s ta ff  o f  the  exchange.

2.2.5 B oth -w ay w orking

In  p rin c ip le  the  an a lo g u e  vers ion  o f  line s ig na lling  in System  R2 is specified  fo r one-w ay  w ork ing . W here  
A d m in is tra tio n s  nevertheless have u n d e rta k e n  by b ila te ra l ag reem en t to  use b o th -w ay  w o rk in g , the  eq u ip m e n t used  
m ay  be specified  in acco rd an ce  w ith  S u p p lem en t 2.
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2.3 CLAUSES FOR TRANSM ISSIO N LINE SIGNALLING EQUIPM ENT

Recommendation Q .414

2.3.1 SIGNAL SENDER

2.3.1.1 S igna lling  freq u en cy

T he n o m in a l va lue  o f  the signa lling  frequency  is 3825 Hz. M easu red  a t the  send ing  p o in t, th e  frequency  
v a ria tio n  from  th e  n o m in a l value m ust n o t exceed ±  4 Hz.

2.3.1.2 S e n d  level

T he send  level o f  the sig n a llin g  frequency , m easu red  a t the  g ro u p  d is tr ib u tio n  fram e o r an  eq u iv a len t 
p o in t, m u s t be — 20 ±  1 dBmO.

2.3.1.3 L eaks

T he level o f  the  signal freq u en cy  w hich m ay be  tra n sm itte d  to  line as a  leak  cu rren t (e.g. w hen sta tic
m o d u la to rs  are used), m ust be at least 25 dB  below  the  level o f  the  sig n a llin g  tone .

2.3.1.4 Phase d istribution  o f  the signalling  frequenc ies

As the s igna lling  frequency  is sen t on  any  c ircu it in id le  c o n d itio n , the  a d d itio n  o f  these  to n es in m om en ts  
o f  low  tra ffic  m ay give rise to  the  fo llow ing  p h e n o m e n a  on  certa in  tran sm iss io n  system s:

— high peak  vo ltage  on  the  line caused  by  the  s igna lling  tones a n d  invo lv ing  the  p o ss ib ility  o f  
o v e rlo ad in g  the  system ;

— in te llig ib le  c ro ssta lk  d u e  to  th ird -o rd e r  in te rm o d u la tio n ;

— u n w an ted  to n es  com in g  from  seco n d -o rd e r in te rm o d u la tio n  p ro d u c ts  an d  o ccu rring  w ith in  so u n d -
p ro g ram m e  circuits.

T he  fo llow ing  special m easures m ust be tak en  to  avo id  these effects:

O ne  m eth o d  recom m ended  is to  in ject the  sig n a llin g  frequenc ies w ith ran d o m  0 an d  n  rad ian  phases in the  
ch an n e ls . A n eq u iv a len t m ethod  is to  use ca rr ie r frequenc ies  o f  w hich the  phases a re  ran d o m ly  d is tr ib u ted  0 a n d  
7t rad ian s . W ith these m ethods the  p ro b ab ility  o f  occu rren ce  o f  0 a n d  n  ra d ia n  phases shou ld  be 0.5 4).

O th e r  m ethods m ay be used  p ro v id ed  they  give co m p a ra b le  results .

2.3.1.5 Protection o f  the signalling  channel a t the send ing  end

T his  s igna lling  ch an n e l m ust be p ro tec ted  a t the  send ing  en d  ag a in s t d is tu rb an ce  from  the  a sso c ia ted  an d  
the  a d ja c e n t speech channe l.

W hen a sine w ave a t 0 dBmO level is ap p lied  to  the au d io -freq u en cy  in p u t o f  the assoc ia ted  ch an n e l, the  
level m easu red  a t the g ro u p  d is tr ib u tio n  fram e o r a t an  eq u iv a len t p o in t m ust n o t exceed the  levels show n in 
F igure 6 /Q .4 1 4 .

W hen a sine w ave o f  freq u en cy  /  is a p p lied  to  the au d io -freq u en cy  in p u t o f  the  a d jac en t ch an n e l it 
p ro d u ces  tw o signals th a t a p p e a r  on  th e  frequency  scale o f  F igure 6 /Q .4 1 4  as hav in g  the  frequencies (4000 +  / )  
a n d  (4000 — / ) .  T he level o f  the  (4000 + f )  s ignal, m easu red  a t the  g ro u p  d is tr ib u tio n  fram e o r at an  eq u iv a len t 
p o in t, shall n o t be h igher th a n  —33 dBmO w hen the  sine  w ave w ith frequency  / i s  ap p lied  to  the  au d io -freq u en cy  
in p u t o f  th e  a d jac en t ch an n e l a t a  level show n in  F igure 6 /Q .4 1 4  fo r the  freq u en cy  o f  (4000 +  / ) .  T he level o f  the  
(4000 — / )  signal, m easu red  at the  g ro u p  d is tr ib u tio n  fram e o r at an  eq u iv a len t p o in t, shall n o t be h igher th a n  
— 33 dBmO w hen the<sine w ave w ith  frequency  / i s  ap p lie d  to  the  au d io -freq u en cy  in p u t o f  the a d jac en t ch an n e l at 
a n y  level below  the  value  show n in F igure  6 /Q .4 1 4  fo r the  frequency  (4000 — / ) .

For further details on the method of random distribution of the phases of frequency 3825 Hz, see: Ekholm, O. and 
Johannesson, N. O.: “Loading Effects with Continuous Tone Signalling”, English edition of TELE, No. 2, 1969. For further 
details on a systematic method of phase distribution, see: Rasch, J. and Kagelmann, H.: “On Measures for Reducing 
Voltage Peaks and Distortion Noise on Carrier Transmission Paths with Single Channel Supervision”, Nachrichtentechnische 
Zeitschrift (N TZ), 22 (1969), No. 1, pp. 24-31.
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dBmO

— — — — A djacent channel

Note  -  The frequency of the virtual carrier of the associated speech channel 
is the origin of the frequency scale (zero frequency).

FIG URE 6/Q.414 
Protection of the signalling channel at the sending end

W h e n  the  G o  pa th  is lo o p ed  to  the R e tu rn  p a th  at the g ro u p  d is tr ib u t io n  f ram e  o r  an  eq u iv a len t  p o in t ,  the  
s ignal receiver m u s t  n o t  change  co n d i t io n  w hen:

— the  click g ene ra to r  sh o w n  in Figure 7 /Q .4 1 4  is co nn ec ted  to  the  a ssoc ia ted  speech ch a n n e l  o r  to  the
ad jac en t  speech chann e l  a t  the  very p o in t  w here  this ch an n e l  is c o n n ec te d  to the  sw itch ing  e q u ip m e n t ;

— to take  the m ost d iff icult c ircum stances  poss ib le ,  the  ch an n e l  level ad ju s t in g  devices a re  set to  such
values en co u n te red  in p ract ice  which  give rise to the w orst d is tu rb an ce ;

— gain  is in t ro d u ced  in the lo op  at the g ro u p  d is tr ibu tion  f ram e  o r  at the  eq u iva len t  po in t ,  so th a t  the
receive level at the p o in t  in quest ion  is + 3  dBmO.

100 n  *p f

FIG URE 7/Q.414 

Click generator

2.3.1.6 R esponse tim e

T h e  response  tim e o f  the  signal sender  is d e f ined  as the in terval be tw een  the in s tan t  w hen  the  ch an g e  
s ignall ing  state c o m m a n d  is ap p lied  to  the sender  a n d  the  in s tan t  at w hich  the  en ve lop e  o f  the  s ignall ing  
f requency ,  m easured  at the  g ro u p  d is tr ibu tion  f ram e o r  at an  equ iv a len t  p o in t ,  reaches h a l f  o f  its va lue  in the 
s teady  state . F o r  each o f  the  tw o poss ib le  changes  o f  signall ing  state the resp on se  t im e  m us t  be less th a n  7 ms.
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Recommendation Q .415

2.3.2 SIGNAL RECEIVER

2.3.2.1 R ecognition  o f  the  tone-on  sta te

T h e  receiver m us t  have  assu m ed  o r  assum e the tone-on  s tate w hen  at the g ro u p  d is tr ibu tion  f r am e  or a t  an  
e q u iv a le n t  po in t :

— the level o f  the received f requency  has risen to —27 dBmO or  m ore ;

— its frequency  lies betw een 3825 ±  6 Hz.

T h e  level o f  —27 dBmO specified  ab ove  does no t  p rec lude  the  use o f  ind iv idua l ad jus tm en ts  in the c h an ne l  
t r a n s la t in g  eq u ip m en t  to co m p en sa te  fo r  con s tan t  level devia tions .

2.3.2.2 R ecognition  o f  the  to n e -o ff  sta te

T h e  receiver m ust have  a ssu m ed  o r  a ssum e the to n e -o ff  s tate w hen  the level o f  the test frequency , a t  the 
g ro u p  d is tr ibu t ion  f ram e  o r  at an  equ iv a len t  po in t ,  has d ro p p e d  to the values show n in Figure 8/Q .415.

CCITT-49210

FIG URE 8/Q.415 

Level limits for recognition o f the “tone-off’ condition

2.3.2.3 Protection against near-end  d isturbances

T h e  signal receiver must n o t  chan ge  state w hen  any  o ne  o f  the fo l low ing  d is tu rb ing  signals is ap p lied  at 
the  4-wire  o u tp u t  o f  the  associa ted  speech ch an ne l  lo o p ed  at the g ro u p  d is tr ibu t ion  fram e o r  at an  equ iv a len t  
po in t :

— a s inuso idal signal w hose  level as a fun c t io n  o f  the frequency  is show n  in Figure 9 /Q .4 15 ,

— a t rans ien t  signal p ro d u c e d  by the click g ene ra to r  (described  in § 2.3.1.5 above) app lied  a t  the  p o in t  
w here  the channe l is co nn ec te d  to  the  sw itching eq u ip m e n t ,  all level ad jus ting  devices being  set to 
such values e n co u n te red  in p ract ice  w hich  give rise to  the  w ors t  d is tu rbance .

CCITT-49220

FIG URE 9/Q.415

Level limit for a sinusoidal disturbance signal to which the signalling receiver must remain insensible
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2.3.2.4 O verall response tim e o f  s igna l sender a n d  receiver

W hen the  m o d u la t io n  e q u ip m e n t  is loo ped  at the  g ro u p  d is t r ibu t io n  f r am e  o r  a t  an  eq u iv a len t  p o in t ,  the  
overall re sponse  t im e is de f ined  as the  interval be tw een  the in s tan t  w hen  a ch an g e  s ignall ing  c o m m a n d  is ap p l ie d  
to  the  sender  a n d  the  m o m e n t  w hen  the  chan g ed  s ignall ing  state a p p e a r s  at the  receiver o u tp u t .  F o r  each  o f  the  
tw o poss ib le  changes  o f  s ignall ing  state, the  overall  response  t im e  m ust be  less th a n  30 ms.

2.3.2.5 In terference by carrier leaks

T he  req u irem en ts  s ta ted  in §§ 2.3.2.1, 2.3.2.3 a n d  2.3.2.4 abo v e  m u s t  be  fu lfil led  in th e  p resen ce  o f  ca rr ie r
leaks.

It is a s sum ed  tha t :

— w hen  the  receive level o f  the  s ignall ing  to n e  is a t  its n o m in a l  va lue  at the  g r o u p  d is t r ib u t io n  f ram e  o r  
an  equ iva len t  po in t ,  each carr ier  leak is p resen t at a level o f  —26 dBmO;

— the  level o f  the  ca rr ie r  leak  varies p ro p o r t io n a l ly  w ith  any  v a r ia t io n s  in the  level o f  th e  s igna ll ing  tone .

2.3.2.6 In terference by p ilo ts

T he  specified signall ing  system is no t  in te n d ed  to  w ork  in the  presence  o f  those  p ilo ts  specified  by C C I T T  
hav in g  a frequency  differing  by 140 H z  from  the  neares t  m ultip le  o f  4 kHz.

O n  the  o th e r  h a n d ,  the  requ irem en ts  s ta ted  in §§ 2.3.2.1, 2.3.2.2, 2.3.2.3, 2.3.2.4 a n d  2.3.2.5 a b o v e  m u s t  be  
m et in the p resence  o f  an y  o the r  p ilo t  re co m m e n d e d  by the  C C IT T .

It is a ssum ed  th a t  var ia t ion s  in  level o f  the  p ilo t  an d  o f  th e  s ignall ing  to n es  are  corre la ted .

Recommendation Q .416

2.4 INTERRUPTION CONTROL

2.4.1 G eneral

In  System R2 rem oval  o f  the  to n e  co r re sp o n d s  to  the send ing  o f  th e  seizing a n d  an sw er  signals. S teps m u s t  
be taken ,  therefore ,  to g u a rd  ag a ins t  u n w an ted  in te r ru p t io n  o f  the s igna ll ing  ch an n e ls  resu lt ing  in false signall ing . 
Special devices m o n i to r  a n u m b e r  o f  circuits a n d  t r an sm it  an  in d ica t ion  to  each in d iv id ua l  e q u ip m e n t  as so o n  as 
an  in te r ru p t io n  occurs. T he  w hole  p ro tec t ion  system agains t  the effect o f  in te r ru p t io n s  is d es ign a ted  by  the  te rm  
interruption control.

I
In  each case, the response  t im e o f  the  in te r ru p t io n  co n tro l  m u s t  be b ased  on  the  tim e requ ired  to  recognize  

the  s ignall ing  state.

T he  in te r ru p t io n  co n tro l  systems in the tw o d irec tions o f  t r an sm iss ion  o p e ra te  in d ep en d e n t ly  o f  each  other .

T he  in te r ru p t io n  co n tro l  specified uses the g ro u p  pilot to  detec t  in te r ru p t ion s .

2.4.2 M ode o f  operation o f  interruption control

F o r  each d irec tion  o f  tran sm iss io n  o f  a carr ier  c ircuit c o n n ec t io n  the  e q u ip m e n t  fo r  in te r ru p t io n  co n tro l  
com prises :

— a g ro u p  pilo t g en e ra to r  at the  o u tgo ing  en d ;

— a p ilo t receiver a n d  a w iring  system fo r  s ignall ing  the in te r ru p t io n  a t  the  in co m in g  end.

In p r inc ip le ,  the exis ting p ilo ts  o f  the ca rr ie r  system will be  used.

T he  receiver at one  end  superv ises  the p ilo t  t ran sm it ted  by  the  o th e r  end. W h en  a co n s id e rab le  fall in the
level o f  the p ilo t is de tec ted  it is a ssum ed  tha t  an  in te r ru p t io n  has  occu rred  on  the  s ignall ing  ch an n e ls  assoc ia ted
with the carr ier  circuits. T he  in te r ru p t io n  contro l  eq u ip m en t then  reacts to p rev en t  the u n w a n te d  tr an sm iss io n  o f  
cer ta in  signals on  those  circuits w hich  have  a lready  been  seized o r  to  ensure  th a t  idle c ircuits a re  b locked .
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Figure 10 /Q .416  show s func t iona l ly  an a r ra n g em e n t  w here  the  p ilo t  receiver con tro ls  the  relay sets o f  
in te r ru p ted  circuits.
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Four-wire
circuit

CCITT-49230

GP =  p ilo t generator
RP =  p ilo t receiver
RS =  signalling receiver 
ES =  signalling sender 
GRD =  outgoing relay set 
GRA =  incom ing relay set

FIGURE I0/Q.416 
Protection from the effect of interruptions (interruption control)

T o  ensu re  p ro p e r  in te r rup t ion  con tro l ,  it is essential th a t  the ind iv idua l  t ransm iss ion  o r  sw itch ing  
e q u ip m e n ts  shou ld  no t  react to an y  change  o f  s ignall ing  state due  to  a fault. T he  ac tion  in i t ia ted  by the
in te r ru p t io n  con tro l  m ust there fore  be com ple ted  in less time th an  the  sum  o f  the response  tim e o f  the signall ing
receiver a n d  the  recognition  time fo r  the  to n e -o ff  s ignall ing  state caused  by in te r ru p t io n  o f  the s ignall ing  ch anne l .  
A ga in ,  to p rev en t  the u n w a n te d  tran s fe r  o f  certa in  signals, in te r rup t ion  con tro l ,  d u r in g  re-es tab l ishm ent o f  the  
pilot, m us t re tu rn  to alarm  o f f  a f te r  an  in terval long  eno ug h  for the  signall ing  e q u ip m e n t  to revert to  n o rm al .

T o  op e ra te  in d ep en den tly  fo r  each d irec tion  o f  transm iss ion  the  in co m in g  en d  in te r ru p t io n  co n tro l  
superv ises  on ly  the  fo rw a rd  d irec tion  an d ,  i f  necessary, initiates an  o p e ra t io n  at the  ou tg o in g  end  via the  line 
signa ll ing  system. C onverse ly , in te r ru p t io n  contro l  a t  the  ou tgo ing  end  superv ises  the  b ack w ard  d irec tion  o f  
tran sm iss io n  only.

Block ing  o f  a circuit at the o u tg o in g  end  therefo re  takes p lace  in tw o  d if fe ren t  ways:

— im m ed ia te  b lock ing  by in te rven t ion  o f  in te r ru p t ion  con tro l  at the  o u tgo ing  end ;

— b lock ing  on  recognition  in the  b ac k w a rd  direc tion  o f  the  to n e -o ff  s ignall ing  state caused  by
in te r ru p t io n  con tro l  in te rv en t ion  at the  in com ing  end.

W h en  the  t ransm iss ion  system is re-established, in te r ru p t ion  con tro l  reverts  to  its no rm a l  con d it io n  a n d  the 
s ignall ing  eq u ip m e n t  m us t au tom atica l ly  revert to  n o rm a l  opera t ing .

Since the  ac tion  to be taken  on the  ind iv idual circuits differs accord ing  to  the ir  op e ra t in g  co n d it io n  a t  the  
t im e the  fault occurs ,  the  d ifferent possibil it ies are  dealt  with in detail  below.
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2.4.2.1 M o d e  o f  operation o f  interruption control a t the incom ing end  ( t ran sm iss ion  in te r ru p te d  in the  fo rw a rd
direc tion )

a) Circuit in idle condition

T ran s i t io n  o f  in te r ru p t io n  co n tro l  to a la rm  brings ab o u t:

i) rem oval  o f  the  to n e  in the b a c k w a rd  d irec tion  by lock ing  o f  the  sen d ing  u n i t  in the  to n e -o ff  sta te ;

ii) lock ing  o f  the  receiving u n i t  in its pos i t ion ,  i.e. in the  tone-on  state.

T h e  effect o f  o p e ra t io n  i) is to  b lock  the  circuit at the  o u tg o ing  en d  aga in s t  poss ib le  seiz ing; o p e ra t io n  ii)
p reven ts  incor rec t  recog n i t ion  o f  seizing o f  the in co m in g  circuit .

R e tu rn  o f  in te r ru p t io n  co n tro l  to n o rm a l  ensures  re tu rn  to idle o f  the  circuits  a ffec ted  by the  fault,  by 
sw itch ing  tran sm i t t in g  un its  at the  in co m in g  en d  to  the  tone-on  state.

b) C ircuit se ized  prior to answ er

T ran s i t io n  o f  in te r ru p t io n  con tro l  to  a la rm  brings  ab ou t:

i) lock ing  o f  the  send ing  u n i t  in its pos i t ion ,  i.e. in the tone-on  s tate;

ii) lock ing  o f  th e  receiv ing un it  in its p osi t ion ,  i.e. in the  to n e -o ff  sta te ;

iii) s tart  o f  a  t im e-ou t device w hich af te r  a certa in  interval c lears the  ch a in  b e y o n d  the  fau l ty  circuit ;  th is 
t im ing  a r ra n g e m e n t  m ay  be  the  o ne  specified  in R e c o m m e n d a t io n  Q. 118, § 4.3.3.

O p e ra t io n  i) p reven ts  the  incorrec t  t r an sfe r  o f  an  an sw er  signal a f ter  in te r ru p t io n  co n tro l  has  co m e  in to  
action . I f  the  called  subscriber ,  a fter  lifting the receiver d u r in g  the t im e-ou t  d e lay  m e n t io n e d  in iii), has  c lea red , 
the  p a r t  o f  the con n ec t io n  b e y o n d  the faulty  circuit m us t  be re leased w ith ou t  w ait in g  fo r  th is  t im e-ou t  de lay  to  
elapse. O p e ra t io n  iii) p reven ts  b lock ing  o f  the called  sub sc r ibe r’s line i f  the  fau l t  pers is ts ; sh o r t  b reak s ,  on  the  
o th e r  h a n d ,  have  n o  effect.

W h en  the  caller  clears, o pe ra t io n s  i) a n d  ii) b lock  the  faulty  circuit aga in s t  an y  new  seizure even w hen  the  
b a c k w a rd  signall ing  ch ann e l  is still in tac t;  since the  re lease-guard  s ignal has  n o t  been  sen t the  o u tg o in g  c ircuit 
c a n n o t  re tu rn  to  idle.

W h en  in te r ru p t io n  con tro l  reverts to  no rm a l  befo re  the called  su bscriber  has  an sw ered ,  the  call m ay  still 
m a tu re  n o rm ally ,  p ro v id ed  the caller  is ho ld ing . Sim ilarly ,  if  at the m o m e n t  w hen  in te r ru p t io n  con tro l  reverts to  
n o rm a l ,  the  called  subscriber  has ju s t  answ ered  an d  the  caller is still co n n ec ted  the  a n sw er  signal m a y  be  sent. I f  
a t  the  m o m e n t  w hen  in te r ru p t io n  con tro l  reverts to n o rm a l  the called su bscriber  has  a lread y  c leared , o p e ra t io n  ii) 
ensures  th a t  in all cases the  re lease-guard  sequence  takes p lace  as in R e c o m m e n d a t io n  Q.412, § 2.2.2.6, a) (e i ther 
im m ed ia te ly  i f  the  o u tgo in g  exchange  has  a lready  sent the  c lea r- fo rw ard  signal o r  w h en  the  caller  clears). If, on  
the  o th e r  h a n d ,  the  called  subscriber  is still h o ld in g  a n d  the o u tg o in g  ex chan ge  is a lr e ad y  send ing  the  
c lea r- fo rw ard  signal w hen  in te r ru p t io n  contro l  reverts  to  n o rm a l  the c ircuit re tu rn s  to  idle a t  the  ou tg o in g  en d  as 
d escr ibed  in R e c o m m e n d a t io n  Q.412, § 2.2.2.6 b).

c) Circuit in answ ered  condition

T ra ns i t ion  o f  in te r ru p t io n  con tro l  to  a la rm  brings  abo u t:

i) lock ing  o f  the  send ing  un it  in its posi t ion ,  i.e. in the  to n e -o ff  sta te ;

ii) lock ing  o f  the  receiving u n i t  in its posi t ion ,  i.e. in the to n e -o ff  state.

W h en  the  caller clears, op e ra t io n  i) b locks the faulty  c ircuit ag a in s t  an y  new  seizure, even w hen  the
b a c k w a rd  signall ing  ch ann e l  is still in tac t;  since the re lease-guard  signal has  n o t  been  sent, the  ou tg o in g  c ircuit
c a n n o t  re tu rn  to idle.

W h en  the  called subscriber  clears, the  p a r t  o f  the con nec t ion  b ey o n d  the fau l ty  c ircuit ( inc lud in g  the  called  
su bsc r ib e r’s line) m us t  be released im m ediately .

W h en  in te r ru p t io n  co n tro l  reverts  to  n o rm al  with bo th  subscribers  still on  the line, the  co n n e c t io n  is 
m a in ta in ed .

W h en  the caller has  a lready  cleared  by the t ime the in te r ru p t io n  co n tro l  reverts  to  n o rm a l ,  the
re lease-guard  sequence  is carr ied  ou t  as in R ec o m m en d a t io n  Q.412, § 2.2.2.6, b) o r  c).
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d) Circuit in clear-back condition

T ran s i t io n  o f  in te r ru p t io n  co n tro l  to a la rm  causes:

i) lock ing  o f  the  send ing  u n it  in its posi t ion ,  i.e. in the tone-on  state;

ii) lock ing  o f  the  receiv ing u n i t  in its posi t ion ,  i.e. in the to n e -o ff  s tate;

iii) im m ed ia te  release o f  the pa r t  o f  the  co nn ec t io n  b e y o n d  the  faulty  circuit ( inc lud ing  the called 
su b sc r ib e r’s line).

W hen  in te r ru p t io n  contro l  reverts  to  n o rm a l ,  the  re lease-guard  signal is sen t as in R e c o m m e n d a t io n  Q.412, 
§ 2.2.2.6, c) as soon  as the  c lea r- fo rw ard  signal is recognized.

e) Circuit in release

W hen in te r ru p t io n  contro l  func t ions  after  a c lea r- fo rw ard  signal has  been  recognized  at the in co m in g  end , 
it causes :

i) locking o f  the  send ing  u n it  in the to n e -o ff  sta te ; i f  at the  in s tan t  in te r ru p t io n  contro l  opera tes ,  the 
tone-on  state exists in the  b ack w ard  d irec tion ,  it will be sw itched to  the to n e -o ff  s tate fo l low ing  
recogn it ion  o f  the  c lea r- fo rw ard  signal a n d  lock ing  in the to n e -o ff  state can  take  p lace as p rescr ibed  ;

ii) lock ing  o f  th e  receiving un it  in its posi t ion ,  i.e. in the  tone-on  state.

T h e  effect o f  o p e ra t io n  i) is to g u a rd  the faulty  circuit f rom  a new  seizure at the  ou tgo ing  exchange.

O p e ra t io n  ii) ensures  the release o f  the p a r t  o f  the co n n ec t io n  b ey o n d  the  faulty  circuit ( inc lud ing  the 
called  sub sc r ibe r’s line).

W h en  in te r ru p t io n  contro l  reverts to n o rm a l  the  tone-on  state is estab lished  in the b ack w ard  d irec tion  an d  
causes the  circuit at the  ou tgo ing  exchange  to re tu rn  to  idle.

2.4.2.2 M o d e  o f  operation o f  interruption control a t the outgoing end  ( t ransm iss ion  in the  b a ck w ard  direc tion
in te rrup ted )

a) Circuit in idle condition

T ra n s i t io n  o f  in te r rup t io n  co n tro l  to a la rm  is im m edia te ly  fo l low ed by b lo ck ing  o f  the  o u tgo ing  circuit .

b ) C ircuit se ized  bu t no t in answ ered  condition

i) T ran s i t io n  o f  in te r ru p t io n  co n tro l  to a la rm  causes lock ing  o f  the receiving un it  in its posi t ion ,  i.e. the 
tone-on  state. This o p e ra t io n  preven ts  recognit ion  o f  an  answ er signal o r  re tu rn  to the  answ ered  
co n d it io n  sh ou ld  the called  subscriber  have  cleared.

ii) As soon  as a  c lea r- fo rw ard  signal is sent on  the  p a r t  o f  the c o n nec t ion  p reced ing  the faulty  circuit,  it 
m us t  be re t ransm it ted ;  the  to ne  m ust there fo re  be established in the  fo rw ard  d irec tion  to ensure, 
assu m ing  th a t  the  fo rw a rd  s ignall ing  ch ann e l  is left in tac t ,  th a t  the  p a r t  o f  the  co nn ec t io n  b e y o n d  the  
faulty  circuit  is released.

iii) W h en  in te r ru p t io n  con tro l  reverts to  n o rm a l,  the to ne  m ay  a lready  have  been  sent in the fo rw ard  
d irec t ion  as a c lea r- fo rw ard  signal.  I f  the fo rw a rd  s ignall ing  channe l has rem a in ed  intact, recognit ion  
a t  the in co m ing  en d  o f  the  tone-on  sta te  will have  caused  genera t ion  o f  the  re lease-guard  sequence  
w hich , because  o f  the fault,  will n o t  have  been  received at the  o u tgo ing  end. Excep tiona lly ,  therefore,  
re tu rn  o f  the o u tgo ing  circuit to  the  idle co n d it ion  m us t take  p lace  s im ply  on  recognition  o f  the 
tone-on  s tate in the  b a c k w a rd  d irection .

c) C ircuit in answ ered  condition

In  this  case t r an s i t io n  o f  in te r ru p t io n  con tro l  to  a la rm  does no t  cause im m ed ia te  action. A c lea r-fo rw ard  
s ignal sent on  the p a r t  o f  the co n n ec t io n  p reced ing  the  faulty  circuit m us t be repea ted  fo rw a rd  to ensure  tha t ,  if  
the  fo rw a rd  signall ing  chan ne l  is left in tact,  the  p a r t  b e y o n d  the faulty  c ircuit is c leared.
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O nce the in te r ru p t io n  con tro l  reverts to n o rm a l  the co n n ec t io n  is m a in ta in e d  p ro v id ed  the  caller  a n d  the  
called  subscriber  are  still ho ld ing . O n  the  o th e r  h a n d ,  by the t im e  the in te r ru p t io n  c o n tro l  reverts  to  n o rm a l  the  
c lea r- fo rw ard  signal m ay  a lready  have  been sent a n d  the  s i tua t ion  will be  the  o n e  desc r ibed  in  § 2.4.2.2, b), iii).

d )  Circuit in release  

[See § 2.4.2.2, b), iii).]

2.4.3 C lauses on interruption control equ ipm ent

A d o p t io n  o f  th resh o ld s  with widely d if fer ing  levels m akes  fo r  e c o n o m y  in th e  des ign  o f  in te r ru p t io n
con tro l  eq u ipm en t.  A gains t  this  m us t  be set the  fact th a t  the  device c a n n o t  co p e  w ith  the effects o f  ce r ta in  slow
d ro p s  in level. H ow ever ,  the  p rob ab i l i ty  o f  these o ccu rr ing  in p rac t ice  is very small.

2.4.3.1 Pilots

In te r ru p t io n  con tro l  uses the  84.08 k H z  g ro u p  p ilo t  o r  by  b ila tera l  a g re em e n t  a n d ,  a t  the  reques t  o f  the  
receiving end  co un try ,  the  104.08 k H z  g ro u p  pilot.

H ow ever,  i f  the ends  o f  the su p e rg ro u p  link  co incide  w ith  the en d  o f  th e  five g ro u p  links it is ca rry ing ,  the  
su p e rg ro u p  p ilo t  m ay  also be used.

2.4.3.2 A larm -on  threshold

In te r ru p t io n  co n tro l  m u s t  pass  to  alarm -on  w hen  the p ilo t  level, m easu re d  a t  the  g ro u p  d is t r ib u t ion  f ra m e  
o r  at a n  equ iva len t  po in t ,  d ro p s  to —29 dBmO.

2.4.3.3 A la rm -o ff threshold

In te r ru p t io n  co n tro l  m ust revert to  a la rm -o ff  i.e. no rm a l  w h en  the p i lo t  level, m e a s u re d  a t  th e  g ro u p  
d is tr ib u t ion  f ram e  o r  a t  an  eq u iva len t  po in t ,  rises to  —24 dBmO.

2.4.3.4 R esponse tim e fo r  a drop in level

In te r ru p t io n  con tro l  m us t pass  from  n o rm a l  to  a la rm -o n  w ith in  an  in terval t [  such tha t :

5 ms <  t{  <  / „ min +  13 ms

w hen  the  p ilo t level, m easu red  at the  g ro u p  d is tr ib u t io n  f ram e o r  at an  eq u iv a len t  po in t ,  su d d en ly  d ro p s  from  its 
n o m in a l  level to  —33 dBmO.

In the ab ov e  fo rm u la ,  trsmm is the  m in im u m  response  tim e o f  the  s igna ll ing  receiver fo r  a d ro p  in level, 
tak in g  in to  acc o u n t  a poss ib le  va r ia t io n  o f  ±  3 dB  in the s ignall ing  to n e  level f ro m  its n o m in a l  va lue , the  level 
b e ing  m easu red  o n  the receiving side o f  the  g ro u p  d is tr ib u t ion  f ram e  o r  at an  eq u iv a len t  po in t .

T he  figure o f  13 m s in the abov e  fo rm u la  is derived  on  the a s su m p tio n  th a t  the  o u tp u t  o f  th e  in te r ru p t io n  
con tro l  eq u ip m e n t  acts u p o n  the in p u t  o f  the device which regulates  the  recog n i t io n  t im e  fo r  the  tone-on  a n d  
to n e -o ff  states (20 ±  7 m s ) 5), i.e. absence  o f  a d irec t  cu rren t signal a t  this  in p u t  fo r  a p e r io d  o f  u p  to  13 m s has  
n o  relevance.

2.4.3.5 R esponse tim e fo r  rise in level

In te r ru p t io n  co n tro l  m us t revert f rom  the  a la rm -o n  to  n o rm a l  in an  in terval t ]  such th a t :

trsmax -  13 ms <  / f  <  500 ms

w hen  the pilot level, m easu red  at the  g ro u p  d is tr ibu t ion  fram e  o r  at an  eq u iva len t  p o in t ,  su d d en ly  rises f ro m  
— 33 dBmO to  its n o m in a l  value.

If the value (40 ±  10) ms is exclusively applied, it is possible to use the minimum value o f 30 ms instead o f  13 ms for the 
interruption control device.
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In  the ab ov e  fo rm u la ,  trsmax is the m a x im u m  resp on se  t im e o f  the  signall ing  receiver for a rise in level, 
ta k in g  in to  acco u n t  a poss ib le  var ia t io n  o f  ±  3 dB  in the  s ignall ing  to n e  level f rom  its n o m in a l  value, the level 
b e ing  m easured  on  the receiv ing side o f  the g ro u p  d is tr ibu t ion  f ram e  o r  at an  equ iva len t point.

T he  figure o f  13 m s in the abo ve  fo rm u la  is derived  on  the  a ssu m p tio n  th a t  the o u tp u t  o f  the  in te r ru p t io n  
con tro l  e q u ip m en t  acts u p o n  the  in p u t  o f  the  device which regulates the  recogn i t ion  t ime fo r  tone-on  a n d  to n e -o ff  
co n d i t io n  (20 ±  7 m s ) 5) i.e. absence  o f  a d irect cu rren t  signal at th is  in p u t  fo r  a p er iod  o f  u p  to 13 ms has  no  
relevance.

2.4.3.6 Precautions aga inst noise

An in te rru p t io n  m ay  p ro d u c e  increased  no ise  on  the g ro u p  link. In te r ru p t io n  contro l  must be c apab le  o f  
d is t ingu ish ing  betw een  the p ilo t itself a n d  a  high level noise  s im u la t in g  the pilot.

In te r ru p t io n  con tro l  m us t n o t  revert to  n o rm al  in the  presence  o f  w hite  noise hav ing  a spectral p ow er  
densi ty  o f  no t m o re  th a n  —47 dBmO per  Hz.

T o  facilitate the design o f  in te r ru p t io n  co n tro l  e q u ip m e n t  o p e ra t in g  satisfactor ily  at high noise levels, the 
u p p e r  limit o f  500 ms fo r  has been  specified.

' J If the value (40 ±  10) ms is exclusively applied, it is possible to use the minimum value o f 30 ms instead o f 13 ms for the 
interruption control device.
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S E C T IO N  3

LIN E SIG N A L L IN G , D IG ITA L  V E R SIO N

Recommendation Q .421

3.1 DIGITAL LINE SIGNALLING CODE

3.1.1 General

In  the o u t-b a n d  low level c o n t in u o u s  line s ignall ing  system, specified  fo r  F D M  systems, on ly  o n e  
signall ing  chan ne l  (p ro v id ing  tw o signall ing  co n d it ion s )  in each d irec tion  o f  t ran sm iss io n  is ava i lab le  p e r  speech  
circuit. T herefo re  it was necessary  to  achieve som e signals by in t ro d u c in g  t im ing  co nd it ions .

T he  c o n t in u o u s  line signall ing  schem e specified fo r  F D M  systems m a y  also be  used  fo r  P C M  systems 
uti liz ing  one signall ing  ch ann e l  on ly  in each d irec tion .  In this  case re lay  sets d es igned  fo r  the  co n t in u o u s  line 
s ignall ing  system on  F D M  ch an ne ls  can  be used p ro v id ed  th a t  the  fun c t io n s  specified  fo r  the  in te r ru p t io n  con tro l  
o n  F D M  circuits are  p e r fo rm ed  (see R e c o m m e n d a t io n  Q.416) by use o f  the t r an sm iss io n  fau l t  a la rm  facility (see 
§ 3.3.3 below).

P C M  m ultip lexes (see R e c o m m e n d a t io n s  G .732 an d  G .733) e co n o m ica l ly  p ro v id e  m o re  th a n  one  signall ing  
ch an n e l  per  speech circuit in each d irec tion  o f  t ransm iss ion .  By m ak in g  use o f  this  increased  signall ing  capaci ty ,  it 
fo l low s th a t  a s im plif ica tion  o f  the o u tg o in g  a n d  in com ing  sw itching eq u ip m e n ts  can  be achieved. F o r  this reason ,  
a digita l version o f  System R2 line signall ing  w itho u t  t im ing  con d it io n s  is r e c o m m e n d e d  fo r  use on  P C M  systems 
a n d  is specified below.

T he  d igital vers ion  o f  System R2 line signall ing  uses tw o signall ing  ch an n e ls  in each d irec t ion  o f  
t r an sm iss io n  pe r  speech circuit . W ith  respect to call set-up these signall ing  ch an n e ls  are  re fe rred  to  as af and  bf fo r  
the  fo rw a rd  d irec tion  a n d  ah a n d  bh fo r  the b a c k w a rd  direction.

T he  ab c h a nn e l  identif ies the o p e ra t in g  c o n d i t io n  o f  the ou tgo in g  sw itch ing  eq u ip m e n t ;  as this c o n d i t io n  is 
u n d e r  the  contro l  o f  the ca ll ing  party ,  this ch an ne l  also reflects the co n d i t io n  o f  the  call ing  su b sc r ib e r’s line {on  
o r  o f f  pos i t ion  o f  the switch hook).

The ch an n e l  p rov ides  a m eans  fo r  in d ica t ing  a failure in the  fo rw a rd  d irec t ion  to  the  in co m in g  sw itch ing  
e q u ip m e n t  [see § 3.2.4.2 b)].

The ah ch ann e l  reflects the c o n d i t io n  o f  the  called subscriber’s line {on  o r  o f f  pos i t ion  o f  the  switch hook).

T h e  bh chan ne l  ind ica tes  the idle o r seized co n d it io n  o f  the  in c o m in g  sw itch ing  eq u ipm en t.

D ue  to this  specific a l loca t ion ,  d ecod in g  o f  ab a n d / o r  bf s ignall ing  ch an n e ls  can  in so m e  cases be avo ided .  
D irec t  re t ransm iss ion  o f  answ er  a n d  clear-back  s ignals b ey o n d  the co n s id e red  l ink  is there fo re  s im plif ied  with a 
c o n seq u en t  saving in circuitry.

The digita l vers ion  o f  System R2 line s ignall ing  also specifies a  m ean s  fo r  a p p ro p r ia te  ac t ion  in the  case o f  
a b n o rm a l  transm iss ion  co n d it io n s  on  the P C M  multip lex  [t ransm iss ion  fault con tro l  (T F C ),  see R e c o m m e n d a 
t io n  Q.424.]

In the fo l low ing, any  signall ing  code  m e n t io n e d  refers to  the  s igna ll ing  code  on  the  P C M  line except 
w here  o therwise stated.
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T he  signall ing  code  on the P C M  line is given in T ab le  2 /Q .421 .

3.1.2 Signalling  code

TABLE 2/Q.421

Operating condition o f the circuit

Code

Forward Backward

af b f Ob bb

Idle 1 0 1 0
Seizing 0 0 1 0
Seizing acknowledged 0 0 1 1
Answered 0 0 0 1
Clear-back 0 0 1 1
Clear-forward 1 0 0 1

or

1 1
Release-guard =  idle 1 0 1 0
Blocked 1 0 1 1

N ot e  1 -  The signalling code corresponding to state 1 on the PCM line of the a and b receive  signalling channels, is 
also  used locally for alarm purposes (see Recommendation Q.424).
*Note 2 -  For all supervisory signals bf  -  0; a change to b f =  1 indicates a fault [see § 3.2.4.2 a) and §§ 3.2.3.1 to 3.2.3.3 below].

Recommendation Q .422

3.2 CLAUSES FOR EXCHANGE LINE SIGNALLING EQUIPM ENT

3.2.1 R ecognition  tim e fo r  a transition  on a signalling  channel

T h e  recognition  t im e fo r  a tran s i t io n  from  state 0 to 1 o r  vice versa on  a signall ing  ch anne l  is 20 ±  10 ms. 
This  va lu e  p resup po ses  the  exis tence o f  p ro tec t ion  ag a ins t  the  effects o f  a b n o rm a l  transm iss ion  co n d it ion s  on  the 
P C M  m ultip lex  (see R e c o m m e n d a t io n  Q.424).

T h e  recogn ition  t im e  is def ined  as the m in im u m  d u ra t io n  th a t  the  signals represen ting  0 o r  1-m ust have  at 
the  o u tp u t  o f  the  te rm ina l  e q u ip m e n t  o f  a s ignall ing  channe l  in o rd e r  to  be recognized  as a valid  signall ing  state 
by the  exchange  eq u ipm en t.

3.2.2 S ig n a l transm it tim e tolerance

T he  transm it  t im e d if fe rence  betw een tw o trans i t io ns  in te n d ed  to  be  app lied  s im ul taneously  on  tw o 
s igna ll ing  c h an ne ls  in the sam e d irec t ion  o f  transm iss ion  m ust n o t  exceed 2 ms.

3.2.3 N orm a l operating conditions

3.2.3.1 Id le

In  the  fo rw ard  d irec tion ,  b f =  0 is estab lished  pe rm a n e n tly .  This  sta te  bf =  0 m us t at the  in c o m in g  end  
result in bb =  0 in the b a c k w a rd  d irec tion ,  p ro v id ed  th a t  the  sw itch ing  e q u ip m e n t  at the in com ing  end  o f  the 
circu it  is in the idle op e ra t in g  cond it ion .
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3.2.3.2 Seizing  operating condition

Seizing sh ou ld  o ccu r  only  i f  a h =  1, bh =  0 is received. T he  o u tgo ing  e n d  chan ges  af  =  1 in to  af  =  0. T h e  
sta te  af  =  0 m us t be m a in ta in e d  until the seizing ack n o w led g e m en t signal is received (§ 3.2.3.3 below). In  this  w ay  
the  ou tgo ing  sw itch ing  eq u ip m e n t  will on ly  be able  to  send the c lea r- fo rw ard  signal a f te r  the  seizing a c k n o w le d g e 
m en t  signal has been  recognized : unti l  then  the o u tgo ing  switching e q u ip m e n t  rem a in s  b lo c k e d  aga in s t  new  seizure 
sh ou ld  the call ing subscriber  clear.

3.2.3.3 Seizing  acknow ledged

After h av in g  been  seized the in co m in g  en d  establishes the  state bb — 1.

3.2.3.4 A nsw ered

T he  an sw ered  co n d i t io n  o f  the  called  sub sc r ib e r’s line p rov ok es  the  in c o m in g  sw itch ing  e q u ip m e n t  to  
ch an ge  from ah =  1 to  a h =  0. This  sim ple  c h an ge  o f  state on  on ly  o n e  s igna ll ing  ch a n n e l  m akes  it poss ib le  at 
the o u tgo ing  en d  to t r an sfe r  the an sw er  signal to the p reced ing  link, w i th o u t  d ec o d in g  o f  the  tw o  s igna ll ing  
channels .

T he  answ ered  op e ra t in g  co n d it io n  m us t  be established on the  p rec ed in g  l ink  im m ed ia te ly  af ter  it is 
recognized ; see also § 3.2.3.7 below.

3.2.3.5 C lear-back operating condition

W hen the  called  subscriber  clears, the  state ab =  0 in the  b a c k w a rd  d irec t io n  is c h a n g ed  to  ab =  1. T h e  
clea r-back  o p e ra t ing  con d i t io n  m us t  be estab lished  on  the p reced ing  link  im m ed ia te ly  af ter  it is recogn ized ;  see 
also § 3.2.3.7 below.

3.2.3.6 C lear-forw ard operating condition

T he  c leared  con d i t io n  o f  the  call ing  su bsc r ib e r’s line o r  the release o f  the  o u tgo ing  sw itch ing  e q u ip m e n t  
will n o rm ally  cause af =  0 to  ch ang e  to  af  =  1. T he  ou tgo ing  sw itch ing  e q u ip m e n t  will rem a in  b lo ck ed  un ti l  
reco gn i t ion  o f  the  re lease-guard  signall ing  state in the  b ack w ard  d irec t io n ;  see also §§ 3.2.3.2, 3.2.3.7, 3.2.4.2 
a n d  3.3.3.

3.2.3.7 R elease-guard  operating condition

R elease -guard  m us t  be ensu red  w hatever  m ay  be the o p e ra t in g  c o n d i t io n  o f  the circu it  a t  the  in s tan t  o f  
sen d ing  the c lea r- fo rw ard  signal: answ ering  o r  c lea r ing  by the  called  pa r ty  a l s o -o c c u r  w hen  release has a l r eady  
been  in it ia ted  at the ou tgo ing  exchange.

R ecogn it ion  o f  the c lea r- fo rw ard  signal in the in com ing  sw itch ing  e q u ip m e n t  in i tia tes  the  re lease o f  the  
succeed ing  link. U p o n  co m p le te  release o f  the in co m in g  switching e q u ip m e n t  bb =  1 is c h a n g e d  to  bh =  0. T his  
state, w hich  co r re sp o n d s  to the  idle s ignall ing  co n d it io n ,  will cause the  o u tg o in g  sw itch ing  e q u ip m e n t  to  b ec o m e  
ava ilab le  for a n o th e r  call.

3.2.3.8 B locked

Blocking o f  the circuit  to new  calls at the  ou tgo ing  e nd  m ust occ u r  fo r  as long  as bh =  1.

T he  ch ange-over  from  bh =  1 to  bh =  0 restores the o u tgo ing  sw itch ing  e q u ip m e n t  to idle so th a t  the
circuit can  be seized again .

3.2.4 A bnorm a l conditions

3.2.4.1 Special release arrangem ents

a) I f  an  exchange  e rron eou s ly  recognizes an  answ er signal befo re  the  o u tgo ing  R2 register has  received 
an  address -com ple te  signal A-6 o r  a G r o u p  B signal, the co n nec t io n  m u s t  be released. C on g es t io n  in fo rm a t io n  is 
then  sent b ack w ard  o r  a  repea t  a t tem p t is m a d e  to set u p  the call.

b) In the case o f  n o n -recep tio n  o f  the  a n sw er  signal, o f  de lay  in c lea ring  by the  call ing  su bscriber  in
a u to m a t ic  w ork ing ,  o r  o f  n o n -recep tio n  o f  the c lea r- fo rw ard  signal by  the in co m in g  ex chan ge  af ter  the  c lea r-back  
signal has  been sent, the p rov is ions  o f  R e c o m m e n d a t io n  Q. 118 apply .
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3.2.4.2 S a feg u a rd  aga inst fa ilu res

The P C M  eq u ip m e n t  an d  the  exchange  line s ignall ing  e q u ip m e n t  shou ld  be designed  in such a way th a t  at 
least those  faults which are  the m ost likely to  o ccu r  in these eq u ip m e n ts  o r  in the  in te rco nn ec t ing  cables result in
b lo ck in g  o f  the  circuit at the ou tg o in g  en d  a n d  the  u lt im ate  c lea r ing  o f  the co nn ec t ion  b ey o n d  th e  in co m in g
sw itch ing  e q u ip m en t  (fail-safe opera t ion ) .

T he  fo l low ing  specifica tion  a im s at ach iev ing  fail-safe o p e ra t io n  as fa r  as possible:

a) Supervision  by m eans o f  the  b signalling  channels

T he  sw itching eq u ip m en t  shall be des igned  in such a way th a t  fo r a  circuit in the idle o p e ra t ing  co n d it io n
bf  =  0 results in bh =  0.

I f  in the  idle co n d it io n  d ue  to  a fault Zy changes to  1, bh m u s t  be ch ang ed  to  1.

W ith specific m ean in g  a lloca ted  to the bh changes (see § 3.1.1 above)  a n d  accord ing  to the signall ing  code, 
bh =  1 will result in b lock ing  o f  the ou tgo ing  sw itching eq u ip m e n t  ag a in s t  new  seizures.

b) S ta te  on line under fa u l t  conditions

As only  the b chann e ls  are invo lved  in the  superv is ion  fun c t ion ,  this  fea ture  can  on ly  be fully effective i f  it 
is en su re d  tha t  any  m a n -m a d e  in te r ru p t io n  in the  speech chan ne l  a n d / o r  the a signall ing  channe ls  (e.g. w hen  an  
in c o m in g  o r  ou tgo in g  relay set is tak en  ou t o f  service) a lw ays also in te r ru p ts  the associated  b s ignall ing  channels .

T herefore ,  the sw itching eq u ip m en t  an d  the  P C M  eq u ip m e n t  shall be designed  in such a way th a t  likely 
fau l ts  as far  as poss ib le  result in the tran sm iss ion  on  line to  the d is tan t  exchange  o f  the states a =  1 a n d  b =  1.

It fo llows tha t  a  fault at the  ou tg o in g  en d  results in the sen d ing  o f  the  c lea r-fo rw ard  signal (<y =  1) an d
co n sequ en t ly  in the  u lt im ate  c learing  o f  the c o nn ec t ion  b e y o n d  the  in co m in g  sw itching equ ipm en t.  A cco rd ing  to
a) abo v e ,  bf  =  1 will result in b lo ck ing  o f  the ou tg o in g  sw itching eq u ip m en t ,  im m edia te ly  fo r  circuits in the  idle 
o p e ra t in g  c o n d it io n  an d  u p o n  c lear ing  by the call ing  subscriber  fo r  circuits in the  seized o r  answ ered  o pe ra t in g  
cond it ions .

In o rde r  to  c lear a co nn ec t io n  in speech co nd it io n ,  on ly  u n d e r  the  co n tro l  o f  the called subscriber  bo th  the  
at a n d  Zy signall ing ' channe ls  m us t be evalua ted .

It also fo llows th a t  a fault at the  in com ing  end  results in the  b lock ing  o f  the  ou tgo ing  switching eq u ip m en t  
(Zy = 1). F o r  c ircuits in the an sw ered  o p e ra t in g  con d i t io n  ab =  1 has the  m ea n in g  o f  c lear-back.

c) C orrespondence betw een signalling  channel s ta te  on line a n d  sta tes in the equipm ents

The  co rre sp o n d en ce  be tw een  a passive state in the equ ip m e n ts  (e.g. o p e n  wire, low voltage) a n d  the sta te  1
o n  b o th  s ignall ing  chan ne ls  on  line is an  im p o r ta n t  m ean s  o f  e n su r in g  the fail-safe o pera t ion .

Such a ' c o r r e sp o n d en ce  is par t icu la r ly  r e c o m m en d ed  fo r  a poss ib le  in terface  betw een  the  exchange  
s igna ll ing  eq u ip m e n t  an d  the  P C M  equ ipm ent .

U n d u e  rem oval  o f  pa r ts  o f  the  eq u ip m en t  by  m a in ten an ce  person ne l  c an  also be g u a rd ed  aga ins t  by th a t  
c o r re sp o n d e n ce  a n d  th ro u g h  p ro p e r  layou t  a n d / o r  wiring.

3.2.5 A larm s fo r  technical s ta f f

A cco rd ing  to R e c o m m e n d a t io n  Q. 117, an  a la rm  m ust in p r inc ip le  be given to the technical s ta f f  u p o n  
recogn i t ion  o f  a b n o rm a l  con d it io n s  poss ib ly  caused  by faults. It is r e c o m m e n d e d  tha t  a de layed  a la rm  at the  
o u tg o in g  end  for the co n d it io n  descr ibed  u n d e r  § 3.2.3.8 abo ve  (b locked)  o r  fo r  any  o ther  con d it io n  w hen  the 
circu it  does  no t re tu rn  to  idle after  the  c lea r- fo rw ard  signal has  been  tran sm i t te d  be given.

It  is also r e c o m m en d ed  th a t  a de layed  a la rm  u p o n  o p e ra t io n  o f  the  tran sm iss io n  fault con tro l  device 
(T F C )  as specified in R e c o m m e n d a t io n  Q.424 is given. A rra n g em en ts  fo r the  a la rm s  are to  be specified by the 
A dm in is t ra t io ns .

3.2.6 B oth-w ay w orking

T he  System R2 is specified fo r  one-w ay  w ork ing . T he  clauses in §§ 3.2.6.1 a n d  3.2.6.2 be low  there fo re  
ap p ly  on ly  to cases w here the in te res ted  A d m in is t ra t io ns  have  u n d e r ta k e n  by b ila tera l  ag reem en t  to use bo th -w ay  
w ork ing .
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In  p r inc ip le  the line signall ing  code  de ta i led  in R e c o m m e n d a t io n  Q.421 is also su i tab le  fo r  use on  
b o th -w ay  circuits. H ow ever ,  fo r  b o th -w ay  w ork in g  the ad d it io na l  specif ica tions  fo r  exchange  s igna ll ing  e q u ip m e n t  
d e ta i led  be low  m u s t  be observed. A lte ra tions  to the line s ignall ing  code, g iven  in R e c o m m e n d a t io n  Q.421, to 
enab le  b o th -w ay  w ork ing  are  given in § 3,2.6.2.

3.2.6.1 N orm a l conditions

a) D ouble seizing

D o u b le  seizing is a ssum ed  if  the  ou tgo ing  e q u ip m e n t  is in a seized c o n d i t io n  a n d  the  s igna ll ing  
sta te  ab =  0, bb =  0 is recognized  ins tead  o f  ab =  1, bb =  1 (seizing ackno w ledg ed ) .  In such  a s i tu a t io n  the  
c o n n e c t io n  m u s t  be released at b o th  ends  a n d  congest ion  in fo rm a t io n  sent to  the  ca ll ing  su bscriber  o r  a rep ea t  
a t te m p t  m us t be m ade. O n  recognit ion  o f  d ou b le  seizing the line signall ing  e q u ip m e n t  at b o th  ends  m u s t  m a in ta in  
the  seizing s ignall ing  state fo r a m in im u m  o f  100 m s after  w hich  the c lea r- fo rw ard  state {af  =  1, bf  =  0) m u s t  be 
established. A fter send ing  the  c lea r- fo rw ard  signal, each end  m ay  re tu rn  to  idle o n  recog n i t io n  o f  ab =  \ ,  bb = 0.

T h e  c lea r- fo rw ard  signall ing  sta te  m ust be m a in ta in e d  fo r  at least 100 ms, even if  the  circu it  is seized 
im m ed ia te ly  fo r  a n o th e r  call , to  ensu re  c lea r- fo rw ard  is recognized  at the  o the r  end.

In  the sense o f  p reven tive  ac t ion  it is re co m m e n d e d  th a t  an  o p p o s i te  o rd e r  o f  circuit selection is u sed  by 
each  exch ang e  o f  a bo th -w ay  c ircuit g ro u p  to  m in im ize  d o u b le  seizing.

b) M in im um  dura tion  o f  release-guard signalling  sta te

W hen  a bo th -w ay  circuit is released, the  en d  w hich  ac ted  as the in c o m in g  en d  m ust,  even  if  seized 
im m ed ia te ly  fo r a call in the  o pp os i te  traffic  d irec tion ,  m a in ta in  the  re lease-guard  signall ing  sta te  fo r  at least 
100 m s to  ensure  th a t  the re lease-guard  signal is recogn ized  at the  o th e r  end.

c) B locking

W hen a b o th -w ay  circuit is b lo cked  m a n u a l ly  in its idle c o n d i t io n  a t  o n e  end  (e.g. end  B) the  b lock in g  
s igna ll ing  c o n d i t io n  m ust be es tab lished  so th a t  the  o th e r  en d  (A) recognizes ab =  1, bb =  1. T h e  c ircu it  m u s t  th e n  
be  kep t  b lo ck ed  locally (a t en d  A) aga in s t  all calls in the A to  B traffic  d irec t ion  as long  as the b lo ck in g  s igna ll ing  
c o n d i t io n  persists in the B to A d irec tion .

In o rd e r  to avo id  p e rm a n e n t  b lock ing , en d  A sho u ld  m a in ta in  the  idle signall ing  sta te  in the tra ff ic  
d irec t ion  A to B. This co nd it ion  differs f rom  th a t  given in § 3.2.4.2, a) above.

W hen  the b lock ing  signall ing  state is rem ov ed  en d  B m us t t r a n sm i t  the  c lea r- fo rw ard  signal fo r  at least 
100 ms, even if  im m edia te ly  seized fo r  a call.

3.2.6.2 Special condition

I f  rea l iza t ion  o f  the  s ignall ing  e q u ip m e n t  a llows the ou tg o in g  relay-set to  be rem o ved  a t  o n e  end  (e.g. 
en d  A) w ith ou t  p reven t ing  the  c ircuit f rom  be ing  used in the o th e r  tra ff ic  d irec t io n  (B to A) it is on ly  necessary  to  
b lock  the  circuit locally  (at en d  A). U n d e r  these co n d it io n s  the b lo ck in g  signal sh o u ld  n o t  be sen t to -e n d  B.

Recommendation Q .424

3.3 PROTECTION AGAINST THE EFFECTS OF FAULTY TRA NSM ISSIO N

3.3.1 In troduction

Faulty  t ransm iss ion  con d it io n s  in P C M  systems can  lead to d e g ra d a t io n  o f  the speech chan n e ls  an d  
e r ro n eo u s  signalling. In o rd e r  to m in im ize  these effects the System R2 line s ignall ing , digital vers ion, is p ro tec ted  
by a transm ission fa u l t  control (T F C ) aga ins t  such transm iss ion  co nd it ion s .  T h e  T F C  at bo th  P C M  te rm in a ls  
acqu ires  the  state transm ission fa u l ty  w hen fram e  a l ignm ent ,  m ul t i - f ram e  a l ig n m en t  a n d / o r  any  o th e r  im p o r ta n t  
fu n c t io n  fails a t  the te rm ina l  cons ide red  o r  at the  d is tan t  te rm inal.

T o  achieve this,  the  a la rm  c o n d it io ns  at o ne  en d  m us t be m ad e  k n o w n  at the  o the r  end.
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F or the  fault co nd it io ns  a n d  co n seq u en t  ac tions (a larm s) fo r  p r im ary  P C M  m ultip lex  eq u ip m e n t  op e ra t in g  
a t  2048 k b i t / s  see R e c o m m e n d a t io n  G.732. As in the w orst  case, s ignall ing  m ay  be m utila ted  d u r in g  the 7 ms 
b e fo re  the loss o f  m u l t i f ram e  a l ign m en t  is recognized, an d  tak ing  in to  acco un t  the m in im u m  value o f  10 ms o f  the 
recogn i t ion  t im e specified in R ec o m m e n d a t io n  Q.422, a t im e limit o f  3 ms m us t be set fo r the w ork ing  o f  the  T F C  
after  loss o f  m ul t i - f ram e a l ig nm en t  has  been recognized. It is, how ever,  desirab le  th a t  the T F C  acts as qu ick ly  as 
possible .

3.3.2 W orking o f  the sw itching equipm ent upon operation o f  the TFC

W hen the T F C  acquires  the state transm ission fa u l ty  the  state co r re sp o n d in g  to state 1 on  the  P C M  line 
m ust be es tablished on all the receive signall ing  wires at the  in terfaces betw een the P C M  e q u ip m en t a n d  the 
sw itch ing  eq u ip m en t  bo th  at the  inco m in g  an d  ou tgo in g  side.

As the sta te  af  =  1, bf  =  1 on  the P C M  line co r re sp o n d s  to  a failure , the  incom ing  switching eq u ip m e n t  
a n d  the succeed ing  link shou ld  be released. H ow ever ,  in o rde r  to  avo id  the release o f  the connec t ion  u p o n  losses 
o f  m u l ti - fram e a l ig nm en t o f  short d u ra t io n ,  the release o f  the in co m in g  sw itch ing  eq u ip m en t  m ust no t  o ccur  w hen  
the  called  sub sc r ibe r’s line is in the answ ered  cond it ion .  T he  o u tg o in g  sw itching eq u ip m e n t  in terpre ts  the state 
a h =  1, bh =  1 on  the P C M  line as a b lock ing  signal, o r  as a c lea r-back  signal, o r  as a seizing ack n ow led gem en t  
signal. This m eans  tha t  all idle circuits o f  the affec ted  p r im ary  P C M  m ultip lex  will be b locked  agains t  seizure a n d  
th a t  the  seized circuits will go to o r  rem ain  in the seizing ackn o w led g ed  o r  the c lea r-back  o p e ra t ing  cond it ion .  In 
the  case o f  a seized circuit,  it becom es b lock ed  w hen  the call ing  subscriber  clears.

3.3.3 Transm ission fa u l t  alarm

A cco rd ing  to R e c o m m e n d a t io n  G.732 the  2048 k b i t / s  p r im a ry  P C M  m ultip lex  e q u ip m en t  p rov ides  a local 
a la rm  ind ica ting  a tran sm iss io n  failure . T he  ind ica t ion  m ust have  the fo rm  o f  a steady electrical co n d it io n  w hich 
m ay  be used for: ;

— rem oval from  service o f  the  faulty  circuits  (in ad d i t io n  to  the  ac tion  o f  the  T F C ) ;

— p rov id in g  in te r ru p t io n  con tro l  acco rd in g  to  R e c o m m e n d a t io n  Q.416 w hen relay sets des igned  for 
System R2 line signall ing , an a lo g u e  vers ion , are used on P C M  channels .
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S E C T IO N  4

IN T ER R EG ISTER  SIG N A L L IN G

Recommendation Q .440

4.1 GENERAL

In terreg is ter  signals are  o f  the  m u l t i f requency  type  using a 2-out-of-6  in -b a n d  code  in b o th  d irec tions .  T h e  
m ulti f requ ency  c o m b in a t io n s  are  sent a n d  received by m ul t i f requency  s igna ll ing  e q u ip m e n t  w hich  is a s su m e d  to  be  
assoc ia ted  with the  registers used to  co n tro l  the  sw itching e q u ip m en t  at b o th  ends  o f  the  in te r -exch ang e  link.

4.1.1 E n d-to -end  signalling m e th o d

In System R2 in terregis ter  signall ing  is genera lly  pe rfo rm ed  end - to -e n d  by  a  co m pe l led  p ro c e d u re  b e tw een  
the ou tgo ing  register an d  the in c o m in g  registers w hich  com e in to  ac t ion  one  a f te r  ano th e r .  S igna l l ing  takes  p lace  
over o n e  o r  m ore  links in ta n d e m  w ithou t signal regenera tion  in in te rm ed ia te  exchanges. W ith  th is  s igna ll ing  
m e th o d  only  the  address  in fo rm a t io n  needed  fo r  rou t ing  the call th ro u g h  an  in te rm ed ia te  ex chan ge  is t r a n s fe r re d  
fro m  the ou tg o ing  register to  the in co m in g  registers. In an  in te rm ed ia te  exch ang e  the  speech p a th  is im m e d ia te ly  
th ro u g h -co n n ec ted  an d  the  in co m in g  register re leased, then  the o u tg o ing  register can  exchange  in fo rm a t io n  d irec tly  
with the  in co m in g  register o f  the nex t exchange  (see F igure 11/Q .440).  I f  any  in te rm ed ia te  e x c han ge  has  to  ca rry  
o u t  charg ing  ope ra t io ns ,  a d d i t io na l  address  in fo rm a t io n  can  be t ran s fe r re d  f ro m  the  o u tgo in g  register  to  the  
in co m in g  register o f  tha t  exchange  as required.
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3rd  end-to-end 
signalling section
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T  =  incoming R2 register in a trans it exchange
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An international three-section multi-link connection
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In  c ircum stances  w here  transm iss ion  c o n d it io ns  do  n o t  co m p ly  with the requ irem en ts  specified for 
System R2 (see R e co m m en d a t io n  Q.457) o r  w here  System R2 is used  in a satell ite link, a n d  thus  the  exchange  o f  
the in terreg is ter  signals over  the com ple te  System R2 co n n ec t io n  is n o t  perm it ted ,  the  overall m ulti - l ink  
co n n e c t io n  is d iv ided in to  end - to -en d  s ignall ing  sections. In this case a n d  if  the n u m b e r  o f  m ulti f requ ency  
co m b in a t io n s  availab le  is n o t  the sam e on  all pa r ts  o f  the co n nec t io n ,  the d iv ision should  be m ad e  at an  exchange  
be tw een  links hav ing  d if feren t n um b ers  o f  m u l t i f requency  co m b in a t io n s  to  im p rov e  the transfe r  o f  in fo rm at io n .

The  o u tgo ing  R2 register is s i tua ted  at the  ou tg o in g  end  o f  a s ignall ing  section on  w hich System R2 
in te rreg is te r  s ignall ing  acco rd in g  to the  presen t specif ica tions is used. It con tro ls  the call set-up over  the w hole  
s ignall ing  section. It sends fo rw ard  in terregis ter  signals a n d  receives b a c k w a rd  interregister  signals.

The  o u tgo ing  R2 register receives in fo rm a t io n  via the p reced in g  links o f  the  connec tion  in a fo rm  used by 
the signall ing  system app lied  over the last o f  these links;  this system m ay  be System R2, a decad ic  pulse  system, 
o r  any  o the r  system. The p reced ing  link m ay  also be a su bsc r ib e r’s line. W hen  an  R2 register in a trans i t  exchange  
is w o rk ing  accord ing  to this def in it ion ,  it is also called  an  outgo ing  R 2  register.

A special case o f  the  o u tgo ing  R2 register is the  ou tgo ing  in te rn a t ion a l  R2 register (see § 4.1.2).

The  in com in g  R2 register is s i tua ted  at the in co m in g  en d  o f  a link on which System R2 m ul t i f requency  
in te rreg is te r  s ignall ing  accord ing  to  the p resen t  specifica tion  is used. It receives fo rw ard  in terregis ter  signals via 
the  p reced ing  link(s) a n d  sends b ack w a rd  in terregis ter  signals. T he  in fo rm a t io n  received is used com ple te ly  o r  in 
p a r t  fo r  the  con tro l  o f  selection stages a n d  m ay  be sent in its entire ty  o r  in p a r t  to  the succeed ing  eq u ip m en t ,  in 
w hich  case the signall ing  used for re t ransm iss ion  is never  System R2. In te rw o rk ing  then  takes p lace  betw een  
System R2 an d  the o ther system. T hus  every register n o t  s i tua ted  at the  ou tg o ing  end  o f  a System R2 signall ing  
section  is called an  incom ing R 2 register in d ep en d e n tly  o f  the exchange  type.

The  term incom ing R 2  register m ay  be ap p lied  also to devices con tro l l in g  o n e  o r  m o re  selection stages, fo r 
ex am p le  m arkers  etc. It sho u ld  be n o ted  th a t  in such e q u ip m e n t  no  p rov is ion  is m ad e  for fu r the r  t r an s fe r  o f  the 
in fo rm a t io n  received.

4.1.2 In terna tiona l end-to -end  w orking

T h e  inclusion o f  a special outgo ing  in terna tiona l R 2  register as show n in Figure 11/Q .4 4 0  is d ic ta ted  by  a 
n u m b e r  o f  co nsidera t ions:  A n ou tg o ing  in te rn a t ion a l  R2 register is an  ou tg o ing  R2 register which co n tro ls  the  call 
se t-up  on  a s ignall ing  section w hich com prises  at least o ne  in te rn a t io n a l  link a nd  possib ly  n a t ion a l  links in 
tan d e m .

Even  w hen  System R2 is used in the na t io n a l  ne tw o rk  o f  the  o r ig ina t in g  coun try  an  ou tg o in g  in te rn a 
t io na l  R2 register must a lw ays be p ro v id ed  in the co un try  o f  orig in  to  d iv ide  the  co nnec t ion  in to  tw o signall ing
sect ions fo r  the fo l low ing  reasons:

— to prevent the m ax im u m  n u m b e r  o f  links in a signall ing  section over  which System R2 can  fu nc t io n  
from being exceeded on  in te rn a t io n a l  calls;

— to perm it the  use o f  few er s ignall ing  frequencies  in the  c o u n try  o f  origin (e.g. 5 fo rw a rd  an d  5 or 
4 b ack w ard  s ignall ing  frequencies) ;

— to enab le  n o n -s tan d a rd ized  m ean ings  to  be a lloca ted  to the spa re  n a t io n a l  m ul t i f requency  c o m b in a 
tions  for use solely in the  co un try  o f  or ig in ;

— to p rov ide  cri ter ia  fo r d is t inc tion ,  at the  inco m in g  end ,  be tw een n a t io n a l  an d  in te rn a t io n a l  calls;

— to have  the facili ties fo r rou t ing  an d  charg ing  o f  in te rn a t ion a l  calls co nc en tra ted  in one  p lace  if  it is 
m ore  econom ica l th an  to eq u ip  every n o rm a l  ou tgo in g  R2 register to  p e rfo rm  these funct ions.

In  general the o u tgo ing  in te rna t io na l  R2 register is s i tua ted  at the  ou tgo ing  in te rna t io na l  exchange.
H o w ever ,  it m ay  be s i tua ted  in a n a t io na l  exchange  p reced ing  the  in te rn a t io n a l  exchange  p rov id ed  th a t  the
tran sm iss io n  requ irem en ts  specified are  fulfilled.

E n d - to -end  signall ing from  the  ou tgo ing  in te rn a t io na l  R2 register can  be ex ten de d  b ey o n d  the  in com in g  
in te rn a t io n a l  exchange even if  a  reduced  n u m b e r  o f  s ignall ing  frequencies  is used. H ow ever  such in t e rn a t io n a l /  
n a t io n a l  end- to -en d  signall ing requires:

— th a t  the  transm iss ion  co n d it io ns  in the  n a t io na l  d es t ina t io n  n e tw o rk  com ply  with the  System R2 
specifications , and

— tha t  the  ro u t ing  princ ip les  em p loy ed  in the  na t io na l  des t ina t ion  ne tw o rk  are  c o m p a t ib le  with the 
System R2 s ignall ing  p ro cedu res  fo r  end - to -en d  tran sm iss io n  o f  address  digits from  the  ou tg o in g  
in te rn a t ion a l  R2 register to an  in co m in g  R2 register in a n a t io na l  exchange.
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4.1.3 R egister requirem ents

A p a r t  f ro m  signall ing  p roced u res  specified in Section 5 the fo l low ing  charac te r is t ics  o f  R2 registers are  
specified.

4.1.3.1 O utgoing  R 2  registers

The  m ult i f req uen cy  signall ing  e q u ip m en t  associa ted  with ou tg o in g  R2 registers in na t io n a l  exchanges  m ay  
be o f  the 2-wire o r  4-wire type  (see R e c o m m e n d a t io n  Q.451).

The  m u lt i f requ ency  signall ing  e q u ip m en t  associa ted  w ith  o u tg o ing  in te rn a t io n a l  R2 registers m us t  be o f  the  
4-wire type. This  is d ic ta ted  by tran sm iss io n  con s t ra in ts  (see R e c o m m e n d a t io n  Q.452).

The  o u tg o ing  R2 register con tro l l ing  a given multi - l ink  signall ing  section m u s t  be ab le  to recognize  at least 
all the  b a c k w a rd  signals used  on  th a t  section.

The  ou tgo in g  in te rn a t io n a l  R2 register m us t be able  to  send all 15 fo rw a rd  m u l t i f requ ency  c o m b in a t io n s  
with the m ean in g s  specified for in te rn a t ion a l  w ork ing .  It m us t be able  to  receive all 15 b a c k w a rd  m u lt i f requ en cy  
co m b in a t io n s  a n d  act u p o n  the  received in fo rm a t io n  in the  specified m an n e r .  In th e  case w hen  System R2 is used  
o n  the  p reced ing  l ink  the  call ing  p a r ty ’s category  signals have  to be t r an s la ted  by  the  ou tg o in g  in te rn a t io n a l  R2 
register as specified  (see R e c o m m e n d a t io n  Q.480).

T he  o u tg o ing  R2 register m us t  start call set-up  as soon  as it has  received the  m in im u m  requisite  
in fo rm at ion .  T here fo re  signal t ran s fe r  starts befo re  the  com ple te  address  in fo rm a t io n  is received, i.e. before  the 
caller finishes d ialling . This  overlapping interregister signalling  pa r t icu la r ly  app lies  a t  an  o u tg o in g  R2 register w here 
the  com ple te  address  in fo rm a t io n  fro m  a subscriber  o r  o p e ra to r  is s to red  (e.g. local registers).  This  is in co n tra s t  to  
en bloc register signalling  i.e. the tran sm iss ion  o f  all the  address  in fo rm a t io n  as a  w hole  in o n e  sequence  s ta r t ing  
on ly  after  the com ple te  recep t ion  o f  the  address  in fo rm at io n .

4.1.3.2 Incom ing  R 2  registers

T he  m ul t i f req uen cy  signall ing  eq u ip m en t associa ted  with in co m in g  R2 registers m ay  be o f  the  2-wire o r  , 
4-wire ty pe  (see R e c o m m e n d a t io n  Q.451).

T h e  m ult i f requ ency  s ignall ing  eq u ip m en t  associa ted  with the  in co m in g  R2 register in an  in te rn a t io n a l  
exchange  m ust be o f  the 4-wire type  a n d  e q u ip p ed  to send  an d  receive all 15 m u l t i f req uen cy  com b in a t io n s .

Every  in co m in g  R2 register in a m ulti- l ink  signall ing  section m u s t  be ab le  to  recognize  a t  least the  fo rw a rd  
signals used  on th a t  section  a n d  d irec ted  to tha t  register.

4.1.4 S ystem  R 2  com pelled  signalling  m ethod

T he  co m p e l led  signall ing  opera tes  as fo llows (see F igure 12/Q .440):

— on  seizure o f  a link, the ou tg o in g  R2 register au tom atica l ly  starts  sen d in g  the  first fo rw a rd  
in terreg is ter  signal;

— as so o n  as the in com in g  R2 register recognizes this signal, it starts  send ing  a b a c k w a rd  in terreg is ter  
signal which has  its ow n  m ean in g  an d  at the  sam e time serves as an  ac k n o w le d g em e n t  s ignal;

— as so o n  as the  ou tg o ing  R2 register recognizes the ackno w ledg in g  signal,  it s tops  sen d in g  the  fo rw a rd
■ in terreg is ter  s ignal;

— as soon  as the inco m in g  R2 register recognizes the cessation o f  the fo rw a rd  in terreg is ter  signal, it s tops  
sen d ing  the b a ck w ard  in terregis ter  signal;

— as soon  as the  ou tg o ing  R2 register recognizes the cessa tion  o f  the  ack n o w led g in g  b a c k w a rd  
in terreg is ter  signal it m ay ,  if  necessary, s tart send ing  the a p p ro p r ia te  nex t fo rw a rd  in terreg is ter  signal.

W h en  the  d u ra t io n  o f  the fo rw a rd  a n d  b a c k w a rd  signals is n o t  co n tro l led  by the co m p e l l in g  m ech a n ism  
descr ibed  above,  it is e i ther limited by the t im e-ou t delay  for release o f  the  register o r  de te rm in ed  by  the  n a tu re  o f  
the pulse im p o sed  on them  (see R e co m m en d a t io n  Q.442).

Figure 12 /Q .440  show s a basic  com pelled  signall ing  cycle.

Figure 18/Q .457  show s in detail  the  bu i ld -u p  a n d  t ime sequence  o f  a co m p e l le d  signall ing  cycle, inc lud ing  
the o p e ra t in g  a n d  release times o f  m ulti f requency  signall ing  eq u ip m e n t  a n d  o th e r  in te rna l o p e ra t in g  times o f  
exchange  eq u ipm en t.

Fascicle VI.4 — Rec. Q .440 65



O u tg o in g  re g is te r

F o rw a rd  signal

T im e

Next fo rw ard  signal

In c o m in g  reg is te r

A c k n o w led g in g  b a c k w a rd  signal

A c k n o w le d g in g  b a c k w a rd  signal

CCITT-49250

S e n d in g

FIG URE 12/Q.440 
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Besides being  a func t iona l p a r t  o f  the co m pe l led  p roced u re ,  the ack now ledg ing  b ac k w a rd  signals serve to 
conv ey  special in fo rm a t io n  co nce rn in g  the requ ired  fo rw ard  signals, to ind ica te  certa in  co nd it ion s  enco un te red  
d u r in g  call set-up o r  to  a n n o u n c e  sw itchover  to  ch ang ed  m ean ing s  o f  su bsequen t  b ack w ard  signals. C h a n g eo v e r  to 
s e c o n d a ry  m ean ings  a llows in fo rm a t io n  con ce rn in g  the  state o f  the  called  sub scriber’s line to be tran sfe r red  (see 
R e c o m m e n d a t io n  Q.441, § 4.2.4). T herefo re  a cho ice  o f  a ck n ow led g ing  b ack w a rd  signals is p rov ided .

Recommendation Q.441

4.2 SIG NALLING C O D E

4.2.1 M ultifrequency com binations

Each  in terregis ter  signal consis ts  o f  the s im u l tan eou s  send ing  o f  2 ou t o f  a range  o f  6, 5 o r  4 in -b an d  
f requenc ies  (m ult if requency  co m b in a t io n ) .  T he  b a n d  o f  the in terregis ter  s ignall ing frequencies  does no t  overlap  
w ith  th e  f requency  b a n d  genera lly  used  for line-signall ing.

This 2-out-o f-n  code  allows e rro n e o u s  signals consis t ing  o f  less o r  m ore  th an  tw o frequencies  to be detec ted 
a n d  iden t if ied  as faulty.

T o  m ak e  the  system suitable  fo r  ap p l ica t io n  o n  2-wire links, tw o d if fe ren t sets o f  6 frequencies  are defined  
fo r  the  com p os it ion  o f  the  fo rw ard  a n d  the  b ac k w a rd  signals.

T ab le  3 /Q .441 show s all m ulti f req uen cy  c o m b in a t io n s  which can  be derived  from  the m ax im u m  o f  
6 s ignall ing  frequencies  per  d irec tion  p ro v id ed  by the system. F o r  reference p u rpo ses  each m ulti frequency  
co m b in a t io n  o f  a given d irec tion  is ident if ied  by a serial n um ber .  T h e  n um erica l  value o f  this serial n u m b e r  can 
be  ca lcu la ted  by ad d in g  the respective index  a n d  weight a lloca ted  to the two frequencies  m ak ing  up  the 
c o m b in a t io n .

The  n u m b e r  o f  m ulti f requ ency  co m b in a t io n s  dep en d s  u p o n  the n u m b e r  o f  signall ing  frequencies  used. 
W h e n  the  m ax im u m  o f  6 s ignall ing  frequencies  are used, 15 m ulti f req uen cy  co m b in a t io n s  are  available.
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TABLE 3/Q.441 

Multifrequency combinations

Combinations Frequencies (Hz)

No.

Numerical
value

x + y

Forward direction 
(signals o f Groups I and II) 1380 1500 1620 1740 1860 1980

Backward direction 
(signals o f Groups A and B) 1140 1020 900 780 660 540

Index (x) f o / . f t /a U f s

Weight O ) 0 1 2 4 7 11

1 0 + 1 X y

2 0 + 2 X y

3 1 + 2 X y

4 0 + 4 X y

5 1 + 4 X y  .

6 2 + 4 X y

7 0 + 7 X y

8 1 + 7 X y

9 2 + 7 X y

10 3 + 7 X y

11 0 + 1 1 X y

12 1 + 11 X y

13 2 + 1 1 X y

14 3 + 1 1 X y

15 4 + 11 X y

The following versions might be considered:

a) 6 forward frequencies
5 backward frequencies

b )  6 forward frequencies
4 backward frequencies

c) 5 forward frequencies
5 backward frequencies

d )  5 forward frequencies
4 backward frequencies

(15 multifrequency combinations) and 
(10 multifrequency combinations);

(15 multifrequency combinations) and 
(6 multifrequency combinations);

(10 multifrequency combinations) and 
(10 multifrequency combinations);

(10 multifrequency combinations) and 
(6 multifrequency combinations).

In the forward direction the highest signalling frequency may be omitted (i.e. multifrequency combinations 1 to 10 remain). 
In the backward direction either the lowest or both the lowest and next lowest signalling frequency may be omitted (i.e. multi
frequency combinations 1 to 10 or 1 to 6, respectively, remain).

System R2 is designed  fo r  o pe ra t io n  on in te rn a t io n a l  links with 15 m u l t i f requ ency  c o m b in a t io n s  in each  
d irec tion . H ow ever ,  it can  be used in na t io na l  n e tw o rk s  with a reduced  n u m b e r  o f  s ignall ing  f requencies  a n d  still 
pe rm it  in te rn a t io n a l /n a t io n a l  e nd - to -end  w ork in g  o f  System R2 signall ing  in the  case o f  in co m in g  in te rn a t io n a l  
traffic  (see Figure 13/Q.441).

The  reduc t ion  na tu ra l ly  cuts the  n u m b e r  o f  m ulti f requency  c o m b in a t io n s  ava ilab le  b u t  has  the  eco n o m ic  
ad v a n ta g e  o f  effecting savings in equ ipm en t.  T he  resulting  reduc tion  in facili ties is o f  less im p o r ta n c e  in a u to m a t ic  
th a n  sem i-au to m at ic  service.
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An international two-section multi-link connection

4.2.2 A llocation  o f  interregister signals

T he  signal cod ing  consists  o f  the  associa tion  o f  the defined  m ean in g  o f  in terregis ter  te lep ho ne  signals to 
the  m ul t i f requency  co m b in a t io n s  t ransm it ted  over the links. C er ta in  c o m b in a t io n s  are  left spare  fo r the  a lloca tion  
o f  na tion a l  o r in te rn a t io n a l  signals. (F o r  signall ing p rocedures ,  see R ec o m m e n d a t io n s  Q.460 to  Q.480.)

4.2.2.1 M ultiple m ean ing

T he  m ean in g  o f  b o th  the fo rw a rd  an d  b a ck w ard  m u lt i f requ ency  co m b in a t io n s  can ch ang e  af ter  t r a n sm is 
sion o f  certa in  b a c k w a rd  signals. T h e  ch an ged  m e a n in g  is specific to  th e  signal w hich  caused  o r  a n n o u n c e d  the 
change. In certa in  cases a change  back  to the orig inal m e an in g  is possible. T he  m ean in g  o f  certa in  fo rw ard  
m ult i f requency  co m b in a t io n s  m ay  also vary  d ep e n d in g  on  the ir  pos i t ion  in the signall ing  sequence.

4.2.2.2 M eanings o f  the fo rw a rd  m ultifrequency com binations

T here  are  tw o g ro u p s  o f  m ean in gs  a l located  to the fo rw a rd  m ul t i f requency  com bin a t ion s .  T he  G ro u p  I 
m ean in g s  are  ind ica ted  in T ab le  4 /Q .441 an d  the G ro u p  II m ean ing s  in T ab le  5 /Q .441 .  T he  chan ge  from  
G r o u p  I to G ro u p  II m ean ing s  takes p lace  w hen reques ted  by the  b ac k w ard  signals A-3 o r  A-5. C h an g e  back  
to  G ro u p  I m ean ing s  is on ly  poss ib le  w hen  the chan ge  to  G r o u p  II m ean in g s  was in re sponse  to  signal A-5.

The  first fo rw a rd  signal t r a n sm it ted  in in te rn a t ion a l  w o rk in g  is used for ad d it io na l  ro u t ing  in fo rm at ion .  It 
enab les  a d is t inc tion  to  be  m ad e  be tw een  te rm ina l  a n d  t ran s i t  calls. In the  case o f  te rm ina l  calls it carries the  
lang uag e  o r  d isc r im ina t ing  digit w hereas,  fo r t rans it  calls, it serves the  dua l p u rp o se  o f  p ro v id in g  a coun try  code  
in d ica to r  a n d  to ind ica te  w hether  an  echo sup p resso r  is requ ired  o r  not.

The  above  a rran g em en ts  obv ia te  the need for tw o d if fe ren t seizing signals (line signals) to  d is tinguish  
be tw een  trans it  a n d  te rm in a l  traffic  on  links te rm in a ted  in a trans i t  exchange.

4.2.2.3 M eanings o f  the backw ard  m ultifrequency com binations

There  are  tw o g ro u p s  o f  m ean in g s  a llocated  to the b a c k w a rd  m ul t i f requency  com b in a t io ns .  T he  G ro u p  A 
m ean in gs  are  ind ica ted  in T ab le  6 /Q .441  an d  the G ro u p  B m ean in gs  in T able  7 /Q .441 .  T he  change  to 
G r o u p  B m ean ings  is a n n o u n c e d  by the b ack w ard  signal A-3. N o  change  back  is possib le  once  a  change  to  
the  G r o u p  B m ean ing s  o f  the  b a c k w a rd  m ulti f requency  co m b in a t io n s  has  been  ind ica ted .
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T h e  u t i l iza tion  o f  Signalling  System R2 in n a t io n a l  n e tw orks  is fac i li ta ted  by the  p rov is ion ,  in the  specified  
s ignall ing  code, o f  signals specially  ass igned fo r  n a t io n a l  use. U n d e r  the  specified  code ,  specific  n a t io n a l  m ean in g s  
are  a lloca ted  to  som e o f  these signals, o thers  are  ava i lab le  fo r  the  a l loca tion  o f  n a t io n a l  m ean in g s  a t  the  d isc re tion  
o f  each  A dm in is t ra t io n .

N a t io n a l  a l loca t ions  m us t n o t  conflic t with the  p resen t specifica tions in o rd e r  to  ensu re  en d - to -en d  
in terregis ter  signall ing  i.e. the d irect d ia logue  betw een  the ou tgo ing  in te rn a t io n a l  R2 register  (in th e  o r ig in a t in g  
coun try )  a n d  in c o m in g  R2 registers, in the  na t io n a l  ne tw o rk  o f  the des t in a t io n  coun try .

T he  specified  s ignall ing  code  allows fo r  a red uc t io n  o f  s ignall ing  frequenc ies  in n a t io n a l  n e tw ork s  (see 
§ 4.2.1 above).

4 .2 .2A  In tegra tion  o f  n a tiona l a n d  in terna tiona l signalling  codes

4.2.3 F orw ard signals

4.2.3.1 Group I  fo rw a rd  signals

C o m p e l led  in terregis ter  signall ing  m us t a lw ays b eg in  with a G r o u p  I fo rw a rd  signal. F o r  the  signal codes  
see T ab le  4 /Q .441 .

TABLE 4/Q.441 

Group I forward signals

Combi
nation

(a)

Designation 
of the signal 

(b)

Meaning o f the signal

(c) (d)
Remarks

(e)

9
10

1-1
1-2
1-3
1-4
1-5
1-6
1-7
1-8
1-9
1-10

Language digit: French 
Language digit: English 
Language digit: German 
Language digit: Russian 
Language digit: Spanish 
Spare (language digit)
Spare (language digit)
Spare (language digit)
Spare (discriminating digit) 
Discriminating digit

Digit 1 
Digit 2 
Digit 3 
Digit 4 
Digit 5 
Digit 6 
Digit 7 
Digit 8 
Digit 9 
Digit 0

Col. (c) -  These signals make up 
the first signal transmitted on an 
international link when it termi
nates in the country o f destination 
o f the call. When a link terminates 
in an international transit centre, 
however, these signals may be 
transmitted on the link after the 
country code indication and the 
country code.
See also Recommendation Q.107.

11

12

13

14

15

1-11

1-12

1-13

1-14

1-15

Country code indicator, 
outgoing half-echo suppressor 
required

Country code indicator, 
no echo suppressor required

Test call indicator (call by 
automatic test equipment)

Country code indicator, 
outgoing half-echo suppressor 
inserted

Signal is not used

A c c e s s  to  in c o m in g
operator
( C o d e  11)

i)

ii)

ii)

ii)

ii)

A c c e s s  to delay  
operator  
( C o d e  12)
R eq u e s t  not  
accepted

A ccess  to test eq u ip 
m e n t  ( C o d e  13) 
Satell it e  link n ot  
inc luded
I n c o m in g  h a lf -echo  
sup p ressor  required  
Satell it e  link  
in c lud ed  
E n d-of-pu ls in g  
( C o d e  15)
End o f  
id ent if ica t io n

Col. (c) -  First signal on an 
international link when it termi
nates in an international transit 
centre.

Col. (d) -  Other than the first- 
signal on an international link.
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a) the address  requ ired  for setting up  the  call (coun try  code, na t iona l  s ignificant n u m b er) ;  such address
signals are sent by an  ou tg o in g  R2 register o r  an ou tg o in g  in te rna t io na l  R2 register, e ither sp o n ta n e 
ously a n d  im m edia te ly  a f te r  the seizure o f  the link o r  in response  to one  o f  the b ack w a rd  signals A - l ,
A-2, A-7 o r  A-8.

b) the co un try  code  (an d  poss ib ly  the a rea  code  as well) o f  the location o f  the ou tgoing in terna tiona l R 2
register, in response  to  signals requesting  the  orig in  o f  the  call. Fo r  na t iona l  traffic, the  te lephone
n u m b e r  o f  the  call ing  su b sc r ibe r’s line (see R e c o m m e n d a t io n  Q.480).

c) for a u to m a t ic  w ork ing  the  discrim inating d ig it or, in the  case o f  sem i-au tom at ic  w ork ing ,  the service
language  to be used by the  o p e ra to r  (i.e. language digit).

T he signal l - l  1 is a n on -n u m eric a l  address  signal.  T he  m e a n in g  o f  the signal is d ep e n d e n t  on  its pos i t ion
w ith in  the  sequence  o f  address  signals specified in R eco m m en d a t io n  Q.107.

a) C ountry code indicator, ou tgoing half-echo suppressor required

W hen signal 1-11 is t ran sm it ted  as the first fo rw a rd  signal it ind ica tes  tha t :

i) a co un try  code  will fo llow ( in te rna t iona l  transit ) ;

ii) the call requires  echo suppresso rs ;

iii) the ou tgo ing  half-echo su p p re sso r  has to  be inserted.

T he  use o f  this signal in in te rn a t io n a l  w ork in g  is subject to  b ila tera l ag reem en t an d  is m ade  in confo rm ity
with R e co m m en d a t io n  Q.479.

b) Access to incom ing operator (code 11)

W hen signal 1-11 is p receded  by the language  digit (an d  poss ib ly  by one fu r ther  address  digit)  it indica tes  
the  ad d ress  o f  the  in co m in g  o p e ra to r ’s pos i t ion  a n d  is then  a lw ays fo l low ed  by signal 1-15 alone.

F o r  in te rna t ion a l  w o rk ing  th is  signal is to  be used only  in co n fo rm ity  with R ec o m m en d a t io n  Q.107 bis. It
can  be  used in n a t ion a l  traffic  on ly  if  the inco m in g  R2 registers a re  eq u ip p ed  to receive all six fo rw ard  
frequencies .  The  necessary  specifica tions are then the  responsib i l i ty  o f  the  A d m in is t ra t ion  concerned .

T he  signal 1-12 is a  no n -n u m er ic a l  address  signal.  T he  m ean in g  o f  the signal is d e p e n d e n t  on  its posi t ion  
in the  sequence  o f  address  signals specified in R e c o m m en d a t io n  Q.107.

a) C ountry code indicator, no echo suppressor required

W hen  signal 1-12 is tran sm it ted  as the first fo rw ard  signal it indica tes  that:

i) a  co un try  code will fo llow ( in te rn a t io na l  transit) ;

ii) the call does n o t  requ ire  any  echo suppressor.

b) Access to de lay  operator (code 12)

W hen  signal 1-12 is p receded  by the language  digit (and  possib ly  by one  fur ther address  digit)  it indicates 
th a t  the  call m us t be rou ted  to the delay  o p e ra to r ’s posi t ion , e ither to a part icu la r  op e ra to r ,  o r  one  o f  those 
o p e ra t in g  a p a r t icu la r  g ro u p  o f  positions. It is then followed by fu r ther  digits and  the signal 1-15 o r  by the 
signal 1-15 alone.

In  in te rna t io na l  w ork in g  this signal is to be used in co n fo rm ity  with R eco m m en d a tio n  Q.107 bis. It can  be 
u sed  in na t io na l  traffic  on ly  if  the in com ing  R2 registers are eq u ip p ed  to receive all six fo rw ard  frequencies. The 
necessary  specifications are  then the responsib i l i ty  o f  the A d m in is t ra t io ns  concerned .

c) R equest no t accepted

A n ou tgo ing  in te rn a t io na l  R2 register which  receives a signal A-9 o r  A-10, the use o f  which is exclusively 
n a t io n a l ,  o r  which receives by signal A-13 a request to which it is u n ab le  to  reply, should  ind ica te  by transm it t ing  
s ignal 1-12 tha t  it c a n n o t  answ er the  query  (see R eco m m en d a t io n  Q.480). This signal m ay  be similarly  used in 
n a t io n a l  traffic  to  ind ica te  th a t  response  to signal A-9 o r  A-10 is no t  possible.

T he  m ean ing  o f  the no n -n u m eric a l  signal 1-13 is d e p e n d e n t  on  its posi t ion  in the sequence  o f  address  
s ignals  specified in R e c o m m e n d a t io n  Q.107.

a) Test call indicator

W h e n  in in te rn a t io n a l  w ork ing  the  signal 1-13 is t ran sm it ted  as the first fo rw ard  signal it occupies  the 
p os i t io n  o f  the language  o r  d isc r im in a t ing  digit. It serves then  as a test call in d ica to r  a n d  m us t be fo l low ed by the 
co m p le te  test eq u ip m en t  address  in fo rm a t io n  as specified in b) below.

T he signals I - l  to 1-10 are  nu m erica l signals in d ica tin g :
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b) Access to test equ ipm ent (code 13)

To access a u to m a t ic  test e q u ip m en t  the  second  signal 1-13 (the ad d ress  digit) m u s t  be fo l low ed  by  tw o  
digits x y  a n d  the  signal 1-15.

c) S a te llite  link not included

In respo nse  to signal A-13, the  m ean in g  o f  the signal 1-13 is th a t  u p  to  the  o u tg o in g  R2 register  n o  satellite  
link is included.

T he  m ea n in g  o f  the  n on -n u m eric a l  signa l 1-14 is d e p e n d e n t  on  its p o s i t io n  in the seq u ence  o f  add re s s  
signals specified in R eco m m en d a t io n  Q.107.

a) C ountry code indicator, outgoing half-echo suppressor inserted

W hen signal 1-14 is t r an sm it ted  as the first fo rw a rd  signal it indica tes  tha t :

i) a co u n try  code  will fo llow  ( in te rna t ion a l  trans it ) ;

ii) the call requires  echo suppresso rs ;

iii) the  o u tg o in g  half-echo  sup p resso r  has a lready  been  inserted.

This  signal is to  be used in in te rn a t ion a l  w o rk ing  an d  on ly  in co n fo rm ity  w ith  R e c o m m e n d a t io n  Q.479.

b) Incom ing  half-echo suppressor required

In re sp on se  to  signal A-14, the  m ean in g  o f  the  signal 1-14 is th a t  an  in c o m in g  half -echo  su p p re sso r  is 
necessary.

c) S a te llite  link included

In resp o nse  to signal A-13, the  m ean in g  o f  the signal 1-14 is th a t  u p  to  the  ou tg o in g  R2 register  a  satell ite  
l ink is inc lu ded  in the co nnec t ion .

T h e  n o n -n u m e r ic a l  signa l 1-15 indica tes  the  en d  o f  a sequence  o f  fo rw a rd  in terreg is ter  signals. It is n eve r  
sent as the  first s ignal on  an  in te rn a t io n a l  link.

a) E nd-o f-pu lsing

In in te rn a t io n a l  w ork ing  signal 1-15 is used  in sem i-au to m at ic  o p e ra t io n  to ind ica te  th a t  there  a re  n o  m o re  
address  signals to  fo llow  (see R ec o m m e n d a t io n s  Q.107 an d  Q.473).

b) E n d  o f  identification

In  in te rn a t io n a l  traffic  signal 1-15 is used  to ind ica te  (in respo nse  to  signal A-13) th a t  t r a n sm iss io n  o f  the  
sequence  iden tify ing  the  loca t ion  o f  the o u tgo ing  in te rn a t io na l  R2 register is te rm in a te d  (see R e c o m m e n d a 
t ion  Q.480).

4.2.3.2 Group I I  fo rw a rd  signals

T he  G r o u p  II fo rw a rd  signals are  call ing  p a r ty ’s category  s ignals sent by  o u tg o in g  R2 registers o r  by. 
ou tg o ing  in te rn a t io n a l  R2 registers in reply  to the b ac k w ard  signals A-3 o r  A-5 a n d  give in fo rm a t io n  w h e th e r  
n a t io n a l  o r in te rn a t io n a l  w o rk ing  applies.  F o r  the signal codes see T ab le  5 /Q .441 .

It is useful to identify  calls acco rd in g  to  type  o r  funct ion :

i) to ind ica te  w hether  the fo rw a rd  transfe r  facili ty  is req u ired  in in te rn a t io n a l  traffic ;

ii) fo r  a d eq u a te  con tro l  o f  sw itching o p e ra t io n s ;

iii) to  en ab le  any  ad d it io na l  m ean in gs  fo r  the signals A-5 used  in a n a t io n a l  n e tw o rk  b u t  n o t
in te rn a t io n a l ly  accep ted  (for exam ple ,  to  change  the m ean in g s  o f  o ne  o r  m o re  fo l low ing  signals,
fo rw a rd  o r  b ack w ard )  to  be m ad e  in op era t iv e  for in co m in g  in te rn a t io n a l  calls;

iv) fo r  m a in te n a n c e  purposes.

The  m ean in g s  o f  the  call ing  p a r ty ’s category  signals are  deta i led  below :

a) T he  s igna l I I - l ,  subscriber w ithout priority  indica tes  th a t  the  call is set u p  from  a su b sc r ib e r ’s line a n d
is n on-p r io r i ty .

b) T he  signals II-2  a n d  11-9, subscriber with priority  ind ica te  th a t  the  call is set u p  from  a su b sc r ib e r’s line 
to  w hich p rio r ity  t r e a tm en t  o f  calls has  been  accorded .  Signal 11-2 is specified fo r  n a t io n a l  w o rk ing  on ly  since
there  are  no  R ec o m m e n d a t io n s  rega rd ing  p rio r ity  calls in a u to m a t ic  in te rn a t io n a l  w o rk in g  (see R e c o m m e n d a 
t ion  Q.480).
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c) T he  signal 11-3, m a in tenance  equ ipm ent ind ica tes  tha t  the  call comes from  m a in ten an ce  equ ip m en t .

d) T he  signal 11-5, operator ind ica tes  th a t  the  call is set u p  f rom  an  o p e ra to r ’s posi tion .

e) The signals 11-6 a n d  11-8, d a ta  transm ission  ind ica te  th a t  the  call will be  used fo r  d a ta  t ransm iss ion .

f )  The signal 11-7, subscriber ind ica tes  th a t  the  call is set u p  from a su bscriber’s line, an  o p e ra to r ’s
posi t ion  o r  from  m a in ten an ce  eq u ip m en t  and  th a t  no  fo rw a rd  t r ansfe r  signal will be used.

g) The signa l 11-10, operator with fo rw a rd  transfer fa c ili ty  indicates  th a t  the call is set u p  from  an
o p e r a to r ’s posi t ion  with possibil ity  o f  recourse  to the fo rw a rd  tra n s fe r  facility. Its use m us t be subject to  b ila teral 
ag reem e n t  (see A nnex  A to the presen t Specifications).

T he  signal 11-4 a n d  the s ignals 11-11 to  11-15 are  spare. T he  m e a n in g  o f  signal 11-4 will be dec ided  later by 
in te rn a t io n a l  agreem ent.

TABLE 5/Q.441 

Group II forward signals

Designation
Combination of the signal Meaning of the signal Remarks

(a) (b) .■(c) (d)

1 III Subscriber without priority
2 II-2 Subscriber with priority These signals
3 II-3 Maintenance equipment are solely used
4 II-4 Spare for national
5 II-5 Operator working
6 II-6 Data transmission

T II-7 Subscriber (or operator without forward transfer facility) 1 These signals
8 II-8 Data transmission 1 are used
9 II-9 Subscriber with priority J for international

10 11-10 Operator with forward transfer facility ) working

11 11-11
12 11-12
13 11-13 Spare for national use
14 11-14
15 11-15

Note  -  Signals II-7 to 11-10 are used solely for international working’. The rest o f the Group II signals only apply for 
national working and are translated to signals II-7 to 11-10 in the outgoing international R2 registers (see R ecom m endation  
Q.480). This enables the System R2 register at an incom ing exchange to distinguish between national and international calls.

4.2.4 B ackw ard  signals

4.2.4.1 G roup A backw ard  signals

G ro u p  A b ack w ard  signals ( for signal codes see T ab le  6 /Q .4 4 1 )  are  requ ired  to  ack no w ledg e  G ro u p  I 
fo rw a rd  signals a nd  u n d e r  certa in  cond it ion s ,  G ro u p  II fo rw a rd  signals. Besides tha t  func t iona l  p a r t  o f  the 
com p e l led  p rocedure ,  the G ro u p  A signals convey s ignall ing  in fo rm a t io n  as de ta i led  below:

a) The signal A - l ,  send  n ex t d ig it (n + 1) requests  t r an sm iss ion  o f  the  next digit ( n +  1) a f te r  recep t ion
o f  digit n. T h e  latest add ress  signal sent is assum ed  to  have  the ran k  n w ith in  the signal sequence
specified in R e c o m m e n d a t io n  Q.107.

b) The signal A -2 , sen d  last bu t one d igit (n — 1) requests  the  t ransm iss ion  o f  digit (n  — 1) after
recep t ion  o f  digit n. T he  latest address  signal sent is assu m ed  to have the ra n k  n w ith in  the signal 
sequence  specified in R ec o m m e n d a t io n  Q.107. This  signal m us t n o t  be used on a  satellite link. •
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TABLE 6/Q.441 
Group A backward signals

Com bination
(a)

Designation  
o f the signal 

(b)
M eaning o f the signal

(c)

1 A -l Send next digit (n + 1)
2 A-2 Send last but one digit (n -  1)
3 A-3 Address-com plete, change over to reception o f Group B signals
4 A-4 Congestion in the national network
5 A-5 Send calling party’s category
6 A-6 Address-com plete, charge, set-up speech conditions
7 A-7 Send last but two digit (n -  2)
8 A-8 Send last but three digit (n -  3)
9 A-9

10 A-10 j Spare for national use

11 A -l 1 Send country code indicator
12 A-12 Send language or discriminating digit

13 A-13 (
a) Send nature o f circuit
b) Send location o f outgoing international R2-register

14 A-14 R equest for information on use o f an echo suppressor 
(is an incom ing half-echo suppressor required?)

15 A-15 Congestion in an international exchange or at its output

c) T he  signa l A -3 , address com plete, changeover to reception o f  Group B signals  ind ica tes  th a t  the 
in co m in g  R2 register a t  the  in com ing  en d  needs n o  ad d i t io n a l  add ress  digit a n d  is a b o u t  to  go  ov e r  to 
t r an sm iss io n  o f  a G ro u p  B signal con vey ing  in fo rm a t io n  a b o u t  the  c o n d i t io n  o f  the  e q u ip m e n t  at the  
in co m in g  exchange  or the  c o n d it io n  o f  the  called su b sc r ibe r’s line (see R e c o m m e n d a t io n  Q.442).

d)' T he  signa l A -4 , congestion in the n a tiona l netw ork  indica tes :

i) congest ion  o f  n a t io n a l  links;

ii) congest ion  in selection stages o f  te rm ina l  in te rn a t io n a l  o r  n a t io n a l  exchanges;

iii) o ccurrence  o f  t im e-ou t  o r  a b n o rm a l  release o f  a system R2 register p ro d u c e d  fo r  an y  reason.

F o r  excep t ion  to these rules see n) below. See also signal B-4, R e c o m m e n d a t io n  Q.442 a n d  A nn ex  B 
to  this  Specif ication .

e) T he  signa l A -5 , send  calling party 's  category  requests t ran sm iss ion  o f  a  G r o u p  II signal.

f )  T h e  signa l A -6 , address-com plete, charge — set-up speech conditions  ind ica tes  th a t  the  R2 register at the  
in co m in g  en d  needs no  ad d it io na l  digit,  bu t  will no t send G r o u p  B signals. T he  call has  to  be c ha rg ed  
on  a n sw er  (see R e c o m m e n d a t io n  Q.442).

g )  The  signa l A -7 , send  last but two digit (n — 2) requests the  send ing  o f  digit ( n — 2) af te r  recep t ion  o f
digit n. T he  latest address  signal sent is to have the ra n k  n w ith in  the  signal sequence  specified in
R e c o m m e n d a t io n  Q.107. This  signal must no t be used on a satell ite link.

h) T he  signal A -8, send  last bu t three d ig it (n — 3) requests the  send ing  o f  digit ( n — 3) a f te r  recep t ion  o f
digit n. The latest address  signal sent is to have the ra n k  n w ith in  the  signal sequence  specified in
R e c o m m e n d a t io n  Q.107. This signal m ust n o t  be used on  a  satell ite link.

i) T he  signals A -9  to A -1 0  are  spares  availab le  fo r a l loca t ion  o f  na t io n a l  m ean ings .  T he  use o f  
signals A-9 an d  A-10 in n a t io na l  ne tw orks  can be decided  by each A dm in is t ra t io n .
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j )  The  signa l A - l  1, send  country  code indicator  requests the  co u n try  code ind ica to r  ( t ransi t  ind ica tion )  in
ack no w led g em en t  o f  an y  fo rw ard  signal.  T he  signal is used in in te rna t iona l  transit  calls only  (see
R eco m m e n d a t io n  Q.462).

k)  The s igna l A -12, send  language or d iscrim inating  d ig it requests  the language  digit o r the d isc r im in a t ing  
digit in ack n o w led g e m en t o f  any  fo rw ard  signal.

I) The signa l A -13, send  na ture  o f  circuit or sen d  location o f  outgoing in terna tiona l R 2 register  requests
start o r  co n t in u a t io n  o f  the  ident if ica t ion  p roced u re  (in a ck n ow led gem en t  o f  an y  fo rw ard  signal, see
R e c o m m e n d a t io n  Q.480).

m ) The signa l A -14, request fo r  in form ation  on use o f  echo suppressor {is an incom ing  half-echo sup p resso r  
requ ired?)  indica tes  tha t  an  incom ing  in te rn a t io na l  ex chan ge  acknow ledges  the d isc r im ina t ion  digit or 
the language  digit a n d  th a t  it is possible to insert an  in co m in g  half-echo su pp resso r  in th a t  incom ing  
in te rna t io na l  exchange  if  required .

n) The signa l A - l 5, congestion in an in terna tiona l exchange or its ou tpu t indicates :

i) congest ion  on in te rn a t io n a l  links;

ii) congest ion  in selection stages at an  in te rn a t ion a l  t ran s i t  exchange  o r  at a te rm ina l in te rna t ion a l  
exchange  a n d / o r  its ou tgo in g  links;

iii) occurrence  o f  t im e-ou t  o r  a b n o rm a l  release o f  a System R2 register p ro d u ced  fo r  any  reason  (see 
R e c o m m en d a t io n  Q.442).

4.2.4.2 G roup B  backw ard  signals

A ny G ro u p  B b ack w ard  signal (for signal codes see T ab le  7 /Q .44 1 )  acknow ledges  a G ro u p  II fo rw ard  
signal a n d  is a lw ays p receded  by the ad d ress-com ple te  signal A-3 w hich  ind ica tes  tha t  the  in co m ing  R2 register 
has  received all the G ro u p  I fo rw a rd  s ignals it requires  from  the o u tg o in g  in te rn a t io na l  R2 register. Besides tha t  
fu n c t io na l  par t  o f  the com pel led  p roc ed u re  the G r o u p  B signals convey  in fo rm a t io n  ab o u t  the co n d it ion  o f  
sw itch ing  eq u ip m en t  in the in com in g  exchange, o r  ab o u t  the  c o n d i t io n  o f  the called sub sc r ibe r’s line, to  the
o u tg o in g  in te rna t ion a l  R2 register which can then  take  the necessary  ac tion  as specified in R e c o m m e n d a 
tion  Q.474.

TABLE 7/Q.441 

Group B backward signals

C o m b in a t io n
(a)

D es ig n a t io n  
o f  the  s ignal  

(b)
M e a n in g  o f  the  s ignal  

(c)

1
2
3
4

5
6

B-l
B-2
B-3
B-4

B-5
B-6

Spare for national u se  
S end specia l in form at ion  to n e  
S ubscr iber  line busy
C o n g e s t io n  (e n c o u n t e r e d  after c h a n g e o v e r  from G r o u p  A s ig na ls  to 
G r o u p  B s ignals )
U na l lo ca ted  n u m b e r  
S ub scr ib er ’s line free, charge

7
8 
9

10

B-7
B-8
B-9
B-10

S ub scr ib er ’s line free, n o  charge  
S ub scr ib er ’s l ine  o u t  o f  order

|  Spare for national use

11
12
13
14
15

B-l 1 
B-l 2 
B-l 3 
B-14  
B-l 5

Spare for in ternational use
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a) The  signa l B - l  is spare  fo r  n a t io n a l  use a n d  its m ean in g  m u s t  be  c o m p a t ib le  w ith  th a t  o f  signal B-6 
(see R e c o m m e n d a t io n  Q.474).

b) The signa l B-2, sen d  special in form ation  tone  ind ica tes  th a t  the  special in fo rm a t io n  to n e  sh o u ld  be  
re tu rn ed  to  the  call ing  party .  This  to n e  ind ica tes  th a t  the  called  n u m b e r  c a n n o t  be  reach ed  fo r  reasons  
n o t  covered  by o the r  specific signals a n d  th a t  the  unava i lab i l i ty  is o f  a  lon g  te rm  n a tu re  (see also 
R e c o m m e n d a t io n  Q..35).

c) The s igna l B-3, subscriber's line busy  ind ica tes  th a t  the  line o r  lines co n n e c t in g  the  called  subscr iber  to  
the ex chan ge  are  engaged.

d) The  s igna l B-4, congestion  indica tes  th a t  congest ion  co n d it io n  is e n c o u n te re d  a f te r  the  ch an g eo v e r
from  G r o u p  A signals to  G ro u p  B signals. T he  signal B-4 shall be sen t in the  c o n d i t io n s  specified  fo r
signal A-4 [see § 4.2.4.1, d) a n d  R e c o m m e n d a t io n  Q.474, § 5.3.5.1].

e) The  signa l B-5, una lloca ted  num ber  ind ica tes  th a t  the  n u m b e r  received is n o t  in use (e.g. an  u n u se d  
co un try  code, an  u n u sed  t ru n k  code  o r  subscriber  n u m b e r  th a t  has  n o t  been  a llocated) .

f )  T h e  s igna l B-6, subscriber’s line free , charge ind ica tes  th a t  the  called  p a r ty ’s line  is free a n d  th a t  the  
call has  to be cha rg ed  on  answer.

g )  The signa l B-7, subscriber’s line free , no charge  ind ica tes  th a t  the  called  p a r ty ’s l ine is free b u t  is n o t  to
be ch a rged  o n  answ er. This  signal p erm its  n o n -cha rg eab le  calls w i th o u t  the  need  fo r  tr an sfe r r in g  “ n o
ch a rg e” in fo rm a t io n  by  line signals.

h) The signa l B-8, subscriber's line ou t o f  order ind ica tes  th a t  the  su b sc r ib e r ’s line is ou t-of-service  o r  
faulty.

i) S igna ls B -9  a n d  B -10  a re  spa re  fo r  n a t io n a l  use. T h e ir  m e a n in g  m us t  n o t  be  in c o m p a t ib le  w ith  the  
sen d in g  o f  special in fo rm a t io n  ton e  to  the  call ing p a r ty  (see R e c o m m e n d a t io n  Q.474).

j )  S igna ls B - l l  to B - l5 a re  spa re  fo r  use in the in te rn a t io n a l  ne tw ork .  M ean in g s  will be  a lloca ted  as
required .

T he fo llow ing  G ro u p  B signals are  specified :

Recommendation Q .442

4.3 PULSE TRA NSM ISSIO N OF BACKWARD SIGNALS A-3, A-4, A-6 OR A-15

U n d er  ce rta in  con d it io n s  it m ay  p rove  necessary  o r  des irab le  to  send  o n e  o f  the  signa ls A -3 , A -4 , A -6  or 
A -15  w ithou t p r io r  recep t ion  o f  a fo rw a rd  signal. This  can  o ccu r  w h en  the  in c o m in g  R2 register, a f te r  
ackno w ledg in g  a  recogn ized  fo rw a rd  signal, is u n a b le  to  co m p le te  the  call ( fo r  e x a m p le  d u r in g  congest ion )  a n d  
the  nex t fo rw a rd  signal does  no t  a p p e a r  on  the  l ine; o r  w hen  the  ad d ress -co m ple te  signal m u s t  be sent af te r  the  
last fo rw a rd  add ress  signal has  been  acknow ledged .  It m ay  be des i rab le  to  d e libera te ly  su sp en d  c o m p e l led  
signall ing  by ack no w le d g in g  the last address  digit,  a n d  signal 1-15 if  received, w ith  signal A -l  to  av o id  p ro lo n g in g  
the tran sm iss io n  t im e o f  cer ta in  in terreg is ter  signals. Such a  course  sh o u ld  certa in ly  be  co n s id e re d  w hen  there  is a 
poss ib il ity  tha t  a  re latively long  p e r io d  m ay  e lapse  be tw een  recep tion  o f  the  last dig it  a n d  de tec tion  o f  the  
c o n d i t io n  o f  the  called  su bsc r ibe r’s line. T he  average  d u ra t io n  o f  such p e r io ds  d u r in g  the  busy  h o u r  m u s t  be 
lim ited  to  3 seconds  in view o f  the  lo ad  on  the ca rr ie r  systems in the case o f  in te rn a t io n a l  calls.

T he  fo l low ing  con d it io n s  m us t  be observed, in t ran sm i t t in g  p u lsed  in terreg is ter  s ignals (see F igure  
14/Q .442):

— the m in im u m  delay  be tw een  the en d  o f  tran sm iss io n  o f  the  last signal o f  the  co m p e l led  cycle a n d  the  
start o f  t ran sm iss ion  o f  the  pulse  signal m u s t  be 100 ms;

— the  pu lse  d u ra t io n  m us t  be 150 ±  50 ms.

R ecep tion  o f  a pu lse  signal m u s t  cause in te r ru p t io n  o f  an y  fo rw a rd  signal in course  o f  t r an sm iss io n  a t  the  
o u tg o in g  R2 register. It is som etim es  im possib le ,  how ever,  to  p rev en t  a fo rw a rd  signal f ro m  be ing  sent by  the  
o u tg o in g  R2 register a t  the very m o m e n t  w hen  o n e  o f  the  b a c k w a rd  s ignals A-3, A-4, A-6 o r  A-15 is sent in pu lse  
fo rm  by  the register at the  in com ing  end.

T o  reduce  the o pe ra t in g  difficulties w hich  m ay  result, the in co m in g  R2 register m u s t  be so des igned  th a t  
no  fo rw a rd  m ul t i f req uen cy  c o m b in a t io n  can  be recognized  du r in g  a n d  af te r  the  tran sm iss io n  o f  s ignals A-4, A-6 
o r  A-15 in pulse  fo rm  o r  d u r in g  300 ±  100 ms from  the  s tart  o f  tran sm iss io n  o f  the  ad d re s s -co m p le te  signal A-3
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in pulse  fo rm  (900 ±  180 ms w hen signal A-3. is tran sm i t ted  over  a satellite link) (see Figures 14/Q .442  an d  
15/Q .442).  W hen  the en d  o f  a pulse  signal A-3 has been  recogn ized  in the o u tgo ing  R2 register , a G r o u p  II signal 
m us t  be sent fo rw ard .  T he  in co m ing  R2 register will a c kn ow led ge  this signal by a G ro u p  B signal.

O n  recogniz ing  signal A-4, A-6 o r  A-15 no  fo rw a rd  signal is sent by the  ou tgo ing  R2 register. The  end  o f  
these b ack w a rd  signals m us t  cause the  d ismissal o f  the o u tg o ing  a n d  incom ing  R2 registers in a cco rd an ce  with 
R e c o m m e n d a t io n  Q.475.

The  co nd it io ns  u n d e r  which pu lse  tran sm iss io n  o f  the  b a c k w a rd  signals A-3, A-4, A-6 o r  A-15 app ly  are 
specified  in Section 5.

Outgoing
register

Incom ing
register

O utgoing
register

Incom ing
register

L

G roup II 
signal

Last backw ard signal 
of a com pelled 
sequence (e.g. A-1)

>  100 ms

150 ± 50 ms 
Pulse signal A-3

No forw ard signals 
can be recognized 
fo r 300  ± 100 ms
( 9 0 0  ±  180 ms)

G roup  B signal

CCITT-49291

Last backw ard signal 
o f a com pelled 
sequence (e.g. A-1)

>  100 ms

150 ± 50 ms 
Pulse signal A-3

No forw ard  signals 
can be recognized 
fo r 300  ± 100 ms
(9 0 0  ±  180  ms)

G roup B signal

Sending Receiving Sending Receiving

FIGURE 14/Q.442 
Pulse transmission of signal A-3

FIG URE 15/Q .442  
Pulse transmission of signal A-3 when delayed 

forward signal appears

4.4 M ULTIFREQUENCY SIGNALLING EQUIPM ENT

Recommendation Q .450

4.4.1 GENERAL

Since System R2 can  p rov ide ,  in in te rn a t io n a l  w ork ing ,  en d - to -en d  s ignall ing  from  the  ou tg o in g  in te rn a 
t iona l  R2 register to an  in co m in g  R2 register at the called sub sc r ib e r’s local exchange  (see R e c o m m e n d a 
tion  Q.440), the specifica tions fo r  m ulti f requ ency  signall ing  e q u ip m e n t  take  accou n t  o f  t ran sm iss ion  co nd it ion s  in 
b o th  the  in te rn a t io na l  a n d  n a t io n a l  ne tw orks . T he  in com ing  n a t io n a l  ne tw ork  m ay  include b o th  4-wire a n d  2-wire 
links.

H ow ever,  it is assum ed  in the  fo l low ing  specif ica tions fo r  m u lti f requency  signall ing  eq u ip m en t  for 
o u tg o ing  in te rna t ion a l  R2 registers a n d  in co m ing  R2 registers in in te rn a t io n a l  exchanges  in c lud in g  the  inco m in g  
in te rn a t io n a l  exchange  th a t  the registers are  directly  co nn ec ted  by fo u r  wires to the v ir tual sw itching po in ts  o f  the  
links. T he  registers th u s  con ta in  a m u l t i frequency  signall ing  e q u ip m e n t  with a t ran sm i t t in g  p a r t  an d  a receiving 
part ,  each separa te ly  co n nec ted  to the G O  a n d  R E T U R N  p a th  o f  the  4-wire c ircuit respectively (see 
F igure 16 /Q .4 5 1).

76 Fascicle VI.4 — Rec. Q .450



W h en  the  o u tg o in g  in te rn a t io n a l  R2 register is s i tua ted  in a n a t io n a l  ex ch ang e  p reced in g  the  o u tgo in g  
in te rna t io na l  exchange ,  o r  w hen  the  inco m in g  R2 register is s i tua ted  in a  n a t io n a l  ex ch an g e  fo l low ing  the  
inco m in g  in te rn a t io n a l  exchange ,  special cond it ion s  ap p ly  (see R ec o m m e n d a t io n  Q.457).

T h e  u p p e r  a n d  low er limits specified fo r  the sen d in g  level a n d  fo r  the n a t io n a l  ex tens ion  a t te n u a t io n  leave 
a degree o f  f reedo m , th us  s im plify ing  the p ro b lem  o f  in te rw ork in g  a m o n g  d if fe ren t  n e tw orks .  T he  o u tg o in g  
in te rn a t io n a l  R2 register relays the in terregis ter  s ignals by  the  m e th o d  descr ibed  in R e c o m m e n d a t io n  Q.478. T he  
presen t  spec if ica tion  ensures  th a t  the  system has an  a d eq u a te  range.

Recommendation Q .451

4.4.2 DEFINITIO NS

4.4.2.1 M ultifrequency signalling  equipm ent

D u rin g  the  exchange  o f  m u lti frequency  co m b in a t io n s  the link o r  m ulti - l ink  sec tion  is te rm in a te d  at b o th  
ends by e q u ip m e n t  a l low ing  m ul t i f requency  c o m b in a t io n s  to be sen t an d  rece ived u n d e r  m u tu a l ,  co m p e l led  
contro l ,  as in d ica ted  in R e c o m m e n d a t io n  Q.440. G en era l ly  speak ing ,  th e  e q u ip m e n t  invo lved  in the  signal t r an sfe r  
a t each en d  o f  th e  m ulti - l ink  section has the fo l low ing  func t ions :

— recep t ion  o f  m ult i f req uen cy  c o m b in a t io n s ;

— p ro tec t ion  aga ins t  d is tu rbances  (e.g. 2-ou t-of-n-check , O-out-of-n-check, see R e c o m m e n d a t io n  Q.458);

— tran s fe r  o f  signals to  a n d  from  the registers o r  eq u iva len t  e q u ip m en t ;

— sen d ing  o f  m ul t i f requ ency  com bin a t ion s .

This  e q u ip m e n t  as a  w ho le  can  be co n s id e red  as a single fu n c t io n a l  unit ,  h e n c e fo r th  called  the  
m ul t i frequency  signall ing  eq u ipm ent .

The  fun c t io ns  o f  the m ul t i f requency  s ignall ing  eq u ip m en t  m ay  be d is t r ib u ted  a m o n g  a n u m b e r  o f  
sub-units ,  acco rd in g  to the  design princ ip les  a d o p te d  in each pa r t icu la r  case; these, w ith in  cer ta in  limits, are  o p en  
to  choice.

F o r  the  p u rp o se  o f  the p resen t  specifica tion , the  m u l t i f requency  s ignall ing  e q u ip m e n t  is d iv ided  in to  a 
send ing  p a r t  a n d  a  receiving part.

a) Four-wire m ultifrequency signalling  equ ipm en t

M u lti f req uen cy  signall ing  eq u ip m e n t  co n n ec ted  to  the speech pa th  by tw o  pa irs  o f  wires is ca lled  4-wire 
m ul t i f requency  s ignall ing  e q u ip m en t  (see Figure 16/Q .451).  In such cases, the speech  p a th  itself is genera l ly  4-wire 
too.

In F igure 16/Q .451 , p o in t  B is the o u tp u t  o f  the send ing  p a r t  a n d  po in t  C  the  in p u t  to  the  receiv ing p a r t  
o f  the  4-wire m ul t i f requ ency  s ignall ing  equ ip m en t .  T he  la t ter  inc ludes the  devices fo r  p ro tec t io n  ag a ins t  
d is tu rbances  a n d  the eq u ip m en t  fo r transfe r r in g  s ignals to the  register o r  equ iv a len t  eq u ip m en t .

b) Two-wire m u ltifrequency signalling  equ ipm ent

Because d if fe ren t frequencies  are  used for in terregis ter  s ignall ing  in the  tw o  d irec t ion s  o f  tran sm iss io n ,  a
single p a ir  o f  wires c o n nec t ing  the speech p a th  to the  m ulti f req uen cy  signall ing  e q u ip m e n t  can  be used  fo r
s im ul taneous  send in g  a n d  recep tion  o f  m ulti f requency  com b in a t io ns .

M u lt i f requ ency  s ignall ing  eq u ip m en t  co n nec ted  to  the  speech p a th  by a  single  p a i r  o f  wires is called  2-wire 
m ulti f requency  signall ing  e q u ip m en t  (see Figure 17/Q.451).

In  F igure 17/Q .451 , p o in t  A is the o u tp u t  o f  the send ing  p a r t  an d ,  a t  the  sam e t ime, the  in p u t  to  the
receiving part .  T he  la tter  inc ludes the  devices fo r  p ro tec t ion  aga ins t  d is tu rb ance s  a n d  fo r  t ran s fe r r in g  s ignals to the
register o r  eq u iva len t  equ ipm ent.

4.4.2.2 O perate a n d  release tim es o f  the receiving p a r t o f  the signalling  equ ipm ent

T he  speed  and  reliability o f  the  com pelled  in terreg is ter  signal tran sfe r  is d e p e n d e n t  on  the  o p e ra t io n  a n d  
release times T0 , TR, T'0 a n d  T'R de f ined  below. These  times inc lude the  m in im u m  reco gn i t ion  tim es referred  to in
4.4.5.3 below.
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FIGURE 16/Q.451 FIGURE 17/Q.451
Four-wire multifrequency signalling equipment Two-wire multifrequency signalling equipment

a) Operation tim e

If  the tw o frequenc ies  m ak in g  u p  a m ulti f requ ency  c o m b in a t io n  are  a pp lied  s im ultaneously  to the inpu t  o f  
the receiving p a r t  o f  the m ult i f req uen cy  s ignall ing  equ ip m en t,  the  t im e interval be tw een the ap p lica t ion  o f  b o th  
f requencies  and  recogn i t ion  o f  the  m ul t i f req uen cy  c o m b in a t io n  is called o p e ra t io n  time T0 .

If  one o f  the tw o frequencies  m ak in g  u p  a m ul t i f requ ency  co m b in a t io n  is ap p lied  to the in p u t  o f  the 
receiving part  o f  the  m ult i f requ ency  s ignall ing  eq u ip m en t  so m ew h a t  after  the o th e r  frequency , the t ime interval 
be tw een  the a p p lica t ion  o f  the seco nd  frequency  an d  recognition"- o f  the m ul t i f requency  co m b in a t io n  is called 
o p e ra t io n  time T'{).

b) R elease tim e

If  the two frequencies  m ak in g  u p  a m ul t i f requency  co m b in a t io n  are s im ul taneously  cut o ff  f rom  the in p u t  
o f  the  receiving p a r t  o f  the m ul t i f requency  s ignall ing  e q u ip m e n t ,  the  tim e in terval be tw een  the  cu t-o ff  an d  
reco gn i t ion  o f  the end  o f  the m u lti frequency  c o m b in a t io n  is called  release tim e TR.

I f  one  o f  the tw o frequencies  m a k in g  u p  a m ulti f req uen cy  co m b in a t io n  is cut o f f  f rom  the in p u t  o f  the 
receiving p a r t  o f  the  m ul t i f requency  signall ing  e q u ip m en t  so m ew h a t  after  the o the r  frequency ,  the t im e interval 
be tw een  the cu t-o ff  o f  the  second  frequency  a n d  recognit ion  o f  the  end  o f  the  m ul t i frequency  co m b in a t io n  is 
called  release t im e  T'K.

4.4.2.3 In terna l operation tim e

a) I f  the eq u ip m e n t  at a sw itch ing  centre  has to  analyse  o ne  o r  m ore  o f  the signals received a n d  if  it has  to 
carry  o u t  rou ting  a n d  sw itch ing  o p e ra t io n s  before  be ing  able  to  d e te rm in e  which b ack w ard  signal shou ld  be sent, 
it can  delay  com p le t io n  o f  the  co m pe l led  s ignall ing  cycle. Such delay  de p e n d s  on the fu nc t io n  the cen tre  has a nd  
on  the  design o f  the sw itch ing  e q u ip m e n t  used in it. The  delay  c a n n o t  there fo re  be specified.

T he  t ime requ ired  by an  in co m in g  R2 register to  d e te rm ine  w hich b a ck w ard  signal to  send in reply to a 
fo rw a rd  signal is d en o ted  as Tinl, .  T he  d u ra t io n  o f  the cycle is increased  by the w hole  o f  th is time, which must 
th e re fo re  be kep t to  a  m in im u m . Its va lue  will be zero if  the  signal to  be sent is a lready  determ ined .

b) A n ou tgo ing  R2 register sends  a fo rw a rd  signal a fter  in te rp re t in g  the b ack w ard  signal it has received. The 
tim e  requ ired  to d e te rm in e  the  a p p ro p r ia te  signal is d en o te d  as Tint 2 .

c) At the en d  o f  a fo rw a rd  signal the  in co m in g  R2 register m ay  have  to  p e rfo rm  certa in  func t ions  in o rde r  to  
be  read y  to  receive th e  nex t  signal. T h e  t im e  requ ired  fo r  these fu nc t ion s  is den o ted  as Tjn, 3.
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4.4.3 REQUIREM ENTS RELATING TO TRA NSM ISSIO N CO N D ITIO N S

4.4.3.1 Im pedances

The im p ed a n ce  Z A m easu red  at the  te rm ina ls  A (see F igure  17 /Q .451) o f  a 2-wire m u l ti f re q u en cy  signall ing  
eq u ip m en t  will have  a n o m in a l  va lue  equal to  the  n o m in a l  te rm in a t in g  im p e d a n c e  Z T o f  the  links at th e  exch ang e  
u n d e r  co n s id e ra t ion  an d  will be b a lan c ed  to earth .  In m ost cases this va lue  Z T will be  600 o h m s  non-reactive . T h e  
im p edan ce  Z A will th en  satisfy the  co nd it ion s :

20 lo g
600 +  Z A 
6 0 0  -  Z A

10 d B ( 1)

in the 300-3400 H z b a n d ,  and

20  lo g
600  +  Z A 
6 0 0  -  Z A

16 dB (2)

in the 520-1160 H z a n d  1360-2000 H z  bands .

The  im p ed an ces  Z B a n d  Z c  m easu red  at the  te rm ina ls  B an d  C  .(see F igurq  16 /Q .451) o f  a  4-w ire  m u l t i f re 
quency  s ignall ing  eq u ip m en t  will have  a n o m in a l  va lue  equal to  the  n o m in a l  te rm in a t in g  im p e d a n c e  Z T at  the  
exchange  u n d e r  co n s id e ra t ion  an d  will be b a lan c ed  to  earth .  In m os t  cases th is  v a lue  Z T will be  600 o h m s  
non-reactive. T he  im p ed an c es  Z B a n d  Z c will th en  satisfy co n d it io n  (1) a b ov e  in the 300-3400 H z  b a n d  a n d
con d i t io n  (2) a b o ve  in 'the 520-1160 H z o r  1360-2000 H z  b a n d s ,  a cco rd ing  to  the  set o f  frequenc ies  g en e ra ted  by
the eq u ip m e n t  conce rn ed .  •

All the abo ve  requ irem en ts  m us t be met, w he th e r  signall ing  f requencies  are  b e ing  t r an sm i t te d  o r  not.

4.4.3.2 Echoes

T he  b a la n c e  re tu rn  loss p resen ted  to  the  in te rna t io na l  l ink  by d if fe ren t n a t io n a l  n e tw ork s  varies co n s id e r 
ably. R e c o m m e n d a t io n  G.122 gives the  desirab le  values b ased  oh tran sm iss io n  re q u irem en ts  a n d  these values 
cou ld  h a rd ly  be im p ro v ed  on  s im ply  in o rd e r  to  facili tate signall ing , especially  as the b a lan c e  re tu rn  loss w o u ld  
then  have  to be very high.

T he  m ult i f requ ency  signall ing  eq u ip m en t  m us t therefore  func t ion  w ith  an  echo  signal. A llo w an ce  is m a d e  
fo r  this in the test co n d it ion s  (see R e c o m m e n d a t io n  Q.455).' -

In  o rd e r  to  e lim ina te  d is tu rb ing  a n d  u n w a n te d  doub le -echo  effects, ou tg o in g  in te rn a t io n a l  R2 registers 
m ust be p ro v ided  with 4-wire s ignall ing  eq u ip m en t ;  the 4-wire lo op  will then  rem a in  o p en  a t  the o u tg o in g  en d  o f  
the multi - l ink  section  d u r in g  signalling.

F or  the  sam e reason ,  it is re co m m e n d e d  th a t  4-wire signall ing  e q u ip m e n t  be p ro v id ed  w hen ever  4-wire 
sw itching eq u ip m en t  is used.

4.4.3.3 Location a n d  connection o f  m u tifrequency signalling  equ ipm en t a ssocia ted  with ou tgo ing  in terna tiona l
R 2  registers

T he m ulti f requ ency  s ignall ing  eq u ip m en t  o f  the ou tg o in g  in te rn a t io n a l  R2 registers is a ssum ed  to  be 
d irectly  c o n n ec ted  to  the vir tual sw itching p o in t  o f  the  links in an  in te rn a t io n a l  exchange. T his  e q u ip m e n t  m ay  be 
s i tua ted  in a n a t io n a l  sw itching cen tre  o f  the co u n try  o f  orig in  on the n a t io n a l  n e tw ork  side o f  the  ou tg o in g  
in te rn a t io na l  exchange  p rov ided  th a t  the 4-wire ex tens ion  links betw een th is cen tre  a n d  the  o u tgo ing  in te rn a t io n a l  
exchange  have the  sam e u p p e r  limit fo r  the s ta n d a rd  dev ia t ion  o f  tran sm iss ion  loss v a r ia t io n s  with t im e (1 dB) as 
the in te rn a t io n a l  links.

Shou ld  the  n a t ion a l  ex tens ion  links no t  have  a n o m in a l  tran sm iss ion  loss o f  0.5 dB  be tw een  the  n a t io n a l  
exchange  an d  the  vir tual sw itching p o in t  in the o u tgo ing  in te rna t io na l  ex change ,  there  m us t be sui table  
co m p en sa t io n  o f  the p o w er  level o f  the  m ul t i f requency  com bina t ions .
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4.4.4 THE SENDING PART OF THE M ULTIFREQUENCY  
SIGNALLING EQ UIPM ENT

4.4.4.1 Signalling  frequenc ies

T h e  co m p os i t ion  o f  the m ul t i f requency  c o m b in a t io n s  is specified in R e c o m m e n d a t io n  Q.441.

T h e  frequencies  in the fo rw a rd  d irec tion  are:

/  =  1380, f  =  1 5 0 0 , / ,  =  1 6 2 0 , /  =  1 7 4 0 , /  =  1 8 6 0 , /  =  1980 Hz.

T h e  frequencies  in the  b ack w ard  d irec tion  are:

/  =  1 1 4 0 , /  == 1020, /  =  9 0 0 , /  =  7 8 0 , /  =  6 6 0 , /  =  540 Hz.

T h e  f requency  v aria tion  at the  send ing  p o in t  m ust no t exceed ±  4 H z relative to  the n o m in a l  value.

4.4.4.2 A bso lu te  pow er level transm itted

a) Four-w ire  m ulti f requ ency  signall ing  eq u ip m en t for o u tg o in g  in te rna t ion a l  R2 an d  in co m ing  R2 registers
assum ed  to be directly  c o n n ec ted  to the v irtual switching p o in t  in an in te rna t io na l  exchange :

i) The  abso lu te  p o w er  level o f  each n o n -m o d u la te d  s ignall ing  f requency  tran sm i t ted  by the send ing  p a r t  
o f  the  m ulti f req uen cy  signall ing  eq u ip m en t  in the in te rna t io na l  exchange  c o n ce rned  will have  a 
n o m in a l  value o f  —3.5 — 8 =  —11.5 dB m  with a to le rance  o f  ±  1 dB.

ii) The d if ference  in level be tw een the tw o signall ing  frequencies  m ak in g  up  a m ul t i f requency  c o m b in a 
tion m ust be  less th an  1 dB.

T h e  to lerances  specified app ly  to the send ing  p o in t  itself, i.e. te rm ina l B in Figure  16/Q.451.

b) Four-w ire  m ulti f req uen cy  signall ing  eq u ip m en t  for ou tg o ing  in te rn a t ion a l  R2 registers s i tuated  in a
n a t io n a l  exchange  fu r the r  dow n  in the ne tw ork  o f  the  cou n try  o f  o r ig in :

i) The sending-level co n d it io n s  m en t io ned  above  u n d e r  a) are  app licab le  in such n a t io na l  exchanges, 
p ro v id ed  tha t  the na t io na l  4-wire ex tens ion  links be tw een  the n a t io na l  exchange  an d  the  ou tgo ing  
in te rn a t io na l  exchange  have the sam e n o m in a l  tran sm iss ion  loss (0.5 dB) a n d  the sam e u p p e r  limit o f  
s ta n d a rd  dev ia t ion  o f  tran sm iss io n  loss v aria tions  with t im e (1 dB) as the  in te rn a t io n a l  links.

ii) I f  these n a t io n a l  links d o  n o t  have  a n o m in a l  t ran sm iss io n  loss o f  0.5 dB, the  level o f  interregister
f requencies  m u s t  be co m p en sa ted  as required .

c) M ult i f requency  signall ing  eq u ip m en t  fo r in com in g  R2 registers in na t ion a l  exchanges:

T he  n o m in a l  abso lu te  po w er  level TV o f  a single signall ing  frequency  tran sm i t ted  by the  send ing  p a r t  o f  the 
m ulti f requ ency  signall ing  eq u ip m en t  (2-wire o r  4-wire) in any  na t io na l  exchange  m u s t  be chosen  with in  the limits:

31 d B m  (1)

(2)

9 dB m  (3)

w hichever  o f  (2) o r  (3) yields the low er value.

N  > A b + 0 .5m  +  2.3 /  (m  + k )  +  (m  + k  +  1) 0.04 -

an d

N  < A„ -  11.5 dB m

or

N  < A b +  0.5m  — 2.3 j /  (m  +  k )  + (m  + k  + 1) 0.04 -
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In o rd e r  to  av o id  m arg ina l  o p e ra t io n ,  it is re co m m e n d e d  tha t  levels h ig he r  th a n  the  m in im u m  levels g iven 
by  fo rm u la  (1) be  specified.

In these fo rm u lae :

— m  =  the  n u m b e r  o f  4-wire links sw itched in ta n d e m  be tw een  the  o u tg o in g  in te rn a t io n a l  R2 register
a n d  the  in co m in g  in te rna t io na l  exchange. The n u m b e r  m th us  inc ludes  the  n a t io n a l  4-wire  ex tens ion
links in  the co u n try  o f  orig in  (see R e c o m m e n d a t io n  Q.457) a n d  the  in te rn a t io n a l  links. In  fo rm u la  (1) 
m  sh o u ld  alw ays be given the  m a x im u m  value  4. In fo rm u la  (3), m  sh o u ld  be  g iven all its values,  f ro m  
m in im u m  to  m a x im u m , a n d  the lowest va lue  so o b ta ined  o r  derived  f ro m  fo rm u la  (2) is to  be ta k en  as 
the u p p e r  limit o f  N.

— k  =  the  n u m b e r  o f  n a t io n a l  4-wire ex tens ion  links sw itched in t a n d e m  b e tw een  the  in c o m in g  
in te rn a t io n a l  te rm ina l  exchange  a n d  the  na t io n a l  exchange. T he  m a x im u m  value  o f  k  will be 4.

— A b =  the  n o m in a l  tran sm iss ion  loss at 800 H z in the b a c k w a rd  d irec tion  b e tw een  the  o u tp u t  te rm in a ls
o f  the  sen d in g  p a r t  o f  the  m ulti f requ ency  s ignall ing  eq u ip m e n t  o f  the  in c o m in g  R2 register in the  
exch ang e  u n d e r  co n s ide ra t ion  an d  the  sen d  side o f  the  v ir tual sw itch ing  p o in t  o f  the  b a c k w a rd  speech  
p a th  in  the  in co m in g  in te rna t io na l  exchange.

F o rm u lae  (1), (2) a n d  (3) were derived  as sho w n  in A nn ex  A to  Section  4.

T h e  va r ia t io n  in level re lative to the  n o m in a l  va lue  N  chosen  fo r  a given ex chan ge  m u s t  n o t  
exceed ±  1 dB.

H ow ever,  the  d if ference  in level be tw een  the  tw o s ignall ing  frequenc ies  m a k in g  u p  a m u l t i f req uen cy  
c o m b in a t io n  m u s t  n o t  exceed 1 dB.

4.4.4.3 S ignalling  freq u en cy  leak  level

T he  to tal p o w er  level o f  the  leak cu rren t  t r an sm it ted  to  line m us t  be:

a) at least 50 dB  be low  the  n o m in a l  level o f  o ne  s ignall ing  f re qu ency  w h en  no  m u l t i f req uen cy
c o m b in a t io n  is be ing  sent;

b) at least 30 dB  be low  the  level o f  e ither o f  the  signall ing  frequenc ies  w h en  a m u l t i f req u en cy
c o m b in a t io n  is be ing  sent. F u r th e rm o re ,  an y  single leak cu r ren t  m u s t  be  at least 34 dB  be low  the  level
o f  e ither o f  th e  s ignall ing  frequencies  w hen  a m u lti f requency  c o m b in a t io n  is b e in g  sent.

4.4.4.4 H arm onic d istortion  a n d  in ierm odula tion

The  to ta l  po w er  level o f  all frequencies  d ue  to h a rm o n ic  d is to r t ion  a n d  in te rm o d u la t io n  w ith in  the  
frequency  b a n d  300-3400 H z m us t be at least 37 dB  be low  the level o f  o n e  s igna ll ing  frequency .

4.4.4.5 Tim e to lerance fo r  m ultifrequency com binations

The  t im e in terval  be tw een  the  s tart o f  send ing  o f  each o f  the tw o  frequenc ies  co ns t i tu t in g  a m u l t i f re q u en cy  
c o m b in a t io n  m u s t  n o t  exceed 1 ms.

T he  t im e  interval be tw een  the  cessa tion  o f  sen d ing  o f  each o f  the  tw o frequenc ies  m us t  n o t  exceed 1 ms.

Recommendation Q .455

4.4.5 THE RECEIVING PART OF THE M ULTIFREQUENCY EQ UIPM ENT

4.4.5.1 Sensitiv ity  range

T he  p o w er  levels given below  relate to  the n o m in a l  im p e d a n c e  o f  the  rece iv ing  p a r t  o f  the m u l t i f req u en cy  
s ignall ing  equ ipm ent .

T h e  receiv ing p a r t  o f  the m u lti frequency  s ignall ing  e q u ip m en t  shall have  a  sensitivity range  o f  —35 d B m  
to —5 dBm.
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T he  o p e ra t ing  a n d  release tim es o f  the receiving p a r t  o f  the m ulti f requency  s ignall ing  eq u ip m e n t  d ep en d  
on  the  design an d ,  for a given design , on :

— the time d if ference  be tw een  the ins tan ts  o f  recep t ion  o f  each o f  the tw o frequencies  m ak in g  u p  a 
m u lti f requency  c o m b in a t io n ;

— the level o f  each o f  the tw o frequencies;

— the d ifference  in level be tw een  the tw o f requencies ;

— the level, spec trum  an d  in s tan t  o f  onset  o f  the noise.

T h e  fac tors  vary with transm iss ion  cond it ions .  W ith  certa in  types o f  switching e q u ip m e n t  it m ay  prove  
adv isab le  to e m b o dy  devices to co u n te rac t  low -frequency  d is tu rban ces  in the m ulti frequency  signall ing  equ ipm ent .

T im e requ irem en ts  have  been  specified fo r  tw o types o f  m ultifrequency test com binations, A an d  B, app lied  
to  the  in p u t  o f  the  receiving p a r t  o f  the m ul t i frequency  signall ing  eq u ip m en t  in the  presence o f  d is tu rb ing  signals 
as specified  below.

W hen  test co m b in a t io n s  a n d  d is tu rb ing  frequencies  as specified u n d e r  a) to c) be low  are  app lied  to the 
te rm in a ls  A (see F igure 17 /Q .451) o f  2-wire m ul t i f requ ency  s ignall ing  e q u ip m en t  o r  to  the te rm ina ls  C  (see 
Figure  16/Q .451) o f  4-wire m ulti f req uen cy  s ignall ing  e q u ip m en t ,  the fo l low ing t ime requ irem en ts  m us t be met:

— for ty pe  A test com b in a t io n s :

T0 +  Tr <  70 ms

— for type  B test co m b in a t io n s :

T0 + Tr <  80 ms

— for test c o m b in a t io n s  o f  types A a n d  B:

(T '0 + T'r ) (T 0 + TR) + 5 m s

F o r  defin it ions  o f  T0, T'0 , TR, a n d  T'R see R e c o m m e n d a t io n  Q.451.)

F o r  the th ird  requ irem en t ,  the  on ly  cases to  be considered  are  those  in which the  frequency  first ap p ea r in g  
is a lso  the  first to d is a p p e a r  ( t ransm iss ion  delay  effect). T he  T'0 a n d  T'R time requ irem en ts  are  specified to  ensure  
p ro p e r  fu n c t io n in g  o f  th e  m ulti f req uen cy  s ignall ing  e q u ip m e n t  w h en  the received m ulti f requency  c o m b in a t io n  is 
affec ted  by g ro u p  delay  d is to r t ion ,  fo r  exam ple . T he  a p p ro p r ia te  p ro ced u re  for this test d e p en d s  on  the  design o f  
the  eq u ip m e n t  to  be  tes ted ; in m a n y  cases it will be  co n ven ien t  to assum e  tha t  a delay  o f  one  second  o r  m ore  for 
the  secon d  frequency  const itu tes  the  m os t u n fa v o u rab le  case.

W h en  a m ul t i f requency  c o m b in a t io n  has  caused  the receiving part  o f  the m u l t i f requency  signall ing  
e q u ip m e n t  to  opera te ,  the  la tter  c a n n o t  release if  the  signal frequenc ies  are  in te r ru p ted  fo r  no t  m ore  th a n  7 ms. A 
m e th o d  o f  im pro v ing  the  system reliabili ty  in case o f  in te r ru p ted  s ignals  is descr ibed  in A n nex  B o f  Section 4.

a) M ultifrequency test com binations type A

— The m ul t i f requency  test c o m b in a t io n  consists  o f  an y  2-out-of-rt co m b in a t io n  o f  the n signall ing  
frequencies;

— each f requency  differs f rom  the  n o m in a l  f requency  by no t  m ore  th an  ±  5 H z;

— the abso lu te  p o w er  level o f  each o f  the  tw o frequenc ies  o f  the m ulti f req uen cy  c o m b in a t io n  lies
betw een —5 dB m  an d  —20 d B m ;

— the d if ference  in  level be tw een  the  tw o  frequencies  is n o t  g rea ter th an  3 dB.

b) M ultifrequency test com binations type B

— The m ul t i f requency  test co m b in a t io n  consists  o f  any  2-out-of-n  c o m b in a t io n  o f  the n signall ing  
frequencies;

— each frequency  differs f rom  the n o m ina l  frequency  by n o t  m ore  th an  ±  10 Hz;

— the abso lu te  p o w er  level o f  each o f  the tw o  f requencies  o f  the m ul t i f requency  co m b in a t io n  lies
betw een  —5 dB m  and  —35 d B m ;

— the d ifference in level be tw een  the tw o frequencies  is n o t  g rea ter  th an  5 dB for ad jacen t  frequencies 
a n d  7 dB fo r  n o n -a d ja c e n t  frequencies.

4.4.5.2 O perate a n d  release tim e requirem ents
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c) D isturbing frequenc ies

— in all cases on e  o r  m o re  o f  the n frequencies  fo r  w hich  the  receiv ing p a r t  u n d e r  test is des igned ,  w ith
a to ta l  p ow er  level o f  —55 dB m  or less, w hen  no  m ul t i f req uen cy  test co m b in a t io n  is be ing  a p p l ied ;

— w hen  a m ul t i f requency  test co m b in a t io n  is app lied ,  one  o r  m ore  o f  the  (n  — 2) rem a in in g  frequenc ies
with a total p o w er  level 20 dB  below  the  h ighest test c o m b in a t io n  f requency  level d u r in g  ap p l ic a t io n  
o f  the test c o m b in a t io n ;

— for testing  the  receiving p a r t  o f  4-wire m ul t i f req uen cy  s igna ll ing  eq u ip m e n t  in an  ou tg o in g  in t e rn a 
t io na l  R2 register:

a n y  m ult i f requ ency  c o m b in a t io n  consis t ing  o f  tw o f requencies  ou t  o f  the fo rw a rd  g ro u p  o f  f r e q u e n 
cies, each  o f  these tw o frequencies  ha v in g  a  level o f  13.5 dB  a b o v e  the low est te s t -co m b in a t io n  
f requency  level in the  b a c k w a rd  d irec t io n ;  an  u p p e r  limit o f  — 12.5 d B m  is nevertheless  specified  fo r  
the level o f  the  d is tu rb ing  signal.

System R2 in terreg is ter  signall ing  m ay  be  used  in the co u n try  o f  o r ig in  on  the  n a t io n a l  links p reced in g  
the  ou t-go ing  in te rn a t io na l  R2 register. In th a t  case, the  rece iv ing p a r t  o f  4-wire m u l t i f requ en cy  
s ignall ing  e q u ip m e n t  co nn ec ted  to the  fo rw a rd  speech p a th  o f  the  n a t io n a l  4-wire  links m a y  have  to  
fu n c t io n  in the  presence  o f  frequencies  used in the  b a c k w a rd  d irec tion .  N o  genera l  spec if ica tion  can  
be  g iven fo r  the  level o f  these d is tu rb ing  frequenc ies ;  it is r e c o m m e n d e d  th a t  A d m in is t ra t io n s  
fo rm u la te  the ir  ow n  specifications.

— fo r  testing  the  receiving p a r t  o f  2-wire m ult i f requ ency  signall ing  eq u ip m en t :

an y  m ulti f requ ency  c o m b in a t io n  a t  the  h ighest level used  in o p e ra t io n a l  s ignall ing  (m easu red  at 
p o in t  A, F igure 17/Q .451) by the send ing  p a r t  o f  the 2-wire m u l t i f requ ency  signall ing  e q u ip m e n t  
conce rn ed .

4.4.5.3 N on-opera te  a n d  non-recognition requirem ents

The receiving p a r t  o f  the m ul t i frequency  signall ing  eq u ip m en t  m us t rem a in  in the non-opera te  sta te  w hen  
the fo l low ing d is tu rban ces ,  singly o r  together,  are  the on ly  signals th a t  are  ap p l ie d  to  the  te rm in a ls  A o r  C (see 
Figures 17/Q.451 a n d  16/Q .451):

— any  single p u re  sine w ave o r  any  c o m b in a t io n  o f  tw o p u re  sine waves, each  with a p o w er  level 
o f  —42 dB m  w ith in  the  300-3400 Hz b a n d ;

— an y  c o m b in a t io n  o f  tw o pure  sine waves, each  with a p o w er  level o f  —5 dB m  w ith in  the  1300-
3400 H z b a n d  for the  set o f  frequency  receivers used in the b a c k w a rd  d i rec t io n ;  a n d  w ith in  the
330-1150 H z a n d  2130-3400 Hz b a n d s  fo r  the  set o f  f requency  receivers used in the  fo rw a rd  d irec tion .

F u r th e rm o re ,  w hen  signall ing  tones  have ac tiva ted  the receiving p a r t  o f  the m u l t i f req uen cy  s igna ll ing
eq u ipm en t,  th is m us t assum e the non-opera te  sta te  w hen  the signall ing  tones  a re  rem oved  in the  p resen ce  o f  these  
sam e d is tu rbances ,  singly o r  together,  at the ab ov e -m en tio n ed  term inals .

T he receiving p a r t  o f  the m u lti f requency  signall ing  eq u ip m en t  m us t  n o t  recognize  a c o m b in a t io n  consis t ing  
o f  tw o signall ing  frequencies  ou t  o f  the set o f  f requencies  n o rm ally  used  in the  t ransm iss ion  d irec t ion  co n s ide red ,  
each hav ing  a level no t  exceeding —5 dB m  an d  a d u ra t io n  o f  less th a n  7 ms.

The receiving p a r t  o f  the m u lti f requency  signall ing  e q u ip m en t  m us t n o t  recognize  a co m b in a t io n  consis t ing  
o f  tw o signall ing  frequencies  used in the transm iss io n  d irec tion  co nsidered ,  hav in g  a d if ference  in level o f  20 dB 
o r  more.

4.4.5.4 In fluence  o f  transien t d isturbances  (see also R e c o m m e n d a t io n  Q.458)

T he  recogn i t ion  o f  faulty  signals due to  short- l ived  tr an s ien t  co n d i t io n s  can  largely be avo id ed  if  a 
m u lti f requency  c o m b in a t io n  is recognized  only after  a specified m in im u m  time, d u r in g  w hich  two, a n d  on ly  tw o, 
o f  the  in d iv idua l receivers are  active an d  if  the absence  o f  m ulti f requ ency  co m b in a t io n s  is recognized  on ly  a f te r  a 
m in im u m  time, d u r in g  which all ind iv idua l receivers are  at rest. These  times are  inc luded  in the o p e ra t in g  a n d  
release times T0 a n d  TR.

Typical  tr an s ien t  d is tu rbances ,  such as clicks, ch ange  o f  po la r i ty ,  etc., genera ted  by the  sw itch ing  
eq u ipm en t,  m u s t  n o t  ch ang e  signals t ransfe r red  from  the receiving p a r t  o f  the  s ignall ing  e q u ip m e n t  to  the  register.

It is re c o m m e n d e d  tha t  A d m in is t ra t io ns  fo rm u la te  the ir  ow n  specifica tion  for a test m e th o d  acc o rd in g  to 
the type o f  d is tu rban ces  en co u n te red  in the ir  sw itching eq u ipm en t.

T he d is tu rb in g  frequenc ies to  be ap p lied  a re :
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4.5 RANGE, SPEED AND RELIABILITY 
OF INTERREGISTER SIGNALLING

Recommendation Q .457

4.5.1 RANGE OF INTERREGISTER SIGNALLING

4.5.1.1 N um ber o f  in terna tiona l links

T he  n u m b e r  o f  in te rn a t io n a l  links sw itched in ta n d e m  fo r  estab lish ing  an  in te rn a t io na l  co n nec t io n  using
System R2 m ust n o t  exceed 4 (see R e c o m m e n d a t io n  Q.440).

A ssu m p tion s  for the tran sm iss io n  loss in 4-wire in te rna t ion a l  links:

i) n o m in a l  transm iss ion  loss at 800 Hz: 0.5 dB (R e c o m m e n d a t io n  G.101, § 5);

ii) s ta n d a rd  d ev ia t ion  o f  tran sm iss io n  loss var ia t ion s  with t ime m ust no t  exceed 1 dB [R e c o m m e n d a 
t ion  G.151, § 3, a)];

iii) the  d ifference  betw een  the  m ean  value  a n d  the n o m in a l  is assum ed  to be 0 [as in R e c o m m e n d a 
tions  G.122, § 1.2), an d  G.131, § 1].

4.5.1.2 N um ber o f  na tiona l links

a) O utgoing  in terna tiona l R 2  register a n d  num ber o f  na tio n a l 4-wire extension links in the country o f  origin

The  ou tg o ing  in te rn a t io n a l  R2 register is a lw ays p ro v id ed  with 4-wire m ul t i f requency  s ignall ing  eq u ip m e n t  
a n d  the  4-wire lo op  will be open  du r in g  in terregis ter  signalling.

T he  ou tgo ing  in te rna t io na l  R2 register m us t be p laced  in an  exchange  from  w here  the  incom ing  
in te rn a t io n a l  exchange  in the c ou n try  o f  d es t ina t ion  is reached  by n o t  m ore  th a n  fo u r  4-wire links sw itched in 
ta n d e m  (see R e c o m m e n d a t io n  Q.440).

It is u n d e rs to o d  th a t  the na t io n a l  4-wire links in the co u n try  o f  orig in  shall have  the sam e s ta n d a rd  
dev ia t io n  o f  transm iss ion  loss var ia t ion s  with t im e (1 dB) as the  in te rn a t ion a l  links and  that ,  i f  these n a t io na l  links 
do  n o t  have  the sam e n o m in a l  t ran sm iss ion  loss as the  in te rn a t io n a l  links (0.5 dB), a p p ro p r ia te  co m p en sa t io n  o f  
the  m ulti f requ ency  c o m b in a t io n  levels will be m ad e  in bo th  d irec t ions  o f  transm iss ion .

b) N um ber (k) o f  na tio n a l 4-wire extension links in the country o f  destina tion

N o t m ore  th an  fo u r  n a t io n a l  4-wire ex tens ion  links m ay  be used.

F o rw ard  transm iss ion  loss in the coun try  o f  des t ina t ion :

i) The  s tan d a rd  d ev ia t ion  o f  transm iss ion  loss var ia t io ns  with time in the  n a t io na l  4-wire ex tens ion  links 
in the cou n try  o f  des t ina t ion  m ust n o t  exceed 1 dB.

ii) The  n o m in a l  transm iss ion  loss at 800 H z in the fo rw a rd  direc tion  {Af )  be tw een th e  v ir tua l  sw itching 
p o in t  in the in co m in g  in te rn a t ion a l  exchange  a n d  an y  in com ing  R2 register in the  co un try  o f  
des t ina t ion  m us t no t exceed:

11.4 dB  for a co un try  using 3 n a t ion a l  4-wire ex tens ion  links at the  most

o r

11.0 dB  for a co un try  using 4 n a t ion a l  4-wire ex tens ion  links at the  most, 

an d  m ust never be less th a n :

=  - 2 . 5  -  0.5 m  +  2.3 /  { m  +  k )  +  { m  +  k  +  1) 0.04 dB.
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T he  values fo r the  m in im u m  fo rw ard  transm iss ion  loss A fmm resulting  from  this fo rm u la  are  sh ow n  in 
T ab le  8 /Q .45 7  (for  the defin i t ions  o f  m  a n d  k  see R e co m m en d a t io n  Q.454). In prac t ice  the  fo rw a rd  tran sm iss io n  
loss m u s t  no t  fall be low  these values.

T h e  fo rm u la  has been  de te rm in ed  as sh ow n  in A nnex  C to Section  4.

W h en  System R2 en d - to -en d  s ignall ing  is ap p lied  in a n a t ion a l  n e tw ork ,  the  4-wire l inks invo lved  m ay  no t 
co n fo rm  to  the  character is t ics  specified by the C C I T T  for in te rn a t io n a l  circuits. Also, n a t io n a l  tran sm iss io n  p lan s  
m ay  be based  o n  p rinc ip les  d if fe ren t f rom  those  o f  the  in te rna t ion a l  t r an sm iss io n  plan . C o n seq u e n t ly ,  the range  
over w hich  e n d - to -en d  signall ing  is poss ib le  m u s t  be established using  ca lcu la t ions ,  e.g. as sh ow n  in A n n e x  C to 
Section 4 (see also  §§ 4.5.1.3 an d  4.5.1.4 below).

TABLE 8/Q.457 
Minimum forward transmission loss 

in the country of destination

n. m 

k N.

1 2 3 4

1 0.3 0.6 0.7 0.8

2 1.1 1.2 1.3 1.3

3 1.7 1.8 1.8 1.7

4 2.3 2.3 2.2 2.2

4.5.1.3 Total a ttenua tion  d istortion

It has been  assum ed  tha t  a t  all f requencies  w ith in  the 530-1990 H z b a n d  the  overall  a t ten u a t io n  d is to r t ion  
relative to  800 H z be tw een  the o u tgo ing  in te rn a t io n a l  R2 register a n d  any  in co m in g  R2 register will n o t  
exceed ±  3 dB. A tten t io n  is d ra w n  to  the  fact th a t  on  som e n a t io na l  co n n e c t io n s  these a s su m p tio n s  m igh t n o t  be 
fulfilled.

As type  B test s ignals (see R e c o m m e n d a t io n  Q.455) allow fo r  a  5 dB  d if fe rence  in level be tw een  tw o  
a d jacen t  signall ing  frequencies ,  a n d  a  7 dB dif ference  betw een two n o n -a d ja c e n t  signall ing  frequencies ,  a 4 dB 
a t ten u a t io n  d is to r t io n  o f  the m ulti - l ink  section can  be allow ed for tw o a d jacen t  frequenc ies  a n d  a  6 dB  d is to r t ion  
fo r  tw o n o n -a d ja c e n t  frequencies ,  p ro v id ed  th a t  the level o f  the w eakest  s ignall ing  f requency  is n o t  low er th a n  
— 35 dB m  at the  te rm in a ls  o f  the receiv ing p a r t  o f  the  m ulti frequency  signall ing  eq u ip m en t .

The values 4 dB  a n d  6 dB w ere o b ta in e d  by a llow ing  fo r  a 1 dB  dif ference  in send ing  level.

4.5.1.4 In term odu la tion

A m ultif requency  s ignall ing  system in co n fo rm ity  with the  abo v e  specif ica tions  will a llow  sa t is fac tory  
w o rk in g  over a m ulti - l ink  section in t rod uc in g  in te rm o d u la t io n  p ro d u c ts  from  tw o signall ing  frequencies  a n d  
falling within the  520-1160 H z a n d  1360-2000 Hz ban ds ,  the  level o f  each o f  such p ro d u c ts  be ing  at least 24 dB 
below  the  highest signal frequency  level.
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Figure 18/Q .457  show s in detail the  b u i ld -u p  an d  tim e sequence  o f  a com pel led  s ignall ing  cycle.

4.5.2 Build-up a n d  tim e specification o f  a com plete fo rw a rd  com pelled  signalling cycle

O u tg o in g  R 2  reg is te r

S e n d in g  
o f  fo rw a rd  
m u lt i f r e q u e n c y  
c o m b in a t io n

R ece iv in g  
o f  b a c k w a rd  
m u lt i f r e q u e n c y  
c o m b in a t io n

In c o m in g  R 2  re g is te r

R ece iv ing  
o f  fo rw a rd  
m u lt i f re q u e n c y  
c o m b in a t io n

S e n d in g  
o f  b a ck w a rd  
m u ltif re q u e n c y  
c o m b in a t io n

“  i_ -oc -  o •—

T V  
I I

r r
i i 
i i
L JI

I
T  =  d u r a t io n  o f  a c o m p e lle d  s ig n a llin g  c y c le  j

FIGURE 18/Q.457 

Sequence of a complete compelled signalling cycle

CCITT-49331

In  this  figure:

TPF d eno tes  the t ransm iss ion  delay  o f  the  s lower o f  the  tw o  frequencies  o f  a  fo rw a rd  m ulti f requency  
c o m b in a t io n ;

Tpb d eno tes  the t r an sm iss io n  delay  o f  the  s lower o f  the  tw o frequencies  o f  a b ac k w ard  m u lti f requency  
c o m b in a t io n ;

T0 a n d  T'0 d en o te  the  o pe ra t in g  times as defined  in R e c o m m e n d a t io n  Q .4 51 ;

Tr an d  T'r d en o te  the  release times as defined  in R e c o m m e n d a t io n  Q .451 ;

Tm  1 5 Tit„ 2 a n d  7}„, 3 d en o te  the in te rna l  o pe ra t io n  times as def in ed  in R e c o m m e n d a t io n  Q.451.

I f  the values o f  Tint2 a n d  Tint3 lie w ith in  certa in  limits, they  do  no t  co n tr ibu te  to the total d u ra t io n  o f  the 
co m p e l led  signall ing  cycle, as can  be seen from  Figure  18/Q .457.

TS] an d  TS1 d e n o te  respectively the t ime requ ired  fo r  s ta r t ing  an d  s top p ing  the send ing  o f  a m ul t i f requency  
co m b in a t io n  (sw itch ing-on  o r  sw itch ing-o ff  times, exclusive o f  logic opera t ions) .
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It thus a p p e a rs  th a t  the total d u ra t io n  T  o f  a com ple te  com p e l led  signall ing  cycle is g iven by  the  fo rm u la :

T  — 2 (TpF +  TpB) +
'Jo +  Tr )d  +  {T0 +  Tr )a

o r
T0 +  Tr )d  +  (7q Tr )a

+  Tint 1 +  (r5 l +  TS2)d  +  (r51 +  TSVA

T h e  subscrip ts  D  a n d  A ap p ly  respectively to  the  ou tgo in g  a n d  the  in c o m in g  registers.

Tpf a n d  Tpb d e p e n d  on the p ro p a g a t io n  characteris tics  o f  the  fo rw a rd  a n d  b a c k w a rd  speech  p a th s  
respectively a n d  there fo re  ca n n o t  be specified.

A value o f  10 ms fo r  Tpf an d  TPB can  be cons ide red  as typica l,  e.g. fo r  av erage  ter restr ia l  reg ional
conn ec t io ns  an d  320 ms fo r  circuits inc lud ing  a satellite link.

T he  m a x im u m  value  o f  T0 + TR has been  fixed at 70 ms. A value  o f  35 m s co u ld  be  tak en  in a  ce r ta in  
n u m b e r  o f  cases as rep resen ting  the  m in im u m  d u ra t io n  o f  T0 +  TR.

Tjnl | , Tinll an d  Tinli a re  d e p e n d e n t  on  the  type  o f  exchange  a n d  th e re fo re  c a n n o t  be  specif ied ; bu t  the i r
con tr ib u t io n  to  the to tal d u ra t io n  o f  the com pe l led  signall ing  cycle m us t be kep t  as sm all as possible.

I f  the in f luence  o f  Tj n n , Tintl an d  Tinl3 is ignored ,  a n d  if  the ex trem e  values o f  T0 +  TR a n d  fo r
T s i +  TS2 a re  assu m ed  to be iden tica l  fo r the ou tg o ing  a n d  the in c o m in g  register , the  ex trem e values o f
Ts\ + TS2 be ing  tak en  as 5 m s <  TS] +  TS1 <  10 ms a n d  if  the  va lue  o f  10 m s ind ica ted  ab ov e  as typ ica l  is
ad o p te d  for Tpf a n d  TPB, the  p ro b ab le  ex trem e values o f  the co m p e l led  signall ing  cycle T  w o u ld  be:

for terrestr ia l co nn ec t ion s :  120 ms <  T  <  200 ms.

fo r  circuits  in c lud in g  a satellite link: 1080 ms <  T  <  1440 ms.

T he  signall ing  rates w o u ld  be be tw een  ap p ro x im a te ly  8 an d  5 s ignall ing  cycles p e r  seco nd  fo r  te r restr ia l  
circuits. These values are  no t  abso lu te  limits; the  s ignall ing  cycle cou ld ,  fo r  ex am p le ,  be  lo n ger  on  a co m plex  
conn ec t io n  o r  in the  presence  o f  no ise  o r  o th e r  co n d it io n s  a p p ro a c h in g  those  o f  type  B test c o m b in a t io n s  (see 
R ec o m m e n d a t io n  Q.455).

Recommendation Q.458

4.5.3 RELIABILITY OF INTERREGISTER SIGNALLING

4.5.3.1 G eneral

In signal t ran sm iss ion ,  reliability a n d  speed  are  to  som e ex ten t confl ic t  req u irem en ts :  the  s low er the  
signall ing , the  m o re  reliable  it is likely to be. System R2 com bines  the  tw o essentia l req u i rem en ts  o f  speed  a n d  
reliability, since it is a com pel led  system, ad a p t in g  its s ignall ing  speed  to the  w o rk in g  co n d i t io n s  w ith  m in im u m  
loss o f  reliabili ty .

System R2 is p ro tec ted  aga ins t  the accep tan ce  o f  faulty  in fo rm a t io n  (m u lt i f req uen cy  co m b in a t io n s  
consis t ing  e ither o f  o ne  frequency  on ly  o r  o f  m ore  th a n  tw o frequencies) by m e a n s  o f  the  2-ou t-o f-n  m e th o d  o f  
check ing  the n u m b e r  o f  frequencies  received.

This p ro tec t io n  is inopera t iv e  in the case o f  d is tu rban ces  (noise, clicks, etc.) ac t iva t ing  tw o, a n d  on ly  tw o, 
o f  the single f requency  receivers; n o r  does it p rev en t  the release o f  all the  receivers ( thus w ro ng ly  in d ica t ing  the  
e n d  o f  a m ulti f req uen cy  co m b in a t io n )  in the event o f  an  in te r ru p t io n  caused  by  d is tu rb an ce s  d u r in g  t r an sm iss ion  
o f  a m ulti f req uen cy  com b in a t io n .

D is tu rb ances  caus ing  the o p e ra t io n  o f  tw o single f requency  receivers o r  the  release o f  all the  receivers are  
due  m ain ly  to short- l ived, t r an s ien t  condit ions .  T he  recogn ition  o f  fau l ty  in fo rm a t io n  d ue  to  such co n d i t io n s  can  
therefore  largely be av o ided  by so des ign ing  the receiving p a r t  o f  the m ul t i f requ ency  s igna ll ing  e q u ip m e n t  th a t  a 
m ulti f requency  c o m b in a t io n  will be recognized on ly  af ter  a specified m in im u m  time. D u r in g  this t im e  tw o, a n d  
only  tw o, o f  the ind iv idua l receivers are  active an d  the  absence  o f  m ulti f requ ency  c o m b in a t io n s  will be  recogn ized  
on ly  after  a specified m in im u m  time, d u r ing  w hich all ind iv idua l  receivers are  at rest. T h e  degree  o f  p ro tec t io n  
aga ins t  faults  d u e  to the abo v e -m en tio n ed  co n d it io n s  is d e p e n d e n t  o n  these times, w hich  a re  in c lu d ed  in the  
o p e ra t in g  an d  release times defined  fo r  the receiving p a r t  o f  the  m u l t i f requ ency  s igna ll ing  e q u ip m e n t  in 
R eco m m en d a t io n  Q.451.
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T he  test o f  the m ulti f requ ency  signall ing  e q u ip m e n t  as a w hole consists  in co n tinu ou s ,  com pelled  
t r an sm iss ion  o f  m ulti f req uen cy  co m b ina t io ns .

It m ust be en su red  th a t  all poss ib le  c o m b in a t io n s  o f  the  fo rw a rd  an d  b a ck w ard  m ulti f requ ency  c o m b in a 
tions  have  equal p ro b ab i l i ty  o f  occurrence  d u r ing  the test period .

T he  e rro r  rate is observed  at the  receiving p a r t  at bo th  ends  o f  the  link a n d  is defined , fo r each end , as the
n u m b e r  o f  errors  d iv ided  by the n u m b e r  o f  co m b in a t io n s  sent by  the co r re sp o n d in g  send ing  parts  at each end  o f
the  link.

It is fo r  each A dm in is t ra t io n  to  define  the sources o f  p e rm a n e n t  an d  im puls ive  noise  to be app lied  to  the 
in te rface  between the send ing  an d  receiving parts  in the light o f  its experience  an d  local condit ions .

T h e  com p e l led  w ork in g  m ay  be tested, on  the  o n e  h a n d ,  by  using test c o m b in a t io n s  o f  T ype A (see 
R e c o m m e n d a t io n  Q.455) in the presence  o f  noise  at a p o w er  level o f  —40 dB m  an d  a u n ifo rm  p ow er  d is tr ibu tion  
in the  300-3400 Hz b a n d  (filtered white  noise) and ,  on  the  o ther  h a n d ,  by using T ype  B test c o m b in a t io n s  in the 
presence  o f  noise  at a po w er  level o f  —45 dB m  an d  a un ifo rm  po w er  d is tr ibu tion  in the 300-3400 Hz b and .

T h e  e rro r  rates in these co n d i t io n s  will be:

— fo r  T ype  A test c o m b in a t io n s  a n d  noise  at —40 d B m : <  10~5;

— for T yp e  B test co m b in a t io n s  an d  noise  at —45 d B m : <  10-4 .

4.5.3.2 Error rate fo r  com pelled  w orking

A N N E X  A  

(to Section 4)

(see R e c o m m e n d a t io n  Q.454)

Development o f form ulae-for the power level o f signalling frequencies

T h e  fo rm u lae  (1), (2), a nd  (3) o f  R eco m m en d a t io n  Q.454 descr ib ing  the n o m in a l  abso lu te  po w er  level A  o f  
a tr a n sm it ted  single signall ing  f requency  were derived  as follows:

1. T he  n o m in a l  tran sm iss io n  loss in the b ack w a rd  d irec tion  betw een the in co m in g  R2 register an d  the 
o u tg o in g  in te rn a t io n a l  R2 register is given by (see R e c o m m e n d a t io n  Q.457):

A h +  0 .5m  dB.

2. O n  the a s su m p tio n  th a t  the  co n tr ib u t io n  o f  the  n a t io n a l  2-wire links to  tran sm iss ion  loss var ia t io ns  with 
t im e is negligible an d  with a l low ance  fo r the s ta n d a rd  dev ia t ion  o f  transm iss ion  loss v aria t ions  with t im e o f  the 
in te rn a t io n a l  a n d  na t io n a l  4-wire circuits  and  in the exchanges (see C C I T T  R e c o m m e n d a t io n  Q.45: a  =  0 .2 .dB), 
the  to tal tran sm iss io n  loss var ia t ion  fo r  a 1% probab i l i ty  o f  it b e ing  exceeded is given by:

±  2.3 /(m  +  k) + (m + k +  1) (0.2)2dB. .
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3. G iven  a to ta l  a t te n u a t io n  d is to r t ion  o f  ±  3 dB  relative to  800 Hz (see R e c o m m e n d a t io n  Q.457) a n d  a 
to le rance  o f  ±  1 dB  on the  n o m in a l  p o w er  level N, the  low er an d  u p p e r  l im its  o f  the level received in the  
o u tgo ing  in te rn a t io n a l  R2 register will be:

N  — A b — 0.5m — 2.3 ]/ (m  +  k )  +  (m  +  k  +  1) 0.04 — 3 — 1 d B m

an d

N  -  A b -  0 .5m +  2.3 J  (m  + k )  + (m  + k  +  1) 0.04 +  3 +  1 d B m

respectively.

4. The receiv ing p a r t  o f  the m ulti f req uen cy  signall ing  e q u ip m en t  has  a sensitiv ity  ra n g e  be tw een

— 35 dB m  a n d  —5 d B m  (see R e c o m m e n d a t io n  Q.455).

T he  m in im u m  value  o f  jV is thus  given by:

N  — A b — 0.5m  — 2.3 j/  (m  + k )  + (m  + k  +  1) 0.04 — 4 =  —35 d B m ;

hence:

N  > A b +  0 .5m +  2.3 /  (m  +  k )  +  (m  +  k  +  1) 0.04 — 31 d B m  (1)

T h e  m a x im u m  value  o f  N  is given by:

■N  — A b — 0.5m +  2.3 /  (m  +  k )  +  (m  +  k  +  1) 0 .04  4- 4 =  —5 d B m ;

hence:

N  <  A b + 0 .5m — 2.3 /  (m  +  k )  +  (m  +  k  +  1) 0.04 — 9 d B m  (3)

5. T he  n o m in a l  level o f  the b a c k w a rd  signals at the  v irtual sw itch ing  p o in t  o f  the  in co m in g  in te rn a t io n a l  
exchange  m us t  n o t  be h igher  than  — 11.5 d B m ; thus

N  — A h <  — 11.5 dB m ;

hence:

N  <  A b -  11.5 dB m  (2)

A N N E X  B 

(to Section 4)

(see R e c o m m e n d a t io n  Q.455)

Possible method o f improving protection from interruptions

I f  the receivers are  locked th rou gh  an  in te rna l  func t ion  o f  the registers until the  times Q  a n d  S  (see 
F igure 19) the in tervals  du r in g  which there  is a risk th a t  in te r ru p t io n s  m ay  cause  the i r  release are  reduced  by PQ  
a n d  R S  respectively.

To  ensure  th a t  the d u ra t io n  o f  the com p e l led  signall ing  cycle is n o t  p ro lo n g e d  on links o f  sh o r t  
t ran sm iss io n  delay  TpF =  Tpb «  0, the time PQ  m us t n o t  exceed the  expected  value  o f  T,,„ , +  7"S1 + T0 + TS1 
a n d  the  t ime R S  m us t no t  exceed the expected  value  o f  TS2 + TR + TS1 .
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FIGURE 19

A N N E X  C 

(to Section 4)

(see R e c o m m e n d a t io n  Q.457)

Development o f a form ula for the adm issible forward 
transmission loss in a country o f destination

T h e  fo rm u la  used  in R ec o m m e n d a t io n  Q.457 fo r  the ca lcu la tion  o f  the m in im u m  fo rw ard  transm iss ion  
loss A fm{n a  coun try  o f  des t ina t io n  was d e te rm ined  as follows:

1. A cco rd in g  to R e c o m m e n d a t io n  Q.454 the  lowest a n d  highest sending  levels will be, respectively,

- 1 1 . 5  -  1 =  - 1 2 . 5  d B m

a n d

—-11.5 H- 1 =  - 1 0 . 5  d B m.
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2. Let A f  be  the  n o m in a l  tran sm iss io n  loss at 800 H z in the  fo rw a rd  d irec t io n ,  be tw een  the  v ir tua l  sw itch ing  
p o in t  in the  in co m in g  in te rn a t io n a l  exchange  an d  the  in co m in g  R2 register  c o n ce rn ed .

T he  to tal n o m in a l  t ran sm iss io n  loss betw een  the  ou tg o in g  in te rn a t io n a l  R2 register  a n d  th e  in c o m in g  
R2 register will then  be:

A f  +  0.5m dB.

3. O n  the a s s u m p tio n  th a t  the  co n tr ibu t ion  o f  the n a t io n a l  2-wire links to  t r a n sm iss io n  loss v a r ia t io n s  w ith  
tim e is negligible, a n d  th a t  the  s t a n d a rd  dev ia t ion  o f  t r an sm iss ion  loss v a r ia t io n  in the ex ch ang e  is 0.2 dB  (see 
R e c o m m e n d a t io n  Q.45), the  to tal t r an sm iss io n  loss v a r ia t ion ,  ca lcu la ted  for a 1% p ro b ab i l i ty  o f  it b e in g  exceeded  
will be:

±  2.3 ]/ (m  +  k )  +  (m  + k  +  1) 0.22 dB.

4. W ith a l lo w an c e  fo r  a to ta l  a t ten u a t io n  d is to r t io n  o f  ±  3 dB  relative to  800 H z  (see R e c o m m e n d a 
tion  Q.457) the  low er a n d  u p p e r  limits o f  the level o f  each  frequency  a t  the  in p u t  o f  the  in c o m in g  R2 register  will 
be respectively:

- 1 2 . 5  -  A f  -  0.5m  -  2.3 /  (m  + k )  +  (m  + k  +  1) 0.04 -  3 d B m

an d

- 1 0 . 5  -  A f  -  0.5m  +  2.3 /  (m  + k )  + ( m  + k  +  1) 0.04 +  3 dB m .

5. The receiv ing p a r t  o f  the m ul t i frequency  signall ing  e q u ip m e n t  has a  sensitivity  ran g e  o f  —35 d B m  to
— 5 dBm.

6. The m a x im u m  value  o f  4̂  ̂is thus  given by:

- 1 2 . 5  -  4 /max -  0 .5m  -  2.3 /  (m  + k )  +  (m  +  k  + 1 )0 .04  -  3 =  - 3 5  d B m

hence:

max. =  19.5 -  0 .5m -  2.3 /  (m  +  k )  +  (m  +  k  +  1 )0 .04  dB.

7. The m in im u m  value  fo r  A f  is given by:

— 10.5 — 4 rmin — 0.5m +  2.3 /  (m  +  k )  +  (m  +  k  +  1) 0.04 +  3 =  - 5  dB

hence:
A f m\n. =  —2.5 — 0 .5m  +  2.3 /  (m  +  k )  +  (m  +  k  +  1) 0.04 dB.

A cco rd in g  to  R e c o m m e n d a t io n  Q.457, the m a x im u m  n u m b e r  o f  4-wire l inks with in te rna tiona l c h a ra c te r i s 
tics is m  =  4.

The m a x im u m  n u m b e r  o f  n a t io n a l  4-wire ex tens ion  links is k  =  4.

Fascicle V I.4 — Rec. Q .458 91



P A G E  IN TEN TIO N A LLY  L E F T  B L A N K

P A G E  L A I S S E E  EN B L A N C  IN T E N T IO N N E L L E M E N T



S E C T IO N  5

SIG N A L L IN G  P R O C E D U R E S

A m a jo r  charac te r is t ic  o f  System R2 is the  inh e ren t  flexibility in the  in te rreg is te r  s ignall ing  p roce d u re s  
which allow eff ic ient signal in fo rm a t io n  transfe r ,  a d a p te d  to the pa r t icu la r  requ i rem en ts  re la ting  to  d if fe ren t call 
types, traffic  co n d i t io n s  a n d  sw itching equipm ents .  This  flexibility is p r im ar i ly  ach ieved  by the  p r inc ip le  th a t  the  
in terregister  s igna ll ing  sequence  is con tro l led  by the in co m in g  R2 register by m ean s  o f  b a c k w a rd  signals.

In this  con tex t  the  func t ion  o f  an  ou tgo ing  R2 register is basica lly  to  re s p o n d  with the fo rw a rd  signal 
reques ted  by the  in co m in g  R2 register. At the in co m in g  R2 register the  d e te rm in a t io n  o f  the  b a c k w a rd  signal to  be 
sent, thus  co n tro l l in g  the signall ing  sequence, is closely re la ted  to the  analys is  necessary  to  d e te rm in e  the  ro u t in g  
a n d  ha n d lin g  o f  the  call.

In this Section the s ignall ing  p rocedures  are  specified. A l tho ug h  System  R2 in p r inc ip le  a llows a h igh 
degree o f  f reed om  in the  c o m b in a t io n  o f  these p roced u res  w ith in  the  s ignall ing  sequence  fo r  call set-up, the  
p rocedures  to  be  used  fo r  no rm a l  in te rna t io na l  calls are  descr ibed  below . F o r  n a t io n a l  a p p l ic a t io n  o f  System R2 
the  signall ing  sequences  to  be app lie d  have  to  be defined  in acco rd an ce  with the l im i ta t ion s  o f  the  p resen t  
specifica tions by  the A d m in is t ra t io n  concerned .

Recommendation Q .460

5.1 NORM AL CALL SET-UP PRO CEDURES FOR INTERNATIONAL WORKING

5.1.1 G eneral

D u rin g  call set-up  an  o u tgo in g  in te rn a t io n a l  R2 register is c o n n ec ted  to  an  in te rn a t io n a l  link. This  register 
s ignals to  at least one  in c o m in g  R2 register s i tua ted  in an in te rn a t io n a l  exchange  a n d  poss ib ly , d e p e n d in g  u p o n  
the rou t ing , to  as m a n y  as 4 successive in co m in g  R2 registers in in te rn a t io n a l  exchanges  a n d  4 successive 
in com in g  R2 registers s i tua ted  in n a t io na l  exchanges  in the  des t ina t ion  co un try  w here  System R 2 is em ployed .

T he  d u ra t io n  o f  the  n o rm a l  call set-up p ro ced u re  can  vary  because  d if fe ren t  p hases  o f  the  signall ing  
sequence  be tw een  the ou tg o in g  in te rn a t io na l  R2 register an d  successive in co m in g  R2 registers m ay  be repeated .

Recommendation Q .462

5.1.2 SIGNALLING BETWEEN THE OUTGOING INTERNATIONAL R2 REGISTER  
AND AN INCOM ING R2 REGISTER IN AN INTERNATIONAL EXCHANGE

T he  address  s ignals f rom  an  o p e ra to r  o r  a subscriber  m us t  be s to red  in an  o u tg o in g  in te rn a t io n a l  R2 
register. W hen  a suffic ient n u m b e r  o f  digits is ava ilab le  an  ou tg o in g  link is selected  an d  a  seizing (line) signal is 
sent. W hen  the seizing signal is recognized  an  in co m in g  R2 register is assoc ia ted  w ith  the  link.

Im m ed ia te ly  the o u tgo ing  link is seized the ou tgo in g  in te rn a t ion a l  R2 register  sends  the  first in terreg is ter
signal.
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5.1.2.1 Signa lling  to an in terna tiona l transit exchange

W h en  the  o u tgo ing  l ink  is to  an  in te rn a t io n a l  exch ang e  fro m  w hich a tran s i t  ro u t in g  is requ ired  to  the 
d e s t in a t io n  coun try ,  the  first in terregis ter  signal sent is a  c o u n try  code  ind ica tor .  This  is o n e  o f  signals 1-11, 1-12, 
1-14 d e p e n d in g  u p o n  the  req u ire m en t  fo r  echo  su pp resso rs  (see R e c o m m e n d a t io n  Q.479).

O n  recogn i t ion  o f  a co un try  code  in d ica to r  the  in co m in g  R2 register d e te rm ines  th a t  the call is to  be 
in te rn a t io n a l ly  t ran s i t  switched. The in c o m in g  R2 register sends  signal A -l w hen  it requests the first digit o f  the 
c o u n try  code. T h e  o u tgo ing  in te rna t ion a l  R2 register sends this address  digit (a signal 1-1 to  1-10). T he  
in c o m in g  R2 register m ay  send  signal A -l  to reques t  the  next digit.

T h e  in com in g  R2 register exam ines  the add ress  digit(s) a n d  if  a fu r ther  digit (o r digits) is requ ired  for 
ro u t in g ,  signal A -l  is sent to  reques t the  next digit.

W hen  suffic ient digits are s to red  at the  in co m in g  exch ang e  to perm it  the  call to  be rou ted  to  the next 
exchange ,  the  b a c k w a rd  signal is d e te rm in ed  by the  n a tu re  o f  the  s ignall ing  system em p lo yed  on the ou tg o ing  link.

a) I f  the  o u tg o in g  link  em ploys  System R2, on e  o f  tw o b a c k w a rd  signals is sent im m ed ia te ly  the ou tg o in g  
link  is seized:

i) I f  the  o u tg o ing  link is to  a n o th e r  in te rn a t io n a l  t r an s i t  exchange  fro m  w hich  a  t ran s i t  rou t ing  is 
requ ired  to the  des t ina t io n  cou n try ,  signal A -l 1 is sent to  reques t repe t i t ion  o f  the cou n try  code  
ind ica tor .

O n  recogn i t ion  o f  signal A - l l  the o u tgo in g  in te rn a t io n a l  R2 register sends a co un try  code  in d ica to r  as 
the  first s ignal to be  received by the in c o m in g  R2 register in the nex t in te rn a t io n a l  trans i t  exchange. 
This  is o ne  o f  signals 1-12 o r  1-14. I f  signal I - 11 was sen t initially, signal 1-14 is sent subsequently .

O n  recogn i t ion  o f  a  c o u n try  code  in d ica to r  the in co m in g  R2 register de te rm ines  th a t  the  call is to  be 
in te rn a t io n a l ly  t rans it  switched. T h e  signall ing  p ro ced u re  w hich fo llow s is iden tica l  to  th a t  descr ibed  
above.

ii) I f  the  o u tgo in g  link  is to  an  in co m in g  in te rn a t io n a l  exch ang e  in the d es t in a t ion  coun try ,  signal A - l 2 is 
sent to  request a language  o r  d isc r im ina t ing  digit.

In b o th  these cases after  the b a ck w ard  signal is sent a n d  the  com pel led  signall ing  sequence  is com ple te ,  the  
t r a n s i t  exchange  releases the  in co m ing  R2 register a n d  th ro u g h -co n n ec ts  the sp eech-pa th  betw een  the  o u tgo ing  
ex ch an g e  a n d  the  next exchange.

b) I f  the  ou tg o in g  link em ploys  a signall ing  system o th e r  th a n  System R2, then  the ac ting  in com ing  R2 
register  is the last in co m in g  R2 register. The  exchange  seizes an  ou tgo ing  in te rn a t io n a l  link to  a fu r the r  
in te rn a t io n a l  t ran s i t  exchange  or an  in com ing  in te rn a t io n a l  exchange  in the  des t ina t io n  country .  Signalling  
c o n t in u es  be tw een  the  ou tg o ing  in te rn a t io n a l  R2 register an d  the  last in com ing  R2 register a n d  in te rw o rk ing  takes 
p lace  with the  o the r  signall ing  system.

I f  co ngest ion  is en co u n te re d  signal A-15 is sent, i f  necessary  in pulse form. A fter the com p e l led  signall ing  
seq uen ce  is com ple te  o r  after  the  en d  o f  the pulse  signal the  tran s i t  exchange  dismisses the register .

O n  recogn i t ion  o f  signal A-15 the ou tgo ing  exchange  m ay  initia te  a repea t a t tem pt ,  a re - rou ting  o r  cause 
the  re tu rn  o f  congest ion  in fo rm a t io n  to  the call ing  subscriber .  In all cases the ou tg o ing  (m ulti-) link  section is 
released.

5.1.2.2 S igna lling  to an incom ing in terna tiona l exchange in the destina tion  country

W hen  the  o u tg o ing  in te rn a t io n a l  link is a d irect link  to an  in com ing  in te rn a t io n a l  exchange  in the 
d es t in a t io n  co un try  the first in terregister  signal sent is a lang uag e  o r  d isc r im in a t in g  digit.

A lternate ly , if  the  o u tgo ing  multi - l ink  section is rou ted  via  one , tw o o r  th ree  in te rn a t io n a l  t rans it  
ex changes  then  on  recogn ition  o f  signal A -12 the o u tg o in g  in te rn a t io n a l  R2 register sends a language  or 
d is c r im in a t in g  digit as the first s ignal to  be received by the in co m in g  R2 register in the te rm ina l  in te rn a t io na l  
e x c han ge  in the d e s t in a t ion  country .

T h e  first signal A - l 2 received from  an in te rn a t io n a l  t ran s i t  exchange  by the  o u tg o ing  in te rn a t io na l  R2 
regis ter  in fo rm s  it th a t  an  in te rn a t io n a l  link te rm in a t in g  at an  in c o m in g  in te rn a t io na l  exchange  has been a d d ed  to 
the  (m ult i-) l ink  section.

In b o th  cases, on  recogn ition  o f  a language  o r  d is c r im in a t in g  digit (a signal 1-1 to  1-10), the  in co m in g  R2 
register  d e te rm ines  th a t  the  call is to  be rou ted  to  the n a t io n a l  n e tw ork ,  a n d  selects the next b ack w ard  signal:
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i) T he  in co m in g  R2 register m ay  send  signal A -14 to request in fo rm a t io n  a b o u t  the  r eq u i rem en t  fo r  echo  
suppress ion .

— If  an  in co m in g  half -echo  su p p re sso r  is requ ired  the  o u tgo ing  in te rn a t io n a l  R2 register sends  
signal 1-14.

In response  to signal 1-14 the in co m ing  R2 register sends  signal A -l  to reques t  the  first d igit o f  
the n a t io na l  (s ignificant) num ber .  In  response  to signal A -l the  o u tg o in g  in te rn a t io n a l  R2 register 
sends the  first d igit o f  the n a t ion a l  (s ignif icant)  nu m b er .

— I f  no  echo su p p resso r  is requ ired  the  o u tgo ing  in te rn a t io n a l  R2 register sends  the  first d igit o f  
the  n a t io n a l  (s ignif icant)  n um ber .

ii) A lternatively , i f  it is k no w n  tha t n o  echo  su p p resso r  is requ ired  to  be inser ted  the  in co m in g  R2 
register m ay  send  signal A -l  to request  the first d igit o f  the  na t io n a l  (s ign if ican t)  nu m ber .  In re sp on se  
to  signal A -l the  o u tgo ing  in te rn a t io na l  R2 register sends the first d ig it  o f  the  n a t io n a l  (s ignif icant)  
nu m b er .

T he  in com ing  R2 register exam ines  the first digit o f  the n a t io na l  (s ignif icant)  n u m b e r  a n d  if  a  fu r th e r  d ig it 
(o r digits) is requ ired  fo r  rou t ing , signal A-l is sent to  request  the nex t digit.

W hen  suffic ient digits are sto red  at the  in co m in g  exchange  to  pe rm it  the  call to be  rou ted  to  the  nex t
exchange  the b a c k w a rd  signal (if  any)  is de te rm in ed  by the n a tu re  o f  the s igna ll ing  system em p lo y ed  on  the
o u tgo ing  link a n d  the na t io n a l  ro u t in g  principles.

a) I f  the ou tgo in g  n a t io n a l  link  em ploys  System R2 a n d  in t e rn a t io n a l /n a t io n a l  en d - to -en d  s igna ll ing  is u sed , 
a  b ack w a rd  signal m ay  be sent a f te r  the ou tgo in g  link  is seized to reques t  the  add re s s  digit req u ired  as the first
signal to  be received by the  in co m in g  R2 register in the fo l low ing  n a t io n a l  exchange.

T h e  a p p ro p r ia te  signal is o n e  o f  signals A - l ,  A-2, A-7, A-8 o r  A -12. T hese  s ignals m ay  be sen t after an y  
digit,  an d  can  be repea ted  p ro v id ed  they  d o  n o t  confl ic t  with the logic p rocedure .

H ow ever ,  i f  the address  digit on-line  is the  digit requ ired  as the first s ignal to  be  received by the  
in co m in g  R2 register in the  nex t exchange ,  it is poss ib le  fo r the t ran s i t  ex ch an g e  to release the  in co m in g  R2 
register a n d  th ro u g h -co n n ec t  the  speech-pa th  after  the  ou tgo in g  link is seized w ith o u t  send ing  a b a c k w a rd  signal.

O therw ise , a fter  the  a p p ro p r ia te  b ack w a rd  signal is sent a n d  the  co m pe l led  s igna ll ing  sequence  is co m p le te  
the trans i t  exchange  releases the  register a n d  th ro u g h -co nn ec ts  the speech path .

b) I f  the  o u tg o in g  n a t io na l  link em ploys  System R2 b u t  en d - to -en d  in t e rn a t io n a l /n a t io n a l  s igna ll ing  c a n n o t  
be used, the  register in the  in c o m in g  in te rn a t ion a l  exchange  relays the  m u l ti f re q u en cy  s ignals : it acts  as an  
o u tg o ing  R2 register. It requests the  rem a in d e r  o f  the address  digits by repetit ive use o f  signal A - l .  T he  digits  
received by the  ou tgo in g  R2 register are re t ran sm it ted  over the ou tg o ing  n a t io n a l  link at the reques t  o f  the  
in co m in g  R2 register in the  fo l low ing  n a t io na l  exchange(s)  (see R e c o m m e n d a t io n  Q.478).

c) I f  the  o u tg o ing  link em p loy s  a s ignall ing  system o ther  than  System R2 then  the  ac ting  in co m in g  R2 
register is the  last in com ing  R2 register. The  ex ch ang e  seizes a n a t ion a l  link. S igna l l ing  co n t inu es  be tw een  the  
ou tg o ing  in te rn a t io n a l  R2 register a n d  the last in co m in g  R2 register a n d  in te rw o rk in g  takes  p lace  w ith  the  o th e r  
signall ing  system.

I f  co ngest ion  is en cou n te red ,  congest ion  signal A-4 or A-15 is t r an sm i t te d  ( i f  necessary  in pu lse  fo rm ) a n d  
the  in co m ing  R2 register is dismissed.

O n  recogn ition  o f  the congest ion  signal A-4 the  o u tgo ing  exchange  releases th e  ou tg o in g  link or 
co n n ec t io n  a n d  causes the re tu rn  o f  congest ion  in fo rm a t io n  to the call ing  subscriber .

O n  recogn i t ion  o f  the congest ion  signal A-15 the ou tgo ing  exchange  m ay  in i t ia te  a rep ea t  a t tem p t ,  
re - rou ting  o r  cause  the re tu rn  o f  congest ion  in fo rm a t io n  to  the call ing subscriber .  In all cases the ou tg o in g  link o r  
co nn ec t io n  is released.

It is des irab le  to  use the congest ion  signal A-15 solely in the case o f  in c o m in g  in te rn a t io n a l  te rm ina l  traffic  
w hen  repea t  a t te m p t  o r  re- rou ting  m ay  be expec ted  to  be successful.
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Recommendation Q .463

5.1.3 SIGNALLING BETWEEN THE OUTGOING INTERNATIONAL R2 REGISTER 
AND AN INCOM ING R2 REGISTER IN A NATIONAL EXCHANGE IN THE  

DESTINATIO N COUNTRY

5..1.3.1 S ignalling  to a na tio n a l transit exchange

T h e  ou tgo ing  in te rna t io na l  R2 register sends the  reques ted  address  digit as the  first signal to  be received by  
the  in co m in g  R2 register in the n a t io n a l  trans i t  exchange  in the  d e s t in a t io n  country .

T h e  incom ing  R2 register exam ines  the  digit a n d  if  a  fu r the r  digit (o r digits) is req u ired  fo r  rou t ing , 
signal A -l  is sent to  request the  nex t digit.

W hen  suffic ient digits are  s to red  at the in co m in g  exchange  to '  pe rm it  the call to  be rou ted  to  the nex t 
exc h a n g e  the  b ack w ard  ' s ig n a l  (if  any)  is d e te rm in ed  by the  n a tu re  o f  the signall ing  system em p lo y e d  on  the 
o u tg o in g  link a n d  the n a t io n a l  rou t in g  princip les.

a) I f  the ou tgo ing  n a t io na l  link  em p loy s  System R2 a b a c k w a rd  signal m ay  be sent af ter  the  ou tg o ing  link  is 
seized tp  request the add ress  digit req u ired  as the  first signal to  be received by the  in co m in g  R2 register in the 
nex t  exchange. T he  s ignall ing  p ro ced u re  w hich occurs  is s im ilar to  th a t  descr ibed  in § 5.1.2.2 a) above.

b) I f  the  o u tgo ing  link  em p loy s  System R2 b u t  en d - to -en d  in t e rn a t io n a l /n a t io n a l  s ignall ing  c a n n o t  be used, 
th e  regis ter  in the  n a t ion a l  exchange  relays the in terreg is ter  s ignals: it acts as an  o u tgo ing  R2 register. T he  digits 
rece ived by this o u tgo ing  R2 register are  re t ransm it ted  over the o u tg o in g  l ink  at the reques t  o f  the in com ing  R2 
register  in the  fo l low ing  exchange(s) (see R e c o m m e n d a t io n  Q.478).

c) I-f the  o u tgo ing  link em p lo ys  a signall ing  system o th e r  th a n  System R2 then  the  ac ting  in co m in g  R2 
regis ter  is the last in com ing  R2 register. T he  exchange  seizes an  o u tgo in g  n a t ion a l  l ink  to  the  nex t n a t io na l  
exchange .  S ignalling  con tinu es  be tw een  the ou tg o in g  in te rn a t io n a l  R2 register a n d  the last in co m in g  R2 register 
a n d  in te rw ork in g  takes p lace  with the  o th e r  signall ing  system.

I f  congest ion  is e n co u n te red  signal A-4 is sent (if necessary  in pu lse  fo rm ) an d  the  in co m in g  R2 register is 
re leased. ’ *

O n  recognition  o f  congest ion  signal A-4 the ou tgo ing  ex chan ge  releases the  ou tgo ing  m ulti - l ink  section an d  
causes the  re tu rn  o f  congest ion  in fo rm a t io n  to the  call ing  subscriber .  - -

5.1.3.2 S ignalling  to a na tio n a l exchange to which the called subscriber is connected

W h en  the ou tgo ing  m ulti - l ink  section is rou ted  to  the  n a t io n a l  exchange  to  which the  called  subscriber  is 
c o n n ec ted  the acting  in co m in g  R2 register is the last in co m ing  R2 register: the  o u tgo ing  in te rn a t io n a l  R2 register 
sends  the  reques ted  address  digit as the  first signal to  be received by  the  last in com in g  R2 register a n d  signall ing  
con t in u e s  as described  below.

Recommendation Q .464

5.1.4 SIGNALLING BETWEEN THE OUTGOING INTERNATIONAL R2 
REGISTER AND THE LAST INCOM ING R2 REGISTER

5.1.4.1 G eneral -

T he  usual System R2 signall ing  p ro c ed u re  is to request in succession the  r e m a in d e r  o f  the  address  digits 
s to red  in the ou tgo ing  in te rn a t io n a l  R2 register by  the repetit ive use o f  signal A -l  until it is d e te rm in ed  at the 
in c o m in g  end  th a t  the  co m p le te  address  in fo rm a t io n  has been received by the  inco m in g  exchange  o r  th a t  the call 
c a n n o t  be routed .
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System R2 enab les  tran sm iss ion  o f  in fo rm a t io n  co nce rn in g  a  large  n u m b e r  o f  d if fe ren t  c o n d i t io n s  o f  ca lled  
subsc r ib e r’s line o r  reaso ns  w hy call set-up has failed. But this  can  on ly  be sent i f  the  sw itch ing  sys tem s a n d  o th e r  
s ignall ing  systems em p lo y ed  on  the rem ain ing  links o f  the  co n n ec t io n  offer  the  poss ib il ity  o f  d if fe ren t ia t in g  several 
line condit ions .  G r o u p  B-signals are  p ro v ided  for this pu rpose .

T ra n s i t io n  from  G ro u p  A to  G ro u p  B m ean in g s  is ind ica ted  by m eans  o f  add re s s -co m p le te  s ignal A-3. 
H ow ever ,  if  the  in co m in g  exchange  is u n ab le  to send  any  s ignals co n c e rn in g  the  co n d i t io n  o f  the  ca lled  
su bsc r ib e r’s line it is unnecessa ry  to  send signal A-3 fo l low ed by  a G r o u p  B signal. In  such cases the  
add ress-com ple te  signal A-6, p ro v id e d  for the p u rp o se  is used.

I f  congest ion  is e n c o u n te red  after t ran sm iss ion  o f  the  ad d re s s -c o m p le te  signal A-3 th e  cong es t io n  
signal B-4 is sent in p lace  o f  signal A-4 o r  A-15.

5.1.4.2 W hen the last incom ing R 2  register is able to transm it the condition  o f  the  ca lled  subscriber’s line

W h en  the  c o n d i t io n  o f  the called  sub sc r ibe r’s line can  be d e te rm in ed  the  in c o m in g  R2 register  can  send
signals convey ing  this in fo rm a t io n  af te r  receipt o f  the address  digits .

As soon  as the last address  digit is received the  last in co m in g  R2 regis ter  sends  th e  add re s s -co m p le te  
signal A-3 to a n n o u n c e  ch an g e o v e r  to  the transm iss ion  o f  G ro u p  B signals. In re spo nse  the  o u tg o in g  in t e r n a 
tiona l R2 register sends the  a p p ro p r ia te  call ing p a r ty ’s ca tegory  signal (11-7 to  11-10). T h e  last in c o m in g  R2 
register acknow ledges  th is with the re levan t G r o u p  B signal in d ica t in g  the  co n d i t io n  o f  the  ca lled  su b sc r ib e r ’s line.

Im m edia te ly  the co m pe l led  signall ing  sequence  is com ple te  the  in c o m in g  R2 register  is re leased  a n d  
d ep en d in g  u p o n  the G r o u p  B signal sent the speech-pa th  m ay  be th ro ug h -co n n ec te d .

W hen  the  c o n d i t io n  o f  the  called  su bsc r ibe r’s line is de te rm in ed  by  an  electrical signal to  the  last 
in c o m in g  R2 register a n d  if  the  called  subsc r ibe r’s line is free the ad d ress -com p le te  signal A-6 c an  be  sen t in s tead  
o f  signal A-3, poss ib ly  in pulse  fo rm . This will be the last in terreg is ter  signal. A fter  signal A-6 is sen t the  
in co m ing  R2 register is re leased, the  speech-pa th  is th ro u g h -c o n n ec te d  a n d  r ing in g  to n e  re tu rn e d  to  the  ca ll ing  
subscriber. O u tg o in g  in te rn a t io n a l  R2 registers m us t  be  ab le  to in te rp re t  all G r o u p  B signals.

O n  recogn i t ion  o f  the last b a c k w a rd  signal the  ou tgo in g  ex chan ge  releases the  o u tg o in g  in te rn a t io n a l  R2 
register a n d  e ither th ro u g h -co n n ec ts  the  speech-pa th  o r  releases the ou tg o in g  co n n e c t io n  a n d  causes the  re tu rn  o f  
an  a p p ro p r ia te  to n e  o r  special a n n o u n c e m e n t  o r  b o th  a lte rna te ly  to  the  ca ll ing  subscriber .

5.1.4.3 W hen the last incom ing R 2  register is no t able to transm it the condition  o f  the  called  subscriber’s line

In this case the  last in co m in g  R2 register sends  the add ress -co m ple te  signal A-6, poss ib ly  in pu lse  fo rm ,  as 
the last in terregis ter  signal. After this is sent, the  last in co m in g  R2 register  is re leased  a n d  the  sp eec h -p a th  is 
th ro u gh -con nec ted .

W hen  the  last in co m in g  R2 register is in the  exchange  to w hich  the  called  sub sc r ibe r  is co n n e c ted ,  an  
ap p ro p r ia te  to n e  is re tu rn ed  to  the  call ing  subscriber  f ro m  this exchange.

O n  recogn ition  o f  ad dress -com ple te  signal A-6, the o u tgo ing  ex chan ge  releases the  o u tg o in g  in t e rn a 
t iona l R2 register a n d  th ro u g h -co n n e c ts  the speech-pa th .  T he  call ing  subscr iber  will then  h e a r  r ing ing  tone ,  busy  
tone ,  special in fo rm a t io n  to n e  o r  a reco rd ed  a n n o u n c e m e n t  a lte rna te ly  with special in fo rm a t io n  to n e  sent by  the  
in com ing  eq u ipm ent .

Recommendation Q .465

5.1.5 PARTICULAR CASES

5.1.5.1 U nallocated num ber

W hen, af ter  the  recep t ion  o f  any  digit,  the  in co m in g  R2 register d e te rm in es  th a t  the  a dd ress  in fo rm a t io n  
co r re sp o n d s  to an  u na l lo c a te d  n u m b er ,  the address -co m ple te  signal A-3 is sen t im m ed ia te ly  w i th ou t  requ es t ing  all 
the  address  digits. In re sponse  the ou tgo ing  in te rn a t io n a l  R2 register sends  the  a p p ro p r ia t e  G r o u p  II  signal. T h is  is 
then  ackn ow led ged  by signal B-5 una lloca ted  num ber.
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5.1.5.2 C ongestion in the  na tio n a l netw ork

I f  co ngest ion  is en co u n te red  in the  na t io n a l  n e tw o rk  the  in com in g  R2 register sends congest ion  signal A-4, 
poss ib ly  in pu lse  fo rm . H ow ever ,  if  address -com p le te  signal A-3 has a lready  been  sent, congest ion  signal B-4 is 
sen t in a c k n o w led g em e n t  o f  the  G r o u p  II signal w hich  c o m m ences  the  last com pe l led  s ignall ing  sequence.

5.1.5.3 O perator calls

T h e  p roced u res  descr ibed  in R e c o m m e n d a t io n s  Q .462-Q.464 are a lso valid  fo r a sem i-au to m at ic  call. 
H ow ever ,  in this  case the address  in fo rm a t io n  is a lw ays  te rm in a te d  by the end-o f -pu ls in g  signal 1-15.

F o r  code  11 o r  code  12 calls on ly  a lim ited  n u m b e r  o f  b ack w a rd  s ignals can  be em p lo yed  as the last 
in te rreg is te r  signal (e.g. signal A-4, A-6 o r  B-6).

5.1.5.4 R equest o f  calling p a r ty ’s category

A t any  t im e  ca ll ing  p a r ty ’s category  in fo rm a t io n  m ay  be reques ted  by  the  in co m in g  R2 register in te r 
ru p t in g  the  no rm a l  t r an sm iss ion  o f  address  in fo rm a t io n .  T h e  in c o m in g  R2 register sends  signal A-5 in a c k n o w le d 
g em en t  o f  a G r o u p  I signal a n d  the  ou tg o ing  in te rn a t io n a l  R2 register sends the a p p ro p r ia te  G ro u p  II signal (a 
signal 11-7 to  11-10) in reply. I f  th is  G ro u p  II signal is ack n o w le d g ed  by a signal d if fe ren t f rom  ad d ress-com ple te  
signal A-3 o r  signal A-5 the  next fo rw a rd  signal sent will be on e  o f  the  G ro u p  I.

5.1.5.5 Iden tifica tion  procedure

At any  t im e  the  in co m in g  R2 register can  reques t  the  loca t ion  o f  the o u tg o in g  in te rn a t io n a l  R2 register . 
S ignal A-13 is sent in ack n o w led g em en t  o f  a fo rw a rd  signal a n d  the  ou tgo ing  in te rn a t io n a l  R2 register sends its 
iden t i ty  o r  rejects the  reques t  by  signal 1-12 (see R e c o m m e n d a t io n  Q.480).

Recommendation Q .466

5.1.6 SUPERVISIO N AND RELEASE OF THE CALL

A n an sw e r  signal is sent w hen  the called  subscriber  lifts his receiver.  E ach  trans i t  exchange  in the
co n n e c t io n  relays this  line signal.  At the  o u tg o in g  in te rna t ion a l  exchange  receipt o f  the a n sw er  signal no rm ally
causes call cha rg in g  to take  p lace a n d  m etering  fo r  in te rn a t io n a l  a ccou n t ing  pu rpo ses  to start.

W h en  the  called subscriber  replaces his receiver a c lea r-back  signal is sent a n d  re layed  by each trans it  
exchange .

W hen  the  ca ll ing  subscriber  replaces his receiver a c lea r-fo rw ard  signal is re layed  by the ou tgo ing  
in te rn a t io n a l  exchange  over  the  ou tg o in g  in te rn a t ion a l  link. O n receipt o f  the c lea r- fo rw ard  signal on  an inco m in g  
link, re lease o p e ra t io n s  are  in i t ia ted  an d  the c lea r- fo rw ard  signal is repea ted  fo rw a rd  on the  o u tgo ing  link.

Im m ed ia te ly  release o p e ra t io n s  at an  exchange  are  co m p le te  (a l though  the  o u tg o in g  circuit m ay  still be
held)  a re lease-guard  sequence  is in i t ia ted  on the in com in g  link. A fter  recognition  o f  the  en d  o f  the re lease-guard
sequence  at the o u tg o in g  exchange  the link reverts to idle.

S u perv is ion  o f  a call m us t be in a cco rd ance  with R e c o m m e n d a t io n  Q. 118.

Recommendation Q .468

5.2 ROUTING AND NUM BERING FOR INTERNATIONAL WORKING  

(See R ec o m m e n d a t io n s  Q.107 a n d  Q.107 bis, fascicle VI. 1)
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5.3 TERM INATION OF INTERREGISTER SIGNALLING

Recommendation Q .470

5.3.1 AT AN INCOM ING R2 REGISTER SITUATED IN A TRANSIT EXCHANGE

5.3.1.1 Successfu l routing

N o rm al ly ,  in terreg is ter  signall ing  is te rm in a ted  in one  o f  the fo l low ing  ways:

a) T he  last fo rw a rd  in terregis ter  signal received by the in c o m in g  R2 register at the t ran s i t  ex chan ge  is n o t  
ack n o w led g ed  from  tha t  register. A fter  an  o u tgo ing  link to  the next exch ang e  is seized, the  register is 
d ism issed  an d  the sp eech-pa th  is th ro ug h -co nn ec ted .  T he  fo rw a rd  signal rem a in s  on -l ine  a n d  is the  
first signal received by the next in com ing  R2 register. P rov is ion  m u s t  be m a d e  fo r  the  sw itch ing  
o p e ra t io n s  to  be c o m p le ted  so as to ensure  tha t  the  signal will rem a in  o n-l ine  a n d  be received by  the  
succeed ing  register.

b) T he  last fo rw a rd  in terregis ter  signal received by the in c o m in g  R2 register at the  t ran s i t  exch ang e  is 
a ck n o w led g ed  by  a  b a c k w a rd  signal (A - l ,  A-2, A-7, A-8, A -l 1 o r  A - l 2) reques ting  tran sm iss io n  o f  a 
c learly  specified  signal as the first to be received by the  nex t in co m in g  R2 register. W hen  the  
c o m p e l led  signall ing  sequence  is com ple te  the register is d ism issed  a n d  the speech -pa th  is th ro u g h -  
connec ted .

Because it is n o t  poss ib le  to send signals A-2, A-7, A-8, A - l l  or A-12 in pulse  fo rm , p re cau t io n s  are  
necessary  to  av o id  ack no w ledg ing  the last address  digit (on  au to m a t ic  calls) unti l  the  s igna ll ing  system 
em p lo y ed  on  the o u tg o in g  link is k n ow n .  I f  signal A -l is sent in a ck n o w le d g e m e n t  o f  the  last address  
dig it  a n d  if  the  o u tg o in g  link em p lo ys  System R2 it m ay  no t then  be poss ib le  to  send  o n e  o f  these  
signals an d  th erefo re  en d - to -end  signall ing  to the next exchange  is no  lo ng er  feasib le  (see a lso  
R e c o m m e n d a t io n  Q.474).

In in te rn a t io n a l  w o rk ing  signals A-2, A-7 an d  A-8 m ay  be used to ack n ow ledg e  rece ip t o f  an y  
fo rw a rd  signal.

Signal A - l l  m u s t  be used  to  request a  co u n try  code  ind ica tor .

Signal A-12 m ust genera l ly  be used to  request the  lan gu age  or d is c r im in a t in g  digit.  H ow ev er ,  in the 
case w here  an  in co m in g  R2 register is e q u ip p e d  with on ly  5 b a c k w a rd  s igna ll ing  frequenc ies  on ly  o n e  
o f  the  s ignals A-2, A-7 o r  A-8 can  be used  for th is pu rp ose .  A tten t io n  is d ra w n  to  the  fac t  th a t  in th is  
case the  lan gu age  o r  d isc r im ina t in g  digit m ay  no t  be sent by  all o u tg o in g  in te rn a t io n a l  R2 registers.

A l though  it is n o t  n o rm ally  necessary  to  request a repea t  o f  a digit n becau se  it rem a in s  on  the  line unti l  
a c k n o w ledg ed  (bu t  see R e c o m m e n d a t io n  Q.476) such repet i t ion  m ay p rove  necessary  after  an  in te r ru p t io n  o f  d ig it 
t ran sm iss ion  (e.g. to reques t  in fo rm a t io n  co n ce rn ing  the  call ing p a r ty ’s category) o r  i f  the c o m p le t io n  o f  sw itch ing  
o p e ra t io n s  referred  to  in m e th o d  a) above, c a n n o t  be gu a ra n te ed  with a t im e c o m p a t ib le  with the t im e-ou t  o f  the  
o u tg o in g  ( in te rna t io na l)  R2 register (see R e c o m m e n d a t io n  Q.476). T he  p ro ce d u re  is then  as fo llows:

Signal A-2 is sent, eliciting the digit n-1; this is im m edia te ly  ack n o w le d g ed  by signal A -l  to  elicit the  
requ ired  digit n. W hen  the  digit n in quest ion  is the  first digit in the s tore  o f  the  o u tg o ing  R2 register this 
p ro ced u re  is no t  app licab le .

A t an  in te rn a t io n a l  t rans it  exchange  m e tho d  b) above, must be used a n d  on ly  o ne  o f  the s ignals A - l l  o r  
A-12 applies.

W h en  the  o u tg o in g  link connec ts  to a fu r the r  in te rna t ion a l  trans i t  exch ang e  signal A - l l  m us t be used to 
request  a co u n try  code  ind ica to r .  O n  recognit ion  o f  signal A - l l  the ou tg o in g  in te rn a t io n a l  R2 register m us t send  a 
co u n try  code  in d ic a to r  (signal 1-12 o r  1-14, see R ec o m m e n d a t io n  Q.479) as the first fo rw a rd  signal to be received 
by  the nex t in co m in g  R2 register.

Signal 1-12 o r  1-14 m ay  be reques ted  as m a n y  times as necessary  by sen d in g  signal A - l l .

W h en  the o u tg o ing  link co nnec ts  to an  in co m in g  in te rn a t ion a l  te rm ina l  exch ang e  signal A-12 m ust be used 
to  reques t  the  lan g uag e  o r  d isc r im in a t in g  digit. O n  recognition  o f  signal A-12 the  o u tgo in g  in te rn a t io n a l  R2 
register m us t send  the  lang uag e  o r  d isc r im in a t ing  digit (a signal 1-1 to I -10) as the first fo rw a rd  signal to  be 
received by the  nex t in co m in g  R2 register.

O n  recogn i t ion  o f  signal A-12 (sent f rom  an  in te rna t io na l  t rans it  exchange)  an  ou tg o in g  in te rn a t io n a l  R2 
register is in fo rm e d  th a t  an  in te rn a t io n a l  link c o n n ec ted  to an  in co m ing  in te rn a t io n a l  te rm ina l  exch ang e  has been  
ad d e d  to  the (m ult i-) l ink  section  a n d  th a t  call set-up  is now  in progress  in the  na t io n a l  d es t in a t io n  ne tw ork .  T his  
is o f  im p o r tan ce  w hen  signal A-9 o r  A-10 are ,  in the o r ig in a t in g  coun try ,  am o n g s t  those  used  to  set-up  
in te rn a t io n a l  calls.
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I f  it is im possib le  to set-up  the  desired  co n n ec t ion  in the  t ran s i t  exch ang e  the in c o m in g  R2 regis ter
te rm in a tes  in terregis ter  signall ing  by transm iss ion  o f  the  congest ion  signal A-4 o r  A-15. T h e  b ac k w a rd  signal m ay
serve as ack n o w led g em en t o f  the last fo rw a rd  signal received by the  in co m in g  R2 register a t  the  trans i t  exch ang e  
o r  is sent in pulse  form.

T h e  tw o congest ion  signals A-4 a n d  A-15 are  p rov id ed  to  enab le  an o u tgo in g  in te rn a t io n a l  R2 register to 
d e te rm in e  w hether  congest ion  is o ccu rr in g  in the  in te rn a t io n a l  n e tw o rk  o r  in th a t  o f  the  des t in a t ion  cou n try  so
th a t  p rov is ion  fo r  repea t a t tem p t o r  re - rou ting  can  be m a d e  in the fo rm er  case:

— Signal A-15 is sent f rom  an  in te rna t io na l  exchange.

— Signal A-4 is sent f rom  a na t ion a l  ex change  o r  poss ib ly  from  a te rm in a l  in te rn a t io n a l  exchange.  (See 
also A n n ex  B to these Specif ications.)

Because receip t o f  congest ion  signal A-15 by an ou tg o in g  in te rn a t io n a l  R2 register m ay  in itia te  rep ea t  
a t tem p t  o r  re- rou ting  it is poss ib le  to  tran sm it  congest ion  signal A-4 from  in te rna t ion a l  exchanges  where re p e a t  
a t tem p t  o r  re - rou ting  m ay  be expected  useless.

5.3.1.2 Congestion

Recommendation Q.471

5.3.2 AT THE LAST INCOM ING R2 REGISTER SITUATED IN THE EXCHANGE  
TO W HICH THE CALLED SUBSCRIBER IS CONNECTED

5.3.2.1 Successfu l routing

W hen a call has been com ple te ly  set u p  by m ean s  o f  System R2 in terreg is ter  signall ing , the in co m in g  R2 
register te rm ina tes  in terregis ter  signall ing  im m edia te ly  on  receip t o f  the  en tire  num ber .

T h e  fo l low ing  cri ter ia  are  used to de te rm in e  w h e th e r  the n u m b e r  received by the  in co m in g  R2 register is 
com ple te :

a) analys is  — to de te rm ine  the. last digit;

b) electrical con d it ion s  given by  the sw itch ing  e q u ip m e n t  succeed ing  the  in co m in g  R2 register;

c) receipt o f  the e nd -o f -pu ls in g  signal (1-15);

d) the a ssu m p tio n ,  after  a specified tim e has  e lapsed , th a t  no  fu r th e r  digits  will be sent (see R e c o m m e n 
d a t io n  Q.476).

W hen  cri te r ion  a) (analysis) is app lied :

— if the in co m in g  R2 register is eq u ip p ed  to  send  G ro u p  B signals to  p ro v id e  in fo rm a t io n  a b o u t  the
co nd it ion  o f  the  called subscr iber’s line the address -com p le te  signal A-3 is t r an sm it ted  on  receipt o f
the last digit.  As soon  as it is k n o w n  w hether  the  co n n ec t io n  with the su bsc r ibe r’s line can  be
estab lished , on ly  the a p p ro p r ia te  G ro u p  B signal needs to  be  sent. T h e  use o f  the G ro u p  B signals is
deta i led  in R ec o m m e n d a t io n  Q.474;

— if  the  in co m in g  R2 register is n o t  e q u ip p ed  to receive in fo rm a t io n  a b o u t  the co n d i t io n  o f  the called
sub sc r ibe r’s line the ad d ress-com ple te  signal A-6 is sent im m edia te ly  af ter  recep t ion  o f  the  last digit 
an d  no  G ro u p  B signal will be transm itted .

In  bo th  cases the tim e in terval betw een the end  o f  a signal A-6 o r  a G ro u p  B signal an d  the  start o f  the 
su b seq uen t  answ er  signal m ust n o t  be less than  75 ms.

W hen  cri te r ion  b) (e lectr ical cond it ions)  is app lied :

It is re co m m e n d ed  that ,  to avo id  delay in send in g  the an sw er  signal, n o  G ro u p  B signal shou ld  be sent 
w hen  the  called su b sc r ibe r’s line is free, an d  th a t  the  se t t ing-up  o f  speech co n d it io ns  be  ensu red  by send ing  
ad d ress -co m ple te  signal A-6 im m edia te ly  the electrical co n d it io ns  are  recognized. T he  t im e  in terval be tw een  the 
end  o f  signal A-6 an d  the start o f  transm iss ion  o f  the  subsequen t  a n sw er  signal m us t  be n o t  less th an  75 ms (see 
also R e c o m m e n d a t io n s  Q.412 a n d  Q.475).

C rite r ion  c) (end-o f-pu ls ing )  can  be app lied  on ly  if  the in co m in g  R2 register is eq u ip p e d  to receive the 
6 fo rw a rd  s ignall ing  frequencies  (see also  R e co m m en d a t io n  Q.473). W h en  signal 1-15 is received a n d  recognized  
the  last inco m in g  R2 register can p e rfo rm  in the w ay descr ibed  u n d e r  cr i ter ion a).
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W hen cr i te r ion  d) ( t im e-out)  is app lied :

A ddress -com ple te  signal A-6 m us t be sent in pu lse  fo rm  as so o n  as the  specified  t im e  has e lapsed . T h e  
t ime betw een the  end  o f  signal A-6 a n d  the s tart o f  t r an sm iss ion  o f  the  su b se q u en t  a n sw er  signal m u s t  be, as 
ind ica ted  above  fo r  c r i te r ion  b), n o t  less th a n  75 ms (see also R e c o m m e n d a t io n s  Q.412 a n d  Q.472).

It m ay  h a p p e n ,  how ever,  th a t  the called subscriber  answ ers  before  the specified  t im e has  e lapsed . In such 
exceptional c ircum stances  the pu lse  signal A-6 m us t be sent im m edia te ly  the an sw er  signal is recognized . In this 
case the  time be tw een  the  e nd  o f  signal A-6 a n d  the s tart  o f  the t r a n sm iss io n  o f  the  su bseq uen t  a n sw er  signal m u s t  
be 75 ms or m o re  b u t  less th a n  150 ms. T he  call ing  subscriber  will no t  h ea r  the  r ing in g  tone.

This d is ad v a n tag e  can  be avo id e d  by no t  using  a received digit to set u p  the  call un ti l  a fter  the  fo l lo w ing  
digit has  been received o r  unti l  a  cer ta in  t ime has elapsed. This  p ro cedu re ,  how ev er ,  m ay  give rise to  d ifficulties if  
the t im e-ou t devices p ro v id e d  in the sw itching eq u ip m en t  succeed ing  the  in c o m in g  R2 register are  set fo r  too  sh o r t  
a delay  [see also R e c o m m e n d a t io n  Q.120, § 1.5.5.2 b) iv)].

5.3.2.2 C ongestion

An in c o m in g  R2 register sho u ld  te rm in a te  in terreg is ter  signall ing  im m ed ia te ly  any  c o n d i t io n s  p rev en t in g  
com ple te  se tting-up o f  a call have  been  recognized.

I f  co ngest ion  is- e n co u n te red  congest ion  signal A-4 is sent, poss ib ly  in pu lse  form. H o w e v e r  i f  address-  
com ple te  signal A-3 has  a lready  been  sent then  congest ion  signal B-4 is sent in a ck n o w le d g e m e n t  o f  the  G r o u p  II 
signal which co m m en ces  the  last com p e l led  s ignall ing  sequence.

Recommendation Q .472

5.3.3 AT THE LAST INCOM ING R2 REGISTER SITUATED IN A TRANSIT
EXCHANGE

5.3.3.1 Successfu l routing

In terregis ter  signall ing  to  such a register can  be te rm in a ted  af ter  all the  address  digits  are  received. In 
o rd e r  to  de te rm ine  th a t  the  n u m b e r  is com ple te  the sam e cri teria as d escr ibed  in R e c o m m e n d a t io n  Q.471 are  used.

W hen c r i te r ion  a) (analysis)  is app lied :

1) i f  the  s ignall ing  system em p lo y e d  on the ou tgo in g  link enab les  the  c o n d i t io n  o f  the  called  su b s c r ib e r ’s 
line to  be sent b a ck w ard s  w ith in  an  accep tab le  p er iod  c o m p a re d  to  the  t im e-ou t  o f  the  o u tg o in g  
in te rn a t io n a l  R2 register, the last in co m in g  R2 register can  react in a c co rd a n ce  w ith  on e  o f  the  
fo l low ing  m e th od s :

i) address -co m ple te  signal A-3 is sent in ack no w le d g em en t o f  the last address  dig it fo l low ed  by the  
re levan t G ro u p  B signal d ep e n d in g  u p o n  the co n d it ion  o f  the called  su b sc r ib e r’s line;

ii) s ignal A -l  is sent in ack n o w led g e m en t o f  the last add ress  digit,  a n d  signal 1-15 if  received, to  
de libera te ly  su spen d  co m pel led  signall ing  a n d  later,

— w hen  the co n d i t io n  o f  the  called sub sc r ib e r’s line is k n o w n ,  ad d ress -co m ple te  s ignal A-3 is 
sent in pulse fo rm  fo l low ed by the  re levan t G ro u p  B signal. T his  m ak es  it poss ib le  to  av o id  
m a in ta in in g  on-l ine  the G ro u p  II signal sent after  recep t ion  o f  signal A-3,

— w hen  the called  sub sc r ib e r’s line is free, it is p re fe rab le  to  send the  ad d re s s -com ple te  
signal A-6 in pu lse  form,

2) if  the  s ignall ing  system em plo yed  on  the  o u tg o in g  link does  n o t  e n a b le  the co n d i t io n  o f  the  ca lled  
su b sc r ib e r’s line to  be t ransm it ted  b ac k w a rd s  o r  i f  such in fo rm a t io n  is only  ava i lab le  a t  the  last 
in co m in g  R2 register af ter  a de lay  in c o m p a tib le  with the  t im e-ou t  o f  the  o u tg o in g  in te rn a t io n a l  R2 
register , then  address -com p le te  signal A-6 is sent in ack n o w led g em e n t  o f  the  last address  digit.
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W h en  cr i te r ion  6) (electr ical co nd it io ns )  is ap p lied :

O nly  signal A -l  c an  be used  to  ack no w ledg e  each add ress  digit. U p o n  receip t o f  an  electrical signal on  the  
o u tg o in g  link, the  last in c o m in g  R2 register acts in o n e  o f  the  fo l low ing  ways:

— if  th e  c o n d i t io n  o f  the called  su b sc r ib e r’s line is n o t  k n o w n  o r  is k n o w n  to be fr e e , address -com ple te  
signal A-6 is sen t in pu lse  fo rm ;

— if  the  co n d it io n  of- the  called  su b sc r ib e r’s line is k n o w n  to be o the r  th a n  free , address -co m ple te  
signal A-3 is sent in pu lse  fo rm , fo l low ed  by  the re levan t G ro u p  B signal.

C r i te r ion  c) (end-of-pu ls ing)  is on ly  ap p l ic ab le  i f  the  last inco m in g  R2 register can  receive 6 fo rw a rd  
s igna ll ing  frequencies  (see also R e c o m m e n d a t io n  Q.473). In this  case, w hen end -o f -pu ls in g  signal 1-15 is received 
a n d  recognized , the  last inco m in g  R2 register c an  pe r fo rm  in the w ay descr ibed  u n d e r  c ri ter ion  a).

W hen  cr i ter ion  d) ( t im e-out)  is a p p lied :

A ddress -co m p le te  signal A-6 is sent in pulse  fo rm  after  the  specified t im e has elapsed  (see R e c o m m e n d a 
tio n  Q.476).

5.3.3.2 Congestion

I f  congest ion  is en co un te red ,  the  p ro ce d u re  descr ibed  in R e c o m m e n d a t io n  Q.470 is followed. H ow ever,  if  
ad d ress -co m ple te  signal A-3 has a lread y  been  sent then  congest ion  signal B-4 is sen t in ac k n o w led g em e n t  o f  the 
G r o u p  II signal w hich  c om m en ces  th e  last co m pe l led  signall ing  cycle.

Recommendation Q .473

5.3.4 USE OF END-OF-PULSING  SIGNAL 1-15 IN 
INTERNATIONAL WORKING

In  in te rn a t io n a l  w ork ing ,  the  en d -o f -pu ls ing  signal 1-15 is used in ac co rd a n c e  with R e c o m m e n d a 
tio n  Q.468. Signal 1-15 (end-of-pu ls ing)  is sent im m edia te ly  af ter  the  last digit.

In  n a t io n a l  w o rk ing ,  signal 1-15 m ay  be used too.

In  sem i-au tom at ic  op e ra t io n ,  calls to  o p e ra to r s ’ pos i t ions  are  a lw ays te rm in a te d  by transm iss ion  o f  
signal 1-15. This signal can  only  be in te rp re ted  i f  the  in co m in g  R2 register is eq u ip p e d  fo r  recep t ion  o f  6 fo rw ard  
frequencies .  H ow ever ,  w h en  an in com in g  R2 register is eq u ip p e d  fo r  recep t ion  o f  on ly  5 fo rw a rd  s ignall ing  
f requenc ies  no  p rov is io n  can  be m a d e  fo r  recognition  o f  signal 1-15. Such an  in c o m in g  R2 register will then  act as 
th o u g h  signal 1-15 h ad  n o t  been sent. C o n sequ en tly  the  next in terreg is ter  signal is on ly  o ne  o f  the  signals A-3, A-4 
o r  A-6 sen t in pu lse  form.

5.3.4.1 Procedures to be fo llo w ed  a fte r  receipt o f  end-o f-pu lsing  s igna l 1-15 by the last incom ing R 2  register (s itua ted
in a transit exchange or in the exchange to which the called  subscriber is connected)

In c o m in g  R2 registers e q u ip p e d  for the recep t ion  o f  all 6 fo rw a rd  s ignall ing  f requencies  can  ack no w ledg e  
rece ip t o f  the en d -o f -p u ls ing  signal 1-15 by send ing  an  a p p ro p r ia te  b ac k w ard  signal to  com ple te  the  com pel led  
s igna ll ing  cycle. In terreg is ter  s ignall ing  is te rm in a ted  a cco rd ing  to the p ro cedu res  specified in R e c o m m e n d a 
t ions  Q.471 or Q.472 w hen  c ri te r ion  a) (analysis) is app lied .

In p ar t icu la r ,  i f  the  last in co m in g  R2 register acknow ledges  signal 1-15 with signal A -l  the  o u tgo ing  
in te rn a t io n a l  R2 register will not send  any  signal a n d  the  in c o m in g  R2 register can  on ly  send  one  o f  signals A-3, 
A-4, A-6 o r  A-15 in pulse  form.

Since there  is no  co m p u ls io n  to  equ ip  in c o m in g  R2 registers in na t io n a l  exchanges  with receivers fo r all 
6 fo rw a rd  s ignall ing  frequencies ,  the  signal 1-15 sen t by an  o u tg o in g  in te rn a t io n a l  R2 register m ay  no t be 
recogn ized  by the  in co m in g  R2 register. In such cases o th e r  cri ter ia  can  be used to  d e te rm in e  w he th e r  the  n u m b e r  
received by the in co m ing  R2 register is complete .

W hen  the  in co m in g  R2 register d e te rm ines  th a t  the  n u m b e r  received is co m p le te  using  cri ter ia  o the r  th an  c) 
(end-o f-pu ls ing)  it m ay  be th a t  the  last digit o f  the  subscriber  n u m b e r  is ack n o w led g ed  by signal A-3, A-4, A-6 or 
A-15. In  th is case in terreg is ter  s ignall ing  is te rm in a te d  w ith ou t  request fo r the  signal 1-15, in the  n o rm a l  w ay 
acc o rd in g  to the  p roced u res  specified in R ec o m m e n d a t io n s  Q.471 o r  472 (a co m pe l led  s ignall ing  cycle inc lud ing  
signal 1-15 is saved).

102 F ascicle VI.4 — Rec. Q .473



Signal A - l ,  A-2, A-7, A-8, A - l l  o r  A-12 m ay  be sent in a c k n o w led g em en t  o f  signal 1-15 (end-of-pu ls ing) .  
H ow ever ,  at a  t ran s i t  exchange  p recau t ion s  are  necessary  to avo id  ac k n o w le d g e m e n t  o f  signal 1-15 before  the  
s ignall ing  system em p lo y ed  on  the  o u tgo in g  link has been  identif ied. I f  signal A -l  is sen t in  a ck n o w led g em en t  o f  
signal 1-15 a n d  if  the  ou tg o in g  link em ploys  System R2, it is n o t  then poss ib le  to  send  b a c k w a rd  signal A-2, A-7, 
A-8, A - l l  o r  A-12 after  the end  o f  the com pel led  s ignall ing  cycle because  these s ignals c a n n o t  be sent in pulse  
form-. T h erefo re  en d - to -en d  s ignall ing  to  the next exchan ge  is n o  longer  possible.

5.3.4.2 Procedure to be fo llo w e d  a fte r  receipt o f  s ignal 1-15 by an incom ing R 2  register s itu a ted  in a transit exchange

Recommendation Q .474

5.3.5 USE OF G RO UP B SIGNALS

G ro u p  B signals are  used to  t ran sm it  in fo rm a t io n  a b o u t  the  co n d i t io n  o f  sw itch ing  e q u ip m e n t  in the  
inco m in g  ex change  o r  the  called  su b sc r ibe r’s line, to  the  ou tgo ing  in te rn a t io n a l  R2 register, w h ich  can  then  tak e  
the  necessary  action .

The address -com p le te  signal A-3 is sent by  an in co m in g  R2 register  to  a n n o u n c e  ch a n g e o v e r  to  sen d ing  
G ro u p  B signals. In a d d i t io n ,  signal A-3 indica tes  th a t  the  in co m in g  R2 register  has  rece ived all the  G r o u p  I 
fo rw a rd  signals it requ ires  from  the  ou tg o in g  in te rn a t io n a l  R2 register. O n  recogn i t ion  o f  signal A-3 an  
o u tgo ing  R2 register sends  a  G ro u p  II signal.  T he  in co m in g  R2 register m ay  in te rp re t  the  G r o u p  II signal g iv ing  
in fo rm a t io n  a b o u t  ca ll ing  p a r ty ’s ca tegory , in o rd e r  to con tro l  the  sw itch ing  o p e ra t io n s  acco rd in g ly  (e.g. s u p p re s 
sion o f  au to m a t ic  r ing ing  fo r  o p e ra to r  in i t ia ted  calls o r  to p rev en t  subscriber  access to  d a ta  t r a n sm iss io n  
term inals) .  F inally ,  a  G r o u p  II fo rw a rd  signal is a ck n ow led ged  by any  G r o u p  B b a c k w a rd  signal.

In cases w here  o u tgo ing  R2 registers are able  to in te rp re t  all G ro u p  B signals there  is genera l ly  n o  need  to 
p ro v id e  e q u ip m e n t  a t  the  in co m in g  end  ab le  to  send , in ad d i t io n  to G r o u p  B signals, the  to nes  a n d / o r  
a n n o u n c e m e n ts  co r re sp o n d in g  to  those  signals, excep t in  the  case o f  r ing ing  tone.

In genera l ,  o u tg o ing  R2 registers m ust be e q u ip p e d  with devices pe rm it t ing ,  af ter  recep t io n  o f  signal A-3:

— the  exchange  o f  an  ad d it io n a l  cycle o f  in terregis ter  signals before  the  register is re leased ;

— ch an geo ver  f ro m  G ro u p  A to  G ro u p  B m ean in g s  o f  b a c k w a rd  signals.

O u tg o in g  in te rn a t io n a l  R2 registers, how ever,  m us t  be able  to in te rp re t  all G r o u p  B signals.

5.3.5.1 Procedures to be fo llo w e d  by an outgoing in terna tiona l R 2 register on receipt o f  Group B  signals

Signal B-l is in te rp re ted  by an  ou tg o ing  in te rn a t io n a l  R2 register as signal B-6: the register  is re leased a n d  
the  speech-pa th  is th rou gh -con nec ted .  A subsequen t  an sw er  signal initia tes call charg ing .

Signal B-2 send  special in fo rm a t io n  to n e  is sent by the in c o m in g  R2 register:

— w hen  the  n u m b e r  o f  the  ca lled  party  has been  changed ,

— w hen  the  th ree  fo l low ing  co n d it io ns  are  fulfilled together:

i) the  called  p a r ty ’s line co n d it io n  does n o t  fit with o ne  o f  the  m ea n in g s  o f  the  p resen t  G ro u p  B 
signals,

ii) it does n o t  lead to  setting up  the  speech  pa th ,

iii) it is n o t  in co m p a t ib le  with re tu rn  o f  special in fo rm a t io n  to n e  to  the  ca ll ing  party .

A fte r  recogniz ing  signal B-2, the  ou tg o in g  in te rn a t io n a l  R2 register clears fo rw a rd  a n d  causes the  t r a n sm is 
s ion  o f  on ly  special in fo rm a t io n  tone.

T h e  su b sc r ibe r’s line busy  signal B-3 is sent by the  inco m in g  register w hen  the  called  su b sc r ib e r ’s line is 
engaged . O n  recogn i t ion  o f  this signal, the o u tg o in g  register releases the  co n n e c t io n  an d  causes t r an sm iss io n  o f  the  
busy  tone.
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W hen the  congest ion  co n d it io n  is en co u n te red  fo l low ing  the  ch an geo ver  from  G r o u p  A signals to  G ro u p  B 
s ignals,  the  congest ion  signal B-4 shall be t r a n sm i t ted  on  the  co n d i t io n s  specified fo r  congest ion  signal A-4. In  all 
cases recognit ion  o f  the signal causes release o f  the  call a n d  t ransm iss io n  o f  co ngest ion  in fo rm at io n .

A fter  recogniz ing  un a l lo c a te d  n u m b e r  signal B-5, the  o u tg o in g  in te rn a t io n a l  R2 register clears the  call an d  
causes t ran sm iss io n  o f  special in fo rm a t io n  to n e  o r  a  reco rd ed  a n n o u n c e m e n t  a n d  special in fo rm a t io n  tone ,  
a l te rna te ly ,  to the  ca ll ing  party .

A fter  recogniz ing  signal B-6, the  o u tgo ing  in te rn a t io n a l  R2 register sets u p  speech co n d it io n s  so th a t  a  
ca ller  m ay  hear  the  ring ing  tone. In this  case, a  su bseq u en t  an sw er  signal activates the  ca ll-charg ing  m echanism .

A fte r  recogniz ing  signal B-7 the  o u tgo ing  in te rn a t io n a l  R2 register sets u p  speech con d it io ns ,  so th a t  a 
ca ller  m ay  hear  the  r ing ing  tone. In this  case, a su bse q u en t  an sw er  signal does  n o t  activa te  the ca ll -charg ing  
m ech an ism .  H ow ever ,  in an  ou tgo in g  in te rn a t io n a l  R2 register signal B-7 m ay  be in te rp re ted  as B-6 i f  there  is no  
in te rn a t io n a l  ag reem en t  o n  no n -c h a rg eab le  calls.

A fter  recogniz ing  signal B-8 sub sc r ib e r’s line o u t  o f  o rder ,  the  ou tgo in g  in te rn a t io n a l  R2 register clears
fo rw a rd  a n d  causes the  t ran sm iss ion  o f  a special in fo rm a t io n  to n e  or re co rded  a n n o u n c e m e n t  an d  special
in fo rm a t io n  to ne  a lte rna te ly  to  the ca ll ing  party .

Receip t o f  signal B-9 o r  B-10 by an  o u tgo ing  in te rn a t io n a l  R2 register causes release o f  the  ou tgo ing  
co n n ec t io n  a n d  re tu rn  o f  special in fo rm a t io n  to n e  to  the  ca ll ing  subscriber ,  i.e. these signals shou ld  be in te rp re ted  
as signal B-2.

I f  an  o u tgo ing  in te rn a t io n a l  R2 register receives one  o f  s ignals B - l l  to  B-15 the  call shou ld  be re leased
a n d  in d ica t io n  o f  this re tu rned  to  the  call ing  su bscriber  o r  o p e ra to r ,  i.e. this  signal sh o u ld  be in te rp re ted  as
signal B-4.

5.3.5.2 Specia l procedures f o r  na tio n a l w orking

O u tg o ing  R2 registers in n a t io n a l  exchanges  m ay  n o t  be ab le  to  recognize  a n d  in te rp re t  G ro u p  B signals. 
In  such n e tw ork s  it is essentia l th a t  the  e q u ip m e n t  at the  in co m in g  end  m u s t  t r an sm i t  n o t  on ly  the  G ro u p  B 
signals  b u t  also the  co r re sp o n d in g  tones  a n d / o r  a n n o u n c e m e n ts ,  w hen  the in c o m in g  R2 register does n o t  k n o w  
w h e th e r  the  o u tgo in g  R2 register is cap ab le  o f  in te rp re t in g  G r o u p  B signals.

In  the case w here  the in co m in g  R2 register is able  to  m ak e  on ly  tw o o r  th ree  d is t inc tions  o f  co nd it io ns  o f  
th e  ca lled  su bsc r ib e r’s line the fo l low ing  p roc ed u re  m ay  be  a d o p te d :  W hen  the  on ly  d is t inc t ion  tha t  can  be m a d e  
is b e tw een  sub sc r ib e r’s line free a n d  subsc r ibe r’s line engaged ,

i) signal B-3 is sent i f  the  line is engaged ;

ii) o therw ise  signal B-6, o r  signal A-6 a lo n e  is sent so the caller can  h ea r  the  r ing ing  to n e  sent by  the
in co m in g  equ ip m en t .

In the case w here  ou tg o ing  R2 registers in n a t io n a l  exchanges  are  on ly  ab le  to in te rp re t  a l im ited  n u m b e r  
o f  G r o u p  B signals o r  are  indeed  n o t  able  to  in te rp re t  any ,  it is essential th a t  such eq u ip m e n t  be able  to re sp o n d
to  signal A-3 in the  specific m a n n e r  a n d  at least to  recognize  the  nex t b a c k w a rd  signal (which is a G ro u p  B
signal)  as ind ica t ing  the en d  o f  in terreg is ter  signall ing.

5.3.5.3 Possible application o f  signa l B - l  in n a tiona l w orking

Signal B - l ,  fo r exam ple ,  m ay  be used to  ind ica te  tha t  the  call m us t rem ain  u n d e r  the  con tro l  o f  the  
in co m in g  e qu ip m en t ,  in so fa r  as this  is poss ib le  (e.g. fo r  m a in te n a n c e  reasons, to  trace  m alic ious  calls, etc.). The 
in c o m in g  exchange  sets up  speech cond it ions ,  so th a t  the  call ing  subscriber  can  h e a r  the  r ing ing  tone. At p resen t 
such a use o f  signal B-l in in te rn a t io n a l  w ork in g  is n o t  envisaged.

Recommendation Q .475

5.4 NORM AL RELEASE OF OUTGOING AND INCOM ING R2 REGISTERS

A n o u tgo ing  in te rn a t io n a l  R2 register m us t be released once  it has  received an ap p ro p r ia te  b ack w ard  
in terreg is ter  signal te rm in a t in g  the in terreg is ter  s ignall ing , o r on  receip t o f  a c lea r- fo rw ard  (l ine) signal from  the 
p rec ed in g  link.
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An incom ing  R2 register m u s t  be released once  it has a cco m plish ed  the  necessary  sw itch ing  co n tro l  a n d  
te rm in a ted  the in terreg is ter  signall ing  required , o r  on  receipt o f  a c lea r- fo rw ard  (line) signal f ro m  the  p reced in g  
link.

The last recognized  in terreg is ter  signal p reced ing  setting up  o f  speech co n d i t io n s  will n o rm a l ly  be  a 
b ac k w ard  signal: e.g. address -com p le te  signal A-6, subscriber’s line free s ignals B-6 o r  B-7.

T he  m ulti f requ ency  c o m b in a t io n  receivers at the  tw o ends  m us t  be d is co n n e c te d  b e fo re  the  sw itch ing  
eq u ip m en t  passes to  the speech co n d i t io n ;  this p ro cedu re  e lim ina tes  an y  possib il i ty  o f  th e i r  o p e ra t in g  o r  be ing  
held  u n d e r  the in f luence  o f  speech o r  line signals. T he  fo l low ing  co n d i t io n s  re g a rd ing  the  d u ra t io n  o f  the  v a r io us  
phases  should  be observed  (see F igure 20 /Q .475):

a) the m ult i f req uen cy  signall ing  e q u ip m en t  o f  the in co m in g  R2 register m us t be  d is co n nec ted  w ith in  
30 ms after  recogn ition  o f  the en d  o f  t ran sm iss io n  o f  the last b ack w ard  s ignal;

b) the m ult i f requ ency  signall ing  eq u ip m e n t  o f  the o u tg o ing  R2 register m us t be d isco nn ec ted  w ith in  
30 ms after  recognition  o f  the end  o f  the  last b a c k w a rd  s ignal;

c) at the  ou tgo in g  exchange  speech co n d it io n s  m us t be set u p  be tw een  30 a n d  60 m s after  recogn i t ion  o f  
the en d  o f  the  last b a c k w a rd  signal.  H ow ever ,  at the  exch ang e  w here  the  o u tg o in g  in te rn a t io n a l  R2 
register is s i tua ted , the set t ing-up  o f  speech c o n d it io ns  d e p e n d s  u p o n  the  s igna ll ing  system e m p lo y ed  
on  the  p reced in g  link;

d) at the  in co m in g  exchange  at least 75 ms m ust e lapse  be tw een  the  en d  o f  t r an sm iss io n  o f  the  last 
b a c k w a rd  signal a n d  the  setting up  o f  speech condit ions .

T -  transm ission  de lay  +  recognit ion t im e  for th e  d isap p earan ce  of th e  last backward m u ltifrequency  c om bin at ion  
S = mult ifrequency s ignall in g e q u ip m e n t  ( s e e  R ecom m endation  Q.451)

FIGURE 20/Q.475

Disconnection of multifrequency signalling equipment and switching to the speech position
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Recommendation Q .476

v 5.5 ABNORM AL RELEASE OF OUTGOING AND INCOM ING R2 REGISTERS

T o  limit the  h o ld in g  time o f  R2 registers, w hen  in terregis ter  signall ing  is in te r ru p ted  either by a  fault o r  by 
a n y  o th e r  cause, all R2 registers m us t  be  eq u ip p ed  with devices fo r  con tin u o u s  superv is ion  o f  the tim e taken  by 
the  va r io u s  phases  o f  in terregister  signall ing. T he  t im e-o u t  delay  o f  these devices m us t be as shor t  as possible ,  b u t  
lo ng  en o u g h  n o t  to  in te r ru p t  no rm a l  opera t ion .

5.5.1 Tim e-out o f  ou tgoing in terna tiona l R 2  register

In  an  o u tgo ing  in te rn a t io n a l  R2 register, the  in tervals  d u r in g  w hich  a fo rw a rd  m u lti frequency  co m b in a t io n  
is t r an sm i t ted  a n d  the  in tervals  d u r in g  w hich no  such c o m b in a t io n  is t r an sm it ted  are  superv ised  separately .

5.5.1.1 Supervision  during sending  o f  fo rw a rd  m ultifrequency com binations

T h e  low er limit o f  the  t im e-ou t  delay  is a  fun c t ion  o f  the  tim e requ ired  fo r  the  switching p roced u res  in a 
t r a n s i t  exchange.

O n  this basis , the  t im e-ou t delay  is specified as 15 ±  3 seconds.

T h e  superv is ion  device will s ta r t  fu n c t io n in g  at the  b eg inn ing  o f  the transm iss ion  o f  a fo rw ard  m u lt i f re 
q u e n c y  c o m b in a t io n  a n d  be reset w ith  the  deac t iva t ion  o f  the  senders  involved. It will s tart aga in  at the  b eg inn ing  
o f  the  t r an sm iss ion  o f  the  nex t fo rw a rd  m ul t i f req uen cy  co m b in a t io n .

5.5.1.2 Supervision during intervals when no fo rw a rd  m ultifrequency com bination  is being sen t 

T he  low er limit o f  the  t im e-ou t  de lay  is a  fun c t io n  of:

a) the  m a x im u m  perm iss ib le  t im e  in terval be tw een  d ia l l ing  o f  tw o successive digits by  the subscriber ;

b) the  t im e-o u t  delay  specified fo r  in co m ing  R2 registers (see § 5.5.2 below).

O n  this basis , the  t im e-ou t  de lay  is specified to be longer  th a n  24 seconds  (a longer  delay  a n d  an u p p e r
limit m ay  be specified  by each A dm in is t ra t ion ) .

I f  this  specif ica tion  is observed  an  in c o m in g  R2 register, which has  ackn ow led ged  the  last received digit 
w ith  the  signal A - l ,  is b o u n d  to be re leased befo re  the  superv is ion  device o f  the ou tgo in g  in te rn a t ion a l  R2 register 
in i t ia tes  the  a la rm  cond it ion .

5.5.1.3 Procedure to be fo llo w e d  i f  tim e-ou t occurs

I f  t im e-ou t  occurs ,  the tim e superv is ion  devices m en t ion ed  in §§ 5.5.1.1 an d  5.5.1.2 above  will b r ing  a b o u t  
o p e ra t io n s  p ro d u c in g :

— re tu rn  o f  an  a p p ro p r ia te  signal a n d / o r  aud ib le  to ne  to in fo rm  the ca ll ing  party ,

— release o f  the  o u tgo ing  in te rn a t io n a l  R2 register an d  o f  the co n n ec t io n  as far  as the la tter  is no t
necessary  fo r  the abo v e -m en tio n ed  o pera t ion .

F au lt  reco rd in g  e q u ip m e n t  m ay  start fu n c t ion ing  a n d / o r  a de layed  a la rm  m ay  alert the  technical staff.

5.5.1.4 T im e-out o f  outgo ing  R 2  register

It is r e c o m m en d e d  th a t  the sam e princip les  ou tl ined  in §§ 5.5.1.1 to  5.5.1.3 ab ove  be ap p lied  by ana log y  to 
o u tg o in g  R2 registers.

5.5.2 Tim e-out o f  incom ing R 2  register

T he tim e-ou t  device shall supervise  the in terval e laps ing  betw een  seizure o f  the register a n d  recogn i tion  o f  
the  first fo rw a rd  m u lti frequency  co m b in a t io n  as well as the in terval e laps ing  betw een  the  recognition  o f  tw o 
successive m u l t i f requency  c o m b in a t io n s  in the fo rw a rd  direction .
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a) the  m ax im um  perm iss ib le  tim e in te rva l be tw een  the  reco g n itio n  o f  2 successive fo rw a rd  m u ltifre 
quency  c o m b in a tio n s ; th is tim e in te rva l m ay in ce rta in  cases be in flu en ced  by the  m ax im u m  
perm issib le  tim e  in te rva l betw een  d ia llin g  o f  2 successive d ig its  by the  su b sc rib e r;

b) the  m ax im um  tim e req u ired  fo r se tting -up  th e  call u n d e r co n d itio n s  w hich  slow  do w n  th e  in te rre g is te r 
signalling .

In  view  o f  the  desirab ility  expressed  in § 5.5.1.2 above  th a t th e  in co m in g  R2 reg iste r be re leased  b e fo re  
exp iry  o f  the  tim e-ou t de lay  specified  fo r the  ou tg o in g  in te rn a tio n a l R2 reg ister, an  u p p e r  lim it sh o u ld  be fixed  as 
well.

O n th is basis the  tim e-ou t de lay  shou ld  be specified  w ith in  the  ran g e  o f  8-24 seconds. A m in im u m  delay  o f  
15 seconds co rre sp o n d in g  to  the  tim e-o u t de lays in o th e r  C C IT T  s ta n d a rd iz e d  system s is to  be p re fe rred .

F o r incom ing  R2 registers using  the  c rite r io n  d) ( tim e-ou t) in d ica ted  in R e c o m m e n d a tio n  Q.471 to  
d e te rm in e  com p le tio n  o f  the  n u m b er, the  tim e re fe rred  to  there  as the  specified  tim e  m ay  e x cep tio n a lly  be sh o rte r  
th a n  8 seconds, b u t never less th a n  4 seconds.

5.5.2.2 Procedure to be fo llo w ed  i f  tim e-ou t occurs

I f  tim e-o u t occurs , the  tim e superv ision  device will b rin g  ab o u t o p e ra tio n s  p ro d u c in g :

— send ing  o f  a co n g estio n  signal (A -4 o r A-15) in pu lse  fo rm ;

— release o f  the  in co m in g  R2 reg ister a n d  o th e r  eq u ip m en t in  th e  in co m in g  ex ch an g e ;

— estab lish m en t o f  the  b lo ck ed  c o n d itio n  o f  the  in co m in g  c ircu it un til the  c le a r-fo rw a rd  signal is 
received  (see R eco m m en d a tio n  Q .412, a b n o rm a l con d itio n s).

F au lt reco rd in g  eq u ip m en t m ay s ta rt fu n c tio n in g  a n d /o r  a d e layed  a la rm  m ay  a le rt the  tech n ica l staff.

5.5.2.1' T im e-out delay

T he low er lim it o f  th e  tim e-o u t delay  is a fu n c tio n  of:

Recommendation Q .478

5.6 RELAY AND REGENERATION OF R2 INTERREGISTER SIGNALS 
BY AN OUTGOING R2 REGISTER IN A TRANSIT EXCHANGE

W hen the  overall m u lti-lin k  co n n ec tio n  is d iv id ed  in to  e n d -to -en d  sig n a llin g  sec tions, reg en e ra tio n  o f  
R2 in te rreg is te r signals is requ ired  by e ither an  o u tg o in g  in te rn a tio n a l R2 reg ister o r  an  o u tg o in g  R2 reg ister (see 
R eco m m en d a tio n  Q .440).

T here  a re  th ree  poss ib le  p ro ced u res  fo r re lay ing  in te rreg is te r signals by  an  o u tg o in g  R2 reg ister:

a) the  o u tg o in g  R2 reg ister acknow ledges each  signal received  over th e  in co m in g  link  by tra n sm itt in g  th e  
a p p ro p r ia te  b ack w ard  s igna l; th is o p e ra tio n  is in d e p e n d e n t o f  the  o p e ra tio n s  en ta iled  in  re tran sm ittin g  
on th e  o u tg o in g  link.

b) th e  fo rw a rd  ad d ress  signal w ith ran k  n +  1 is ack n o w led g ed  on  the  in co m in g  link  as soon  as the  
fo rw a rd  ad d ress  signal w ith  ran k  n is ack now ledged  on th e  o u tg o in g  link.

c) as soon  as a fo rw a rd  signal is received  on th e  in com ing  link , a signal is sen t on  the  o u tg o in g  lin k ; th e  
ack n o w led g em en t signal is sen t on  the  in co m in g  link  o n ly  w hen such  a  signal has been  received  on  
the  o u tg o in g  link.

M eth o d s a) an d  b) p ro v id e  the  m ost ra p id  tra n sfe r  o f  in fo rm a tio n  a n d  a re  th e re fo re  th e  p re fe rab le  m eth o d s 
o f  re lay in g  the  in fo rm a tio n  necessary  fo r se tting  u p  th e  call. It is essen tia l, how ever, th a t the  o u tg o in g  R2 reg ister 
be  p ro v id ed  w ith  a d eq u a te  s to rage  cap ac ity  in  the case o f  m e th o d  a).

M eth o d  b) can  o n ly  be ap p lie d  a fte r m e th o d  a).

M eth o d  c) sh o u ld  be used  fo r re lay ing  in fo rm a tio n  re la tin g  to  the  p ro ced u re s  fo r the  te rm in a tio n  o f  
in te rreg is te r signalling .
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T h e ch an g eo v er from  m eth o d  a) o r b) to  m e th o d  c) m ay req u ire  tran sm iss io n  o f  an  add ress-co m p le te  
signal A -3 in pu lse  form  as in d ica ted  in R eco m m en d a tio n  Q.442 (see F igure 21/Q .478 ).

T he  p ro ced u re  fo r d isco n n ec tin g  the m u ltifreq u en cy  co m b in a tio n  receivers a n d  se tting -up  speech  c o n d i
tio n s  fo r each  link , in co m in g  an d  o u tgo ing , is g iven in R eco m m en d a tio n  Q .475.

W hen m eth o d  a) o r b) is used  the  tim e-ou ts  o f  the  R2 registers a ssoc ia ted  w ith  the first sig n a llin g  section  
m ay  ex p ire  if  the  signa lling  on  th e  second  sig n a llin g  section  is to o  slow . R elatively  long  tim e-o u ts  are  
re co m m en d ed  (see R eco m m en d a tio n  Q .476).

X
Incoming R2 register

-----

O utgo ing  R2 regis ter
X

Incoming R2 register

Digit n 

Digit n +  1

Last  dig it

G ro u p  II signal

G ro u p  B signal

A-1

A-1

A-1

Digit n 

Digit n +  1

Last dig it

A-3

A-1

A-1

A-1

A-3

(Pulse signal)

G ro u p  II signal 
G ro u p  B signal

CCITT-49361

FIGURE 21/Q.478

Sequence of interregister signals in an outgoing R2 register 
when the incoming link employs System R2

Recommendation Q.479

5.7 ECH O -SUPPRESSO R CONTROL -  SIGNALLING REQUIREM ENTS

5.7.1 In troduction

R eco m m en d a tio n s  Q.42 a n d  Q. 115 give fu n d a m e n ta l req u irem en ts  th a t the  in se rtio n  o f  echo  su p p resso rs  
m ust co m p ly  w ith.

In  System  R2 (see R eco m m en d a tio n  Q .441) tw o fo rw ard  signals (1-12 a n d  1-14) a n d  one  b ack w ard  signal 
(A -14) a re  p ro v id ed  to  in d ica te  w hether o r n o t an  in co m in g  half-echo  su p p re sso r (IH E S ) is requ ired .

A th ird  fo rw a rd  signal (1-11) is a lso  av a ilab le  fo r use by b ila te ra l ag reem en t to  in d ica te  th a t an  o u tg o in g  
h a lf-ech o  su p p re sso r (O H E S ) m ust be inserted .
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T he fo llow ing  p rin c ip le s  m ust be tak en  in to  acco u n t:

5.7.2 Principles o f  echo-suppressor control

5.7.2.1 T he o u tg o in g  in te rn a tio n a l exchange  can  d e te rm in e  th e  need  fo r echo  su p p re sso rs  in the  c o n n e c tio n  by 
an a ly s in g  the received  co u n try  code.

5.7.2.2 In d irec t tra ffic  betw een  2 co u n tr ie s  the  in sertio n  o f  echo  su p p re sso rs  gen e ra lly  tak es p lace  acco rd in g  to  
fixed  rules. E ch o -su p p resso r c o n tro l s igna lling  is n o t, th ere fo re , necessary  in these  cases, un less  it is a p p lie d  fo r 
th e  sake  o f  un ifo rm ity .

5.7.2.3 In  in te rn a tio n a l tra n s it tra ffic  the  ou tg o in g  half-echo  su p p re sso r (O H E S ) will be in se rted  by  th e  o u tg o in g  
in te rn a tio n a l exchange , an d  the  in co m in g  half-echo  su p p resso r (IH E S ) by th e  in co m in g  in te rn a tio n a l ex ch an g e , 
un less o th e r a rran g em en ts  a re  ag reed  u p o n  w ith  the  A d m in is tra tio n  o f  th e  in te rn a tio n a l tra n s it exchange(s) (see 
§ 5.7.2.5 below ).

5.7.2.4 A n in co m in g  in te rn a tio n a l exchange , eq u ip p ed  fo r the  in se rtio n  o f  IH E S , m u s t ask th e  o u tg o in g  
in te rn a tio n a l exchange w h eth er o r  n o t an  IH E S  m ust be in serted  un less th is is k n o w n  from  o th e r c rite r ia  (e.g. line  
c lassifica tion ). It w ill d o  th is  by sen d in g  the  b ack w ard  signal A -14 as an  a c k n o w led g em en t o f  the  d isc r im in a tin g  
o r lan g u ag e  d ig it (Z -digit).

5.7.2.5 It m ay be ag reed  u p o n  b ila te ra lly  th a t in in te rn a tio n a l tra n s it tra ffic  th e  O H E S  (IH E S ) will n o t be in se rted  
in the  ou tg o in g  (incom ing ) in te rn a tio n a l exchange, b u t in the  in te rn a tio n a l tra n s it ex ch an g e , e.g. in  th e  case w here  
m ost o f  the tra ffic  on  the  c ircu it g ro u p  betw een  the  ou tg o in g  exchange  a n d  th e  tra n s it ex ch an g e  (betw een  th e  
tra n s it  exchange an d  the  in co m in g  exchange) needs no  echo -supp resso r.

a) W hen  echo su p p resso rs  a re  needed  a n d  the O H E S  m ust be  in se rted  by  th e  in te rn a tio n a l tra n s it  
exchange  the  o u tg o in g  in te rn a tio n a l exchange  sends the  s ignal I - 11 as a co u n try  co d e  in d ica to r .

I f  an  in te rn a tio n a l co n n ec tio n  is ro u ted  v ia  tw o o r m ore  tra n s it  ex ch an g es, s igna l I - 11 m ust n o t be 
sen t b ey o n d  th e  first tra n s it  exchange. T herefo re  the o u tg o in g  exchange , a fte r  h av in g  sen t th e  
signal 1-11 once , m ust send  the  signal 1-14 if  the  co u n try  co d e  in d ic a to r  is req u es ted  ag a in  (s igna l A- 
11).

b) W hen  echo su p p resso rs  are  needed  an d  the  IH E S  m ust be in se rted  by  th e  in te rn a tio n a l tr a n s it 
exchange  th is is k n o w n  by the  in te rn a tio n a l tra n s it exchange. In  th is case the  in co m in g  in te rn a tio n a l 
exchange  will n o t send  signal A -14.

5.7.2.6 A fter the  echo  su p p re sso rs  have  been  in se rted , they will rem ain  d isab led  u n til th e  an sw er signal is received . 
T h is co n d itio n  is necessary  in o rd e r  to  perm it co m p e lled  in te rreg is te r s ig n a llin g  to  (e.g. n a tio n a l)  exchanges fu r th e r  
on  in  th e  co n nec tion .

5.7.3 E xam ples o f  echo-suppressor control signalling

In  no rm al cases th e  fo llow ing  s itu a tio n s  m ay  arise:

5.7.3.1 Direct interregister signalling  betw een two countries A  a n d  B

a) N o  ech o -su p p resso r co n tro l s igna lling  is app lied .

T he signa lling  p ro ced u re  is in d ica ted  in  T ab le  9 /Q .4 7 9 , co lu m n  a. I f  echo  su p p re sso rs  a re  n ecessary , 
the  O H E S  is in serted  in A an d  the  IH E S  is in serted  in B.

b) E ch o -su p p resso r co n tro l s ig na lling  is ap p lied .

T here  are  tw o cases:

i) N o  echo  su p p resso rs  are  req u ired  (see co lum n  b o f  T ab le  9 /Q .4 7 9 ).
ii) E cho su p p resso rs  a re  req u ired  (see co lum n  c o f  T ab le  9 /Q .4 7 9 ). T he O H E S  is in serted  in A an d  

th e  IH E S  is in se rted  in B.
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TABLE 9/Q.479 

Signalling procedure on direct connections

A B
O----------------------------------------------------- O a b c

Seizing

Z-digit

A-1

N1

A-1

N2

A-14

N1

A-1

N2

A-14

1-14

A-1

N1

E cho  s upp resso r  in ser ted Y ES/N O NO YES

CCITT-49950

5.7.3.2 Traffic betw een two countries  A a n d  D  via two in terna tiona l transit exchanges  B a n d  C 

T here  a re  tw o cases:

a) N o echo  su p p resso rs  a re  req u ired  (see co lum n  a o f  T ab le  10 /Q .479).

TABLE 10/Q.479 

Signalling procedure on international transit connections

A B C 0 a b c d e

Seizing

C o u n t ry  c o d e  ind ica to r 1-12 1-14 1-11 1-14 1-11

A-1

1-1

A-1

I-2
"* Seizing 

A -1 1 -------------------------

C o u n t ry  c o d e  ind ica to r 1-12 1-14 1-14 1-14 1-14

A-1

A-1

I-2
Seizing

A-12 ------------—

Z-digit

A-14 A-14 A-14 A-1 A-1

N1 1-14 1-14 N1 N1

A-1 A-1 A-1 A-1 A-1

N2 N1 N1 N2 N2

E cho  suppressors  in - A,D B,D A,C B,C

CCITT-49960
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b) E cho su p p resso rs  are  req u ired  (see co lu m n s b , c, d , e o f  T ab le  10 /Q .479).

T he fo llow ing  exam ples m ay be  m en tio n ed :

— O H E S  in  A ; IH E S  in D (co lu m n  b );

— O H E S  in B; IH E S  in D (co lu m n  c).

T he c o u n try  code  in d ic a to r 1-11 is u sed  by b ila te ra l ag reem en t a n d  in d ica te s  th a t B m ust in sert th e  O H E S . 
W hen th e  c o u n try  code  in d ic a to r  is to  be sen t to  C , B asks A to  do  th is  by  sen d in g  signal A - l l .  A now  sends
signal 1-14 in s tead  o f  S ignal I - 11, because  B has in serted  to  the  O H E S . T he s ignal A-14, w hich is sen t from  D  as
an  ack n o w led g em en t o f  the  Z -d ig it w ill, o f  course , a lso  be answ ered  by  s ignal 1-14.

— O H E S  in A ; IH E S  in C (co lum n  d).

In acco rd an ce  w ith  item  § 5.7.2.5 b) above C know s th a t D  c a n n o t in se rt an  IH E S  a n d  C  itse lf w ill 
th e re fo re  m ake the  in sertio n . D will n a tu ra lly  n o t send  signal A -14;

— O H E S  in B; IH E S  in C  (co lum n  e).

Recommendation Q .480

5.8 M ISCELLANEOUS PROCEDURES

5.8.1 Iden tifica tion  procedures fo r  in terna tiona l w orking

A n in co m in g  R2 reg ister in an  in te rn a tio n a l tra n s it exchange o r  in the  co u n try  o f  d e s tin a tio n  can  e lic it the  
n a tu re  o f  th e  c ircu it an d  the  lo ca tio n  o f  an  o u tg o in g  in te rn a tio n a l R2 reg iste r as so o n  as a t least o n e  fo rw ard  
signal has been  received  from  th a t register. A lthough  it is d esirab le  th a t th e  o u tg o in g  in te rn a tio n a l R2 reg ister be 
cap ab le  o f  re sp o n d in g  w ith id en tif ic a tio n  in fo rm a tio n  th e  p ro v is io n  o f  th is fu n c tio n  is n o t m an d a to ry .

T he id en tif ic a tio n  p ro ced u re  is as fo llow s (see F igure 2 2 /Q .480 ):

T he in co m in g  R2 reg ister requests id en tif ic a tio n  by sen d in g  th e  b a c k w a rd  signal A-13. T h e  o u tg o in g  
in te rn a tio n a l R2 reg ister, if  c ap ab le , sends th e  n a tu re  o f  the  c ircu it in d ic a to r  in rep ly  a n d  a fte r the  fo llow ing  
b ack w ard  signal A-13 the  first d ig it o f  its co u n try  code. A fu rth e r d ig it o f  th e  co u n try  code  is sen t in rep ly  to  each  
su b seq u en t rep e titio n  o f  signal A -13; fu r th e r d em an d s  expressed  th ro u g h  sen d in g  signal A-13 will e lic it successive 
d ig its  o f  th e  tru n k  code o f  the  ex ch an g e  w here the  o u tgo ing  in te rn a tio n a l R2 reg is te r m ay  be s itu a ted . W hen all 
d ig its  req u ired  to  in d ica te  the  lo ca tio n  have been  sent, the  next signal A-13 m ust be ack n o w led g ed  by  th e  
en d -o f-id en tif ic a tio n  signal 1-15.

T he in co m in g  R2 reg ister m ay  fin ish  th e  id en tif ica tio n  sequence  by sen d in g  a b ack w ard  signal o th e r th a n  
signal A-13. T he o u tg o in g  in te rn a tio n a l R2 reg ister m ust recognize th is signal an d  re sp o n d  in acco rd an ce  w ith  its 
m ean in g . I f  th e  o u tg o in g  in te rn a tio n a l R2 reg iste r ag a in  receives signal A-13 th a t signal m ust be in te rp re ted  as a 
new  req u es t a n d  th e  id en tif ica tio n  p ro ced u re  is recom m enced .

I f  the  o u tg o in g  in te rn a tio n a l R2 reg ister, h av in g  sent signal 1-15 te rm in a tin g  the  id en tif ic a tio n  p ro ced u re , 
ag a in  receives signal A-13, th a t signal m ust be in te rp re ted  as a new  request a n d  th e  id en tif ic a tio n  p ro c e d u re  is 
recom m enced .

S ignal A-13 can  be  sen t a fte r  an y  fo rw a rd  signal (G ro u p s  I an d  II) an d  p a rtic u la rly  a fte r any  ad d re ss  
d ig it, b u t it can  on ly  be sen t p r io r  to  an y  tran sm iss io n  o f  signal A-3. If, how ever, the  id en tif ic a tio n  p ro ced u re  is 
s ta rted  a fte r th e  d ig it co m p le tin g  th e  ca lled  su b sc rib e r’s n u m b er has been  sen t, it m ay h ap p e n  th a t the  ca lled  
su b sc rib e r an sw ers b efo re  the  id en tif ic a tio n  is com p le te . In th a t case all in te rre g is te r sig n a llin g  p ro ced u re s  m ust be 
te rm in a te d  im m ed ia te ly  an d  speech c o n d itio n s  m ust be se t-up  as specified  in R eco m m en d a tio n  Q.475.

I f  th e  o u tg o in g  in te rn a tio n a l R2 reg ister does n o t have the  c ap ab ility  o f  p ro v id in g  the  id en tif ic a tio n  
fac ility , signal 1-12 (request n o t accep ted ) is sen t in rep ly  to  signal A-13. T he in co m in g  R2 reg ister will then  ask  
fo r th e  fo llow ing  ad d ress  d ig it by  sen d in g  signal A - l , fo r exam ple . If  the o u tg o in g  in te rn a tio n a l R2 reg ister 
receives signal A-13 ag a in  it w ill send  signal 1-12 again .

I f  the  o u tg o in g  in te rn a tio n a l R2 reg ister does n o t have the cap ab ility  o f  p ro v id in g  th e  n a tu re  o f  th e  c ircu it, 
th e  id en tif ic a tio n  p ro ced u re  s ta rts  w ith  th e  first d ig it o f  the co u n try  code.
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C o u n t ry  c ode

T r u n k  code

Digit n

1 -1 3 /1 4  

1st digit 

2 nd  digi t 

3 rd  digit

1st  digit  

2 n d  digit  

Last digi t 

1-15

Digit n + 1

A -1 3

A -13

A-13

—  A -13  

 A -13

—  A -13

(see  Note) 

|  (see  N ote) 

j- (see  Note)

|  (see  N ote)

|  (see  Note)

A -13  

Ar 1

CCITT-49371

I (see  Note)

N o t e  -  T h is  s e q u e n c e  m a y  n o t  b e  n e c e s s a r y .

F I G U R E  22/Q.480

Transmission of the digits identifying the nature of the circuit (1 -1 3 /1 4 )  
and the location of an outgoing international R2 register

5.8.2 Iden tifica tion  procedure fo r  n a tio n a l w orking

System  R2 m akes p ro v is io n  fo r the  s ig na lling  necessary  to  id en tify  th e  ca lling  su b sc rib e r’s n u m b er: fo r 
ex am p le , by  rep e titio n  o f  signal A-5 o r  by using  one  o f  signals A -9 o r  A-10. F o r the  tim e be in g  th is  p ro ced u re  is 
re s tric ted  to  n a tio n a l w o rk in g  o n ly ; o u tg o in g  in te rn a tio n a l R2 reg isters p rev en t its use o ver in te rn a tio n a l links (see 
§ 5.8.4).

5.8.3 Processing o f  Group I I  signals reserved fo r  n a tiona l use

T he G ro u p  II signals reserved  fo r n a tio n a l use m ust be  co n v erted  in th e  o u tg o in g  in te rn a tio n a l R 2 reg ister 
to  G ro u p  II signals u sed  fo r in te rn a tio n a l w ork ing .

T he convers ion  m u s t be ca rr ied  o u t as fo llow s:

I I - l  m ust be co n v erted  to  11-7
11-2 m ust be co n v erted  to  11-7 o r 11-9
11-3 m ust be co n v erted  to  II-7
11-4 m u st be co n v erted  to  11-7
11-5 m ust be co n v erted  to  11-7 o r 11-10
11-6 m u s t be co n v erted  to  11-8
11-11 to  11-15 m ust be con v erted  to  11-7.

Since th ere  a re  no  R eco m m en d a tio n s  yet reg a rd in g  h a n d lin g  o f  p rio rity  calls in au to m a tic  in te rn a tio n a l 
w o rk in g , con v ers io n  o f  signal 11-2 to  signal 11-9 m ust be the  sub jec t o f  b ila te ra l ag reem en t.

I f  an  in co m in g  R2 reg ister is s itu a ted  in a n a tio n a l exchange  an d  because  signals 11-7 to  11-10 are  n o t used 
fo r n a tio n a l w ork in g , th en  an a ly s is  o f  G ro u p  II signals enab les  a d is tin c tio n  to  be  m ade  betw een  n a tio n a lly  an d  
in te rn a tio n a lly  o rig in a ted  calls.

I f  an  in co m in g  R2 reg ister k now s a call is o f  in te rn a tio n a l o rig in  an d  if  a  G ro u p  II signal reserved  fo r 
n a tio n a l use is received , signal A -4 o r  B-4 (congestion  on  the  n a tio n a l n e tw o rk ) sh o u ld  be sen t in ack n o w led g e
m ent. T h is p ro ced u re  c a n n o t be a p p lie d  if  an  in co m in g  R2 reg iste r in th e  d e s tin a tio n  co u n try  is em p loyed  fo r 
n a tio n a l an d  in te rn a tio n a l w o rk in g  an d  is n o t ab le  to  de tec t the  o rig in  o f  th e  call.
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5.8.4 Procedures to be fo llo w ed  by outgo ing  in terna tiona l R 2 registers on receipt o f  particu lar backw ard  signals

A n o u tgo ing  in te rn a tio n a l R2 reg ister m ust send  th e  a p p ro p r ia te  ca llin g  p a r ty ’s ca teg o ry  signal (11-7 to  
11-10) in  rep ly  to  signals A-3 an d  A-5.

O n  reco g n itio n  o f  one  o f  th e  signals A-9 o r A-10 an  o u tg o in g  in te rn a tio n a l R2 reg ister sends signal 1-12 
(request no t accep ted ) in response . T h erefo re , n a tio n a l in co m in g  R2 reg isters u sin g  these  signals sh o u ld  be  
eq u ip p ed  to  receive signal 1-12.

T he in co m in g  n a tio n a l R2 reg ister rece iv ing  1-12 has to  d e te rm in e  th e  a p p ro p r ia te  in te rn a tio n a l s ta n d a r 
d ized  signal to  be sen t in response  to  signal 1-12 a n d  w hich substitu tes fo r  sig n a ls  A -9 o r  A-10.

In  rep ly  to  signal A -14 an  o u tg o in g  in te rn a tio n a l R2 reg ister sends:

— signal 1-14 w hen  an  in co m in g  ha lf-echo  su p p resso r is req u ired ;

— the  nex t ad d ress  d ig it (a  signal 1-1 to  1-10) w hen no  in co m in g  h a lf-ech o  su p p re sso r  is requ ired .

I f  an  o u tg o in g  in te rn a tio n a l R2 reg ister receives a  b ack w ard  signal req u es tin g  an  im p o ssib ility  in  th e  
logical p ro ced u re  (e.g. rece ip t o f  signal A-8 a fte r  sen d in g  the  co u n try  code  in d ic a to r) , th e  call shall be released .

Fascicle V I.4 — Rec. Q .480 113



P A G E  IN TEN TIO N A LLY  L E F T  B L A N K

P A G E  L A I S S E E  EN B L A N C  IN T E N T IO N N E L L E M E N T



S E C T IO N  6

T E ST IN G  A N D  M A IN T E N A N C E

Recommendation Q .490

TESTING AND MAINTENANCE

6.1 G eneral

In  in te rn a tio n a l w ork in g  th e  g u id in g  p rin c ip le s  an d  testing  a rra n g e m e n ts  fo r  m a in te n a n c e  as d e fin ed  in 
R eco m m en d a tio n s  M .700 to  M .728 a n d  Q .134 a lso  ap p ly  to  S ignalling  System  R2. T he o rg a n iz a tio n  o f  ro u tin e  
m a in ten an ce , tests an d  m easu rem en ts  o f  s ig n a llin g  an d  sw itch ing  sh o u ld  co m p ly  w ith  R eco m m en d a tio n s  M .716, 
M .718, M .719, M .728 an d  M .732.

T he a n a lo g u e  line s ig na lling  o f  System  R2 d iffe rs  from  o th e r C C IT T  s ig n a llin g  system s in tw o  s ig n ifican t 
respects:

— line signals are  sen t over o u t-b a n d  sig n a llin g  ch an n e ls;

— an  “ in te rru p tio n  c o n tro l” p ro tec ts  th e  line s igna lling  from  the  co n seq u en ces  o f  in te rru p tio n s  o f  th e  
tran sm iss io n  p a th .

T hese tw o  fea tu res  o f  System  R2 req u ire  special a tten tio n  from  a m a in te n a n c e  p o in t o f  view.

6.2 A u to m a tic  procedures fo r  transm ission  m easurem en ts a n d  signalling  tests

C ircu its  o p e ra ted  w ith  System  R2 req u ire  e lab o ra te  tran sm iss io n  m easu rem en ts  an d  s ig na lling  tests a n d  
also  ra p id  an d  sim ple  testing  o f  tran sm iss io n  an d  signalling . B oth needs a re  p re fe rab ly  m et by  m eans o f  a u to m a tic  
devices.

T he sp ec ifica tion  fo r A T M E -2  as ad o p te d  by C C IT T  m akes it a p p lic a b le  to  the  te s ting  o f  in te rn a tio n a l 
c ircu its  using  System  R2. T he n ecessary  in fo rm a tio n  fo r its use on  such  c ircu its  is c o n ta in e d  in  R e c o m m e n d a 
tio n  0 .2 2 .

A d esc rip tio n  o f  a s im p lified  p ro g ram m e  fo r rap id  testing  o f  s ig n a llin g  a n d  check ing  th e  tran sm iss io n  
q u a lity  o f  a c ircu it is g iven in  § 6.3. G en era lly  speak ing , the  a rran g em en ts  fo r  au to m a tic  tes tin g  co n sis t o f  
o u tg o in g  test e q u ip m en t co n n ec ted  a t th e  o u tg o in g  en d  o f  the  c ircu it an d  in co m in g  test e q u ip m e n t co n n ec ted  a t 
th e  in co m in g  end .

6.3 A u to m a tic  test procedures fo r  test equ ipm ents

A uto m atic  test p ro ced u res  p rov ides a  m eans fo r ra p id  te s tin g  o f  s ig n a llin g  an d  a lso  check ing  th e
tran sm iss io n  q u a lity  o f  c ircu its  o p e ra te d  w ith System  R2.

6.3.1 N um bering  o f  access to test equ ipm en t

In  in te rn a tio n a l w ork ing , to  set up  a call to  m a in ten an ce  eq u ip m en t v ia c ircu its  o p e ra te d  w ith  System  R 2, 
th e  fo llow ing  m u ltifreq u en cy  signals m ust be sen t:

— 1-13 (rep lac in g  the  lan g u ag e  d ig it, in a cco rd an ce  w ith R e c o m m e n d a tio n  Q .133,

— 1-13,

— T w o d ig its “ X Y ” w hich will be a sso c ia ted  w ith th e  type  o f  tes t e q u ip m e n t an d  th e  p ro ced u re  fo r 
tes tin g  to  be em p loyed  (see T ab le  11/Q .4 9 0 ),

— 1-15 (if requested  by th e  in co m in g  equ ipm en t).
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T A B LE 11 /Q .4 9 0

For a c c e ss  to : XY

M u ltip le  a d d r ess  ca p a b ility  for tra n sm iss io n  test 21-29

Q u ie t  te r m in a tio n  te s t 64

E c h o -su p p r e sso r  te s t 65

L oop  arou n d  te s t 66

S im p lif ie d  te s t 90

G o o d /n o  g o o d  tra n sm iss io n  te s t  ( s e e  § 6 .3 .3 ) 0 0

P rov ision  is m ad e  fo r  rep e titio n  o f  signal 1-13 to  av o id  c o m p lica tio n s  in the  in co m in g  R2 reg ister in the  
c o u n try  o f  d es tin a tio n . T he second  signal 1-13 is s to red  in the  p lace  w here the  first d ig it o f  the  ro u tin g  in fo rm a tio n
is n o rm a lly  recorded . In th is w ay, access to  th e  test eq u ip m en t requ ires  no  ana ly s is , fo r ro u tin g  p u rp o se , o f  the
s igna l w h ich  takes the  p lace  o f  th e  lan g u ag e  d ig it.

W hen  calls a re  set u p  to  th e  test e q u ip m en t, it is desirab le  to  av o id  rep e titio n  o f  the  request fo r the access 
co d e  o r  fo r any o th e r d ig it. T his is because  the  calls m ay com e from  e q u ip m en t w hich is n o t n o rm a lly  designed  to 
in te rp re t signals A -2, A-7 o r A-8.

T he add ress  co m p le te  signal to  be sen t on  calls to  test eq u ip m en t m ust be one  o f  the  fo llow ing :

— A-6 o r A-3 fo llow ed  by B-6 w hen in co m in g  test eq u ip m en t is free,

— A-4 o r A-3 fo llow ed  by B-3 o r B-4 w hen  in co m in g  test eq u ip m en t is busy.

P recau tio n s sh ou ld  be tak en  th a t signal A -6 is on ly  sen t w hen it is su re  th a t the in co m in g  test e q u ip m en t is 
av a ila b le  fo r th a t call. W hen receiv ing  signal A-3, th e  ou tg o in g  test eq u ip m en t sends signal 11-7 in response .

N ote  — In n a tio n a l w ork ing , o r in in te rn a tio n a l w ork in g  w here the  language  d ig it is o m itted  by  b ila te ra l 
ag reem en t, the fo llow ing  m u ltifreq u en cy  signals m ust be sen t:

— 1-13.

- T w o d ig its “ X Y ”.

- 1-15 (if  necessary ).

Test sequence fo r  sim p lified  test

•The test sequence  is as fo llow s:

a) seizing o f  th e  au to m a tic  in co m in g  test eq u ip m en t;

b) tran s itio n  to  an sw er c o n d itio n ;

c) send ing  b ack w ard  o f  a co m p o s ite  id en tif ica tio n  signal 1020 +  1140 H z; th is signal w ill be a ck n o w 
ledged  in a co m p elled  m a n n e r  by the  signal m en tio n ed  u n d e r  d );

d ) reco g n itio n  o f  a com p o s ite  ack n o w led g m en t signal 1380 +  1980 H z, sen t in the  fo rw ard  d irec tio n ;

e) on th e  d is a p p e a ra n c e  o f  th e  ack n o w led g m en t signal th e  in co m in g  test e q u ip m en t passes to  the  
c lea r-back  c o n d itio n ;

f ) on  reco g n itio n  o f  the  c lea r-b ack  signal, the  ou tg o in g  eq u ip m en t w ill send  in a no rm al m a n n e r the 
c lea r-fo rw ard  signal w hich will c lea r th e  co n n ec tio n  an d  release in co m in g  test eq u ip m en t. A fte r re lease 
o f  th e  in co m in g  line c ircu it th e  re lease-guard  signal will be sen t in th e  no rm al way.

D etec tio n  o f  fa ilu re  is m ad e  by tim ing  o u t a t th e  ou tg o in g  eq u ip m en t.

T he frequencies m en tio n ed  u n d e r  c) an d  d) a re  those  fo r System  R2 in te rreg iste r sig n a llin g ; tran sm iss io n  
a n d  recep tio n  o f  these frequenc ies  in  th e  in co m in g  test e q u ip m en t m ust be in acco rd an ce  w ith  Section  4.
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A tten u a tio n  p ad s  m ay be in se rted  in the  send  an d  receive p a th s  o f  th e  o u tg o in g  tes t e q u ip m e n t to  sh ift th e  
receive level a t the  in p u t o f  the  m u ltifreq u en cy  receivers o f  th e  o u tg o in g  an d  in co m in g  tes t e q u ip m e n t to w a rd  th e  
low er o p e ra tio n a l lim it. T his m akes it possib le  to  d iag n o se  a b n o rm a l loss on  th e  c ircu it u n d e r  tes t from  d efec tive  
m u ltifreq u en cy  signal exchange  betw een  o u tg o in g  an d  in co m in g  test eq u ip m en t. F o r te s tin g  in te rn a t io n a l 
System  R2 c ircu its, the  ad d itio n a l a tte n u a tio n  p ro d u c e d  by th e  p ad s  sh o u ld  be 10 ±  1 dB .

6.3.3 G o o d /n o  good  transm ission test equ ipm ent

In  ad d itio n  to  th e  tests desc rib ed  in §§ 6.3.1 an d  6.3.2 a g o o d /n o  g o o d  tra n sm iss io n  te s t m ay  be  p ro v id e d  
as a s im p le  m eans fo r fast e rro r  loca liza tio n . Such a tes t is described  in  R eco m m en d a tio n  Q .137 fo r System  N o . 4 
(i.e. th e  sen d in g  level an d  the  freq u en cy  o f  th e  test signal, th e  to le ran ces  a n d  th e  d e v ia tio n  fro m  th e  n o m in a l 
va lue , th e  test signal g en e ra to rs  an d  receivers w ou ld  all be the  sam e).

It is to  be n o ted  th a t lo o p  tran sm iss io n  m easu rem en ts  o f  th e  k in d  sp ec ified  in  R ec o m m e n d a tio n  Q .136
ca n n o t be m ad e  on  System  R2 circuits.

6.4 Testing o f  analogue line signalling  equ ipm en t under abnorm a l conditions

T he sp ec ifica tion  o f  th e  an a lo g u e  line s ig na lling  e q u ip m en t c o n ta in s  c lau ses c o n c e rn in g  o p e ra tio n  u n d e r  
a b n o rm a l c o n d itio n s , in c lu d in g  the  ac tio n  to  be tak en  in  case o f  in te rru p tio n  co n tro l a la rm . T he te s tin g  e q u ip m e n t 
d esc rib ed  in § 6.2 is n o t ap p lic ab le  to  such  co n d itio n s  an d  th e re fo re  th e  fu n c tio n in g  o f  the  an a lo g u e  lin e  s ig n a llin g
eq u ip m e n t u n d e r  a b n o rm a l co n d itio n s  sho u ld  be tested  in te rn a lly  a t each  en d  o f  a c ircu it e ith e r m a n u a lly  o r
au to m a tica lly  w ith special equ ip m en t.

T he d e ta iled  p ro g ram m e fo r th is testing  will be specified  by each  A d m in is tra tio n .

T he design an d  c o n stru c tio n  o f  the  line s ig na lling  e q u ip m en t sh o u ld  be  such  as to  p e rm it b o th  o p e ra t io n a l 
a n d  lim it tes ting  in n o rm a l an d  a b n o rm a l co n d itio n s .

6.5 A larm s fo r  the technical s ta f f

C erta in  ab n o rm a l co n d itio n s  in  th e  s ig na lling  e q u ip m en t sh o u ld  cause  a la rm s  to  be set o f f  fo r  th e  te ch n ica l 
s ta ff  (see also  R eco m m en d a tio n  Q .l 17). T he re lev an t req u irem en ts  are  fo u n d  in  S ection  2 (line  s ig n a llin g  
e q u ip m en t) an d  in Section  5 (tim e-o u t in m u ltifreq u en cy  registers).

A s in d ica ted  in § 2.2.3, a fau lt occu rrin g  d u rin g  release o f  a  c ircu it m ay  re su lt in an  a b n o rm a l b lo ck in g  
co n d itio n . In  th is case th e re  is a “ to n e -o n ” co n d itio n  in b o th  sig n a llin g  d irec tio n s , ye t th e  c ircu it is n o t in  th e  id le  
co n d itio n  since the  re lease-guard  s ignal has n o t been  received. I f  no  special a c tio n  is tak en , a  te m p o ra ry  fa u lt m ay  
th e re fo re  resu lt in the  c irc u it’s be ing  ou t o f  serv ice u n til it is m a n u a lly  re s to red  by  the m a in te n a n c e  sta ff, a f te r  
rece ip t o f  an  a la rm  (see § 2.2.4).

It m ay acco rd ing ly  be d es irab le  to  a rran g e  fo r a u to m a tic  re s to ra tio n  o f  a b n o rm a lly  b lo ck ed  circu its . F o r  
A d m in is tra tio n s  w ishing to  in tro d u ce  th is  fu n c tio n , the  re co m m en d ed  a rra n g e m e n t is d esc rib ed  below .

6.6 R ecom m ended  m e th o d  fo r  a u tom a tic  restoration o f  an abnorm ally  b locked  circuit

W hen an  o u tg o in g  link  is a b n o rm a lly  b lo ck ed , pe rio d ic  sen d in g  on th e  o u tg o in g  lin k  o f  th e  se iz ing  sig n a l, 
fo llo w ed  sho rtly  a fte rw ard s by the  c lea r-fo rw a rd  signal, is in itia ted .

C lea ran ce  o f  th e  fau lt w hich  cau sed  the  a b n o rm a l b lo ck ed  co n d itio n  w ill in itia te  a  re le a se -g u a rd  s ignal a t 
th e  in co m in g  end , w h ereupon  th e  o u tg o in g  end  resto res the  link  to  the  id le  c o n d itio n .

T he in te rva ls, a t w hich th e  p e rio d ic  sequence  described  above is re p ea ted , sh o u ld  be  b e tw een  30 seco n d s 
a n d  2 m inu tes . T he first o p e ra tio n  o f  th e  au to m a tic  device can  be p e rfo rm ed  fo r  th e  first tim e  a fte r  th e  in te rv a l 
T] =  250 m s (see § 2.2) has e lapsed . It sh o u ld  be s ta rted  as soon  as poss ib le , b u t a lw ays w ith in  a  few  seco n d s  
a fte r th e  reco g n itio n  o f  the  a b n o rm a lly  b lo ck ed  co n d itio n . T his p ro ced u re  is to  be  te rm in a te d  a fte r  a  p e rio d  o f  
th ree  to  six m inutes . T he tim ings in  th e  ad o p te d  p ro ced u re  m ust be chosen  in  such  a w ay th a t it is su re  th a t  a t 
least tw o  a ttem p ts  are  m ade.

6.7 Instructions fo r  the m a in tenance  o f  channels a n d  circuits using S ys tem  R 2  line signalling  sys tem  a t 3825 H z

T he an a lo g u e  line signa lling  e q u ip m en t specified  in S ection  2 is c losely  asso c ia ted  w ith  th e  ch a n n e l 
tra n s la tin g  eq u ip m en t an d  its o p e ra tio n  m ay be a  fu n c tio n  o f  the  g ro u p  a n d  su p e rg ro u p  tra n s la tin g  a n d  
th ro u g h -co n n ec tio n  equ ipm en ts . M a in ten an ce  o f  th e  c ircu its a n d  g ro u p s  w hich  su p p o r t th em  is g o v e rn ed  by th e  
p rin c ip le s  an d  R eco m m en d a tio n s  o f  V olum e IV. H ow ever, th e  in tro d u c tio n  o f  o u t-b a n d  s ig n a llin g  ca lls  fo r a few  
co m p lem en ts  to  these R eco m m en d a tio n s , as described  below .
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6.7.1 Bringing into service o f  group, supergroup, m astergroup or superm astergroup links

a) §§ 2.1 a n d  7.6 o f  R ecom m enda tion  M .460

It shou ld  be no ted  th a t g ro u p  an d  su p e rg ro u p  p ilo ts  p laced  a t 140 H z from  a v irtua l c a rr ie r  frequency  a re  
in c o m p a tib le  w ith  signa lling  at 3825 Hz. H ence , the  p ilo t on  84.140 k H z  sho u ld  n o t be ap p lied  to  g ro u p s  in w hich  
ch an n e l 6 is to  be o p e ra ted  w ith th is o u t-b a n d  signalling . S im ilarly , th e  p ilo t on  411.860 kH z sh o u ld  n o t be 
a p p lie d  to  su p e rg ro u p s in w hich ch an n e l 1 o f  th e  g ro u p  in the  g ro u p  3 p o sitio n  is to  be o p e ra ted  w ith  s ig na lling  
a t 3825 H z.

I f  th e  ch an n e ls  o f  a g ro u p  a re  to  be o p e ra te d  w ith System  R2, each  ex trem ity  o f  the  g ro u p  sh ou ld  be 
e q u ip p e d , a t the  receiv ing  en d , w ith a device to  give p ro tec tio n  ag a in s t fau lty  signalling  co n d itio n s  w hich m ay 
resu lt from  an in te rru p tio n  in the  tran sm iss io n  ch an n e ls  ( in te rru p tio n  co n tro l). T h is eq u ip m en t, w hich  is b ased  on  
p ilo t level d e tec tio n ; m ust com p ly  w ith th e  co n d itio n s  specified  in § 2.4.3 o f  R eco m m en d a tio n  Q.416.

N o te  — I f  the ch an n e ls  o f  a su p e rg ro u p  w hich  are  o p e ra ted  w ith System  R2 have the  sam e ex trem ities as 
th e  su p e rg ro u p , a device based  on  m o n ito r in g  o f  the  su p e rg ro u p  p ilo t can  be used  in s tead  o f  one  b ased  on 
m o n ito r in g  o f  th e  g ro u p  p ilo t. It w ill h ave  to  m eet the sam e spec ifica tions .

b) § 7.2 o f  R ecom m enda tion  M .460

T h e g ro u p -tran s la tin g  an d  th ro u g h -co n n ec tio n  eq u ip m en ts  a re  specified  w ith a p a ssb an d  ex ten d in g  from  
60.600 k H z  to 107.700 kH z. I f  it is w ished to  use ch an n e ls  12 w ith  sig n a llin g  a t 3825 Hz, it is necessary  to  en su re  
w hen  th e  g ro u p  is set u p , th a t the  c o rre sp o n d in g  frequency  (60.175 kH z) is tran sm itted  sa tisfac to rily  from  end  to  
en d  o f  th e  g ro u p  link.

P ro v isiona lly , in view  o f  th e  o p e ra tin g  m arg in  o f  th e  receiv ing  p a r t o f  the  s igna lling  e q u ip m en t, it is 
d e s irab le  to  check th a t a tte n u a tio n  a t th is  frequency  does n o t exceed the  a tte n u a tio n  at th e  g ro u p  p ilo t frequency  
by  m o re  th an  3 dB.

A sim ila r p recau tio n  sh ou ld  be tak en  on  se tting  up  g ro u p  links w hen signa lling  is to  be u sed  a t 3825 H z 
on  ch an n e l 12 o f  the g ro u p  tran sm itted  in p o sitio n  5 on  the  su p e rg ro u p .

6.7.2 Setting -up  a n d  lining-up the channels o f  an in terna tiona l group

6.7.2.1 S e ttin g  up the ou t-b a n d  signalling  channel fo r  the System  R 2

T esting  o f  the  sen d in g  eq u ip m en t:

— T he send ing  level o f  the  s igna lling  frequency  c o rre sp o n d in g  to  3825 H z if  the  c a rr ie r  is tak en  as the 
frequency  o f  o rig in  m ust be lined  up  a t — 20 ±  1 dBmO. W hen  th is frequency  is n o t to  be sen t, its 
leak tran sm itted  to line sh ou ld  n o t exceed  —45 dBmO.

T esting  o f  the receiv ing  e q u ip m en t:

— T he signa lling  receiver m ust o p e ra te  in th e  c o n d itio n s  d escribed  in §§ 2.3.2.1 an d  2.3.2.2. It m ust n o t 
fu n c tio n  w hen a signal, o f  w hich th e  ch arac te ris tics  (level an d  frequency) are  such th a t th e  
rep resen ta tive  p o in t is be low  the  g rap h  in F igure 8 /Q .4 1 5 , is ap p lied  to  the  sam e po in t.

T his test m ay be rep laced  by the  fo llow ing  one  to  check th e  p ro tec tio n  ag a in s t u n w an ted  signals 
(im pu lsive  no ise):

— T he send ing  p a rt o f  the  g ro u p  te rm in a l e q u ip m en t is co n n ec ted  to  its receiv ing  p a rt by a c lo sed -c ircu it 
lo o p  a t the g ro u p  d is tr ib u tio n  fram e, th is lo o p  in tro d u c in g  a sligh t gain  (e.g. 3 dB ) if  possib le . T he 
s tan d ard iz ed  click g e n e ra to r  (see F igure 7 /Q .4 1 4 ) is ap p lied  to  each  speech ch an n e l successively  a t the  
p o in t w here th is chan n e l is co n n ec ted  to  the  sw itch ing  e q u ip m en t, an d  a check is m ad e  to  en su re  th a t 
no w rong  signals are  re tran sm itted  a t th e  receiv ing  en d  to  the  sw itch ing  e q u ip m en t by  th e  channe l 
signa lling  eq u ip m en t co n ce rn ed  o r by those  o f  th e  o th e r ch an n e ls  in th e  g roup .

6.7.2.2 C losed-circuit loop te s ts : response tim e

W hen th e  tran sm iss io n -rec ep tio n  lo o p  o f  th e  te rm in a l eq u ip m en t is e ffected  .at the  g ro u p  d is tr ib u tio n  fram e 
o r a t an  eq u iv a len t p o in t, a check is m ade  to  en su re  th a t less th an  30 m s e lapse  betw een  th e  m o m en t w hen the  
ch an g e  o f  co n d itio n  is ap p lied  to th e  tra n sm itte r  assoc ia ted  w ith each  ch an n e l a n d  the  m o m en t w hen it ap p ea rs  at 
th e  o u tp u t o f  the  co rre sp o n d in g  receiver.
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6 .1 .2 3  E n d -to -en d  tests

W hen  th e  te rm in a l ch an n e l- tra n s la tin g  eq u ip m en ts  are  n o rm a lly  co n n ec ted  to  th e  ex trem ities  o f  the  lin k , 
a n  en d -to -en d  o p e ra tin g  tes t is c a rr ied  ou t. T he level o f  th e  lin e -signa lling  freq u en c ies  tra n sm itte d  a n d  received  fo r 
each  ch an n e l a re  likew ise m easu red , to  p ro v id e  a reference , a t th e  g ro u p  te rm in a l d is tr ib u tio n  fram es o r  a t 
eq u iv a len t p o in ts .

A N N E X  A 

(to  S ignalling  System  R2 spec ifica tions)

(see R eco m m en d a tio n s  Q .400 an d  Q .441) 

Provision of a forward-transfer signalling facility

A .l G eneral

T he System  R2 does n o t p ro v id e  a  fo rw a rd - tra n s fe r  line signal. H ow ever fo r ce rta in  re la tio n s  it m ay  be  
d ec id ed  by b ila te ra l o r m u ltila te ra l ag reem en t to  in tro d u ce  the  fo rw a rd - tra n s fe r s ig n a llin g  fac ility  in to  System  R2.

O ne p o ss ib le  p ro ced u re  th a t has been  a d o p te d  fo r use w ith in  E u ro p e , is to  use the  PY Y  in -b a n d  signal o f  
System  N o. 4. T h is so lu tio n  is on ly  eco n o m ica l in  reg ions w here the  fac ility  is n eeded  fo r a sm all p ro p o r tio n  o f  
th e  calls.

F o r in te rn a tio n a l w o rk in g  th e  m e th o d  as d escrib ed  below  m ay be  fo llow ed .

N ote  — T he m eth o d  g iven in  th is A nnex  m ay a lso  be a d o p te d  in  n a tio n a l n e tw o rk s w here th e  fo rw a rd - 
tra n s fe r  facility  is co n sid e red  n ecessary  fo r tru n k  o ffe rin g  an d  reca lling  o p e ra to rs . H ow ever, ca re  m u st be  ta k e n  to  
see th a t the  tran sm iss io n  lim its a p p ly in g  to  the  fo rw a rd - tra n s fe r signal specified  a re  observed .

A .2 M eth o d  recom m ended  fo r  in troducing the fo rw a rd -tra n sfer  signalling  fa c ili ty  in to  System  R 2

F o rw a rd -tra n sfe r s ig na lling  w ill be p ro v id ed  by m eans o f  special eq u ip m e n t w hich  uses in -b a n d  sig n a llin g  
a n d  w hich  is sw itched  on ly  on  to  th o se  co n n ec tio n s  w hich  m ay  req u ire  th is  facility . T he a m o u n t o f  special 
e q u ip m e n t necessary  can , acco rd in g ly , be reduced  to  a m in im u m  a n d  a d a p te d , in a flex ib le  m a n n e r , to  ac tua l 
needs. T he in -b a n d  signal c o n s titu tin g  the  fo rw a rd - tra n s fe r signal is sen t e n d -to -en d  betw een  th e  o u tg o in g  an d  
in co m in g  in te rn a tio n a l exchanges. W hen  the  special eq u ip m en t receives the  fo rw a rd - tra n s fe r  s igna l, it p e rfo rm s  the  
necessary  o p e ra tio n s  a t th e  in co m in g  exchange.

A.2.1 A ccess to the special equ ipm en t in an incom ing in terna tiona l exchange

In  an  in co m in g  in te rn a tio n a l exchange  access to  the  special e q u ip m e n t fo r  fo rw a rd - tra n s fe r  s ig n a llin g  can  
be d e te rm in ed  by the  use o f  th e  fo llow ing  in d ica to rs : .

1) Special m a rk in g  o f  in co m in g  rou tes on  w hich fo rw a rd - tra n s fe r sig n a llin g  is used.

2) L anguage  d ig it in d ica tin g  sem i-au to m atic  traffic .

3) C alls  fo r code 11 o r code  12 o p e ra to r.

4) Special in te rreg iste r sig n a llin g  sequence  in w hich the  in co m in g  ex ch an g e  sends signal A-5, sen d  calling
p a r ty ’s category. I f  th e  fo rw a rd - tra n s fe r s igna lling  facility  is req u ired  th e  o u tg o in g  R2 reg iste r w ill
re sp o n d  to  th is by sen d in g  th e  signal 11-10. T his signal in d ica te s  an  o p e ra to r- in it ia te d  call On w hich  
special e q u ip m en t fo r fo rw a rd - tra n s fe r  s igna lling  is needed .

T he use o f  these in d ica to rs  w ill d ep en d  on  the  a m o u n t o f  tra ffic  fo r w h ich  fo rw a rd - tra n s fe r  s ig n a llin g  is
em p loyed . In  som e cases o n e  o r tw o so f  the  in d ica to rs  will be u tilized . In  o th ers , co m b in a tio n s  o f  all w ill be u sed
to  red u ce  to  a m in im um  the  a m o u n t o f  special eq u ip m en t requ ired .

A .2.2 In -b a n d  fo rw ard -transfer  signalling

In  System  R2 the  in -b an d  fo rw a rd - tran s fe r signal is the  sam e as th a t u sed  in System  N o . 4. F o r th e  
d e fin itio n  o f  th is signal see R eco m m en d a tio n  Q .120, § 1.12. T he signal is the  signal PY Y  d efin ed  in R e c o m m e n d a 
tio n  Q. 121, § 2.3. T he fo rw a rd - tra n s fe r signal is sen t in acco rd an ce  w ith  R eco m m en d a tio n s  Q .122 an d  Q .124.
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T he signal receiver an d  the  sp littin g  a rran g em en ts  to  be in c o rp o ra te d  in th e  special e q u ip m en t a t the  
in co m in g  in te rn a tio n a l exchange a re  in  acco rd an ce  w ith  R eco m m en d a tio n s  Q .123 an d  Q.124.

P rov ided  it c rea tes no  d ifficu lty  fo r in co m in g  n a tio n a l ne tw o rk  s igna lling , n o  sp littin g  need  be effected  at 
th e  receiv ing  end  an d  the  ca lle r w ill th en  h ea r the  en tire  signal PY Y.

A N N E X  B 

(to  S ignalling  System  R2 S pecifica tions)

(see R eco m m en d a tio n s  Q.441 an d  Q.470)

A procedure for sending further information on conditions 
at the incoming end after the congestion signal A-4 has been transmitted

In fo rm a tio n  co n ce rn in g  the  reaso n  fo r tran sm iss io n  o f  signal A -4 m ay in ce rta in  cases be useful in the  
o u tg o in g  R2 reg ister fo r re ro u tin g , m a in te n a n c e , o r o th e r p u rposes.

A d m in is tra tio n s  desirin g  to  ap p ly , in th e ir  n a tio n a l ne tw o rk , a p ro ced u re  fo r  sen d in g  such in fo rm a tio n  to  
th e  o u tg o in g  R2 reg ister are  reco m m en d ed  to  fo llow  th e  sp ec ific a tio n s below .

W hen  an  o u tg o in g  R2 reg ister, o n  recogn iz ing  signal A-4, desires ex tra  in fo rm a tio n , the  signal 1-14 is sen t 
in  th e  fo rw ard  d irec tio n  as soon  as th e  signal A -4 has ceased. I f  th e  in co m in g  R2 reg ister is ab le  to  su pp ly  the  
in fo rm a tio n  req u ired  it w ill do  so by  sen d in g  a  G ro u p  C signal in ack n o w led g em en t. T his signal th en  te rm in a tes  
in te rre g is te r  signalling .

G ro u p  C rep resen ts  the  th ird  m ean in g  o f  the  b ack w ard  signals. S ince th e  use o f  G ro u p  C  signals is pu re ly  
n a tio n a l, it is fo r each A d m in is tra tio n  to  specify  th e ir  sign ificance . ■

T he fo llow ing  m ean in g s m ay be a llo ca ted  to  G ro u p  C  signals:

— congestion  o f  sw itch ing  e q u ip m en t a t d iffe ren t cen tres o f  th e  h ie ra rch ic  n e tw o rk ;

— congestion  o f  c ircu it g ro u p s ;

— co m m an d  to  use a n o th e r  (specific) ro u te ; * .

— tim e-o u t in an  in co m in g  R2 reg ister (see R eco m m en d a tio n  Q .476);

— techn ica l fau lt;

— o th e r reaso n s fo r sen d in g  the  signal A-4.

B ecause it is n o t o b lig a to ry  fo r in co m in g  R2 reg isters to  ac t as desc rib ed  ab o v e  it is re co m m en d ed  th a t the  
d u ra tio n  o f  the  signal 1-14 be lim ited  to  150 ±  50 ms..

A n in co m in g  R2 reg ister w hich  is designed  fo r  th e  tran sm iss io n  o f  G ro u p  C signals m ust rem ain  connec ted  
a fte r  th e  end  o f  th e  signal ack n o w led g ed  by A-4. I f  the  signal 1-14 is n o t received  w ith in  225 ±  75 m s a fte r the  
en d  o f  signal A-4, it is assum ed  th a t the  ou tg o in g  R2 reg ister desires no  fu r th e r  in fo rm a tio n  an d  th e  in co m in g  R2 
reg is te r is d ism issed .

T he fac ility  d escribed  above  is n o t specified  fo r in te rn a tio n a l w ork ing . T h ere fo re  an  o u tg o in g  in te rn a 
tio n a l R 2 register, on  recogn iz ing  signal A-4, m ust n o t send  signal 1-14.

A N N E X  C

Conversion o f the analogue line signalling version to 
or from the digital line signalling version

C .l Conversion to or fr o m  1-bit

T his  so lu tio n  is res tric ted  to  use w ith in  n a tio n a l n e tw orks b ecause  it req u ires  som e co n v en tio n s  w hich 
o therw ise  w ou ld  have  to  be  ag reed  u p o n  in te rn a tio n a lly . H ow ever, cost aspects m ay  be a m ore  decisive fac to r th a n  
th e  re q u ire d  con v en tio n s.
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T he an a lo g u e  version  o f  the  line sig n a llin g  is used  on  b o th  th e  an a lo g u e  a n d  th e  d ig ita l tra n sm iss io n  
system s (see F igu re  C - l) . A p a rt from  the  in te rru p tio n  co n tro l h an d lin g , th e  tra n sm u ltip le x e r  o r  o th e r  c o n v e rs io n  
eq u ip m en t is tra n sp a re n t to  the  lin e  signalling . In  th e  d ig ita l tran sm iss io n  system , b it a  o f  tim e  s lo t 16 is u sed  to  
tra n sm it the  line sig n a llin g  c o n d itio n  o f  the  co rre sp o n d in g  an a lo g u e  ch an n e l. B it b is u sed  to  in d ic a te  th a t th e  
an a lo g u e  tran sm iss io n  system  is in  the  a la rm  co n d itio n  w ith  th e  fo llo w in g  co n v e n tio n : b it b =  1, fo r  all th e  
d ig ita l c ircu its  co n n ec ted  to  th e  c ircu its  o f  th is  a n a lo g u e  g ro u p  m ean s: a la rm  c o n d itio n  on  th e  a n a lo g u e  g ro u p .

Relay 
fo r  a n a l o g u e  

v e r s io n

E x c h a n g e
o t h e r  c o n v e r s io n  e q u i p m e n t

Relay  s e t  
fo r  a n a l o g u e  

v e rs io n
A n a l o g u e  o r Dig ita l o r

d ig i ta l  t r a n s m i s s i o n a n a l o g u e  t r a n s m i s s i o n
E x c h a n g e

CCITT-49380

F IG U R E  C -l

C.1.1 In  o rd e r  to  en su re  th e  co rrec t w o rk ing  o f  the  lin e  s igna lling  u n d e r  fau lt c o n d itio n s  som e tim e  req u irem en ts  
m ust be fu lfilled .

C. 1.1.1 The fa u l t  occurs on a P C M  m ultip lex (see F igu re  C -2)

PCM,

P C M 2

CCITT- 49390

F IG U R E  C -2

I f  the  fau lt occurs on  PC M  m u ltip lex  N o. 1, th e  tran sm iss io n  o f  the  a la rm  in d ic a tio n  will tak e  p lace  in  th e  
fo llo w in g  tim e c o n d itio n s :

— the fau lt occurs a t T;

— the  fau lt is de tec ted  by the  tran sm u ltip lex e r a t T  +  /, ;

— the  tran sm u ltip lex e r s tops send ing  the  p ilo t on  G P , , G P 2 a n d  G P 3 a t T  +  tA +  ' t2 ;

— the a la rm  in d ica tio n  is de tec ted  a t the  an a lo g u e  d is ta n t en d  a t T  +  f, +  t2 + t3 +  tp ,

w here:

— t\ is th e  tim e n eeded  fo r reco g n itio n  o f  the  fau lty  tran sm iss io n  on  a PC M  2.048 M b it/s  m u ltip lex ;

— t2 is a p rocessing  tim e n eeded  by the  tra n sm u ltip le x e r a fte r d e tec tio n  o f  a la rm  on  the P C M  m u ltip lex ;

— t3 is the  resp o n se  tim e fo r the p ilo t rece iver w hen the  p ilo t level fa lls: it is the  tim e  t[ specified  in
R eco m m en d a tio n  Q .416 ( f j  <  tK min +  13 m s), ap p lic ab le  on ly  fo r the  re co g n itio n  tim e  
t =  20 ±  7 m s;

— tp is the  p ro p a g a tio n  d e lay  on the  an a lo g u e  section .

G r ,

g p 2

T r a n s m u l t ip l e x e r
g p 3

g p 4

G P 5
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In the sam e s itu a tio n , if  the  tran sm iss io n  fau lt d is tu rb s  sig n a llin g  in fo rm a tio n , e rro n eo u s  signals w ill be 
tra n sm itte d  in the  fo llow ing  tim e co n d itio n s :

— the  fa u lt occurs a t T \

— the e rro n eo u s  s ig na lling  co n d itio n  a p p e a rs  at the  in p u t o f  the  an a lo g u e  ch an n e l a t T  + t4 ;

— the e rro n eo u s  signa lling  co n d itio n  a p p e a rs  a t the  in p u t o f  th e  d is ta n t signa lling  e q u ip m en t at
T  + t4 + t5 + tp ,

w here:

— t4 is the  tim e needed  fo r tra n sfe rr in g  a line signal from  d ig ita l access to  an a lo g u e  access;

— t5 is the  re sp o n se  tim e o f  the  line signals receiver a t th e  d is ta n t a n a lo g u e  end  ( /r? in System  R2
sp ec ifica tio n s);

— tp is the  p ro p a g a tio n  delay  on  the  a n a lo g u e  section .

I f  tr is the  reco g n itio n  tim e o f  line signals specified  in R eco m m en d a tio n  Q .412, co rrec t w o rk in g  can  be 
en su red  if:

'i +  h +  h  +  tp <  U +  '5 +  tp +  tr

or

h +  h +  h  ^  U +  h  +  fr

o r

h “h h  T  1̂ ^  U "h Ks "h r̂-

R eco m m en d a tio n  Q .416 specifies th a t /j, <  / „ min. +  ^min. (w here /rmin_ =  13 ms). T hus, if  tx +  t2 < t4, 
co rrec t w ork ing  o f  line s ig na lling  can  be ensu red .

T his in eq u a lity  in d ica te s  sim ply  th a t th e  tim e heeded  fo r d e tec tio n  o f  a  fau lty  tran sm issio n  on  a PC M  
m u ltip lex  p lus the  tim e n eeded  fo r s to p p in g  p ilo t sen d in g  w hen  the  a la rm  is de tec ted  m ust be less th an  the  tra n sfe r 
tim e o f  a line signal ac ro ss  th e  tran sm u ltip lex e r . T h is tim e req u irem en t can  be fu lfilled , if  necessary , by 
in tro d u c in g  in th e  tran sm u ltip lex e r a sm all de lay  in line signals tran sm issio n .

C .l.1 .2  The fa u l t  occurs on a analogue group

If, fo r exam p le , th e  fau lt occurs on  the  a n a lo g u e  g ro u p  G P , , the  tran sm iss io n  o f  th e  a la rm  in d ica tio n  will 
tak e  p lace  in acco rd an ce  w ith the  fo llow ing  tim e  co n d itio n s :

— the fau lt occurs a t 7 ;

— the fau lt is de tec ted  by th e  tran sm u ltip lex e r a t T  +  /, ;

— bit b is set to  1 on  the  d ig ita l ch an n e ls  co n ce rn ed  a t T  +  /, +  t2 ;

— the a la rm  in d ica tio n  a p p e a rs  a t the  d is ta n t d ig ita l en d  a t T  +  /, +  t2 + t3 +  tp ,

w here:

— t, is the  tim e needed  fo r d e tec tio n  o f  loss o f  p ilo t;

— t2 is the  tim e needed  fo r tra n s fe rr in g  a la rm  in fo rm a tio n  to  the  d ig ita l o u tp u t;

— /3 is th e  re sp o n se  tim e o f  th e  s ig na lling  eq u ip m en t o f  the  d ig ita l m u ltip lex ;

— tp is p ro p a g a tio n  delay .

I f  the  sam e fau lt d is tu rb s  signa lling  in fo rm a tio n , e rro n eo u s  signals will be tra n sm itte d  in th e  fo llow ing  
tim e  c o n d itio n s :

— the fau lt occu rs  a t 7 ;

— the e rro n eo u s  s ig na lling  co n d itio n  is de tec ted  by the  tra n sm u ltip le x e r at T  +  t4 ;

— bit a is ch an g ed  a t the  sen d in g  end  o f  the  d ig ita l section  by  the  tra n sm u ltip le x e r a t T  + t4 + t5 ;

— the e rro n eo u s  signa lling  co n d itio n  a p p e a rs  a t the  in p u t o f  th e  d is ta n t signa lling  eq u ip m en t a t
T  + t4 + t5 + t6 + tp,

w here:

. — t4 is th e  response  tim e o f  the  s ig n a llin g  to n e  receiver in the  tran sm u ltip lex e r;

— /5 is the  tim e needed  fo r tra n sfe rrin g  a line signal from  th e  o u tp u t o f  th e  s ig na lling  tone  receiver to  the
d ig ita l o u tp u t (change o f  b it a);

— t6 is th e  response  tim e o f  the  s ig n a llin g  eq u ip m en t o f  the  PC M  2.048 M b it /s  m u ltip lex  (/3 =  t6).
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C o rrec t w o rk in g  o f  line  s ig n a llin g  is en su red  if: 

tx +  t2 + t3 +  tp < tA +  t5 + t6 + tp +  tr

o r

t\ +  t2 ^  4̂ T  T

a n d  i f  tr has its m in im u m  va lue  tx +  t2 ^  U +  *5 +  13 ms.

T his in eq u a lity  in d ica te s  th a t the  tim e fo r de tec ting  loss o f  p ilo t p lu s th e  tim e  n eed ed  fo r  se tting  b it b to  1
a fte r  loss o f  p ilo t d e tec tio n  by th e  tra n sm u ltip le x e r m ust be less th a n  th e  re sp o n se  tim e o f  the  sig n a llin g  to n e
receiver in the tra n sm u ltip le x e r p lu s the  tra n s fe r  tim e o f  line signal p lu s  13 ms.

C .2 Conversion to or fr o m  2-bit

By th is w ay o f  co n v ers io n  th e  co n n ec tio n  betw een  the  tw o exchanges is d iv id ed  in tw o in d e p e n d e n t 
sec tions w ith  a  com p le te  h a n d lin g  o f  th e  an a lo g u e  a n d  d ig ita l line  s ig n a llin g  w ith in  th e  tra n sm u ltip le x e r  o r o th e r  
c o n v ers io n  e q u ip m en t (see F igure  C -3). A d e ta iled  flow  o f  the  co n v e rs io n  is g iven in  th e  S D L  d iag ram s in 
F igures C -4 an d  0*5.

A n a l o g u e  o r Dig ita l o r
d ig i ta l  t r a n s m i s s i o n a n a l o g u e  t r a n s m i s s i o n

E x c h a n g e T r a n s m u l t ip l e x e r  o r  
o t h e r  c o n v e r s io n  e q u i p m e n t

E x c h a n g e

CCITT-49380

F IG U R E  C -3

T he S D L  d iag ram s a re  b a sed  on  R eco m m en d a tio n s  Q .411, Q .412 a n d  Q .416 reg a rd in g  the  a n a lo g u e  
v ers ion  an d  R eco m m en d a tio n s  Q .421, Q .422 an d  Q .424 fo r the  d ig ita l version . O n ly  th e  tim e  c o n d itio n s  sp ec ified  
in the  above R eco m m en d a tio n s  a re  tak en  in to  accoun t. W henever p o ss ib le , th e  p ro cessin g  o f  th e  in te rru p tio n  
c o n tro l is the sam e as th a t req u ired  in  R eco m m en d a tio n  Q .416. A s spec ified  in  R eco m m en d a tio n  Q .416, th e  
an a lo g u e  receiver is locked  im m ed ia te ly  w hen p ilo t in te rru p tio n  is d e tec ted ; th is  a c tio n , th e re fo re , has n o t been  
exp lic itly  show n in the  d iag ram s. It sh o u ld  be n o te d  th a t s im p lifica tio n s  in a la rm  h a n d lin g  a re  poss ib le  w hen  th e  
co n v ers io n  takes p lace  a t th e  o u p u t o r a t th e  in p u t o f  an  exchange.

C.2.1 R epresen ta tive conventions u sed :

a) S igna lling  to n es:

tf  =  1 fo rw a rd  to n e -o n
tf  = 0  fo rw a rd  to n e -o ff
th — 1 b ack w ard  to n e -o n
tb =  0 b ack w ard  to n e -o ff

W hen  they  a re  co n sid e red  as va lid  signals.

p  =  1 p ilo t on
p  = 0  p ilo t o ff  ( in te rru p tio n  co n tro l)

b) S igna lling  b its:

C o n v en tio n s  used  in R eco m m en d a tio n  Q.421.

C .2 .2 A d d itio n a l notes

T he tran s itio n  from  bh =  1 to  bh = 0 fo llow ing  state  31 o n w a rd  needs fu r th e r  study.

C.2.3 Conversion o f  incom ing ana logue version to outgoing d ig ita l version  

L ist o f  tim ers:

T2: 450 ±  90 m s, R eco m m en d a tio n  Q .412, § 2.2.2.6;

T 3: 2 to  3 m in ., R eco m m en d a tio n  Q. 118, § 4.3.3.
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1) L ist o f  tim ers:

T1 =  250 ±  50 m s R eco m m en d a tio n  Q .412, § 2.2.2.7;

T4 =  30 s to  2 m in . (a u to m a tic  re s to ra tio n ) ;

T5 =  100 m s R eco m m en d a tio n  Q .412, § 2.2.2.1;

2) N o te s :

n: n u m b e r o f  a ttem p ts  a lread y  m ad e  in au to m a tic  re s to ra tio n ;

N : n u m b e r o f  a ttem p ts  a llow ed  in au to m a tic  re s to ra tio n : H  > 2 (see § 6.6 o f  the  S pecification).

A u to m a tic  re s to ra tio n  s ta rts  on ly  w hen c lea r-fo rw a rd  has been  received co n tra ry  to  th e  Specifica tions. T his 
need  fu r th e r  study .

C.2.4 Conversion of incoming digital version to outgoing analogue version
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ANNEX D

In-band line signalling for 3 kH z spaced channels

D .l L ine  signalling  code

D.1.1 G eneral

F o r 3 kH z spaced  ca rrie r c ircu its , an  in -b a n d  line  signalling  system  is necessary . F o r th is p u rp o se  th e  line
sig n a llin g  o f  System  N o. 4 (R eco m m en d a tio n s  Q. 121, §§ 2.1, 2.2, 2.3 a n d  Q .122) m ust be used.

D . l .2 L in e  signals

T he fo llow ing  line signals o f  System  N o. 4 are  necessary  in co m b in a tio n  w ith System  R2 in te rreg iste r 
s igna lling .

D .l .2.1 Forw ard signals

— T erm in a l seizing: in case o f  tra n s it th is  is in d ica ted  by the  in te rreg is te r s ig na lling ;

— F o rw ard -tran sfe r: a lth o u g h  th e  fo rw a rd - tra n s fe r facility  is n o t p ro v id ed  in System  R2, it can  be used
w hen Q .400, § 1.1.3 is im p lem en ted ;

— C lea r-fo rw ard .

D .l .2.2 B ackw ard  signals

— A nsw er, '

— C lear-b ack ,

— R elease -guard ,

— B locking,

— U n b lo ck in g : th is signal is n o t sep ara te ly  defin ed  in the  spec ific a tio n s o f  System  R 2, b u t it is sim ila r to  
re s to rin g  the  to n e  (see R eco m m en d a tio n  Q .412, § 2.2.2.5).

A N N E X  E

Line signalling (analogue version) with metering

E .l G eneral

System  R2 m ay be used  as an  in teg ra ted  signa lling  system  fo r n a tio n a l a n d  in te rn a tio n a l tra ffic  in a 
n a tio n a l ne tw ork . U n d e r certa in  co n d itio n s  it is desirab le  to  have a d d itio n a l line  signals ava ilab le , a n d  in 
p a r t ic u la r  a m etering  signal in o rd e r to  p e rm it the charg in g  o f  n a tio n a l calls a n d  in te rn a tio n a l calls g en era ted  in 
th e  n a tio n a l n e tw ork  concerned .

T his an n ex  to  the  sp ec ific a tio n  o f  System  R2 deals on ly  w ith  th e  c lauses fo r exchange line s igna lling  
e q u ip m e n t w hich has been  changed  in o rd e r  to  tak e  care  o f  the  a d d itio n  o f  new  o p e ra tin g  co n d itio n s  c rea ted  by 
th e  a d d it io n a l m etering  signals a n d  re la ted  on ly  to  the  req u irem en ts  o f  a n a tio n a l ne tw ork . T he co n d itio n s  o f  the  
in te r ru p tio n  co n tro l have been  a d a p te d  acco rd ing ly .

T he tran sm iss io n  o f  the  m e te rin g  signal can  be ex tended  over a  m ax im u m  o f  th ree  links betw een  the  
su b sc rib e r exchange an d  the  exchange w here  th e  ch arg ing  eq u ip m en t has been  in s ta lled .

E.2 L ine  conditions

T ak in g  in to  acco u n t the  tim e sequence , the  c ircu it will have  the  seven ch a rac te ris tic  o p e ra tin g  co n d itio n s  
show n  in T ab le  E - l.
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TABLE E-l

Operating conditions 
of the circuit

Signalling states

Forward Backward

1. Idle Tone-on Tone-on

2. Seized Tone-off Tone-on

3. Answered Tone-off Tone-off

4. Metering Tone-off Pulses tone-on

5. Forced release Tone-off Tone-on

6. Release Tone-on Tone-on or off

7. Blocked Tone-on Tone-off

E.3 C lauses f o r  exchange line signalling  equipm ent

E.3.1 R ecognition  tim e fo r  transition o f  signalling  sta te

T he reco g n itio n  tim e fo r a ch an g ed  sta te  ( tra n s itio n  from  to n e -o n  to  to n e -o ff  o r vice versa) is 40 ±  10 m s 
acco rd in g  to  the  dec is ions tak en  by  S tudy  G ro u p  X I o f  th e  C C IT T  a n d  spec ified  by  W o rk in g  P arty  X I /1 .  T he
d e fin itio n  o f  th e  reco g n itio n  tim e is in d ica ted  in  R eco m m en d a tio n  Q .412, § 2.2.1.

E .3 .2 N o rm a l operating  conditions

E.3.2.1 G eneral

E xcep t fo r the  co n d itio n s , m etering  an d  fo rced  release, th e  o th e r  c o n d itio n s  (se izu re , an sw ered , re lease , 
b lo ck in g  an d  re lease-g u ard ) fo llow  th e  sam e c o n d itio n s  as th o se  in d ic a te d  in  R e c o m m e n d a tio n  Q .412, § 2.2.2. 
In s te a d  o f  th e  s itu a tio n  “ re lease in c lea r-back  c o n d itio n ” a  s itu a tio n  “ re lease  in  fo rced  re lease  c o n d it io n ” is 
possib le .

E .3.2.2 M etering

T he m etering  signa ls are  p u lse -type  signals tran sm itted  b ack w ard s  d u rin g  th e  co n v e rsa tio n  on  a  link -by - 
lin k  basis. T hey  a re  th e  on ly  signals fo r w hich a  rep e titio n  o f  the  ac tu a l signal in a  lin k -b y -lin k  basis  is necessary
in  o rd e r  to  av o id  an  in acc ep tab le  d is to rtio n  o f  th e  m e tering  signals.

F o r the  m e tering  pu lses the  fo llow ing  lim its have  to  be respec ted :

— send ing : 120-180 m s;

— reco g n itio n  tim e betw een  th e  recogn ized  tra n s itio n s  a t the  rece iv ing  side : 60-90 m s.

F o r th e  in te rva l be tw een  m etering  signals, the  fo llow ing  sen d in g  lim it h as  to  be  ob se rv ed : m in im u m
300 m s.

T he tim e a t th e  sen d in g  en d  betw een  th e  an sw er signal an d  th e  s ta rt o f  th e  First m ete rin g  signal a n d  
be tw een  th e  end  o f  the  la s t m e tering  signal an d  the  s ta rt o f  th e  fo rced  re lease  s ignal shall be  m o re  th a n  300 ms,

E .3.2.3 Forced release  (see F igures E -l an d  E-2)

W hen  th e  ca lled  su b sc rib e r c lears a t the  en d  o f  a call, the  ex ch an g e  w hich  co n tro ls  th e  c o n n ec tio n  will 
receive the  c lea r-back  signal from  the  ca lled  su b sc rib e r’s end . I f  th e  ca llin g  su b sc rib e r does n o t c lea r w ith in  a 
p e rio d  d efined  by the  A d m in is tra tio n  co n ce rn ed  fo r n a tio n a l tra ffic , a n d  acco rd in g  to  R ec o m m e n d a tio n  Q. 118 fo r 
in te rn a tio n a l tra ffic , the  c o n tro llin g  exchange  stops m etering , tra n sm its  fo rced  re lease  to  the  p reced in g  ex ch an g e  
an d  clears fo rw ard  the  succeed ing  p a rt o f  the  co n n ec tio n . In  the  p reced in g  ex ch an g e , the  fo rced  re leased  signal 
will on ly  be recogn ized  a fte r  300 m s o r  m ore  in o rd e r  to  av o id  c o n fu s io n  w ith  a m e te rin g  signal.

A fte r reco g n itio n  o f  th e  fo rced  release signal in  the  o rig in a tin g  exchange , the  to n e -o n  c o n d itio n  will be 
tra n sm itte d  fo rw ard s  a n d  th e  p a r t o f  th e  co n n ec tio n  to  the  c o n tro llin g  ex ch an g e  w ill be  re leased .
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T h e release p ro ced u re  is iden tica l to  th e  o n e  specified  fo r th e  an a lo g u e  version  o f  the  line  s igna lling , 
in c lu d ed  in  Fascicle  VI.4.

T h ere  is no  fo rced  re lease in case o f  no  recep tio n  o f  the  answ er signal in th e  co n tro llin g  exchange 
fo llo w in g  an  ad d ress-co m p le te  signal. A fte r a p e rio d  d efin ed  by th e  A d m in is tra tio n  co n ce rn ed  fo r n a tio n a l tra ffic , 
a n d  acco rd in g  to  R eco m m en d a tio n  Q. 118 fo r in te rn a tio n a l tra ffic  th e  co n tro llin g  exchange  sends busy  to n e  to  the 
ca llin g  su b sc rib e r an d  sends c lea r-fo rw a rd  to  re lease the  succed ing  p a rt o f  th e  co n n ec tio n .

D elay Forced

ca l le d  s u b s c r i b e r

FIGURE E-l 
Forced release in answered condition

Idle ► 4
D elay  x m in u te s  

S e iz e d _______  . o r  Rec. Q.118 . B usy  to n e R e le a s e
->K-

Idle

O u tg o in g

In c o m in g

C le a r - fo rw a rd

S e n d in g

" A d d r e s s - c o m p l e t e "  c o n d i t i o n  
id en t i f ie d  in co n t ro l l in g  e x c h a n g e

|4——------►

T 2W--------------►!

R e le a s e  
ca l l in g  s u b s c r i b e r

CCITT-49410

FIGURE E-2 
R elease before answer

E .4 M ode o f  operation o f  interruption control

E.4.1 G eneral

G en era lly  sp eak in g , it can  be  said  th a t th e  m o d e  o f  o p e ra tio n  o f  th e  in te rru p tio n  c o n tro l com p lies  w ith  the 
sp ec ific a tio n s  o f  System  R 2, an d  in  p a rtic u la r  w ith  R eco m m en d a tio n  Q .416. H ow ever, it is necessary  to  define  the 
w o rk  o f  o p e ra tio n  o f  th e  in te rru p tio n  co n tro l fo r  th e  fo llow ing  c o n d itio n s :

a) c ircu it in  an sw ered  c o n d itio n  (m etering  in  the  b ack w ard  d irec tio n );

b ) c ircu it in fo rced  re lease  co n d itio n .
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E.4.2 M ode o f  operation o f  interruption control a t the incom ing en d  (transm ission  in terrup ted  in the fo r w a r d  
direction)

a) Circuit in answ ered  condition

T ran s itio n  o f  in te rru p tio n  co n tro l to  a la rm  b rin g s a b o u t:

i) lock ing  o f  th e  sen d in g  u n it in  its p o s itio n , i.e. in  the  to n e -o ff  s ta te ; if, a t th e  m o m e n t o f
o p e ra tio n  o f  in te rru p tio n  c o n tro l th e  to n e -o n  sta te  ex is ted  o n  th e  b a c k w a rd  d ire c tio n  (m e te rin g
signal), it w ill be  lo ck ed  in  the  to n e -o ff  sta te ;

ii) lock ing  o f  th e  receiv ing  u n it in  its p o s itio n , i.e. in  th e  to n e -o ff  sta te .

T he o th e r c o n d itio n s  a re  also  in  ag reem en t w ith  the  sp ec ific a tio n s d e sc rib ed  in  R e c o m m e n d a 
tio n  Q .416, § 2.4.2.1 c).

b) Circuit in fo r c e d  release condition  (transm ission  o f  fo rc e d  release s igna l in backw ard  direction)

T ran sitio n  o f  in te rru p tio n  co n tro l to  a la rm  b rin g s a b o u t:

i) lock ing  o f  th e  sen d in g  u n it in  its p o s itio n , i.e. in the  to n e -o n  s ta te ;

ii) lock ing  o f  th e  receiv ing  u n it in its p o s itio n , i.e. in th e  to n e -o ff  s ta te ;

iii) im m ed ia te  re lease  o f  th e  p a r t o f  the  co n n ec tio n  b ey o n d  fau lty  c ircu it ( in c lu d in g  th e  ca lled  
su b sc rib e r’s line).

T he co n d itio n s  a re  s im ila r to  th e  sp ec ific a tio n s desc rib ed  in R e c o m m e n d a tio n  Q .416, § 2.4.2.1 d ), 
“ c lea r-back  p o s itio n ” .

E.4.3 M ode o f  operation o f  the interruption control a t the outgo ing  end  (transm ission  in the  backw ard  direction  
interrupted)

a) Circuit in answ ered  condition

In  th is case, tra n s itio n  o f  the  in te rru p tio n  co n tro l to  a la rm  d oes n o t cause  im m ed ia te  ac tio n . A 
c lea r-fo rw ard  s ignal sen t on  the  p a r t Of th e  co n n ec tio n  p reced in g  th e  fau lty  c ircu it m u st be  re p e a te d  
fo rw ard  to  en su re  th a t, i f  th e  fo rw a rd  s igna lling  ch an n e l is left in ta c t, th e  p a r t  b e y o n d  th e  fau lty  
c ircu it is c lea red .

O nce the  in te rru p tio n  co n tro l reverts  to  n o rm a l, the  co n n ec tio n  is m a in ta in e d  p ro v id e d  th e  ca lle r a n d  
the  called  su b sc rib e r a re  still h o ld ing . O n th e  o th e r h a n d , by  the  tim e  th e  in te rru p tio n  c o n tro l rev erts  
to  n o rm a l, th e  c lea r-fo rw a rd  signal m ay  a lread y  have been  sen t a n d  th e  s itu a tio n  w ill be  th e  o n e  
described  u n d e r  c ircu it seized b u t n o t in  an sw ered  co n d itio n .

b) Circuit in fo rc e d  release condition  (transm ission fo rc e d  release signa l in backw ard  direction)

T ran sitio n  o f  in te rru p tio n  co n tro l to  a la rm  causes lock ing  o f  the  rece iv in g  u n it in  its p o s itio n , i.e. th e  
to n e -o n  state. T he p ro ced u re s  a re  s im ila r to  th o se  in the  p o sitio n  “ c le a r-b a c k ” in  th e  sp ec ific a tio n s  o f  
th e  an a lo g u e  version  o f  th e  line s ig na lling , R eco m m en d a tio n  Q .416.
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PART IV

SUPPLEMENTS TO THE SERIES Q RECOMMENDATIONS 
CONCERNING SIGNALLING SYSTEMS R l AND R2
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Supplem ent N o. 1

LINE SIGNALLING FOR DC LINES W ITH SYSTEM  R2 INTERREGISTER SIGNALLING

1 Introduction

In  th e  fo llow ing  sp ec ific a tio n  a  line sig n a llin g  system  is d e fin ed  fo r  2 -w ire , D C -lin es  w ith  o r w ith o u t 
m eterin g  fac ility  d u rin g  speech.

T he sig n a llin g  p o la r ity  is p ro v id ed  by  the  in co m in g  ex ch an g e  a n d  a  lo o p  is p ro v id e d  in th e  o u tg o in g  
ex ch an g e , so th a t  in case o f  cab le  fra c tu re  th e  o u tg o in g  ex ch an g e  is in fo rm e d  au to m a tica lly  th a t th e  line(s) 
c o n ce rn ed  is(are) no  lo n g er ava ilab le .

T he line  signal rep e rto ire  is b ased  on  the  p resence  o f  System  R 2 in te rre g is te r  signalling .

A p a rt fro m  th e  m eterin g  pu lses, th e  line s ig na lling  is co n tin u o u s , w h ich  m ean s th a t a  c e rta in  s ta te  o f  a 
c o n n ec tio n  is ch a rac te rized  by a  special sig n a llin g  co n d itio n  w hich  is m a in ta in e d  as lo n g  as th e  in d ic a te d  
c o n d itio n  c o n tin u es  to  exist.

T he fo llo w in g  sta tes are  p ro v id ed :

F o rw ard  d irec tio n :

1) id le
2) seized
3) c le a r-fo rw ard

B ackw ard  d irec tio n :

1) av a ilab le
2) seized b efo re  an sw er
3) an sw ered
4) m e te ring  2)
5) c lea r-back  b
6) fo rced  re lease 2)
7) n o t av a ilab le  (b lock ing)

2 Principles o f the signalling and speech circuit

2.1 S igna lling  circuit

A n ex am p le  o f  a s ig na lling  c ircu it is show n in  F igure 1. F eed in g  o f  th e  lo o p  occu rs  a t th e  in co m in g  
ex ch an g e ; the  d irec tio n  o f  th e  c u rren t can  be reversed  by  co n tac ts  X a n d  th e  feed in g  c u rre n t can  be  sw itched  o f f  
by  co n tac ts  T u. C o n tac ts  B1 are  a lso  used  to  sw itch  o ff  the  feed ing  c u rre n t a n d  co n seq u en tly , to  b lo ck  th e  c ircu it. 
T h is can  on ly  tak e  p lace  if  th e  line c ircu it in th e  o u tg o in g  ex ch an g e  is d e tec ted  as b e in g  in  th e  o p en  o r  h igh  
re s is tan ce  state.

W hen  th e  co n tac ts  are  in  the  p o sitio n  show n  in  th e  figu re , n o rm a l lo o p  c u rren t flow s a n d  w hen  th e  
co n tac ts  X are  sw itched  ov er reversed  lo o p  cu rre n t flow s.

In  th e  o u tg o in g  exchange  the  sta te  can  be  ch an g ed , by  m ean s o f  c o n ta c t W , from  th e  h igh  res is tan ce  
c o n d itio n  w ith  th e  c u rren t-d irec tio n  sensitive d e tec to r H sw itched  in , to  a  s ta te  w ith  tw o  low  res is tan ce  
cu rren t-d irec tio n  sensitive d e tec to rs  L an d  R.

In  a d d itio n  to  co n tac t W  a co n tac t K is p ro v id ed  to  o p en  the  lo o p ; th e  o p en  lo o p  sta te  is used  to  ex p ed ite  
th e  reco g n itio n  o f  c lea r-fo rw ard .

In  the  line  c ircu it in  the  in co m in g  exchange  a filte r is needed  to  p ro v id e  su ffic ien t a tte n u a tio n  in  th e  
a u d ib le  c o m p o n e n ts  a ris in g  in case  o f  p o la r ity  reversing . T his is necessary , in p a r tic u la r , w hen  m eterin g  pu lses a re  
sen t d u rin g  con v ersa tio n .

In  the  line  c ircu it in the  o u tg o in g  exchange  a filte r m ay be need ed  to  p ro v id e  su ffic ien t a tte n u a tio n  in  th e  
au d ib le  c o m p o n en ts  aris in g  w hen d e tec to rs  L a n d  R  are  o p e ra ted  a n d /o r  re leased . T h is filte r, if  req u ired  a t all, 
can  n o rm ally  be  m uch  sim p ler th a n  the  one  used  in th e  in co m in g  exchange.

o n ly  w ith o u t m eter in g  

o n ly  w ith  m eter in g
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A n ex am p le  o f  a speech  c ircu it is a lso  show n in F igure  1. A c ircu it eq u ip p ed  w ith  the  lo o p  s ig n a llin g  
system  co n cern ed  has to  be elec trica lly  sep a ra ted , from  the  p reced in g  o r  fo llow ing  p arts  o f  the  co n n ec tio n . T h is 
p rev en ts  in te rfe ren ce  by lo n g itu d in a l vo ltages in o th e r p a rts  o f  th e  con n ec tio n .

T he d e tec to rs  shall be o f  h igh  im p ed an ce  fo r speech.

2.2 Speech circuit

O u tg o in g  e x c h a n g e C ab le

 , 2

T X

Fil ter 
( s e e  

N o te  1)

I___ J.

Bl In c o m in g  e x c h a n g e

Tu

Fil ter

X
h |h >

CCITT-49420

Note 1 -  This filter is optional.
Note 2 -  The detector V and the contacts X for the reversal of the direction of the current may be interchanged.

FIGURE 1
Principle o f the signalling and speech circuit

M eaning o f the signalling states

In  the  T ab les 1, 2 an d  3 th e  m ean in g  o f  th e  va rio u s s igna lling  sta tes a re  show n. 

O u tg o in g  exchange :

— high res is tance  =  id le

— low  res is tance  =  seized

— open  =  c lea r-fo rw ard .

In co m in g  exchange  ( w ithout m etering ):

— n o rm a l lo o p  p o la r ity  =  av a ilab le , seized o r c lea r-back

— reversed  lo o p  p o la r ity  =  u n a v a ila b le  o r an sw er

— no v o ltage  =  u n a v a ila b le  (b lock ing).

In co m in g  exchange  ( with m e te ring ):

— n o rm a l lo o p  p o la r ity  =  av a ilab le  o r seized

— reversed  lo o p  p o la r ity  =  u n a v a ila b le  o r m e tering  pu lse

— no  vo ltage  =  u n a v a ila b le  (b lock ing ) o r  fo rced  release.

4 Discrim ination between the various signalling states

I t is n o t necessary  to  be ab le  to  d isc rim in a te  betw een  each  sta te  o f  o n e  en d  a n d  all s ta tes o f  th e  o th e r end . 
H o w ever, the  cap ab ilitie s  show n in  T ab les  1, 2 a n d  3 sho u ld  be p rov ided .
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TABLE 1

Outgoing exchange (without 
metering) is in state:

Outgoing exchange must be able to discriminate 
in the incoming exchange:

normal loop polarity (available)

high resistance reversed loop polarity 
or no voltage J (unavailable)

low resistance
reversed loop polarity (answered)

normal loop polarity (seized, clear-back)

TABLE 2

Outgoing exchange {with 
metering) is in state:

Outgoing exchange must be able to discriminate 
in the incoming exchange:

high resistance
normal loop polarity (available)

reversed loop polarity 
or no voltage

|  ' (unavailable)

reversed loop polarity (metering pulse)

low resistance normal loop polarity (seized)

no voltage (forced release)

TABLE 3

Incoming exchange is 
in state:

Incoming exchange must be able to discriminate 
in the outgoing exchange:

normal loop polarity 
or

reversed loop polarity

low resistance (seized)

high resistance (idle)
open (clear-forward)

5 Operation (see F igures 2a-2f)

5.1 In  the  id le  sta te  th e  line  c ircu it in  th e  o u tg o in g  exchange  c o n tin u o u s ly  checks w h e th e r o r  n o t th e  line  is
b lo ck ed  by the  h igh  resistance  d e tec to r H . T his d e tec to r op e ra te s  w hen  th e  line  is in tac t a n d  th e  n o rm a l lo o p  
p o la r ity  is p resen t in  the  in co m in g  exchange  in d ica tin g  the  sta te  “a v a ila b le ” .

D etec to r V in the  in co m in g  exchange  is m arg in a l an d  does n o t o p e ra te  in  th is  state.

5.2 I f  the  c ircu it in the  o u tg o in g  exchange is seized  fo r a call th e  ex ch an g e  sw itches in  th e  low  res is tan ce  s ta te
an d  th e  low  res istance  d e tec to r L opera tes.

In  the line c ircu it in  th e  in co m in g  exchange th e  d e tec to r V o p e ra te s  a n d  th e  in co m in g  e q u ip m e n t assum es 
th e  seized  state.
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5.3 The B-subscriber answers

a) W ithout m etering

W hen th e  B -subscriber answ ers th is is in d ica ted  by th e  line  c ircu it in the  in co m in g  ex ch an g e  by 
reversing  the  lo o p  feed ing  p o la r ity  to  reversed  lo o p  po la rity . In the  c ircu it in th e  o u tg o in g  exchange  
the low  resistance  de tec to r R  o p era te s  an d  L releases.

b) With m etering

W hen the  B -subscriber an sw ers th is is in d ica ted  by  the  in co m in g  exchange  (excep t in the  case o f  a call 
th a t is free o f  charge) by sen d in g  a m e tering  pulse. T he in co m in g  exchange  sends a m e tering  pu lse  by  
reversing  the  lo o p  feed ing  p o la r ity  to  reversed  loop  p o la r ity  d u rin g  th e  m etering  pulse.

In the  line c ircu it in the  o u tg o in g  exchange  the low  res is tance  d e tec to r R o p e ra te s  an d  L releases.

5.4 T he eq u ip m en t m ust a llow  the  fo llow ing  ru les to  be ap p lied  w ith  respec t to  th e  sen d in g  o f  m ete rin g  pulses.

— A m eterin g  pu lse  m ust be co m p le ted  by the  in co m in g  exchange  b efo re  sen d in g  fo rced  release.

— A fter sen d in g  a m etering  pu lse  th ere  is no  m in im um  p e rio d  w ith n o rm al loop  p o la r ity  b efo re  fo rced  
release is sent.

— D u rin g  the rece ip t o f  a m e tering  pu lse  the  o u tg o in g  exchange  is a llow ed  to  s ta rt sen d in g  clear- 
fo rw ard .

5.5 B ackw ard  release

a) W ithout m etering

T he in co m in g  exchange can  in fo rm  the  ou tg o in g  exchange  th a t the  B -subscriber has c lea red  by 
sen d in g  clea r-back . T his signal consists  in reversing  th e  lo o p  feed ing  p o la r ity  to  no rm al lo o p  p o la r ity . 
In th e  line c ircu it o f  the  o u tg o in g  ex ch an g e  th e  low  res is tance  d e tec to r L o p era te s  an d  R releases.

T he in co m in g  exchange  rem ain s  in th is  sta te  (c lea r-back ) u n til th e  o u tg o in g  exchange  sends clear- 
fo rw ard  o r th e  B -subscriber reansw ers.

b) With m etering

T he in co m in g  exchange can  in fo rm  the  o u tg o in g  ex ch an g e  th a t th e  co n n ec tio n  can  be released  by
sen d in g  fo rced  release. T h is signal, w hich consists  in sw itch ing  o ff  th e  lo o p  feed ing  p o te n tia l, m ust
persist fo r a m in im um  tim e T3. A fte r receiv ing  fo rced  re lease  th e  line c ircu it o f  the  o u tg o in g  exchange  
m ust tran sm it c lea r-fo rw ard  w ith in  a tim e T4 w hich is less th a n  tim e  T3.

T im e T3 fin ishes w hen the  line c ircu it in the  in co m in g  exchange is aga in  av a ilab le ; n o rm a l lo o p  
p o la r ity  is then  sent.

T he above  m en tio n ed  c lea rd -fo rw a rd  in th e  line c ircu it in  th e  o u tg o in g  exchange  is fo llow ed  (just as in
the  case o f  the  release w ith o u t fo rced  re lease described  in § 5.6 by  th e  id le  state).

5.6 In  o rd e r to  re lease the  c ircu it the  o u tg o in g  exchange o p en s  th e  lo o p  (c lea r-fo rw ard ) d u rin g  a tim e T l ,  
b e fo re  sw itch ing  in the  h igh  o hm ic  de tec to r.

T h e  in co m in g  exchange  m ust sw itch to  one  o f  the  u n av a ilab le  sta tes w ith in  a tim e  T2 w hich  is less 
th a n  T l ,  un less th e  c ircu it in th is  exchange  is av a ilab le  befo re  the  tim e T2 has e lap sed .

5.7 T h e  in co m in g  exchange can  signal in tw o  w ays th a t it is n o t av a ilab le  fo r  a new  call, n am ely  by reversing  
th e  lo o p  o r  by sw itch ing  o ff  the  feed ing  p o ten tia ls .

In  so fa r as the  u n av a ilab ility  o f  th e  line c ircu it in the in co m in g  ex ch an g e  fo rm s p a rt o f  n o rm a l o p e ra tio n , 
th is  s ta te  sho u ld  be  in d ica ted  by  reversed  lo o p  p o la rity .

U n av a ila b ility  o f  the  line c ircu it in th e  in co m in g  exchange  fo r o th e r  reaso n s sh o u ld  be in d ica ted  by  
sw itch in g  o f f  the  feed ing  p o ten tia ls .

5.8 I f  d u rin g  the  seized state  o f  the  line c ircu it in the  o u tg o in g  ex ch an g e , the  c ircu it is in te rru p te d  by
d is tu rb a n c e s  o r by the  feed ing  p o ten tia l be ing  sw itched  off, the  o u tg o in g  ex ch an g e  has to  reac t to  it in the  sam e 
w ay as it does to  c lea r-b ack  (w ith o u t m etering ) o r fo rced  release (w ith  m etering ), poss ib ly  fo llow ed  by  b lock ing .

5.9 A t th e  in co m in g  exchange d u rin g  the  u n av a ilab le  sta te  an d  fo r  a su b seq u en t perio d  o f  100 m s d u rin g  the
av a ilab le  sta te , o p e ra tio n  o f  d e tec to r V sh o u ld  be ineffective.
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a) A-subscriber releases first (without metering) CCITT-49430

b) B-subscriber releases first (without metering) c c i t t -4 9 4 4 0

Note -  In Figure 2 a square with a letter in it means the operation o f the indicated detector while a square only means the release o f that 
detector. A thick vertical line means that the related condition is there or that a detector is operated.

F IG U R E  2
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c) B-subscriber releases during open loop in the outgoing exchange (without metering) CCITT-49450

S p e e c h

A - r e l e a s e s

O u tg o in g  e x c h a n g e

O p e n H Q L Q H L R

T1

In c o m in g  e x c h a n g e

No
v o l t a g e

N o rm a l  lo o p  
po la r i ty

R e v e r s e d  lo o p  
po la r i ty

T 2

.B - r e l e a s e s

d) In-connection with subscriber releasing the incoming exchange blocks by means o f open loop (without metering)
CCITT-49460

F IG U R E  2 (continued)
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e) Signalling procedure without forced release (with metering) c c i t t-4 9 4 7 0

F IG U R E  2 (continued)
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S p e e c h

Idle

O u tg o in g  e x c h a n g e

O p e n H Q L Q

T 4

In c o m in g  e x c h a n g e

No
v o l t a g e

N orm al  loop 
polar i ty

T1

R ev e r s e d  loop 
pola ri ty

F o rced  r e l e a s e

T 3 A v a i lab le

S p e e c h

Idle

O p e n H Q L Q

T 4

No
v o l t a g e

N o rm a l  lo o p  
po la r i ty

T1

R e v e r s e d  lo op  
p o la r i ty

F o rced
r e le a s e

T 3

A v a i lab le

f) Signalling procedure with forced release (with metering) c c it t  4 9 4 8 0

F IG U R E  2 (end)
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6 Time requirements

6.1 R ecognition  tim es

a) W hen  th e  o u tg o in g  exchanges is in th e  id le  sta te  b u t 
c o n d itio n  (n o rm a l lo o p  p o la r ity ) m ust be  100-300 ms.

b) In  o rd e r  to  m ak e  a c lea r d is tin c tio n  betw een  the  
reco g n itio n  tim e o f  fo rced  re lease m ust be 60-180 ms.

c) T he reco g n itio n  tim e  o f  all rem a in in g  c o n d itio n s  m ust

6.2 R elease  tim es

a) T he tim e  T2 d ep en d s  on  th e  reco g n itio n  tim e  o f  d e tec to r V a n d  th e  reac tio n  tim e  o f  th e  in co m in g  
ex ch an g e  w hich  can  be a ssu m ed  <  30 m s; co n seq u en tly  th e  tim e T2 is d e fin ed  10-70 ms.

b) W ithou t m etering

T he w o rs t case  w hen  re leasin g  a c ircu it occu rs  if  th e  B -subscriber re leases ju s t a fte r  th e  A -su b sc rib e r 
re leases, cau sin g  c lea r-b ack  to  be sen t b efo re  th e  reco g n itio n  tim e  o f  c le a r-fo rw a rd  has e lap sed . In  
o rd e r  to  sa feg u ard  the  o p e ra tio n  in th a t p a r tic u la r  s itu a tio n  th e  tim e  T l is d e fin ed  300-600 ms.

c) W ith m etering

T he w orst case w hen  re leasing  a c ircu it occu rs if  w ith in  th e  reco g n itio n  tim e  o f  c le a r-fo rw a rd  a 
m e te rin g  pu lse  s ta rts  a n d  th a t w ith in  th e  leng th  o f  th is pu lse  c le a r-fo rw a rd  c a n n o t be recogn ized . In  
o rd e r  to  sa feg u ard  the  o p e ra tio n  in  th a t p a rt ic u la r  s itu a tio n  th e  tim e  T l is d e fin ed  500-1000 ms.

T he tim e T3 d ep en d s  on  the  d isch a rg e  tim e  o f  th e  in vo lved  c ircu it a n d  th e  tim e  T4. F o r th e  d isch a rg e  
tim e, a  tim e <  80 m s can  b e  assum ed . T he tim e T 4 d ep en d s  on  th e  reco g n itio n  tim e  o f  fo rced  re lease  
[see § 6.1 b)] an d  the  reac tio n  tim e  o f  the  ou tg o in g  ex ch an g e  w h ich  can  be  a ssu m ed  <  30 m s; 
co n seq u en tly  th e  tim e T 4  is defin ed  60-210 ms. A d d itio n  o f  these  tim es lead s to  a tim e  T3 >  300 m s.

6.3 Sen d in g  tim es

T he leng th  o f  th e  m e tering  p u lse  to  be  sen t shall be 120-180 ms.

7 M iscellaneous

T his su p p lem en t does n o t d escribe  values fo r the  im p ed an ce  o f  th e  d e tec to rs  an d  th e  cab le  a n d  does n o t 
in d ica te  o p e ra te /n o n o p e ra te  lim its fo r  th e  de tec to rs , b ecause  these p a ra m e te r  a re  ra th e r  d e p e n d e n t on  th e  
cap ab ilitie s  o f  th e  re la ted  ne tw ork . T h ere fo re  these  req u irem en ts  m ust be p ro v id ed  by  each  A d m in is tra tio n .

b lo ck ed  th e  reco g n itio n  tim e  o f  the  u n b lo c k in g  

reversa l o f  th e  p o la r ity  a n d  no  v o ltage  th e  

be 10-40 ms.
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Supplem ent N o. 2

BOTH-W AY WORKING OF THE ANALOGUE LINE 
SIGNALLING VERSION OF SIGNALLING SYSTEM  R2

1 Both-way working

In  p rin c ip le  th e  System  R2 is specified  fo r one-w ay  w ork ing . T he fo llow ing  ad d itio n a l c lauses th e re fo re  
ap p ly  on ly  to  cases w here A d m in is tra tio n s  have u n d e rta k e n  by b ila te ra l ag reem en t to  use bo th -w ay  w ork ing .

E q u ip m en t w hich m ust be equa lly  u sab le  in b o th -w ay  an d  in  one-w ay  o p e ra tio n  sh ou ld  be so designed  
th a t  it can  be easily  a d a p te d  to  th e  req u irem en ts  o f  e ither m o d e  o f  o p e ra tio n .

A pecu lia rity  o f  bo th -w ay  w o rk in g  w ith  the  system  u n d e r  c o n s id e ra tio n  is th a t a b lo ck in g  signal c a n n o t be 
d is tin g u ish ed  from  a seizing signal a t e ither en d  o f  a c ircu it, since the  tra n s itio n  o f  the  s ig na lling  sta te  
c o rre sp o n d in g  to  these  signals is th e  sam e, nam ely  from  tone-on  to  tone-off.

W hen  a b o th -w ay  c ircu it is seized s im u ltan eo u sly  a t b o th  en d s, th e  s ig n a llin g  to n e  is d isco n n ec ted  in b o th  
d irec tio n s  o f  tran sm iss io n ; th is is th e  c rite r io n  fo r d e tec tin g  the  do u b le -se izu re  s itu a tio n .

T he special a rran g em en ts  req u ired  fo r b o th -w ay  w o rk in g  re la te  to  th e  tw o cases m en tio n ed  above. F o r all 
o th e r  signa lling  phases th e  sp ec ific a tio n s fo r one-w ay  w o rk in g  rem a in  va lid  w ith o u t m od ifica tio n .

1.1 N orm a l conditions

1.1.1 D ouble-seizure

W hen th e  s ig na lling  eq u ip m en t a t one  en d  o f  a bo th -w ay  c ircu it seizes th a t c ircu it by  d isco n n ec tin g  the 
s ig n a llin g  to n e , it m ust verify  th a t cessa tio n  o f  th e  s ig na lling  to n e  in th e  o p p o site  d irec tio n  does n o t occu r w ith in  
250 ±  50 m s o f  the  d isco n n ec tio n  o f  th e  s ig na lling  to n e  in  th e  fo rw a rd  d irec tio n . I f  th e  s igna lling  eq u ip m en t 
d e tec ts  th e  rem oval o f  the  s ig n a llin g  to n e  w ith in  th a t in te rva l th en  a d o u b le -se izu re  s itu a tio n  is recognized . E ach 
e n d  m u st re tu rn  to  the  id le  c o n d itio n  a fte r sen d in g  th e  c le a r-fo rw a rd  signal a n d  recogn iz ing  tone-on  s ta te  on  the  
s ig n a llin g  channe l.

H ow ever, each  en d  m ust, even if  im m ed ia te ly  seized fo r an  o u tg o in g  ca ll, m a in ta in  tone-on  s ta te  fo r at 
least 100 m s on  the  o u tg o in g  s ig n a llin g  ch an n e l to  en su re  th a t the  en d  o f  the  d o u b le  se izu re s itu a tio n  is recognized  
a t th e  o th e r  end.

A lth o u g h  a  d o u b le  seizure has been  recogn ized , the  to n e -o ff  s ta te  in th e  b ack w ard  d irec tio n  is passed  on 
b ack w ard s . T his w ill be  reg a rd ed  as an  e rro n eo u s  answ er signal an d  lead  to  the  re lease o f  the  co n n ec tio n  in 
a c c o rd a n c e  w ith § 2.2.3 in the  S pec ifica tions. H ow ever, as specified  in § 1.2,1 below  the  c lea r-fo rw ard  signal 
( tone-on  state) m ust n o t be  sen t u n til th e  to n e -o ff  s ta te  has been  m a in ta in e d  fo r a t least 1250 ±  250 ms. E ach  end  
a fte r  sen d in g  o f  the  c lea r-fo rw ard  signal re tu rn s  to  the  id le c o n d itio n  w hen th e  tim e in te rva l 250 ±  50 ms (see 
§ 2.2.2.6 in' the  S p ec ifica tions) has e lap sed , an d  the  sen d in g  o f  th e  tone-on  s ta te  from  th e  o th e r en d  has been  
recogn ized .

In  the  sense o f  p rev en tiv e  ac tio n  it is re co m m en d ed  th a t an  o p p o site  o rd e r  o f  c ircu it se lection  is used by 
each  exchange o f  a  b o th -w ay  c ircu it g ro u p  to  m in im ize  d o u b le  seizure.

1.1.2 M in im um  dura tion  o f  idle condition  a fter  release-guard

W hen a b o th -w ay  c ircu it is re leased , the  en d  w hich  ac ted  as th e  in co m in g  en d  m ust, even if  im m edia te ly  
seized fo r a call in  the  o p p o s ite  tra ff ic  d irec tio n , m a in ta in  th e  tone-on  s ta te  fo r a t least 100 m s to  en su re  th a t the  
re lease-g u ard  sequence  is recogn ized  a t th e  o th e r end .

1.1.3 B locking

W hen a b o th -w ay  c ircu it is b lo ck ed  m an u a lly  in its id le  co n d itio n  a t o n e  end  (A ), the  b lo ck in g  signal, 
m u st be  tran sm itted  to  th e  o th e r en d  (B), w here  it w ill nevertheless be in te rp re ted  as a seizing signal. T his will 
m ean  th a t an  in co m in g  R2 reg ister is seized , b u t is n o t receiv ing  an y  in te rreg is te r signal. A fter the  lap se  o f  th is 
reg is te r’s tim e-o u t de lay  th e  c ircu it m u st be k ep t b lo ck ed  locally  (a t end  B) aga in s t all calls in the  B-A d irec tio n  so 
lo n g  as th e  to n e -o ff  sta te  persists  in  A-B d irec tion .
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T o av o id  ce rta in  d ifficu lties (see §§ 1.2.1 an d  1.2.2 below ) an d  in  c o n tra s t to  § 2.2.3.5 in  th e  S p ec if ica tio n s  
th e  to n e -o ff  s ig n a llin g  s ta te  is n o t a p p lie d  in th e  o p p o s ite  d irec tio n  (B -A ) to  th e  b lo c k in g  d irec tio n  (A -B).

W hen th e  b lo ck in g  is rem oved  a t en d  A  th e  s ig n a llin g  to n e  is ag a in  tra n sm itte d  in  d irec tio n  A -B a n d  th e  
B -end in te rp re ts  th e  o n se t o f  th e  s ig n a llin g  to n e  as a  c le a r-fo rw a rd  sig n a l, th e re b y  in itia tin g  th e  re lease -g u ard  
sequence  in  th e  B-A  d irec tio n .

1.2 A b n o rm a l conditions

T he cases desc rib ed  below  re la te  to  in te rru p tio n  o f  th e  in d iv id u a l s ig n a llin g  ch an n e ls  o r to  fau lts  in  th e  
in d iv id u a l lin e-sig n a llin g  eq u ip m en t. In te r ru p tio n  c o n tro l does n o t fu n c tio n  in  th ese  cases.

In  any  c ircu it th e  in te rru p tio n  o f  one  o r  b o th  s ig na lling  c h an n e ls  can  b rin g  a b o u t s ig n a llin g  sequences 
d iffe ren t from  th o se  d escrib ed  in  § 2.2.3 in the  S p ec ifica tions fo r one-w ay  w ork in g .

1.2.1 W hen an  in te rru p tio n  o f  th e  s ig na lling  ch an n e l in  o n e  o f  the  tw o  d irec tio n s  b rin g s  a b o u t a s ig n a llin g  s ta te
co rre sp o n d in g  to  b lo ck in g , the  re lease-g u ard  sequence  will be in itia ted  th e  m o m e n t th e  in te rru p tio n  ends (see
§ 1.1.3).

T he re lease-g u ard  sequence  im plies th a t the  s ig n a llin g  to n e  in  th e  b a c k w a rd  d irec tio n  be  d isco n n ec ted  fo r  
an  in te rv a l 450 ±  90 ms. In  bo th -w ay  w o rk in g  th is to n e -o ff  s igna lling  s ta te  m u st n o t be in te rp re te d  as seizing. T o  
av o id  a rep e titio n  o f  the  exchange o f  re lease -g u a rd  sequences certa in  p re c a u tio n s  m u s t be  tak en .

T he fo llow ing  ad d itio n a l req u irem en ts  sh o u ld  th en  be m et:

— w hen  th e  to n e -o ff  s ig na lling  sta te  has  las ted  fo r an  in te rv a l o f  less th a n  750 ±  150 m s th e  re tu rn  to
tone-on  s ig na lling  sta te  m ust n o t in itia te  a re lease-guard  seq u en ce ;

— once  th e  s igna lling  sta te  c o rre sp o n d in g  to  seizing has been  e s tab lish ed , it m u s t be  m a in ta in e d  fo r  a t 
leas t 1250 ±  250 m s (th is is a d ev ia tio n  to  the  req u irem en t in  § 2.2.2.1 in  th e  S pec ifica tions).

W hen  th e  in te rru p tio n  o f  o n e  o f  the  s ig na lling  ch an n e ls  has b ro u g h t a b o u t b lo ck in g  o f  th e  c ircu it a t  o n e  
en d  (B), as d escribed  above, th a t c ircu it can  be  seized a t the  o th e r en d  (A). T h e  en d  A  w ill n o t have  rece ived  th e  
b lo ck in g  signal fro m  en d  B (see § 1.1.3) because  th a t w ou ld  cause  p e rm a n e n t b lo c k in g  o f  the  c ircu it, w h ich  w o u ld  
th en  n o  longer be ab le  to  res to re  itse lf to  n o rm a l fu n c tio n in g . S hou ld  a seizing  n o w  o ccu r, th is  w ill lead  to  loss o f  
a ca ll; b u t su b seq u en tly , since the  c lea r-fo rw a rd  signal c a n n o t be tra n sm itte d , th e  c ircu it w ill rem a in  b lo ck ed  a t 
en d  A. T he w ho le  fu r th e r s ig na lling  sequence  fo r rev ertin g  th e  c ircu it u n d e r  c o n s id e ra tio n  to  id le  fo llow s th e  
sp ec ifica tion  fo r one-w ay  circuits.

1.2.2 A n in te rru p tio n  o f  b o th  s ig na lling  ch an n e ls  on  any  c ircu it w ill be  in te rp re te d  by  th e  e q u ip m e n t a t each  en d  
o f  the  line as seizing an d  th e  eq u ip m en ts  w ill be  b lo ck ed  a f te r  th e  lap se  o f  th e  tim e -o u t d e lay  o f  th e  in co m in g  
R2 registers.

If, a fte r an  in te rru p tio n , on ly  one  s igna lling  ch an n e l is re s to red , th e  e q u ip m e n t a t th e  in co m in g  en d  in  
re la tio n  to  th a t s ig na lling  ch an n e l w ill in te rp re t the sig n a llin g  sta te  tone-on  as a c le a r-fo rw a rd  signal a n d  th e re fo re  
b rin g  in to  o p e ra tio n  th e  re lease-guard  sequence. T he te rm in a l eq u ip m en t a t th a t en d  w ill revert to  id le , w hile  th e  
te rm in a l eq u ip m en t a t the  o th e r en d  rem ain s  b locked . T his is the  s itu a tio n  en v isag ed  in § 1.2.1 above.

W hen b o th  s ig na lling  ch an n e ls  are  sim u ltan eo u sly  re s to red , th e  te rm in a l e q u ip m e n t a t b o th  ends w ill 
in te rp re t the  o n se t o f  th e  signa lling  to n e  as a c lea r-fo rw a rd  signal a n d  th is w ill b r in g  th e  re lease -g u ard  seq u en ce  
in to  o p e ra tio n . T he resu lt will be  th a t  the  te rm in a l e q u ip m en t a t b o th  en d s w ill ag a in  recogn ize  th e  to n e -o ff  
signalling  sta te  fo r a b r ie f  in terval.

T he fo llow ing  a d d itio n a l c lause  m ust be observed , to  av o id  p e rm a n e n t b lo ck in g  o f  th e  c ircu it in  th is  
c o n d itio n :

— W hen , a fte r  b lock ing , the  lin e -signa lling  e q u ip m en t a t o n e  en d  (A ) o f  a  b o th -w ay  c ircu it h as  
recogn ized  th e  c le a r-fo rw ard  signal, it m ust com p le te  th e  re lease -g u a rd  sequence  a n d  res to re  th e  
sig n a llin g  to n e  a fte r 450 ±  90 ms in  th e  d irec tio n  A-B, even if  th e  to n e  in d irec tio n  B-A is in te r 
ru p ted . I f  such in te rru p tio n  (in d irec tio n  B-A) lasts fo r less th a n  750 ±  150 m s, th e  c ircu it re tu rn s  to  
id le w hen the  signa lling  to n e  is res to red  in b o th  d irec tio n s. I f  th e  in te r ru p tio n  is lo n g er th a n  
750 ±  150 m s, re s to ra tio n  o f  th e  signa lling  to n e  in  d irec tio n  B-A w ill in itia te  a  new  re lease -g u ard  
sequence  in d irec tio n  A-B (see § 1.2.1 above).
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1.2.3 I f  an  a b n o rm a l co n d itio n  acco rd in g  to  § 2.2.3.3 in the  S p ec ifica tions occu rs  at o n e  end  o f  a bo th -w ay  
c ircu it, th is  end  is b lo ck ed  fo r o u tg o in g  traffic . Such b lo ck in g  sh o u ld , how ever, n o t p rev en t the  c ircu it be in g  used 
in  th e  o th e r  tra ffic  d irec tio n .

2 Special conditions regarding the interruption control for both-way working

2.1 As soon  as an  o p e ra tin g  co n d itio n  has been  e stab lish ed  on  a bo th -w ay  c ircu it a n d  th e  o u tg o in g  an d  
in c o m in g  ends o f  the  c ircu it have been  d e te rm in ed  w ith  ce rta in ty , the  in te rru p tio n  c o n tro l sp ec ific a tio n s fo r 
o n e-w ay  w ork in g  b ecom e eq ua lly  ap p licab le  to  b o th -w ay  circu its.

2.2 W hen  a  bo th -w ay  c ircu it is id le , tra n s itio n  to  a la rm  o f  th e  in te rru p tio n  c o n tro l o f  one  d irec tio n  o f
tra n sm iss io n  m ust b rin g  a b o u t o p e ra tio n s  to  en su re  th a t th e  sig n a llin g  sta te  ex is ting  at th a t m o m en t on  the
sig n a llin g  channe l o f  th e  o p p o site  d irec tio n  is m a in ta in ed  — in co n tra s t to  sp ec ific a tio n  2.4.2.1 a) i) in the
S p ec ifica tio n s  fo r one-w ay  w ork ing . T his p recau tio n  obv ia tes a p e rm a n e n t b lo ck in g  o f  a b o th -w ay  c ircu it w hen 
in te rru p tio n  o f  th e  s ig n a llin g  ch an n e ls  occurs sim u ltan eo u sly  in b o th  d irec tions. It does n o t en su re  im m ed ia te
b lo ck in g  o f  the  c ircu it; th is  w ill n o t o ccu r un til the  c ircu it has been  seized by the  n ex t call.

2.3 In  all o p e ra tin g  c o n d itio n s  in te rm ed ia te  be tw een  idle  an d  th e  co n d itio n  a t th e  m o m en t w hen th e  d irec tio n  
o f  se izu re  o f  th e  b o th -w ay  c ircu it is d e te rm in ed  (see above), the  lin e -signa lling  eq u ip m en t a t b o th  ends w ill be 
lo ck ed  by  in te rru p tio n  c o n tro l in the  co n d itio n  in  w hich it w as b e fo re  in te rru p tio n  co n tro l p assed  to  a la rm .
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