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PR IN C IP L E S  G O V E R N IN G  T H E CO LLA B O R A TIO N  B ETW EEN  T H E  C C IT T  
A N D  O T H E R  IN T E R N A T IO N A L  O R G A N IZ A T IO N S  IN  T H E  STU D Y  

O F DATA C O M M U N IC A T IO N S

R ecom m endation A.20 published in Volum e I is reproduced  below  
for the convenience o f the reader

Recommendation A.20

COLLABORATION WITH OTHER INTERNATIONAL ORGANIZATIONS  
OVER DATA TRANSM ISSION

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

The C C ITT, 

considering

(a) that, according to Article 1 o f the agreem ent between the U nited N ations and  the In ternational 
Telecom m unication U nion, the U nited N ations recognizes the In ternational Telecom m unication U nion  as the 
specialized agency responsible for taking such action as may be ap p ro p ria te  under its basic instrum ent for the 
accom plishm ent o f the purposes set forth therein ;

(b) that Article 4 o f the In ternational Telecom m unication C onven tion  (M alaga-T orrem olinos, 1973) states 
tha t the purposes o f the U nion are:

“a) to m aintain  and  extend in ternational cooperation  for the im provem ent and  rational use o f te lecom m u
nications o f all k inds;

b) to prom ote the developm ent o f technical facilities and their m ost efficient operation  with a view to 
im proving the efficiency o f telecom m unication services, increasing their usefulness and  m aking them , 
so far as possible, generally available to the public;

c) to harm onize the actions o f nations in the attainm ent o f those en d s ;”

(c) that Article 40 o f the C onvention states that, in fu rtherance o f com plete in te rnational coo rd ina tion  on 
m atters affecting telecom m unication, the U nion shall cooperate with in te rnational o rganizations having related 
interests and activities;

(d) that in the study o f data transm ission the C C IT T  has to co llaborate with the organizations dealing  
with data processing and office equipm ent and  particularly  the In ternational O rganization for S tandard ization  
(ISO) and the In ternational E lectrotechnical Com m ission (IE C );

(e) that this co llaboration  has to be organized in a m anner th a t will avoid duplication  o f w ork and  
decisions tha t w ould be contrary  to the principles set out above;

unanimously declares the view

that in ternational s tandards for data  transm ission should be established with the follow ing considerations 
in m ind:

(1) Clearly it will be the responsibility o f the C C IT T  to lay dow n standards for transmission channels, 
i.e. aspects o f data transm ission which require a knowledge o f telecom m unication  netw orks or affect perform ance 
o f these networks.
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(2) The standard ization  o f signal conversion term inal equipm ent (m odem s) is the province o f the C C IT T ; 
the standard ization  o f the junc tion  (interface) between m odem  and the data  term inal equipm ent is a m atter o f 
agreem ent between the C C IT T  and the ISO or the IEC.

(3) Devices designed to detect and (or) correct errors m ust take account of:

— the error rate tolerable to the user;

— the line transm ission conditions;

— the code, which has to meet the exigencies o f the data  alphabet and the requirem ents o f error control
(this must be such as to give an ou tput satisfactory to the user) together with the requisite signalling 
(synchronism , repetition signals, etc.).

S tandard ization  here may not com e wholly within the C C IT T ’s province, but the C C IT T  has very 
considerab le interests at stake.

(4) The alphabet (definition given in [1]) is a “table o f correspondence between an agreed set o f characters 
and  the signals which represent them ”.

The C C IT T  and the ISO reached agreem ent on an alphabet for general (but not exclusive) use for data 
and  message transm ission and have standardized a com m on alphabet which is known as In ternational 
A lphabe t N o . 5 (R ecom m endation V .3 [2]) (see also [3]).

C om plem entary  study o f some contro l characters o f the alphabet should be effected cooperatively.

(5) C oding (definition given in [4]) is “a system o f rules and conventions according to which the telegraph
signals form ing a message or the data signals form ing a block should be form ed, transm itted , received and
processed” . Hence, it consists o f a transform ation  o f the form at o f the signals in the alphabet for taking account 
o f synchronous m ethods, and in troduction  o f  redundancy in accordance with the error control system. This is not 
a field in which the C C ITT  alone may be able to decide; however, no decision should be taken w ithout reference 
to  the Com m ittee, because o f the possible restrictions which transm ission and  switching peculiarities may im pose 
on coding.

W hen the general switched netw ork is used (telephone or telex) and when the error control devices are
subject to restrictions (switching signals — reserved sequences), it is the C C IT T  which is in fact responsible for
any necessary standardization in conjunction  with o ther bodies.

(6) The lim its to be observed for transm ission perform ance on the transm ission path (m odem  included) 
fall w ithin the com petence o f the C C IT T ; the limits for the transm ission perform ance o f the sending equipm ent 
and  the m argin o f term inal data equipm ent (depending on the term inal apparatus and the transm ission path 
lim its) should be fixed by agreem ent between the ISO and the CCITT.

(7) In all instances, the C C ITT  alone can lay dow n m anual and autom atic operating procedures for the 
setting-up, holding and clearing o f calls for data com m unications when the general switched netw orks are used, 
including type and form  o f signals to be interchanged at the interface between data term inal equipm ent and data  
circuit term inating  equipm ent.

(8) W hen a public data netw ork is involved, the C C ITT  has the responsibility to provide the
R ecom m endations which apply. W here these R ecom m endations have an im pact on the basic design and  features
o f d a ta  processing systems and office equipm ent [norm ally the D ata Term inal Equipm ent (DTE)], they shall be the 
subject o f  consultation between C C IT T  and ISO and in some cases a m utual agreem ent may be desirable. 
Likewise when the ISO is developing or changing standards that may affect com patibility with the public data 
netw ork there shall be consultation with the CCITT.

References

[1] C C IT T  D efinition: Alphabet (telegraph or data), Vol. X, Fascicle X .l, (Terms and Definitions).

[2] C C IT T  R ecom m endation International Alphabet No. 5, Vol. V III, Fascicle V III .1, Rec. V.3.

[3] Seven-bit coded character set fo r  information processing interchange, ISO S tandard  No. 646-1973.

[4] C C IT T  D efinition: Code (telegraph or data), Vol. X, Fascicle X .l, (Term s and Definitions).
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SEC TIO N  1

GENERAL

Recommendation V .l

EQUIVALENCE BETWEEN BINARY NOTATION SYM BOLS  
AND THE SIGNIFICANT CONDITIONS OF A TW O-CONDITION CODE

(New Delhi, I960; am ended at Geneva, 1964 and  1972)

Binary num bering expresses num bers by m eans of two digits norm ally  represented by the sym bols 0 and 1. 
T ransm ission channels are especially well suited to  the transm ission o f signals by a m odulation  having two 
significant conditions (tw o-condition m odulation). These two significant conditions are som etim es called “space” 
and  “m ark” or “sta rt” and “stop” , o r they m ay be called condition  A or condition  Z [1].

It is very useful to  m ake the two conditions of a tw o-condition  m odu la tion  correspond  to  the b inary  
digits 0 and  1. Such equivalence will facilitate the transm ission o f num bers resulting from  binary  calculation , the 
conversion o f codes for b inary num bers and o f codes for decim al num bers, m ain tenance operations and  relations 
between transm ission personnel and  the personnel in charge o f data-processing m achines.

At first sight, it does not seem to m atter whether the symbol 0 corresponds in transm ission to condition  A 
o r condition Z, the symbol 1 then corresponding to condition Z or condition  A or vice versa.

In telegraphy, however, when a te legraphic com m unication is set up  and  the sending o f signals is stopped  
(called the idle condition  o f the line), the signal sent over the line consists o f condition  Z th roughou t the 
suspension of transm ission.

It is logical (and for certain  VF telegraph systems also essential) to  use the sam e rule in da ta  transm ission. 
D uring the “idle periods” o f transm ission, condition  Z should be applied  to  the circuit input.

D ata transm ission on a circuit is often controlled by perforated  tape. On perfora ted  tapes used for 
telegraphy, condition Z is represented by perforation . W hen binary  num bers are represented  by m eans o f 
perforations, it is custom ary to represent the symbol 1 by a perforation . It is therefore logical to m ake this 
sym bol 1 correspond to condition  Z.

For these reasons, the C C IT T  

unanimously declares the following view:

1 In transm itting  data  by tw o-condition  code, in which the digits are form ed using b inary  no ta tion , the
symbol 1 o f the b inary  no ta tion  will be equivalent to condition Z o f the m odulation , and  the symbol 0 o f the 
b inary  no ta tion  will be equivalent to condition  A o f the m odulation.

2 D uring periods when there is no signal sent to the input o f the circuit, the circuit input cond ition  is 
condition Z.
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3 If  perforation  is used, one perforation  corresponds to  one unit interval under condition Z.

4 In accordance with R ecom m endation R.31, the sending o f symbol 1 (condition Z) corresponds to the tone
being sent on a channel using am plitude m odulation.

5 In accordance with R ecom m endation R.35, when frequency m odulation  is used, the sending o f symbol 0
corresponds to the higher frequency, while the sending o f sym bol 1 corresponds to the lower frequency.

6 a) For phase m odulation  with reference phase:

the symbol 1 corresponds to a phase equal to the reference phase;

the symbol 0 corresponds to a phase opposed to  the reference phase.

b) For differential tw o-phase m odulation  where the alternative phase changes are 0 degree or 
180 degrees:

the symbol 1 corresponds to a phase inversion from  the previous elem ent;

the symbol 0 corresponds to a no-phase inversion from  the previous element.

7 A sum m ary o f equivalence is shown in Table 1 /V .l.

TABLE 1/V.l 

Summary o f equivalence (see Note 1)

Digit 0

’’Start” signal in start-stop code 
Line available condition 

in telex switching 
’’Space” element of start-stop code 

Condition A

Digit 1

’’Stop” signal in start-stop code 
Line idle condition 

in telex switching (Note 2) 
’’Mark” element o f start-stop code 

Condition Z

Amplitude modulation Tone-off Tone-on

Frequency modulation High frequency Low frequency

Phase modulation with 
reference phase

Opposite phase to the reference phase Reference phase

Differential two-phase 
modulation where the 
alternative phase changes 
are 0 degree or 180 degrees

No phase inversion Inversion o f the phase

Perforations N o perforation Perforation

N ote 1 -  The standardization described in this Recommendation is general, whether over telegraph-type circuits or over circuits o f  
the telephone type, making use o f electromechanical or electronic devices.

N ote 2 -  It primarily applies to anisochronous use.

R eference

[1] G C IT T  D efinition: Position A ; position  Z, Vol. X, Fascicle X .l (Terms and Definitions). 
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Recommendation V.2 ])

POWER LEVELS FOR DATA TRANSM ISSION OVER TELEPHO NE LINES

(New Delhi, 1960; am ended at Geneva, 1964 and  1980)

The objectives in specifying data signal levels are as follows:

a) To ensure satisfactory transm ission and to perm it coord ination  with devices such as signalling 
receivers or echo suppressors, the data  signal levels on in ternational circuits should be contro lled  as 
closely as possible,

b) To ensure correct perform ance o f m ultichannel carrier systems from  the po in t o f view o f load ing  and 
noise, the m ean pow er o f data  circuits should not differ m uch from  the conventional value o f channel 
loading ( —15 dBmO for each d irection o f transm ission: see N ote below). This conventional value 
m akes allow ance for a reasonable p roportion  P (dependent on the transm ission systems and  probably  
less than  50%; the value will have to  be specified in subsequent studies) o f the channels in a 
m ultichannel system being used for nonspeech applications at fixed pow er levels at about —13 dBmO 
for each direction o f transm ission.

If  the proportion  o f nonspeech applications (including data) does no t exceed the above value P, the 
m ean pow er o f —13 dBmO for each direction o f transm ission w ould be allow able for data transm is
sion also.

However, assum ing that the p ropo rtion  o f nonspeech circuits is appreciably  higher than  P (due to  the 
developm ent o f data  transm ission) on in ternational carrier systems, a reduction o f this pow er by 2 dB 
m ight be reasonable (these values require further study).

Note — The d istribution  o f long-term  m ean pow er am ong the channels in a m ultichannel carrier 
telephone system (conventional m ean value o f —15 dBmO), p robab ly  has a standard  deviation in the 
neighbourhood o f 4 dB (see [2]).

c) It is p robable that A dm inistrations will wish to fix specific values for the signal pow er level o f data 
m odulators either at the subscriber’s line term inals or at the local exchanges. The relation  between 
these values and the pow er levels on in ternational circuits depends on the particu lar national 
transm ission p lan ; in any case, a wide range o f losses am ong the possible connections betw een the 
subscriber and the inpu t to in ternational circuits m ust be expected.

d) C onsiderations a) to c) suggest that specification o f the m axim um  data  signal level only is no t the
m ost useful form. One alternative proposal w ould be to specify the nom inal pow er at the inpu t to  the
in ternational circuit. The nom inal pow er w ould be the statistically estim ated m ean pow er ob ta ined
from  m easurem ent on m any d a ta  transm ission circuits.

For these reasons, the C C ITT

unanimously declares the following view:

1 Data transmission over leased telephone circuits (private wires) set up on carrier systems

1.1 The m axim um  power ou tpu t o f the subscriber’s equipm ent into the line shall no t exceed 1 m W  at any
frequency.

Recommendation V.2 corresponds to Recommendation H.51 [1],
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1.2 For systems transm itting  tones continuously , e.g., frequency-m odulation systems, the m axim um  pow er level 
a t the zero relative level point shall be —13 dBmO. W hen transm ission o f data  is discontinued for any appreciable 
tim e, the pow er level should preferably be reduced to  —20 dBmO or lower.

1.3 For systems no t transm itting  tones continuously, e.g., am plitude-m odulation  systems, the signal characteris
tics should m eet all o f the follow ing requirem ents:

i) The m axim um  value o f the 1-m inute m ean pow er shall not exceed —13 dBmO.

ii) Provisionally, the m axim um  value o f the instantaneous power shall not exceed a level corresponding 
to that o f a 0 dBmO sine wave signal. This lim it should be confirm ed or am ended after further study.

iii) Provisionally, the m axim um  signal pow er determ ined for a 10-Hz bandw idth  centred at any frequency 
shall not exceed —10 dBmO. This lim it should be confirm ed or am ended after further study.

Note 1 — It is estim ated that the p roportion  o f in ternational circuits which are carrying data  transm is
sions is approxim ately  20%. If  the p roportion  should reach a high level (approxim ately 50% or even less in the 
case o f  high-usage systems), the lim its now  proposed would need to be reconsidered.

N ote 2 — Supplem ent No. 16 [3] o f the Yellow Book, Volume III, gives inform ation on the out-of-band 
pow er o f signals applied  to leased telephone-type circuits.

2 Data transmission over the switched telephone system

2.1 The m axim um  pow er ou tpu t o f the subscriber’s equipm ent into the line shall not exceed 1 mW  at any
frequency.

2.2 For systems transm itting  tones continuously, such as frequency- or phase-m odulation  systems, the power
level o f the subscriber’s equipm ent should be fixed at the tim e o f installation to allow  for loss between his 
equipm ent and the po in t o f  entry to an in ternational circuit, so that the corresponding nom inal level o f  the signal 
at the in ternational circuit input shall not exceed —13 dBmO.

2.3 For systems no t transm itting  tones continously, e.g. am plitude-m odulation  systems, the signal characteris
tics should meet all o f the follow ing requirem ents (see also N ote 1 to § 1.3):

i) The m axim um  value o f the 1-m inute m ean pow er shall not exceed —13 dBmO.

ii) Provisionally, the m axim um  value o f the instantaneous pow er shall not exceed a level corresponding 
to that o f a 0 dBmO sine wave signal. This lim it should be confirm ed or am ended after further study.

iii) Provisionally, the m axim um  signal pow er determ ined for a 10 Hz bandw idth  centred at any frequency 
shall not exceed —10 dBmO. This lim it should be confirm ed or am ended after further study.

N ote 1 — In practice, it is no easy m atter to assess the loss between a subscriber’s equipm ent and the 
in te rnational circuit, so that § 2 o f the present R ecom m endation should be taken as providing general p lanning 
guidance.

Note 2 — In switched connections, the loss between subscribers’ telephones may be high: 30 to 40 dB. 
The level o f  the signals received will then be very low, and these signals m ay suffer d isturbance from  the dialling 
pulses sent over o ther circuits.

If  there is likely to be a heavy dem and for in ternational connections for data transm ission over the 
sw itched netw ork, some A dm inistrations m ight w ant to provide special 4-wire subscriber lines. If  so, the levels to 
be used m ight be those proposed for leased circuits.
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[3] Out-of-band characteristics o f  signals applied to leased telephone-type circuits, Vol. I l l ,  Fascicle 111.4,
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Recommendation V.3

INTERNATIONAL ALPHABET No. 5

(M ar del Plata, 1968; am ended at Geneva, 1972)

Introduction

A seven-unit a lphabet capable o f m eeting the requirem ents o f p rivate users on leased circuits and  o f  users 
o f  data transm ission by m eans o f connections set up by switching on the general te lephone netw ork or on 
telegraph netw orks has been established jo in tly  by the C C IT T  and the In ternational O rganization  for S tandard iza
tion  (ISO).

This alphabet — A lphabet No. 5 — is no t in tended to  replace A lphabet No. 2. It is a supplem entary  
alphabet for the use o f those who m ight no t be satisfied with the m ore lim ited possibilities o f A lphabet N o. 2. In 
such cases it is considered as the alphabet to  be used as com m on basic language for data  transm ission and  for 
elaborated  message systems.

A lphabet No. 5 does no t exclude the use o f any other alphabet th a t m ight be better adap ted  to  special
needs.

1 Scope and field of application

1.1 This R ecom m endation contains a set o f 128 characters (control characters and graphic characters such as 
letters, digits and symbols) w ith their coded representation . M ost o f these characters are m andato ry  and 
unchangeable, bu t provision is m ade for som e flexibility to  accom m odate special national and other requirem ents.

1.2 The need for graphics and contro ls in data  processing and in d a ta  transm ission has been taken into 
account in determ ining this character set.

1.3 This R ecom m endation consists o f  a general table with a num ber o f options, notes, a legend and  
explanatory  notes. It also contains a specific In ternational Reference V ersion, guidance on the exercise o f the 
options to define specific national versions and application  oriented  versions.

1.4 This character set is prim arily  in tended for the interchange o f in fo rm ation  w ithin message transm ission
systems and  between data  processing systems and associated equipm ent.

1.5 This character set is applicable to all Latin alphabets.

1.6 The character set includes facilities for extension where its 128 characters are insufficient for particu la r 
applications.

1.7 The definition o f some control characters in this R ecom m endation assum es tha t data  associated with them
is to  be processed serially in a forw ard direction. Their effect when included in strings o f data which are processed 
other than  serially in a forw ard d irection or included in data  form atted for fixed record processing m ay have
undesirable effects or m ay require additional special treatm ent to ensure th a t the contro l characters have their
desired effect.

2 Implementation

o
2.1 This set should be regarded as a basic alphabet in an abstract sense. Its practical use requires defin itions o f 
its im plem entation  in various media. For exam ple, this could include punched  tapes, punched cards, m agnetic 
tapes and  transm ission channels, thus perm itting  in terchange o f data to  take p lace either indirectly by m eans o f  an 
interm ediate recording in a physical m edium , or by local electrical connection  o f various units (such as inpu t and 
ou tpu t devices and com puters) or by m eans o f data  transm ission equipm ent.

2.2 The im plem entation o f  this coded character set in physical m edia an d  for transm ission, taking also into 
account the need for error checking, is the subject o f ISO publications.
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Basic code table

TABLE 1/V.3 

Basic code

l a 0 0 0 0 1 1 1 1
a
a

0 0 1 1 0 0 1 1
0 1 0 1 0 1 0 1

@101 S3 E l ■
0 1 2 3 4 5 6 7

0 0 0 0 0 NUL TC,
(DLE)

SP 7 q> P
\

© P

0 0 0 1 1 TC,
(SOH) DC, I 1 T Q a q

0 0 1 0 2 TC,( S T X ) DC,
II

© 2 B R r

0 0 1 1 3 TC,(ETX) DC, m © 3 T S c s

0 1 0 0 4 TC.(EOT) DC. $ ( n )
<§>

4 D T d t

0. .1 0 1 5 TC,CENQ) TCs(NAK ) % 5 E U e u

0 1 1 0 6 TC.
(ACK)

TC.
(SYN) & T T T T V

0 1 1 1 7 BEL T C,o
(ETB)

i
©

~ T T T g w

1 0 0 0 8 FEo
CBS)

CAN ( 8 H ~ h X

1 0 0 1 9 FE,
(HT)

EM ) T I Y i y

1 0 1 0 1 0 FE^(LF)O SUB * ■ T ~ r j z

1 0 1 1 1 1 FE,(V T )©
ESC + ■ ~ k ®

1 1 0 0 1 2 FE.(F F )© IS. T " © T ®

1 1 0 1 1 3 FE»(C R )©
IS,

^GS^
-  . — I T m ®

1 1 1 0 1 4 SO IS,
(RS)

■ "iT A
©© n (©©

1 1 1 1 1 5 S I IS,
(US) T 9

• T 0 DEL

CCITT - 4 3 3 3 0
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Notes about Table 1/V.3:

Note 1 -  The Format Effectors are intended for equipment in which horizontal and vertical movements are effected separately. If equip
ment requires the action o f c a r r i a g e  r e t u r n  to be combined with a vertical movement, the Format Effector for that vertical movement 
may be used to effect the combined movement. For example, if  n e w  l i n e  (symbol NL, equivalent to CR + LF) is required, FE2 shall be 
used to represent it. This substitution requires agreement between the sender and the recipient o f the data.
The use o f these combined functions may be restricted for international transmission on general switched telecommunication networks 
(telegraph and telephone networks).
Note 2 -  The symbol £ is assigned to position 2/3 and the symbol $ is assigned to position 2/4. In a situation where there is no requirement 
for the symbol £  the symbol #  (number sign) may be used in position 2/3. Where there is no requirement for the symbol $ the symbol XX 
(currency sign) may be used in position 2/4. The chosen allocations for symbols to these positions for international information interchange 
should be agreed between the interested parties. It should be noted that, unless otherwise agreed between sender and recipient, the symbols 
£, $ or n  do not designate the currency of a specific country.
Note 3 -  National use positions. The allocation o f characters to these positions lies within the responsibility o f national standardization 
bodies. These positions are primarily intended for alphabet extensions. If they are not required for that purpose, they may be used for sym
bols.
Note 4 -  Positions 5/14, 6/0 and 7/14 are provided for the symbols u p w a r d  a r r o w  h e a d , g r a v e  a c c e n t  and o v e r l i n e . However, these 
positions may be used for other graphical characters when it is necessary to have 8, 9 or 10 positions for national use.

N ote  5 -  Position 7/14 is used for the graphic character _ (o v e r l i n e ), the graphical representation o f which may vary according to national 
use to represent '  ( t i l d e ) or another diacritical sign provided that there is no risk of confusion with another graphic character included in 
the table.
N ote 6 -  The graphic characters in positions 2/2, 2/7, 2/12 and 5/14 have respectively the significance o f q u o t a t i o n  m a r k , a p o s t r o p h e , 

c o m m a  and u p w a r d  a r r o w  h e a d ; however, these characters take on the significance o f the diacritical signs d i a e r e s i s , a c u t e  a c c e n t , 

c e d i l l a  and c i r c u m f l e x  a c c e n t  when they are preceded or followed by the b a c k s p a c e  character (0/8).

4 Legend

4.1 Control characters

Abbreviation Note of 
Table 1/V.3 Meaning

Position in the 
code table

ACK Acknowledge 0/6
BEL Bell 0/7
BS Backspace 0/8
CAN Cancel 1/8
CR 1 Carriage return 0/13
DC Device control —
DEL Delete 7/15
DLE Data link escape I/O
EM End of medium 1/9
ENQ Enquiry 0/5
EOT End of transmission 0/4
ESC Escape 1/11
ETB End of transmission block 1/7
ETX End of text 0/3
FE Format effector -

FF 1 Form feed 0/12
FS File separator 1/12
GS Group separator 1/13
HT Horizontal tabulation 0/9
IS Information separator -  •
LF 1 Line feed 0/10
NAK Negative acknowledge 1/5
NUL Null 0/0
RS Record separator 1/14
SI Shift-in 0/15
SO Shift-out 0/14
SOH Start o f heading 0/1
SP Space (see § 7.2) 2/0
STX Start o f text 0/2
SUB Substitute character 1/10
SYN Synchronous idle 1/6
TC Transmission control -

US Unit separator 1/15
VT 1 Vertical tabulation 0/11
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4.2 Graphic characters

Graphic
Notes o f  

Table 1/V.3 Name
Position in the 

code table

(space) Space (sec § 7.2) 2/0
! Exclamation mark 2/1

6 Quotation mark, Diaeresis 2/2
£ 2 Pound sign 2/3
# 2 Number sign 2/3
$ 2 Dollar sign 2/4
n 2 Currency sign 2/4
% Percent sign 2/5
& Ampersand 2/6
’ 6 Apostrophe, Acute accent 2/7
( Left parenthesis 2/8
) Right parenthesis 2/9
* Asterisk 2/10
+ Plus sign 2/11

6 Comma, Cedilla 2/12
- Hyphen, Minus sign 2/13

Full stop (period) 2/14
/ Solidus 2/15

Colon 3/10
; Semi-colon 3/11

< Less-than sign 3/12
= Equal sign 3/13
> Greater-than sign 3/14
? Question mark 3/15

4 ,6 Upward arrow head, Circumflex accent 5/14
Underline 5/15

4 Grave accent 6/0
4, 5 Overline, Tilde 7/14

5 Explanatory notes

5.1 Numbering o f  the positions in Table 1 /V .3

W ithin any one character the bits are identified by b 7, b6 . . .  b l5 where b7 is the highest order, or most 
significant bit, and b, is the lowest order, or least significant bit. If desired these may be given a num erical 
significance in the b inary  system, thus:

Bit identification: b 7 b6 b5 b4 b3 b2 b,

S ignificance: 64 32 16 8 4 2 1

In the table the colum ns and rows are identified by num bers written in b inary and decimal notations.

A ny one position in the table may be identified either by its bit pattern , o r by its colum n and  row 
num bers. F or instance, the position contain ing the digit 1 may be identified:

— by its bit pattern in order o f decreasing significance, e.g. Oil 0001

— by its colum n and row num bers, e.g. 3/1.

The colum n num ber is derived from  bits b 7, b6 and b 5 giving them weights o f 4, 2 and 1 respectively. The 
row  num ber is derived from  bits b4, b3, b 2 and b, giving them  weights o f 8, 4, 2 and 1 respectively.

Order o f  transmitting bits is not necessarily the same as shown here. For the order o f the transmission of bits, see I in 
Recommendation V.4 or X.4 [1],

12 Fascicle VIII.1 — Rec. V.3



5.2 Diacritical signs

In the character set, som e prin ting  symbols may be designed to perm it their use for the com position  of 
accented letters when necessary for general interchange o f inform ation. A sequence o f three characters, com prising  
a letter, BA C K SPA C E and one o f these sym bols, is needed for this com position , and the sym bol is then regarded 
as a d iacritical sign. It should be noted tha t these symbols take on their d iacritical significance when they are 
preceded or follow ed by one BA CKSPA CE character; for exam ple, the symbol corresponding  to the code 
com bination  2 /7  norm ally has the significance o f A PO STR O PH E, bu t becom es the d iacritical sign A C U TE 
A C C E N T  when it precedes or follows a B A C KSPA C E character.

In order to increase efficiency, it is possible to introduce accented letters (as single characters) in the 
positions m arked by N ote 3 in Table 1/V.3. A ccording to national requirem ents, these positions m ay contain  
special diacritical signs.

5.3 Names, meanings and fo n ts  o f  graphic characters

This R ecom m endation assigns at least one nam e to denote each o f  the graphic characters d isplayed in 
Tables 1/V.3 and 2/V.3. The nam es chosen to denote graphic characters are in tended to  reflect their custom ary 
m eanings. However, this R ecom m endation does no t define and  does no t restrict the m eanings o f  graphic 
characters. N or does it specify a particu lar style or font design for the g raphic characters.

U nder the provision o f  N ote 3 o f Table 1/V.3, graphic characters w hich are d ifferent from  the characters 
o f  the in ternational reference version m ay be assigned to the national use positions. W hen such assignm ents are 
m ade, the graphic characters should have distinct form s and be given distinctive nam es which are not in conflict 
w ith any o f the form s or the nam es o f any o f the graphic characters in the in te rnational reference version.

5.4 Uniqueness o f  character allocation

A character allocated to a position in Table 1/V.3 may not be placed elsewhere in the table. For exam ple, 
in the case o f position 2 /3  the character no t used cannot be placed elsewhere. In particu lar the P O U N D  sign (£ )  
can never be represented by the bit com bination  o f position 2 /4 .

6 Versions of Table 1/V.3

6.1 General

6.1.1 In order to use Table 1/V.3 for in form ation  interchange, it is necessary to exercise the op tions left open, 
i.e. those affected by Notes 2 to  5. A single character m ust be allocated to  each o f the positions for which this
freedom  exists or it m ust be declared to be unused. A code table com pleted in this way is called a version.

6.1.2 The N otes to Table 1/V.3, the E xplanatory  Notes and the Legend app ly  in full to any version.

6.2 International reference version

This version is available for use when there is no requirem ent to use a national or an app lica tion-o rien ted  
version. In in ternational inform ation processing interchange the in te rnational reference version (Table 2/V .3) is 
assum ed unless a particu lar agreem ent exists between sender and  recipient o f  the data.
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TABLE 2/V.3 

International reference version

la o _ 0 0 0 1 1 1 1
sa
a

0 0 1 1 0 0 1 1
0 1 0 1 0 1 0 1

[5H 0  S3131

— i

■
0 1 2 3 4 5 6 7

0 0 0 0 0 NUL TC;
(OLE)

SP 7 a p
\

P

0 0 0 1 1 TC.
(SOH)

DC, 1• 1 A Q a q
0 0 1 0 2 t c .(STX) DC.

II 2 B R b r

0 0 1 1 3 TC3
(ETX)

dc3 # 3 T S c s

0 1 0 0 4 TC4
(EOT)

DC4 □ 4 D T d t

0 1 0 1 5 TC5
( E N Q )

TCs
( N A K  )

% 5 E U e u

0 1 1 0 6 TC6
( A C K )

TCo
. ( S Y N )

& 6 T V f V

0 1 1 1 7 B E L T C,o
( E T B )

1 T T w g w

1 0 0 0 8 F Eo
( B S )

C A N ( 8 H X h X

1 0 0 1 9 FE,
( H T )

EM ) 9 T Y i y

1 0 1 0 10 f e .
( L F )

SUB * : T T j z

1 0 1 1 11 FE3
( V T )

E S C + r T T k T

1 1 0 0 12 FE4
( F F )

I S 4 f T T T T i

1 1 0 1 13 F Es
( C R )

I S 3
( G S )

- — M T m T

1 1 1 0 1 4 SO I S .
( R S )

■ N A n
—

1 1 1 1 15 SI I S ,
( U S )

T 9
■ T - 0 DEL

CCITT-11540
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The follow ing characters are allocated to the optional positions of Table 1/V.3:

# Number sign 2/3
n Currency sign 2/4

a Commercial at 4 /0
[ Left square bracket 5/11

\ Reverse solidus 5/12
] Right square bracket 5/13

{ Left curly bracket 7/11

1 Vertical line 7/12

> Right curly bracket 7/13

CCITT -43340

It should be noted that no substitution is allowed when using the in ternational reference version.

6.3 National versions

6.3.1 The responsibility for defining national versions lies with the national standard ization  bodies. These bodies 
shall exercise the options available and m ake the required selection.

6.3.2 If  so required, m ore than one national version can be defined w ithin a country. The d ifferent versions
shall be separately identified. In particular when for a given national use position, e.g. 5 /12 or 6 /0 , a lternative 
characters are required, two different versions shall be identified, even if they differ only by this single character.

6.3.3 If there is in a country no special dem and for specific characters, it is strongly recom m ended tha t the
characters o f the in ternational reference version be allocated to the same national use positions.

6.4 Application-oriented versions

W ithin national or in ternational industries, organizations or professional groups, app lication -o rien ted
versions can be used. They require precise agreem ent am ong the parties concerned, who will have to exercise the
options available and to make the required selection.

7 Functional characteristics related to control characters

Some definitions given below are stated in general term s and m ore explicit definitions o f  use m ay be
needed for specific im plem entation o f the-code table on recording m edia or on transm ission channels. These m ore
explicit definitions and the use o f these characters are the subject of ISO publications.

7.1 General designations and  control characters

The general designation of control characters involves a specific class nam e followed by a subscript 
num ber.

They are defined as follow's:

TC — Transmission control characters

C ontrol characters intended to control or facilitate transm ission o f in form ation over te lecom m unica
tion networks.

The use o f the TC characters on the general te lecom m unication networks is the subject o f ISO 
publications.

The transm ission control characters are:

A CK , DLE, ENQ, EOT, ETB, ETX, N A K , SOH, STX and  SYN.
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FE — Format effectors

C ontrol characters m ainly in tended for the control o f the layout and positioning o f in form ation on 
prin ting  a n d /o r  display devices. In the defin itions o f specific form at effectors, any reference to 
prin ting  devices should be in terpreted  as including display devices. The definitions o f form at effectors 
use the follow ing concept:

a) a page is com posed o f a num ber of lines o f characters;

b) the characters form ing a line occupy a num ber o f positions called character positions;

c) the active position is that character position in which the character about to be processed would
appear if it were to be printed. The active position norm ally advances one character position at a
time.

The form at effector characters are:

BS, CR , FF, HT, LF and VT (see also N ote 1 to Table 1/V.3).

D C — Device control characters

C ontrol characters for the control o f a local or rem ote ancillary device (or devices) connected to a 
da ta  processing a n d /o r  telecom m unication system. These control characters are not intended to 
control telecom m unication systems; this should be achieved by the use o f TCs.

C ertain preferred uses o f the individual DCs are given in § 7.2 below.

IS — Inform ation separators

C ontrol characters tha t are used to separate and qualify data logically. There are four such characters. 
They m ay be used either in hierarchical order o r non-hierarchically ; in the latter case their specific 
m eanings depend on their applications.

W hen they are used hierarchically , the ascending order is:

US, RS, GS, FS.

In this case data  norm ally delim ited by a particu lar separato r cannot be split by a higher order 
separato r but will be considered as delim ited by any higher order separator.

7.2 Specific control characters

Individual m em bers o f  the classes o f controls are som etim es referred to by their abbreviated class nam e 
and  a subscript num ber (e.g. T C 5) and som etim es by a specific nam e indicative o f their use (e.g. ENQ).

D ifferent but related m eanings may be associated with some o f the control characters but in an 
interchange o f data this norm ally requires agreem ent between the sender and  the recipient.

A C K  — Acknowledge

A transm ission control character transm itted by a receiver as an affirm ative response to the sender.

BEL -  Bell

A control character tha t is used when there is a need to  call for atten tion ; it may control alarm  or 
attention devices.

BS — Backspace

A form at effector which moves the active position one character position backw ards on the sam e line.
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CAN - Cancel

A character, or the first character o f a sequence, indicating th a t the da ta  preceding it is in error. As a 
result this data  is to  be ignored. The specific m eaning o f this character m ust be defined for each 
application  a n d /o r  between sender and  recipient.

C R  — Carriage return

A form at effector which moves the active position to the first character position on the sam e line.

Device controls

DC1 — A device control character which is prim arily  intended for tu rn ing  on or starting  an ancillary device.
If  it is no t required for this purpose, it may be used to restore a device to the basic m ode o f opera tion
(see also DC2 and  DC3), or for any o ther device control function  no t provided by o ther DCs.

D C2 — A device control character which is prim arily  intended for tu rn ing  on or starting  an ancillary device.
If  it is not required for this purpose, it may be used to set a device to a special m ode o f opera tion  (in 
which case DC1 is used to restore the device to the basic m ode), o r for any other device control 
function not provided by other DCs.

DC3 — A device control character which is prim arily  intended for tu rn ing  o ff or stopping an ancillary device.
This function m ay be a secondary level stop, e.g. wait, pause, stand-by or halt (in which case DC1 is 
used to restore norm al operation). If  it is not required for this purpose, it may be used for any other 
device control function  not provided by other DCs.

D C4 — A device control character which is prim arily  intended for tu rn ing  off, stopping or in terrup ting  an
ancillary device. If  it is not required for this purpose, it m ay be used for any o ther device control 
function not provided by other DCs.

Examples o f  use o f  the device controls:

1) O ne switching

on -  DC2 off -  DC4

2) Two independent switchings

First one on — DC2 off — D C4
Second one on — DC1 off — DC3

3) Two dependent switchings

G eneral on — DC2 off — DC4
P articular on — DC1 off — DC3

4) Inpu t and ou tput switching

O utput on — DC2 off — DC4
Inpu t on — DC1 off — DC3

D EL — Delete

A character used prim arily  to erase or obliterate an erroneous or unw anted  character in punched  tape. 
D EL characters may also serve to accom plish media-fill o r tim e-fill. They may be inserted in to  or 
rem oved from  a stream  of data  w ithout affecting the in form ation conten t o f that stream , but then the 
addition or rem oval o f these characters may affect the in fo rm ation  layout a n d /o r  the contro l o f 
equipm ent.
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DLE — Data link escape

A transm ission control character which will change the m eaning o f a lim ited num ber o f contiguously 
following characters. It is used exclusively to provide supplem entary data  transm ission control 
functions. Only graphic characters and  transm ission control characters can be used in D LE sequences.

EM  — End o f  medium

A control character tha t may be used to identify the physical end of a m edium , or the end o f the used 
portion o f a m edium , or the end o f the w anted portion  o f data recorded on a medium . The position 
o f this character does not necessarily correspond to the physical end o f the m edium.

E N Q  — Enquiry

A transm ission contro l character used as a request for a response from  a rem ote station — the 
response may include station identification a n d /o r  station status. When a “W ho are you?” function is 
required on the general switched transm ission netw ork, the first use o f EN Q  after the connection is 
established shall have the m eaning “W ho are you?” (station identification). Subsequent use o f ENQ 
may, or may not, include the function  “W ho are you?”, as determ ined by agreement.

EO T — End o f  transmission

A transm ission control character used to  indicate the conclusion o f the transm ission o f one or m ore 
texts.

ESC — Escape

A control character which is used to provide an additional control function. It alters the m eaning o f a 
lim ited num ber o f  contiguously follow ing bit com binations which constitute the escape sequence.

Escape sequences are used to obtain  additional control functions which may provide am ong other 
things graphic sets outside the standard  set. Such control functions m ust not be used as additional 
transm ission controls.

The use o f the character ESC and  o f the escape sequences in conjunction with code extension 
techniques is the subject o f an ISO Standard.

ETB — End o f  transmission block

A transm ission control character used to indicate the end o f a transm ission block o f data where data 
is divided into such blocks for transm ission purposes.

ETX — End o f  text

A transm ission contro l character which term inates a text.

F F  — Form fe e d

A form at effector which advances the active position  to the sam e character position on a p redeter
m ined line o f the next form  or page.

H T — Horizontal tabulation

A form at effector which advances the active position to the next predeterm ined character position on 
the same line.
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Information separators

IS, (US) — A control character used to separate and  qualify data logically; its specific m eaning has to be defined
for each application . If this character is used in hierarchical order as specified in the general
definition o f IS, it delim its a data item called a UN IT.

152 (RS) — A control character used to separate and  qualify data logically; its specific m eaning has to be defined
for each application. If this character is used in hierarchical o rder as specified in the general
definition o f IS, it delim its a data item called a R EC O R D .

153 (GS) — A control character used to separate and qualify data logically; its specific m eaning has to be defined
for each application. If this character is used in hierarchical order as specified in the general
definition o f IS, it delim its a data  item called a GRO U P.

154 (FS) — A control character used to separate and qualify data  logically; its specific m eaning has to be defined
for each application. If this character is used in hierarchical order as specified in the general
definition o f IS, it delim its a data  item called a FILE.

LF — Line fe e d

A form at effector which advances the active position  to the sam e character position  o f the next line.

NA K  — Negative acknowledge

A transm ission control character transm itted  by a receiver as a negative response to the sender.

N U L  -  Null

A control character used to accom plish media-fill or time-fill. N U L  characters may be inserted in to  or 
rem oved from  a stream  of data w ithout affecting the in form ation content o f  that stream , bu t then the 
addition  or rem oval o f these characters may affect the in fo rm ation  layout a n d /o r  the contro l o f 
equipm ent.

SI — Shift-in

A control character which is used in conjunction  with S H IFT -O U T  and  ESC A PE to extend the 
graphic character set o f the code. It may reinstate the standard  m eanings o f the bit com binations 
which follow it. The effect o f this character when using code extension techniques is described in an 
ISO Standard.

SO — Shift-out

A control character which is used in conjunction  with SH IFT -IN  and  ESC A PE to extend the graphic 
character set o f the code. It may alter the m eaning o f the bit com binations o f colum ns 2 to  7 which 
follow it until a S H IFT -IN  character is reached. However, the characters SPA CE (2 /0) and D E LE T E  
(7/15) are unaffected by SH IFT-O U T. The effect of this character when using code extension 
techniques is described in an ISO Standard.

SOH -  Start o f  heading

A transm ission control character used as the first character o f a heading o f an in form ation  message.
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SP — Space

A character which advances the active position one character position on the same line. This character 
is also regarded as a non-prin ting  graphic.

STX — Start o f  text

A transm ission control character which precedes a text and which is used to term inate a heading.

SUB — Substitute character

A control character used in the place o f a character that has been found to be invalid or in error. 
SUB is intended to be introduced by autom atic means.

SYN  — Synchronous idle

A transm ission control character used by a synchronous transm ission system in the absence o f any 
other character (idle condition) to provide a signal from  which synchronism  may be achieved or 
retained between data  term inal equipm ent.

VT — Vertical tabulation

A form at effector which advances the active position to the same character position on the next 
predeterm ined line.

Reference

[1] C C IT T  R ecom m endation General structure o f  signals o f  International Alphabet No. 5 code fo r  data
transmission over public data networks, Vol. V III, Fascicle V III.2, Rec. X.4.

Recommendation V.4

GENERAL STRUCTURE OF SIGNALS OF INTERNATIONAL ALPHABET No. 5 CODE  
FOR DATA TRANSM ISSION OVER PUBLIC TELEPHONE NETWORKS

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

The C C ITT,

I. considering, firstly,

the agreem ent between the In ternational O rganization for S tandardization  (ISO) and the C C IT T  on the
m ain  characteristics o f a seven-unit alphabet (In ternational A lphabet No. 5) to be used for data transm ission and 
fo r telecom m unications requirem ents that canno t be met by the existing five-unit In ternational A lphabet No. 2;

the interest, bo th  to the users and to  the telecom m unication services, of an agreem ent concerning the 
chronological o rder o f transm ission o f bits in serial w orking;

declares the view

that the agreed rank num ber o f the unit in the alphabetical table o f com binations should correspond  to the 
chronological order o f transm ission in serial w orking on telecom m unication circuits;

See Recommendation X.4 [1] for data transmission over public data networks.
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that, when this rank in the com bination  represents the order o f the bit in b inary  num bering, the bits 
should be transm itted  in serial w orking with the low order bit first;

tha t the num erical m eaning corresponding to each inform ation un it considered in isolation is th a t o f the
digit:

0 fo r a unit corresponding to condition  A (travail =  space), and

1 for a unit corresponding to condition  Z (repos =  m ark),

in accordance with the definitions o f these conditions for a tw o-condition transm ission  system ;

II. considering, moreover,

tha t it is often desirable, in data  transm ission, to add an extra “p arity ” un it to allow  for the detection o f 
errors in received signals;

the possibility offered by this addition  for the detection o f faults in d a ta  term inal equipm ent;

the need to reserve the possibility o f m aking this addition  during the transm ission itself, after the seven 
inform ation  units p roper have been sent;

declares the view

tha t signals o f the In ternational A lphabet No. 5 code for data transm ission  should, in general, include an 
additional “parity” un it;

tha t the rank o f this un it and, hence, the chronological order o f the transm ission  in serial w orking should 
be the eighth o f the com bination thus com pleted;

III. considering

that, in start-stop systems working with electrom echanical equipm ent, the m argin o f such equipm ent and 
the reliability o f the connection are considerably increased by the use o f a stop elem ent corresponding  to  the 
duration  o f two unit intervals o f the m odulation ;

that for transm issions over telephone circuits via m odem s installed on the user’s prem ises, the la tter m ust 
be able to use the connections at the highest possible practical rate in characters per second, and  tha t in such a 
case a single-unit stop elem ent leads to a gain o f abou t 10% as regards this practical rate;

tha t, however, it does not appear tha t the production  o f electronic devices capable o f w orking at will w ith 
start-stop signals having a stop elem ent equal to one or two unit intervals should  lead to  costly com plications and 
tha t such an arrangem ent can have the advantage o f appreciably  lim iting the erro r rate w ithout greatly reducing 
the practical efficiency o f the connection;

declares the view

tha t in start-stop systems using com binations o f the seven-unit alphabet norm ally  follow ed by a parity  
unit, the first inform ation unit o f the transm itted  com bination  should be preceded by a start elem ent corres
ponding to condition A (space);

tha t the duration  o f this start elem ent should be a one-unit in terval for the m odulation  rate  under 
consideration , at transm itter ou tpu t;

tha t the com bination o f seven in form ation  units, norm ally com pleted by its parity  unit, should be follow ed 
by a stop elem ent corresponding to condition  Z  (m ark);

tha t for start-stop systems using the seven-unit code on switched te lephone netw orks, a tw o-unit stop 
elem ent should be used with electrom echanical data term inal equipm ents operating  at m odulation  rates up  to  and 
including 200 bauds. In other cases, the use o f a one-unit stop elem ent is preferable. However, this is subject to a 
m utual agreem ent between A dm inistrations concerned;

tha t sim ilar situations when a one-unit stop elem ent can be used m ay apply  to leased circuits;

tha t the start-stop receivers should be capable o f correctly receiving start-stop  signals com prising  a 
single-unit stop elem ent, whose duration  will be reduced by a tim e interval equal to the deviation  corresponding  
to  the degree o f gross start-stop distortion perm itted at receiver input. However, for electrom echanical equ ipm ent
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which m ust use a tw o-unit stop elem ent (eleven-unit code signal) with a m odulation rate o f 200 bauds or less, 
receivers should be capable o f correctly receiving signals with a stop elem ent reduced to one un it;

IV. considering, finally,

that the direction o f the parity un it can only be tha t o f the even parity  on the perforated  tapes, particularly  
ow ing to the possibility o f deletion (com bination  7 /15 o f the alphabet) which causes a hole to appear in all tracks;

that, on the o ther hand , the odd parity  is considered essential in the equipm ent which depends on 
transitions in the signals to m aintain  synchronism  [in cases where com bination  1/6 (SY N C) o f the alphabet does 
no t perm it o f an econom ical solution];

declares the view

tha t the parity unit o f the signal should correspond to the even parity  in links or connections operated  on 
the princip le o f the start-stop system;

tha t this parity  should be odd on links or connections using end-to-end synchronous opera tion ;

tha t arrangem ents should be m ade when necessary to reverse the d irection o f the parity  unit at the input 
and  ou tpu t of the synchronous equipm ent connected either to apparatus w orking on the start-stop principle or 
receiving characters on perforated  tape;

tha t the detection o f a character out-of-parity  may be represented by:

a) reverse question m ark ($*) graphic character o r a representation  o f the capital letters SB (see 
ISO 2047 [2]) provided that these letters occupy a single character position on the screen or printer, 
and could have been entered by a single key stroke, recognizing it may be d ifficult to achieve a legible 
“ SB” character from  some m atrix  prin ters or displays where the characters are p rin ted ; or

b) a recording o f the 1/10 (SUB) character on the tape or other storage m edium , where provided

and  that, where a SUB character occurs in a received transm ission, o r is presented to a D TE via a storage 
m edium , e.g. paper tape, then the reaction should be as in a) and  b) above.

References

[1] C C IT T  R ecom m endation General structure o f  signals o f  International A lphabet No. 5 code fo r  data  
transmission over public data networks, Vol. V III, Fascicle V III.2, Rec. X.4.

[2] Information processing — Graphical representations fo r  the control characters o f  the 7-bit coded character set, 
ISO S tandard  2047, 1975.

Recommendation V.5

STANDARDIZATION OF DATA SIGNALLING RATES FOR 
SYNCH RO NO US DATA TRANSM ISSION IN THE GENERAL SW ITCHED TELEPHONE NETWORK

(former Recom mendation V.22, Geneva, 1964; 
am ended at M ar del Plata, 1968, a t Geneva, 1972 and 1976)

1 D ata transm ission by in ternational com m unications carried on the general switched telephone netw ork 
using a synchronous transm ission procedure will be done with a specific m ode o f m odulation , two- or 
m ulti-condition , and serial transm ission (see N ote 1). For synchronous data transm ission on leased telephone-type 
circuits see R ecom m endation V.6.

2 The data signalling rates for synchronous transm ission in the general switched telephone netw ork will be:

600, 1200, 2400 or 4800 b its /s  (see N ote 2).

The users will choose am ong these rates, in accordance with their needs and the facilities afforded by the 
connection.
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3 D ata signalling rates should in no case deviate from  the nom inal value by m ore than  ±  0.01%.

Note 1 — The application  o f parallel data  transm ission is a subject o f o ther R ecom m endations.

Note 2 — M odem s for use in the general switched telephone netw ork at these da ta  signalling rates; see 
R ecom m endations V.22, V.23, V.26 bis and  V.27 ter respectively.

Note 3 — For data  transm ission at 300 b it/s , see R ecom m endation V.21.

Recommendation V.6

STANDARDIZATION OF DATA SIGNALLING RATES FOR 
SY NCH RO NO US DATA TRANSM ISSION ON LEASED TELEPHONE-TYPE CIRCUITS

(former Recom mendation V.22 bis, Geneva, 1972; am ended a t Geneva, 1976)

1 D ata transm ission by in ternational com m unications carried on leased telephone-type circuits (either norm al 
quality or special quality  circuits) using a synchronous transm ission procedure will be done with a specific m ode 
o f  m odulation , two- or m ulti-condition, and  serial transm ission (see N ote 1). For synchronous d a ta  transm ission 
in the general switched telephone netw ork see R ecom m endation V.5.

2 It is recom m ended that for synchronous transm ission the data signalling rates should be divided in to  two 
distinct classes to be know n as “p referred” and “supplem entary” . The un ion  o f these classes is defined to  be the 
“perm itted” da ta  signalling rates.

a) Preferred range o f  data signalling rates (bits per second)

600 (see N ote 2)
1200 (see N ote 2)
2400 (see N ote 2)
3600

b) Supplementary range o f  data signalling rates (bits per second)

1800 6600
3000 7800
4200 8400
5400 9000
6000 10 200

10 800

c) Permitted range o f  data signalling rates (bits per second)

The range is defined as 600 tim es “ N ” bits per second where 1 <  N  <  18 iV: a positive integer.

This algorithm , with the addition  o f 2000 bits per second (see N ote 3), yields the to ta l range o f data
signalling rates which is the un ion o f the preferred and supplem entary da ta  signalling rates.

In determ ining the perm itted range, the C C IT T  has in m ind the need to restrict the num ber o f  data 
signalling rates (and hence m odem  design required), yet at the same tim e to  allow  the best use to be m ade o f 
technical progress in both m odem  developm ent and  im provem ent in the te lephone plant. It is considered that a 
geom etric progression in standard  rates provides the m ost satisfactory basis o f  developm ent.

3 D ata signalling rates should in no case deviate from  the nom inal value by m ore than  ±  0.01%.

Note 1 — The application  o f parallel data  transm ission is a subject o f o ther R ecom m endations.

Note 2 — M odem s for use on leased telephone-type circuits at these data signalling rates; see R ecom m en
dations V.22, V.23, V.26, V.27, V.27 bis and V.29, respectively.

Note 3 — It is recognized that there is substantial usage o f a 2000 b it/s  data  signalling rate in some
countries and  that this usage will continue.

4800 (see N ote 2) 
7200
9600 (see N ote 2)
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Recommendation V.7

DEFINITIONS OF TERM S CONCERNING DATA COM M UNICATION  
OVER THE TELEPHONE NETWORK

(Geneva, 1980)

Note — This R ecom m endation contains only new and am ended definitions o f term s concerning data 
com m unication  over the telephone netw ork which were elaborated  by Study G roup  XVII during the Study Period 
1977-1980 and  approved  by the V llth  P lenary Assembly o f the CCITT.

It should be noted tha t there exist a large num ber o f relevant defin itions in force which have been 
published in the List o f  definitions o f  essential telecommunication terms, Part I (including its two Supplem ents), 
Green Book, Volum e V III and Orange Book, Volume V III.2.

1 effective data transfer rate

F: Debit e ffec tif du transfert des donnees 

S :  Velocidad real de transferencia de datos

The average num ber o f bits, characters, or blocks per un it tim e transferred  from  a data source to a data 
sink and  accepted as valid. It is expressed in bits, characters, o r blocks per second, m inute, or hour.

2 error control

F: Contrdle des erreurs 

S :  Control de errores

T hat part o f a protocol contro lling  the detection and  possibly the correction o f transm ission errors.

3 data concentrator

F: Concentrateur de donnees

S : Concentrador de datos

E quipm ent tha t perm its a com m on transm ission m edium  to serve m ore data sources than  there are data 
channels currently  available w ithin the transm ission medium .

4 simple multipoint circuit

F: Circuit multipoint simple 

S :  Circuito multipunto simple

A m ultipo in t circuit that does not contain  m ore than  two D CEs in series and  tha t provides for centralized 
m ultipo in t operation.

5 inband signalling

F: Signalisation dans la bande 

S :  Sefializacidn dentro de banda

The exchange o f control signals between in terconnected D CEs using the D C E  line signal band  with which
da ta  in the forw ard channel are transm itted. The transm ission o f D TE data, if  any, is disrupted.
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6 out-of-band signalling

F: Signalisation hors bande 

S : Sehalizacion fuera  de banda

The exchange o f contro l signals between in terconnected DCEs using signals other than  those for the 
transm ission o f data  in the forw ard channel. The transm ission o f DTE d ata  is not d isrupted.

7 coded inband signalling

F: Signalisation dans la bande avec codage 

S :  Senalizacion codificada dentro de banda

Inband  signalling by which contro l signals are exchanged via data  in the forw ard channel.

8 half-duplex operation

F: Exploitation en semi-duplex 

S : Explotacidn (o funcionam iento) semiduplex

The exchange o f data in either direction , one direction at a time.
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SEC TIO N  2

INTERFACES AND V O IC E BAND M O D E M S

Recommendation V.10

ELECTRICAL CHARACTERISTICS FOR UNBALANCED DOUBLE-CURRENT INTERCHANGE  
CIRCUITS FOR GENERAL USE WITH INTEGRATED CIRCUIT EQUIPM ENT  

IN THE FIELD OF DATA CO M M UNICATIO NS '>

(Geneva, 1976; am ended Geneva, 1980)

1 Introduction

This R ecom m endation deals with the electrical characteristics o f the generator, receiver and in tercon
necting leads o f an unbalanced interchange circuit em ploying a differential receiver.

In the context o f this R ecom m endation an unbalanced interchange circuit is defined as consisting o f an 
unbalanced  generator connected to a receiver by an interconnecting  lead and a com m on return  lead.

Annexes and A ppendices are provided to give guidance on a num ber o f application  aspects as follow s:

A nnex A C om patibility  with other interfaces

A nnex B  C onsiderations for coaxial cable applications — V.10 C O A X IA L

Appendix I  W aveshaping

Appendix I I  Cable guidelines

Note  — G enerator and load devices m eeting the electrical characteristics o f this R ecom m endation  need 
not operate over the entire data  signalling rate range specified. They m ay be designed to operate  over narrow er 
ranges to satisfy specific requirem ents m ore econom ically, particularly  at low er data  signalling rates.

The in terconnecting cable is norm ally not term inated , but the m atter o f  term inating  coaxial in terconnecting  
cable is dealt with in Annex B. W here the interchange circuit incorporates the special provisions for coaxial 
app lications with cable term ination  this shall be referred to as “com plying with R ecom m endation  V.10 
(C O A X IA L)” .

Reference m easurem ents are described which m ay be used to verify certain  o f the recom m ended 
param eters bu t it is a m atter for individual m anufacturers to  decide w hat tests are necessary to ensure com pliance 
with the R ecom m endation.

This Recommendation is also designated as X.26 in the Series X Recommendations.
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2 Field of application

The electrical characteristics specified in this R ecom m endation apply to  interchange circuits operating  with 
d a ta  signalling rates up to 100 k b i t / s 2’, and  are intended to be used prim arily  in D ata Term inal E quipm ent (DTE) 
and  D ata C ircuit-term inating  E quipm ent (D C E) im plem ented in integrated circuit technology.

This R ecom m endation is not intended to apply to equipm ent im plem ented in discrete com ponent 
technology, for which the electrical characteristics covered by R ecom m endation V.28 are more appropriate.

Typical points o f application  are illustrated in Figure 1/V.10.

FIGURE 1/V.10 

Typical applications of unbalanced interchange circuits

W hilst the unbalanced interchange circuit is prim arily  intended for use at the lower data signalling rates, 
its use should be avoided in the following cases:

1) where the interconnecting cable is too long for p roper unbalanced circuit operation ;

2) where extraneous noise sources m ake unbalanced circuit operation  im possible;

3) where it is necessary to minim ize interference with other signals.

W hilst a restriction on m axim um  cable length is not specified, guidelines are given with respect to 
conservative operating distance as a function o f data signalling rates (see A ppendix II).

Signalling rates above the suggested 100 kbit/s may also be employed, but the maximum suggested operating distances 
should be.shortened accordingly (see Figure II-1/V.10).
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3 Symbolic representation of an interchange circuit (Figure 2/V.10)

Interconnecting

Vj*. = generator ou tpu t voltage * This te rm in a tin g  resistor is only used
Vg = ground potential difference w ith  "V . 1 0 -C O A X IA L  , see A n nex B

A = generator active interchange point 
C = generator common return point 
A' = load active interchange point 
B* = load common return point 
C* = receiver zero reference point

Note 1 -  Two interchange points are shown. The output characteristics of the generator, excluding any interconnecting cable, are defined 
at the ’’generator interchange point”. The elecrical characteristics to which the receiver must respond are defined at the ’’load interchange 
point” .

Note 2 -  The connection of the signal common return is dealt with in § 10 below. Points C and C' may be connected to protective ground 
if required by national regulations.

Note 3 -  The interconnecting cable is normally not terminated. The termination of coaxial interconnecting cable is dealt with in Annex B.

FIGURE 2/V. 10 

Symbolic representation of an unbalanced interchange circuit

For data  transm ission applications, it is com m only accepted that the in terface cabling is p rovided by the 
DTE. This in troduces the line o f dem arcation  between the D TE plus cable and  the DCE. This line is also called 
the interchange po in t and physically im plem ented in the form  of a connector. The applications also require 
interchange circuits in both directions. This leads to an illustration as show n in Figure 3 / V.10.
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(Connector)
j S ee  Note 3

Line of 
demarcat ion

Note 1 -  The zero volt reference interchange points C' may be interconnected via the signal ground conductor.
N ote 2 -  Signal ground may be further connected to external protective ground if national regulations require.
N ote 3 -  The type of connector with this electrical characteristic specification depends on the application. ISO specifies, for data trans
mission over telephone type facilities, a 37-pin connector in ISO 4902 [1],

FIGURE 3/V. 10 

Practical representation of the interface

4 Generator polarities and receiver significant levels

4.1 Generator

The signal conditions for the generator are specified in term s o f the voltage between ou tpu t points A and 
C show n in Figure 2 / V.10.

W hen the signal condition  0 (space) for data circuits, o r O N  for control and tim ing circuits, is transm itted
the ou tpu t po in t A is positive with respect to po in t C. W hen the signal condition  1 (m ark) for data circuits, or
O F F  for control and  tim ing circuits, is transm itted the ou tpu t po in t A is negative with respect to po in t C.

4.2 Receiver

The receiver significant levels are shown in Table 1/V.10, where VA, and  FB. are respectively the voltage at 
po in ts A ' and B' relative to po in t C \

TABLE 1/V .10  

Receiver significant levels

Fa ' - F b ' <  -0 .3  V VA ' - V B' > + 0 .3  V

Data circuits 1 0

Control and timing circuits OFF ON
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5 Generator

5.1 Output impedance

The total dynam ic outpu t im pedance o f the generator shall be equal to o r less than 50 ohm s.

5.2 Static reference measurements

The generator characteristics are specified in accordance with m easurem ents illustrated in Figure 4 / V.10 
and  described in §§ 5.2.1 to 5.2.4 below.

5.2.1 Open circuit measurement [Figure 4a)/V .10]

The open circuit voltage m easurem ent is m ade with a 3900-ohm resistor connected between po in ts A
and  C. In bo th  b inary  states, the m agnitude o f the signal voltage ( V0) shall be equal to or greater than  4.0 volts
but not greater than  6.0 volts.

5.2.2 Test termination measurement [Figure 4b)/V.10]

W ith a test load o f 450 ohm s connected between ou tpu t points A and  C, the m agnitude o f the ou tpu t
voltage (F ,)  in both binary states shall be equal to or greater than 0.9 o f the m agnitude o f V0 .

5.2.3 Short-circuit measurement [Figure 4c)/V.10]

W ith the ou tpu t points A and  C short-circuited the current (7S.) flow ing through po in t A in bo th  b inary  
states shall not exceed 150 milliam peres.

5.2.4 Power-off measurements [Figure 4d)/V.10]

U nder pow er-off condition , with a voltage ranging between + 0.25 volt and  —0.25 volt app lied  between 
the ou tpu t po in t A and  po in t C, the m agnitude o f the ou tput leakage curren t (7V) shall not exceed 100 m icroam 
peres.

FIGURE 4/V .10  

Generator parameter reference measurements
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5.3 Generator output rise-time measurem ent (Figure 5/V.10)

5.3.1 Waveform

The m easurem ent will be m ade with a resistor o f 450 ohm s connected between points A and C. A test 
signal, with a nom inal signal elem ent duration  th and  com posed o f alternate ones and zeros, shall be applied  to 
the input. The change in am plitude o f the ou tpu t signal during transitions from  one b inary  state to the o ther shall 
be m onotonic between 0.1 and  0.9 o f Vss.

5.3.2 Waveshaping

W aveshaping o f the generator ou tpu t signal shall be em ployed to control the level o f interference 
(near-end crosstalk) which may be coupled to adjacent circuits in an interconnection. The rise tim e (/,.) o f the 
ou tpu t signal shall be contro lled  to ensure the signal reaches 0.9 Vss between 0.1 and 0.3 o f the duration  o f the unit 
in terval ( th) at signalling rates greater than 1 k b it/s , and between 100 and 300 m icroseconds at signalling rates o f 
1 k b it/s  or less. The m ethod o f w aveshaping is not specified but exam ples are given in A ppendix I.

Yss ~  Voltage difference be tw een  s teady  
s ta te  signal conditions

Steady 
state "O'

Steady 
state "1 '

tb  =  nominal duration of the test signal elem ent 
100 fis <  tr <  300 ms when f/> >  1 ms 
0.1 tb  <  tr  <  0.3 tb  when tb  <  1 ms

■ FIGURE 5/V. 10 

Generator output rise-time measurement

Load

6.1 Characteristics

The load consists o f a receiver (R) as shown in Figure 2/V.10. The electrical characteristics o f the receiver 
are specified in term s of the m easurem ents illustrated in Figures 6/V .10, 7/V .10 and  8/V .10 and described in 
§§ 6.2, 6.3 and 6.4 below. A circuit meeting these requirem ents results in a differential receiver having a high input 
im pedance, a small input threshold transition region between —0.3 and + 0 .3  volts d ifferential, and allow ance for 
an in ternal bias voltage not to exceed 3 volts in m agnitude.

The receiver is electrically identical to tha t specified for the balanced receiver in R ecom m endation V .ll.
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6.2 Receiver input voltage — current measurements (Figure 6/V . 10)

W ith the voltage Via (or Vih) ranging between —10 volts and + 1 0  volts, while Vih (or Vta) is held at 0 volt, 
the resultant inpu t current I ia (or Iih) shall rem ain w ithin the shaded range show n in Figure 6/V . 10. These 
m easurem ents apply  with the pow er supply o f the receiver in both the pow er-on and pow er-off conditions.

FIGURE 6/V. 10 

Receiver input voltage-current measurements

6.3 D C input sensitivity measurements (Figure 7/V.10)

Over the entire com m on-m ode voltage (V a„) range o f + 7  volts to - 7  volts, the receiver shall no t require a 
differential inpu t voltage (F ,)  o f m ore than 300 millivolts to assume correctly the in tended binary  state. Reversing 
the polarity  o f V{ shall cause the receiver to assum e the opposite binary state.

Applied voltages
Resulting

input
voltage

Vi

Output
binary
state

Purpose of measurement

Vis Vi,

- 1 2  V 
OV 

+12 V 
0 V

0 V 
- 1 2  V 

0 V 
+12 V

- 1 2  V 
+ 12 V 
+12 V 
- 1 2  V

(not specified) To ensure no damage 
to  receiver inputs

+10 V +  4 V + 6 V 0 To guarantee correct
+  4 V + 10V -  6 V 1 operation at V-, =  6 V
- 1 0  V -  4 V -  6 V 1 (maintain correct
-  4 V - 1 0  V + 6 V 0 logic state)

300 mV threshold
measurement

+0.30 V 0 V +0.3 V 0
0 V +0.30 V -0 .3  V 1 |  Vcm =  0 V

+7.15 V +6.85 V +0.3 V 0 V

+6.85 V +7.15 V -0 .3  V 1 I  Vcm =  +7 V

-7 .1 5  V -6 .8 5  V -0 .3  V 1 1 1/ _ ^ \ i
—6.85 V -7 .1 5  V +0.3 V 0 /  * c m -----7 V

FIGURE 7/V. 10 

Receiver input sensitivity measurement
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The m axim um  voltage (signal plus com m on-m ode) present between either receiver input and receiver 
ground  shall not exceed 10 volts nor cause the receiver to m alfunction. The receiver shall tolerate a maxim um  
differential voltage o f 12 volts applied  across its input term inals w ithout being dam aged.

In the presence o f the com binations o f input voltages Vju and  Vjh specified in Figure 7/V .10, the receiver 
shall m aintain  the specified ou tpu t b inary  state and  shall no t be dam aged.

N ote  — Designers o f equipm ent should be aw are that slow signal transitions with noise present may give 
rise to instability or oscillatory conditions in the receiving equipm ent; therefore, appropriate  techniques should be 
im plem ented to prevent such behaviour. For exam ple, adequate hysteresis may be incorporated  in the receiver to 
p revent such conditions.

6.4 Input balance test (Figure 8/V.10)

The balance o f the receiver input resistances and  in ternal bias voltages shall be such that the receiver shall 
rem ain in the in tended binary state under the conditions shown in Figure 8/V .10 and described as follows:

a) with Vj =  + 720  millivolts and  Vcw varied between —7 and + 7  volts;

b) with Vj =  —720 m illivolts and  Van varied between —7 and + 7  volts;

c) with Vj =  + 300  millivolts and  Van a 1.5 volt peak-to-peak square wave at the highest applicable data
signalling rate (this condition  is provisional and subject to further study);

d) with Vj =  —300 m illivolts and  Va„ a 1.5 volt peak-to-peak square wave at the highest applicable data
signalling rate (this condition  is provisional and subject to further study).

N ote  — The values o f Vf are provisional and are the subject o f further study.

FIGURE 8/V.10  

Receiver input balance test

7 Environmental constraints

In order to operate an unbalanced interchange circuit at data  signalling rates ranging between 0 and 
100 k b it/s , the follow ing conditions apply:

1) The total peak differential noise m easured between the points A' and  B' at the load interchange point
(with the generator in terchange po in t connected to a 50-ohm resistor substituted for the generator)
shall not exceed the expected am plitude o f the received signal m inus 0.3 volts (provisional value).

2) The worst-case com bination  o f generator-receiver ground  potential difference ( F  Figure 2/V .10) and 
longitudinally  induced peak random  noise voltage m easured between the receiver points A' o r B' and 
C' with the generator ends o f the cable A and  C jo ined  together shall not exceed 4 volts.

8 Circuit protection

U nbalanced generator and  load devices com plying with this Recom m endation shall not be dam aged under 
the follow ing conditions:

1) generator open circuit;

2) short-circuit between the conductors o f the interconnecting  cable;

3) short-circuit between the conductors and Point C or C'.
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The above faults 2) and  3) might cause pow er dissipation in the interchange circuit devices to app roach  the 
m axim um  pow er dissipation that may be to lerated  by a typical integrated circuit (IC ) package. The user is 
therefore cautioned tha t where m ultiple generators and receivers are im plem ented in a single IC package, only one 
such fault per package m ight be tolerable at any one tim e w ithout dam age occurring.

The user is also cautioned that the generator and receiver devices com plying with this R ecom m endation 
m ight be dam aged by spurious voltages applied  between their input or ou tpu t po in ts and  points C and  C ' 
(Figure 2/V.10). In those applications where the interconnecting cable may be inadvertently  connected to  other 
circuits or where it may be exposed to a severe electrom agnetic environm ent, protection  should  be em ployed.

9 Category 1 and category 2 receivers

In order to provide flexibility in the choice of generator (V.10 or V.l 1), two categories of receiver are 
defined as follows:

Category 1 — Receivers shall have both inpu t term inals A' and B' connected to ind iv idual term inals at the 
load interchange point, independent o f all other receivers, as shown in Figure 9/V .10, and  as applied  in 
Annex A, Figure A-1/V.10.

Category 2 — Receivers shall have one term inal connection for each A' inpu t term inal at the load 
in terchange point, and  all B' input term inals shall be connected together w ithin the D C E  or D T E  and 
shall be brought to one com m on B' input term inal as shown in Figure 10/V.10.

The specification o f the category to be used in any application  is part o f the app rop ria te  D C E 
R ecom m endation, using this type o f interface electrical characteristics.

Signal

FIGURE 9/V. 10 

Interconnection of signal common return for category 1 receivers
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FIGURE 10/V.10 

Interconnection of signal common return for category 2 receivers

10 Signal common return

The interconnection  between the generator and the load interchange points in Figure 2/V .10 shall consist 
o f a signal conductor for each circuit and one signal com m on return for each direction as shown in 
Figures 9/V .10 and 10/V.10. Signal com m on return may be im plem ented by m ore than  one lead, where required 
to  accom plish interw orking, as described in § A.2 and as shown in Figure A-1/V.10.

To minim ize the effects o f ground potential difference VK and longitudinally-coupled noise on the signal at 
the load in terchange point, the signal com m on return shall be connected to ground only at the C term inal of the 
generator interchange point. For exam ple, the B' term inal o f all the receivers in DTE which interconnect with 
unbalanced  generators in D CE shall connect to signal com m on return circuit 102b, which is connected to ground 
only in D CE. Signal com m on return circuit 102a is used to  interconnect term inal B' of the receivers in D C E with 
the grounded term inal C o f the unbalanced generators in D TE, as in Figures 9/V .10 and 10/V.10.

36 Fascicle VIII.l -  Rec. V.10



11 Detection of generator power-off or circuit failure

C ertain  applications require detection o f various fault conditions in the in terchange circuits, e.g.:

1) generator pow er-off condition ;

2) receiver not in terconnected with a generator;

3) open-circuited interconnecting  cable;

4) short-circuited interconnecting  cable;

5) input signal to the load rem aining w ithin the transition  region ( ±  300 m illivolts) for an abnorm al 
period o f time.

W hen detection o f one or m ore fault conditions is required by specific applications, add itiona l provisions 
are required in the load and the following items m ust be determ ined:

a) which in terchange circuits require fault detection;

b) w hat faults must be detected;

c) w hat action m ust be taken when a fault is detected, e.g. which b inary  state m ust the receiver assum e?

The in terpretation  o f a fault condition  by a receiver (or load) is app lica tion  dependent. Each application  
m ay use a com bination  o f the following classification:

Type 0 — N o in terpretation . A receiver or load does not have fault detection capability.

Type 1 — D ata circuits assum e a b inary  1 state. C ontro l and tim ing circuits assum e an O F F  condition.

Type 2 — D ata circuits assum e b inary  0 state. C ontrol and  tim ing circuits assum e an O N  condition.

Type 3 — Special in terpretation . The receiver or load provides a special indication  for in terpreting  a fault 
condition. This special indication requires further study.

The association o f the circuit failure detection to particu lar in terchange circuits in accordance with the 
above types is a m atter o f the functional and  procedural characteristics specification o f the interface.

The interchange circuits m onitoring circuit fault conditions in the general te lephone netw ork interfaces are 
indicated in R ecom m endation V.24.

The in terchange circuits m onitoring circuit fault conditions in d a ta  netw ork interfaces are ind icated  in 
R ecom m endation X.24 [2].

The receiver fault detection type required is specified in the relevant D C E  R ecom m endations.

12 Measurements at the physical interchange point

The following inform ation provides guidance for m easurem ents when m aintenance persons exam ine the 
interface for p roper operation  at the in terchange point.

12.1 Listing o f  essential measurements

— open-circuit m easurem ents;

— test-term ination m easurem ent;

— short-circuit m easurem ent;

— generator ou tpu t rise tim e;

— d.c. input sensitivity m easurem ents.

12.2 Listing o f  optional measurements

— the total generator resistance between points A and  C shall be equal to or less than 50 ohm s;

— pow er-off m easurem ents;

— receiver input voltage espace-espace current m easurem ents;
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— input balance test;

— check o f the required circuit fault detection (§ 11).

The param eters defined in this R ecom m endation are not necessarily m easurable at the physical interchange 
poin t. This is for fu rther study.

A N N E X  A 

(to R ecom m endation V.10)

Compatibility with other interfaces

A .l Compatibility o f  Recom mendation V.10 and Recom mendation V .l l  interchange circuits in the sam e interface

The electrical characteristics o f R ecom m endation V.10 are designed to allow  the use o f balanced (see 
R ecom m endation V. 11) and unbalanced  circuits w ithin the sam e interface. For exam ple, the balanced circuits may 
be used for data and  tim ing whilst the unbalanced  circuits m ay be used for associated control circuit functions.

A.2 Recom mendation V.10 interworking with Recom mendation V .l 1

The differential receiver specifications o f R ecom m endations V.10 and  V .ll are electrically identical. It is 
therefore possible to interconnect an equipm ent using R ecom m endation V.10 receivers and  generators on one side 
o f the interface with an equipm ent using R ecom m endation V .l l generators and  receivers on the other side o f the 
interface. Such in terconnection  w ould result in interchange circuits according to R e co m m en d a tio n V .il in one 
direction and  interchange circuits according to R ecom m endation V.10 in the other direction. W here such 
interw orking is contem plated , the following technical considerations m ust be taken into account.

A.2.1 Interconnecting  cable lengths are lim ited by perform ance o f the circuits w orking to the R ecom m enda
tion  V.10 side o f the interface.

A.2.2 The optional cable term ination  resistance (Z ,) , if  im plem ented, in the equipm ent using R ecom m enda
tion  V .ll m ust be removed.

A .2.3 V.lO-type receivers shall be o f category 1 (see Figure A -1/V.10).

A.3 Recom mendation V.10 interworking with Recom mendation V.28

The unbalanced  electrical characteristics o f R ecom m endation V.10 have also been designed to perm it 
lim ited in terw orking, under certain conditions, with generators and receivers to R ecom m endation V.28. W here 
such in terw orking is contem plated , the follow ing technical lim itations m ust be considered:

A.3.1 Separate D TE and D C E signal return paths will no t be available at the R ecom m endation V.28 side o f the 
interface.

A.3.2 D ata signalling-rate lim itations according to R ecom m endation V.28 shall apply.

A.3.3 Interconnecting  cable lengths are lim ited by the R ecom m endation V.28 perform ance restrictions.

A .3.4 Probability o f satisfactory operation  will be enhanced by providing the m axim um  generator voltage 
possible on the R ecom m endation V.10 side o f the in terface w ithin the lim itations stipulated in R ecom m enda
tion V.10.

A.3.5 W hilst R ecom m endation V.28 type generators may use potentials in excess o f 12 volts, m any existing 
equipm ents are designed to operate with pow er supplies o f 12 volts or less. W here this is the case, no further 
protection  o f R ecom m endation V.10 receivers is required; however, in the general case, protection against 
excessively high voltages from  R ecom m endation V.28 generators m ust be provided for the R ecom m endation V.10 
receivers.

A.3.6 Power-off detectors in R ecom m endation V.28 receivers may not necessarily work with R ecom m enda
tion  V.10 generators.
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FIGURE A -1/V .10

Interconnection of signal common return by more than one conductor in order to accomplish interoperation 
of V.10 generators with category 1 receivers

A N N E X  B 

(to R ecom m endation V.10)

Considerations for coaxial cable 
applications — V.10 COAXIAL3)

It is recognized that where coaxial cables are used for in terconnecting  purposes it m ay be desirable to 
include a term inating  resistance at the receiver end o f the cable. This is considered to be a special case for which 
special generator characteristics are required. The term inating  resistance shall in no case be less than  50 ohm s and 
the reference m easurem ents under §§ 5.2.2 and  5.3 shall be m ade with a 50-ohm test term ination . Use o f this 
special application  will require appropria te  agreem ent with the proper authority .

All the electrical characteristics specified in Recommendation V.10 other than those set down in this Annex are applicable  
to the coaxial cable case with a cable termination.
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The alternative set o f electrical characteristics applied  in the coaxial cable case is the following:

5.2.2 bis Test termination m easurem ent [Figure 4b)/V.10]

W ith a test load (/?,) o f 50 ohm s connected between ou tpu t points A and  C, the m agnitude of the ou tpu t 
voltage {V ,)  shall be equal to or greater than  0.5 o f the m agnitude o f V0.

5.3.1 bis Waveform  (Figure 5/V.1Q)

The m easurem ent will be m ade with a resistor o f 50 ohm s connected between points A and C. A test 
signal, w ith a nom inal signal elem ent duration  th and  com posed of alternate ones and  zeros, shall be applied  to 
the input. The change in am plitude o f the ou tpu t signal during transitions from  one b inary  state to the o ther shall 
be m onotonic between 0.1 and  0.9 o f Vss.

5.3.2 bis Waveshaping

W aveshaping is not norm ally required for coaxial cable applications.

10 bis Signal common return

In applications where coaxial cables are used, the screen o f the coaxial cable shall be connected to  ground 
only at po in t C at the generator end as shown in Figure B-1/V.10.

FIGURE B-1/V.10 

Interconnection with coaxial cable
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A P P E N D I X  I

(to Recom m endation V.10)

Waveshaping

The required w aveshaping may be accom plished either by providing a slew-rate control in the generator or 
by inserting an RC filter at the generator interchange point. A com bination  o f these m ethods may also be 
em ployed. An exam ple o f the RC filter m ethod is shown in Figure I -1/V .10. Typical values o f capacitance C „, 
with the value o f R u selected so tha t R u + R (, is approxim ately  50 ohm s, are given for typical cable with an 
in terconductor shunt capacitance o f approxim ately  0.05 m icrofarads per kilom etre.

R d  =  generator internal resistance 
R w =  50  ohm s — Rd

cw
(m icrofarads)

Data signalling rate 
range (kbit/s)

1.0 0  - 2.5
0 .47 2.5  - 5.0
0 .22 5 .0 -  10
0.1 10 - 25
0 .047 25  - 50
0 .022 50  -1 0 0

FIGURE I-1/V .10  

Example method of waveshaping

APPENDIX II 

(to R ecom m endation V.10)

Cable Guidelines

N o electrical characteristics o f the interconnection cable are specified in this R ecom m endation. However, 
guidance is given herein concerning operational constraints im posed by cable length and  near-end crosstalk.

The m axim um  operating  distance for the unbalanced interchange circuit is prim arily  a function o f the 
am ount o f interference (near-end crosstalk) coupled to adjacent circuits in the equipm ent in terconnection . 
A dditionally  the unbalanced  circuit is susceptible to exposure to d ifferential noise resulting from  any im balance 
between the signal conductor and  signal com m on return  at the load in terchange point. Increasing the physical 
separation  and  interconnection  cable length between the generator and load interchange points m ight increase the 
exposure to com m on-m ode noise and  the degree of near-end crosstalk. A ccordingly, users are advised to  restrict 
the cable length to a m inim um  consistent with the generator-load physical separation  requirem ents.

The curve o f cable length versus data signalling rate given in F igure 11-1/V .10 may be used as a 
conservative guide. This curve is based upon  calculations and  em pirical da ta  using tw isted-pair te lephone cable 
with a shunt capacitance o f 0.052 m icrofarads per kilom etre, a 50-ohm source im pedance, a 6-volt source signal 
and  m axim um  near-end crosstalk o f 1-volt peak. The rise tim e (/,.) o f the source signal at signalling rates below 
1000 b it/s  is 100 m icroseconds and  above 1000 b it/s  is 0.1 th (see Figure 5/V.10).
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The user is cautioned tha t the curve given in Figure II-1/V .10 does not account for com m on-m ode noise 
o r near-end crosstalk levels beyond the lim its specified, that may be introduced between the generator and load by 
exceptionally  long cables. On the other hand  operation  w ithin the signalling-rate and distance bounds of 
F igure I I -1/V .10 will usually ensure that the distortion  o f the signal appearing  at the receiver input will be 
acceptable. M any applications, however, can to lerate greater levels o f signal distortion , and  correspondingly 
g reater cable lengths can be em ployed. The generation o f near-end crosstalk can be reduced by increasing the 
am ount o f w aveshaping em ployed.

Experience has shown that in m ost practical cases the operating  d istance at the lower data  signalling rates 
m ay be extended to several kilom etres.

Data signalling rate c c i t t - 4 3 4 5 1

FIGURE II-l/V .lO  

Data signalling rate vs cable length for unbalanced interchange circuit
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Recommendation V .ll

ELECTRICAL CHARACTERISTICS FOR BALANCED DOUBLE-CURRENT  
INTERCHANGE CIRCUITS FOR GENERAL USE WITH INTEGRATED CIRCUIT  

EQUIPM ENT IN THE FIELD OF DATA CO M M UNICATIO NS

(Geneva, 1976; am ended Geneva, 1980)

1 Introduction

This Recom m endation deals with the electrical characteristics o f  the generator, receiver and  in te rcon 
necting leads o f a differential signalling (balanced) interchange circuit with an op tional d.c. offset voltage.

The balanced generator and load com ponents are designed to cause m inim um  m utual interference with
adjacent balanced or unbalanced  in terchange circuits (see R ecom m endation V.10) prov ided  that w aveshaping is
em ployed on the unbalanced circuits.

In the context o f this R ecom m endation, a balanced in terchange circuit is defined as consisting o f a 
balanced generator connected by a balanced in terconnecting pair to a balanced  receiver. For a balanced  generator 
the algebraic sum of both the outlet potentials, with respect to earth, shall be constan t for all signals transm itted ; 
the im pedances o f the outlets with respect to earth shall be equal. The degree o f balance and  other essential 
param eters o f the interconnecting pair is a m atter for further study.

An Annex and two A ppendices are provided to give guidance on a num ber o f application  aspects as 
follows:

A nnex A C om patibility  with other interfaces.

Appendix I  Cable and term ination .

Appendix I I  M ultipoint operation.

Note — G enerator and  load devices meeting the electrical characteristics o f this R ecom m endation need 
not operate over the entire data  signalling rate range specified. They m ay be designed to operate over narrow er 
ranges to satisfy requirem ents m ore econom ically, particularly  at lower d a ta  signalling rates.

Reference m easurem ents are described which m ay be used to  verify certain  o f the recom m ended 
param eters but it is a m atter for individual m anufacturers to decide w hat tests are necessary to  ensure com pliance 
with the R ecom m endation.

2 Field of application

The electrical characteristics specified in this R ecom m endation apply  to  in terchange circuits operating  with 
data  signalling rates up to 10 M bit/s , and are intended to be used prim arily  in D ata T erm inal E quipm ent (D TE) 
and  D ata C ircuit-term inating Equipm ent (D C E) im plem ented in integrated-circuit technology.

This Recom m endation is not in tended to apply to equipm ent im plem ented in discrete com ponent 
technology, for which the electrical characteristics covered by R ecom m endation V.28 are m ore appropriate .

Typical points o f application are illustrated in Figure 1 /V .l 1.

W hilst the balanced interchange circuit is prim arily  in tended for use at the higher data  signalling rates, its 
use at the lower rates may be necessary in the following cases:

1) where the interconnecting cable is too long for p roper unbalanced  circuit opera tion ;

2) where extraneous noise sources m ake unbalanced circuit opera tion  im possible;

3) where it is necessary to m inim ize interference with other signals.

This Recommendation is also designated as X.27 in the Series X Recommendations.
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FIGURE 1/V.l 1 

Typical applications of balanced interchange circuits

3 Symbolic representation of interchange circuit (Figure 2 /V .l l)

Balanced
interconnecting

Vat, =  generator ou tput voltage between points A and B
Vca =  generator voltage between points C and A
Vci, =  generator voltage between points C and B
Z t =  cable termination impedance
Vg =  ground potential difference
A, B and A ', B' =  interchange points
C, C' =  zero volt reference interchange points

N ote  1 -  Two interchange points are shown. The output characteristics of the generator, excluding any interconnecting cable, are defined 
at the ’’generator interchange point” . The electrical characteristics to which the receiver must respond are defined at the ’’load interchange 
point” .
Note  2 -  Points C and C ' may be interconnected and further connected to protective ground if required by national regulations.

FIGURE 2/V .ll 

Symbolic representation of a balanced interchange circuit
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The equipm ent at both sides o f the interface may im plem ent generators as well as receivers in any 
com bination . C onsequently, the sym bolic representation  o f the interchange circuit, Figure 2 /V .l l  above, defines a 
generator interchange point as well as a load interchange point.

For data transm ission applications, it is com m only accepted that the interface cabling will be provided by 
the DTE. This introduces the line o f dem arcation between the DTE plus cable and the DCE. This line is also 
called the interchange point and physically im plem ented in the form o f a connector. The applications also require 
interchange circuits in both directions. This leads to an illustration  as show n in Figure 3 /V .l l .

(Connector) S ee  N ote 3

N ote  1 -  The zero volt reference interchange point C ,C ' may be interconnected via the signal ground conductor.
N ote  2  -  Signal ground may be further connected to external protective ground if national regulations require.
N ote  3 -  The type of connector with this electrical characteristic specification depends on the application. ISO specifies, for data trans
mission over telephone type facilities, a 37-pin connector in ISO 4902 [1] and, for data transmission over data network facilities, a 15-pin 
connector in ISO 4903 [2],

FIG URE 3 /V .ll  

Practical representation of the interface

4 Generator polarities and receiver significant levels

4.1 Generator

The signal conditions for the generator are specified in term s o f the voltage between ou tpu t points A and  
B shown in Figure 2 /V .l l .

W hen the signal condition 0 (space) for data  circuits or ON for contro l and  tim ing circuits is transm itted , 
the ou tpu t po in t A is positive with respect to po in t B. W hen the signal condition  1 (m ark) for data  circuits or 
O F F  for control and  tim ing circuits is transm itted , the ou tpu t point A is negative with respect to po in t B.

4.2 Receiver

The receiver differential significant levels are shown in Table 1/V .l 1, where FA. and  VB, are respectively the 
voltages at points A ' and B' relative to po in t C'.
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TABLE 1/V.l 1 

Receiver differential significant levels

FA' - F B' ^  -0 .3  V Fa ' - F b ' >  +0.3 V

Data circuits 1 0

Control and timing circuits OFF ON

5 Generator

5.1 R esistance and  d.c. offset voltage

5.1.1 The total generator resistance between points A and  B shall be equal to or less than 100 ohm s and
adequately  balanced with respect to po in t C. (It is left for further study as to the degree o f balance required both
statically and  dynam ically.)

5.1.2 The m agnitude o f the generator d.c. offset voltage (see § 5.2.2 below) shall not exceed 3 V under all 
operating  conditions.

5.2 S ta tic  reference m easurem ents

The generator characteristics are specified in accordance with m easurem ents illustrated in F igure 4 /V .11
and  described in §§ 5.2.1 to 5.2.4 below.

5.2.1 Open-circuit m easurem ent [Figure 4 a )/V .ll]

The open-circuit voltage m easurem ent is m ade with a 3900-ohm resistor connected between points A and 
B. In both  b inary states, the m agnitude o f the differential voltage ( V0) shall not be m ore than 6.0 volts, no r shall
the m agnitude o f a and Voi, be m ore than 6.0 volts.

5.2.2 Test-term ination m easurem ent [Figure 4 b )/V .ll]

W ith a test load o f two resistors, each 50 ohm s, connected in series between the ou tpu t points A and B, 
the differential voltage (F ,) shall not be less than  2.0 volts o r 50% of the m agnitude o f V0, whichever is greater. 
F or the opposite binary  state the polarity  o f V, shall be reversed ( — V,). The difference in the m agnitudes o f V, 
and  — V, shall be less than 0.4 volt. The m agnitude o f the generator offset voltage V0s m easured between the centre 
o f  the test load and  point C shall not be greater than 3.0 volts. The m agnitude o f  the difference in the values 
o f  VQs for one b inary state and the opposite b inary state shall be less than 0.4 volt.

N ote — U nder some conditions this m easurem ent does not determ ine the degree o f balance o f the internal 
generator im pedances to po in t C. It is left for further study w hether additional m easurem ents are necessary to 
ensure adequate balance in generator ou tpu t im pedances.

5.2.3 Short-circuit m easurem ent [Figure 4c)/V .l 1]

W ith the ou tput points A and  B short-circuited to po in t C, the current flowing through each o f the output 
po in ts A or B in both binary states shall not exceed 150 milliam peres.

5.2.4 P ow er-off m easurem ents [Figure 4d)/V .l 1]

U nder pow er-off condition with voltages ranging between +0.25 volt and —0.25 volt applied  between 
each ou tpu t point and point C, as indicated in Figure 4d)/V .l 1, the m agnitude o f the ou tpu t leakage currents 
(7V(, and Ixh) shall no t exceed 100 m icroam peres.
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a) Open-circuit measurement 
|V„ I <  6.0 V 
|VM |< 6 .0  V 
|V0/,|<6.0V

b)Test-termination measurement 
2 V <  I Vf| >  0.5 V0 
| I W I - | P , I I < 0 . 4 V  
IV o j I O .O V
IVo. ( I ) - V o .  (0)1 <  0.4 V

c) Short<ircuit measurement 
|/sa |<  150 mA 

<  150 mA

d) Power-off measurement
l/jf a I <  100 /x A 
!/**!< 100 juA

FIGURE 4/V. 11 

Generator-parameter reference measurements

5.3 Dynamic voltage balance and rise time measurements (Figure 5 /V .l l)

W ith the m easurem ent configuration shown in Figure 5 /V .l l ,  a test signal with a nom inal signal elem ent 
duration  th and  com posed o f alternate ones and  zeros, shall be applied to  the input. The change in am plitude o f 
the ou tpu t signal during transitions from  one b inary state to the other shall be m onotonic between 0.1 and  0.9 Vss 
w ithin 0.1 o f th or 20 nanoseconds, whichever is greater. Thereafter the signal voltage shall no t vary m ore than 
10% o f Vss from  the steady state value.

The resultant voltage due to im balance ( VE) shall not exceed 0.4 V peak-to-peak (the value o f  VE is 
provisional and is subject to further study to determ ine w hether voltage peaks o f very short du ration  should  be 
included).

6 Load

6.1 Characteristics

The load consists o f a receiver (R) and an optional cable term ination  resistance ( Z ,) as show n in 
Figure 2 /V .l l .  The electrical characteristics o f the receiver are specified in term s o f the m easurem ents illustrated  in 
Figures 6 / V.l 1, 7 /V .ll  and 8 /V .ll  and  described in §§6.2 , 6.3 and  6.4 below. A circuit m eeting these 
requirem ents results in a differential receiver having a high input im pedance, a small inpu t threshold  transition  
region between —0.3 and + 0 .3  volts differential, and allow ance for an in ternal bias voltage not to exceed 3 volts 
in m agnitude.

The receiver is electrically identical to tha t specified for the unbalanced  receiver in R ecom m endation V.10.
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6.2 R eceiver input voltage  — current m easurem ents (Figure 6/V . 11)

W ith the voltage Via (or Vih) ranging between —10 volts and  + 1 0  volts, while Vjh (or VUl) is held at 0 volt, 
the resultant input current Ija (or l ih) shall rem ain w ithin the shaded range shown in Figure 6 /V .l 1. These 
m easurem ents apply with the pow er supply o f the receiver in both the pow er-on and pow er-off conditions.

t/g <  0.4 V peak-to-peak (provisional)
Vss =  V o ltag e  difference b e tw een  s te a d y -  

state  signal conditions

for tf, >  200 ns, tr <  0.1 tb 
for tb <  200 ns, tr <  20 ns

FIGURE 5 /V .ll  

Generator dynamic balance and rise-time measurements

♦ 3,25 m A.

- 3.25 mA CCITT-43400

FIGURE 6/V .l 1 

Receiver input voltage-current measurements
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6.3 D.c. input sensitivity m easurem ents  (Figure 7 /V .l l)

O ver the entire com m on m ode voltage (V clll) range o f + 7  volts to —7 volts, the receiver shall not require a 
differential input voltage ( Vt) o f m ore than 300 millivolts to assume correctly the intended binary  state. Reversing 
the polarity o f Vt shall cause the receiver to assum e the opposite binary state.

The m axim um  voltage (signal plus com m on m ode) present between either receiver input and  receiver
ground shall not exceed 10 volts nor cause the receiver to m alfunction. The receiver shall tolerate a m axim um
differential voltage o f 12 volts applied across its input term inals w ithout being dam aged.

In the presence o f the com bination  o f input voltages Via and Vih specified in Figure 7 /V .l l ,  the receiver
shall m aintain the specified ou tpu t b inary state and shall not be dam aged.

Note — Designers o f equipm ent should be aware that slow signal transitions with noise present m ay give 
rise to instability or oscillatory conditions in the receiving equipm ent; therefore, app rop ria te  techniques should  be 
im plem ented to prevent such behaviour. For exam ple, adequate hysteresis may be incorporated  in the receiver to 
prevent such conditions.

Applied voltages
Resulting

input
voltage

Vi

Output
binary
state

Purpose of measurement

Via Vib

- 1 2  V 
0 V 

+ 12 V 
0 V

0 V 
- 1 2  V 

0 V 
+12 V

- 1 2  V 
+ 12 V 
+ 12 V 
- 1 2  V

(not specified) To ensure no damage 
to  receiver inputs

+ 10V  
+ 4 V 
- 1 0  V
-  4 V

+ 4 V 
+ 10 V 
-  4 V 
- 1 0  V

+ 6 V
-  6 V
-  6 V 
+ 6 V

0
1
1
0

To guarantee correct 
operation at Vj =  6 V 
(maintain correct 
logic state)

300 mV threshold 
measurement

+0.30 V 
0 V

0 V 
+0.30 V

+0.3 V 
-0 .3  V

0
1 } Vc m =  0 V

+7.15 V 
+6.85 V

+6.85 V 
+7.15 V

+0.3 V 
-0 .3  V

0
1 |  Vcm =  +7 V

-7 .1 5  V 
-6 .8 5  V

-6 .8 5  V 
-7 .1 5  V

-0 .3  V 
+0.3 V

1
0 } VCm =  - 7 V

FIGURE 7/V .l 1 

Receiver input sensitivity measurement
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6.4 Input balance test (Figure 8 /V .ll)

The balance o f the receiver input resistance and internal bias voltages shall be such that the receiver shall 
rem ain in the intended binary state under the conditions shown in Figure 8 /V .ll  and described as follows:

a) with Vj = + 7 2 0  m illivolts and Vail varied between —7 and  + 7  volts;

b) with Vj =  —720 m illivolts and  Van varied between —7 and  + 7  volts;

c) with Vj =  + 3 0 0  m illivolts and Vau a 1.5 volt peak-to-peak square wave at the highest applicable data
signalling rate (this condition is provisional and  subject to further study);

d) with Vj =  —300 millivolts and Vau a 1.5 volt peak-to-peak square wave at the highest applicable data
signalling rate (this condition  is provisional and subject to further study).

Note — The values o f F, are provisional and are the subject o f further study.

FIGURE 8/V. 11 

Receiver input balance test

6.5 Terminator

The use o f a cable term inating  im pedance (Z ,) is op tional depending upon the specific environm ent in 
which the interchange circuit is em ployed (see A ppendix I). In no case shall the total load resistance be less than 
100 ohms.

7 Environmental constraints

In order to operate a balanced interchange circuit at data signalling rates ranging between 0 and 
10 M bit/s , the following conditions apply:

1) For each interchange circuit a balanced interconnecting pair is required.

2) Each in terchange circuit m ust be appropriately  term inated  (see A ppendix I)-

3) The total com m on-m ode voltage at the receiver m ust be less than 
provisional and is subject to further study.

7 volts peak. This value is

The com m on m ode voltage at the receiver is the worst case com bination  of:

a) generator-receiver g round-potentia l difference ( Vv, Figure 2 /V .l l ) ;

b) longitudinally induced random  noise voltage m easured between the receiver points A' or B' and C' 
with the generator ends o f the cable A, B and  C jo ined  together; and

c) generator d.c. offset voltage, if any.

Unless the generator is o f a type which generates no d.c. offset voltage, the sum o f a) and  b) above, which 
is the element of the com m on m ode voltage due to the environm ent o f the interchange circuit, m ust be less than 
4 volts peak.
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8 Circuit protection

Balanced generator and load devices com plying with this R ecom m endation shall no t be dam aged under 
the following conditions:

1) generator open circuit;

2) short-circuit between the conductors o f the in terconnecting cable;

3) short-circuit between either or both conductors and  po in t C or C'.

The above faults 2) and  3) might cause pow er dissipation in the interchange circuit devices to approach  the
m axim um  pow er dissipation that may be tolerable by a typical integrated circuit (IC ) package. The user is
therefore cautioned that where m ultiple generators and receivers are im plem ented in a single IC package, only one 
such fault per package m ight be tolerable at any one tim e w ithout dam age occurring.

The user is also cautioned that the generator and  receiver devices com plying with this R ecom m endation
m ight be dam aged by spurious voltages applied  between their input or ou tpu t po in ts and  points C or C '
(Figure 2 /V .ll) .  In those applications where the interconnecting cable may be inadvertently  connected  to other 
circuits, or where it may be exposed to a severe electrom agnetic environm ent, pro tection  should be em ployed.

9 Detection of generator power-off or circuit failure

C ertain applications require detection o f various fault conditions in the in terchange circuits, e.g.:

1) generator pow er-off condition ;

2) receiver not interconnected with a generator;

3) open-circuited in terconnecting cable;

4) short-circuited interconnecting cable;

5) input signal to the load rem aining within the transition  region ( ±  300 m illivolts) for an abnorm al 
period o f time.

W hen detection o f one or m ore fault conditions is required by specific applications, add itional provisions 
are required in the load and the follow ing items must be determ ined:

a) which interchange circuits require fault detection;

b) what faults m ust be detected;

c) what action m ust be taken when a fault is detected, e.g. which b inary  state m ust the receiver assum e?

The in terpretation  of a fault condition by a receiver (or load) is app lica tion  dependent. Each application  
may use a com bination  o f the following classification:

Type 0 — No in terpretation . A receiver or load does not have fault detection capability .

Type 1 — D ata circuits assume a b inary 1 state. C ontrol and tim ing circuits assum e an O F F  condition.

Type 2 — D ata circuits assume binary 0 state. C ontrol and tim ing circuits assum e an O N  condition.

Type 3 — Special interpretation . The receiver or load provides a special ind ication  for in terpreting  a fault
condition. This special indication requires further study.

The association o f the circuit failure detection to particular interchange circuits in accordance with the 
above types is a m atter o f the functional and procedural characteristics specification o f the interface.

The interchange circuits m onitoring circuit fault conditions in the general te lephone netw ork interfaces are 
indicated in Recom m endation V.24.

The interchange circuits m onitoring circuit fault conditions in public data netw ork interfaces are indicated 
in Recom m endation X.24 [3].

The receiver fault detection type required is specified in the relevant D C E R ecom m endations.
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10 Measurements at the physical interchange point

The following in form ation  provides guidance for m easurem ents when m aintenance persons exam ine the 
interface for p roper operation  at the in terchange point.

10.1 Listing o f  essential measurements

— the m agnitude o f the generator d.c. offset voltage under all operating conditions;

— open-circuit m easurem ents;

— test-term ination m easurem ent;

— short-circuit m easurem ent;

— dynam ic voltage balance and rise tim e;

— d.c. input sensitivity m easurem ents.

10.2 Listing o f  optional measurements

— The total generator resistance between points A and  B shall be equal to or less than 100 ohms and
adequately balanced with respect to point C. (It is left for further study as to the degree of balance
required both statically and  dynam ically);

— pow er-off m easurem ents;

— receiver input voltage-current m easurem ents;

— input balance test;

— check o f the required circuit fault detection (§ 9).

The param eters defined in this R ecom m endation are not necessarily m easurable at the physical interchange 
point. This is for further study.

ANNEX A 

(to Recom m endation V .l l)

Compatibility with other interfaces

A.l C om patibility o f  R ecom m endation  V.10 an d  R ecom m endation  V .l 1 interchange circuits in the sam e interface

The electrical characteristics o f Recom m endation V .ll are designed to allow the use o f unbalanced (see
R ecom m endation V.10) and balanced circuits within the same interface. For exam ple, the balanced circuits may be 
used for data and tim ing whilst the unbalanced circuits may be used for associated control circuit functions.

A.2 R ecom m endation V .l l  interworking with R ecom m endation V.10

The differential receiver specifications of R ecom m endations V.10 and V .ll are electrically identical. It is 
therefore possible to interconnect an equipm ent using R ecom m endation V.10 receivers and generators on one side 
o f the interface with an equipm ent using Recom m endation V .ll generators and receivers on the other side o f the 
interface. Such interconnection w ould result in the interchange circuits according to R ecom m endation V .ll in one 
d irection and interchange circuits according to R ecom m endation V.10 in the other direction. W here such 
interw orking is contem plated, the follow ing technical considerations m ust be taken into account.

A.2.1 Interconnecting cable lengths are lim ited by perform ance o f the circuits working to the R ecom m enda
tion V.10 side of the interface.

A.2.2 The optional cable term ination  resistance (Z ,), if im plem ented, in the equipm ent using R ecom m enda
tion V .ll must be removed.

A.2.3 V.10-type receivers shall be o f category 1.

A.3 R ecom m endation V.l 1 interworking with R ecom m endation V.35

Equipm ent having interchange circuits according to R ecom m endation V .ll is not capable o f interw orking 
with equipm ent having balanced interchange circuits according to the electrical characteristics o f R ecom m enda
tion V.35.
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A P PE N D IX  I 

(to R ecom m endation V .ll)

Cable and termination

No electrical characteristics o f the interconnecting cable are specified in this R ecom m endation. G uidance 
is given herein concerning operational constrain ts im posed by the length, balance and  term inating  resistance of 
the cable.

1.1 Cable

Over the length o f the cable, the two conductors should have essentially the sam e values of:

1) capacitance to ground;

2) longitudinal resistance and inductance;

3) coupling to adjacent cables and circuits.

1.2 Cable length

The m axim um  perm issible length o f cable separating  the generator and  the load in a po in t-to -poin t 
application  is a function o f the data signalling rate. It is fu rther influenced by the tolerable signal d isto rtion  and 
the environm ental constrain ts such as ground potential difference and longitudinal noise. Increasing the distance 
between generator and  load m ight increase the exposure to ground  potential difference.

As an illustration o f the above conditions, the curves o f cable length versus da ta  signalling rate in 
Figure I -1 /V .l 1 may be used for guidance.

i

Data signalling rate
Curve 1: terminated interchange circuit 
Curve 2 : unterminated interchange circuit

FIG U R E I-1/V. 11 

Data signalling rate vs cable length for balanced interchange circuit

C C ITT -43500
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These curves are based upon em pirical data using tw isted pair telephone cable (0.51-mm wire diam eter) 
bo th  unterm inated  and term inated  in a 100-ohm resistive load. The cable length restrictions shown by the curves 
are based upon the follow ing assum ed signal quality requirem ents at the load:

1) signal rise and fall tim e equal to, or less than, one-ha lf the duration  o f the signal elem ent;

2) a m axim um  voltage loss between generator and load o f 6 dB.

At the higher data signalling rates (see Figure I - l / V . l l )  the sloping portion  o f the curves shows the cable, 
length lim itation established by the assum ed signal rise and  fall tim e requirem ents. The cable length has been 
arb itrarily  lim ited to 1000 metres by the assum ed m axim um  allow able loss o f 6 dB.

These curves assum e tha t the environm ental limits specified in this Recom m endation have been achieved. 
At the higher data  signalling rates these conditions are m ore difficult to attain  due to cable im perfections and 
com m on-m ode noise. O peration  within the data signalling rate and  distance bounds of Figure 1-1/V.l 1 will 
usually ensure that distortion  o f the signal appearing  at the receiver input will be acceptable. M any applications, 
however, can tolerate m uch greater levels o f signal distortion  and in these cases correspondingly greater cable 
lengths may be em ployed.

Experience has show n that in m any practical cases the operating  distance at lower signalling rates may 
extend to several kilom etres.

For synchronous transm ission where the data and  signal elem ent tim ing are transm itted  in opposite 
d irections, the phase relationship  between the two may need to be adjusted to ensure conform ity with the relevant 
requirem ents o f signal quality at the interchange point.

1.3 Cable termination

The use o f a cable term ination  resistance (Z ,) is op tional and  dependent on the specific application. At the
higher data signalling rates (above 200 kb it/s) or at any data signalling rate where the cable propagation  delay is
o f  the order of h a lf the signal elem ent duration  a term ination  should be used to preserve the signal rise tim e and 
m inim ize reflections. The term inating  im pedance should m atch as closely as possible the cable characteristic 
im pedance in the signal spectrum .

G enerally, a resistance in the range o f 100 to 150 ohm s will be satisfactory, the higher values leading to 
low er power dissipation.

At the lower data signalling rates, where distortion  and  rise-time are not critical, it m ay be desirable to 
om it the term ination in order to m inim ize pow er dissipation in the generator.

APPENDIX II 

(to R ecom m endation V .l l)

M ultipoint operation

It is considered that fu rther study is required before param eters for this application  can be defined and 
this A ppendix, giving provisional figures, is intended as a guideline for this study, which is intended to lead to the 
developm ent o f a new R ecom m endation.

11.1 General

The poin t-to -po in t interchange circuit arrangem ent o f one generator and one load might be expanded to a 
m ultipoint arrangem ent by adding  generators, receivers or both , at in terchange points along the interconnecting 
cable.

Only one generator at a given tim e w ould present its differential voltage at its interchange point. All other 
generators would be isolated by an appropriate  control, and  assum e the high im pedance state defined below. All 
receivers would be continuously  in an operating  condition.

Term inating im pedances may be necessary at m ore than one po in t o f the m ultipoint in terconnection, but 
their specification is not included in this R ecom m endation. The com bined load im pedance presented to any active 
generator by other generators, receivers, cable and  term inators m ust not be less than 100 ohms.
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The operation  o f a m ultipoint arrangem ent m ust not be perturbed by any o f its com ponents when they are 
either in a high im pedance state or a pow er-off state 2). The generators and  receivers m ust to lerate  w ithout dam age 
the transm itted  signals with their m axim um  am plitude w ithin the specified limits.

G enerators on the sam e m ultipoint line m ust have the sam e nom inal d.c. offset voltage in o rder to operate 
correctly. However, generators with different d.c. offsets could be used on the sam e line provided  tha t these 
differences were com pensated at the com m on reference point.

The contro lling  data transfer protocol m ust insure tha t only one generator is active at one instan t in tim e 
in order to avoid contention. In the contention case the generator devices can be dam aged if three or m ore are 
active sim ultaneously.

, 11.2 High im pedance sta te

11.2.1 S ta tic  m easurem ents

W hen in the high im pedance state and with test loads o f 50 ohm s connected  betw een each generator 
ou tput point and point C, the m agnitude o f the voltage Vh m easured between po in ts A and  B shall no t exceed 
4 mV w hatever the logical condition  o f the generator input data  lead (Figure I I - l /V . l l ) .

W hen the generator is in the high im pedance state, with voltages ranging  between —6 V and  + 6  V 
applied  between each output point and point C, as indicated in Figure II-2/V .11, the m agnitude o f the ou tpu t 
leakage currents 7V„ and Ixh shall not exceed 150 pA.

The same situation applies in the pow er-off condition.

11.2.2 D ynam ic m easurem ents

D uring transitions o f the generator ou tpu t between the low im pedance state and  the high im pedance state, 
the differential signal m easured across a 100-ohm test load connected between the generato r po in ts A and B shall 
be such that the am plitude changes from 10% to 90% of the steady state voltage in less than  10 ps.

IVM < 4  mV

FIGURE II-1/V .l l  

High impedance state static measurement

I/*. I <  150 #i A 
Vxb I <  150 A

FIGURE II-2/V. 11 

Generator output leakage current measurement
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4902-1980.

[2] D ata  com m unication — 15-pin D T E /D C E  interface connector an d  pin assignm ents, ISO S tandard  4903-1980.

[3] C C IT T  Recom m endation List o f  definitions fo r  interchange circuits betw een d a ta  term inal equipm ent (D TE )
an d  da ta  circuit term inating equipm ent (D C E ) on public d a ta  networks, Vol. V III, Fascicle V III.2, Rec. X.24.

In the power-off state of any device it is assumed that the supply collapses to zero and is replaced by a very low impedance 
or short circuit.
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Recommendation V.15

USE OF ACOUSTIC COUPLING FOR DATA TRANSM ISSION

(Geneva, 1972)

The CC ITT,

considering

that there is a wide variety o f telephone instrum ents in existence and that the acoustic path involved in the 
use o f any coupling device canno t be accurately prescribed for all cases, and hence it will be difficult to ensure 
satisfactory transm ission in all situations,

recommends

that acoustic coupling o f data transm ission equipm ent via telephone instrum ents to the telephone 
transm ission netw ork should no t be used for perm anent installations.

It is, however, recognized that there may be a need for a m eans to provide tem porary  connection o f 
portab le data transm ission equipm ent to the netw ork in circum stances where it may not be possible to obtain 
convenient access to the subscriber’s line term inals.

The use o f acoustic coupling for tem porary  com m unications is subject to the agreem ent o f the A dm inistra
tion  in charge o f the telephone netw ork to which the equipm ent will be connected.

If  an A dm inistration  decides to perm it acoustic coupling for tem porary  data  transm ission stations, the 
acoustic coupling equipm ent conform s to the following:

1) The m axim um  pow er ou tput o f the subscriber’s equipm ent into the line shall not exceed 1 mW  at any 
frequency.

The m ean perm itted telephone line signal pow er shall no t exceed —13 dBmO for duplex operation  and 
— 10 dBmO for sim plex operation  when in tegrated over any period o f approxim ately 3 seconds. [See
b) and c) o f the in troduction  o f R ecom m endation V.2.]

2) If p  is the signal pow er in the frequency band  0-4 kH z, the signal pow er outside this band  shall not 
exceed the follow ing values when integrated over any period o f approxim ately 3 seconds:

p — 20 dB in the band  4 to 8 kHz,

p — 40 dB in the band  8 to 12 kHz,

p — 60 dB in each 4- kHz band  above 12 kHz.

3) The frequencies em itted by the transducer shall be such as not to interfere with national and
in ternational telephone signalling systems and  pilot signals involved in the telephone connection 
envisaged.

4) A dequate protection shall be provided in the transducer to avoid causing any dangerous electric 
potential and currents to the telephone system.

5) It shall not be possible to cause acoustic shock to telephone users under any norm al condition  or 
when the acoustic coupler develops any single fault.

6) The m echanical arrangem ents o f the transducer shall not cause m echanical dam age to  the telephone 
instrum ent.

7) In addition  to the contents o f this R ecom m endation, the regulations o f the national A dm inistration  
m ust also be com plied with.
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Recommendation V.16

M EDICAL ANALOGUE DATA TRANSM ISSION M O D EM S

(Geneva, 1976)

The C C ITT,

considering th a t:

(a) com puter-aided au tom atic ECG (electro-cardiogram ) in terpretation  is being m ade available by special 
d iagnostic centres to general practitioners and  hospitals at rem ote places and  suitable transm ission equipm ent is 
necessary for this reason;

(b) such a service can be im plem ented to advantage in a special data  collection system using sim ple 
rem ote stations and  a high-quality central unit;

(c) for such applications particularly  suitable and  com patible transm ission facilities are necessary which 
m ust not interfere with other telephone services;

(d) analogue as well as digitalized transm ission o f the analogue da ta  (e.g. EC G  records) are in princip le 
possible;

(e) in m ost cases, however, on-line transm ission with analogue transm ission m ethods can be im plem ented 
m ore easily and  econom ically;

(f) in practice, analogue transm ission generally prom ises a sufficient degree o f  quality;

(g) in cases o f em ergency and m onitoring o f im plan ted  pacem akers, very sim ple, acoustically coupled 
equipm ent m ay be o f great assistance to the persons concerned;

unanim ously declares the fo llow ing  view:

1 A nalogue transm ission o f m edical analogue data, e.g. ECGs, should be perm itted  in the public te lephone 
network. Reliable, sufficiently interference-free transm ission canno t be taken for gran ted  on every connection  or 
route. Therefore, it is necessary to test the connections under consideration  before such a service is definitely 
introduced.

2 This service requires two basically d ifferent transm ission devices (m odem s):

1) transm ission equipm ent for sim ultaneous transm ission o f three ECG  signals on a te lephone channel 
from  a rem ote station to the central station, preferably for d irect galvanic coupling to the te lephone 
channel;

2) transm ission equipm ent, preferably for em ergency use and  for m onitoring  o f im plan ted  pacem akers, 
to  sim ultaneously transm it only one ECG  signal from  a rem ote station  to a central station  with 
acoustic or galvanic coupling to a telephone channel.

The ECG  station usually consists o f an ECG  recorder, including separating  am plifier, da ta  in p u t/o u tp u t 
device and  the m odem  specified in this R ecom m endation (see Figure 1/V .l 6).

The central station usually com prises the central m odem  specified herein and  the in te rp re tation  system for 
ECG s (e.g. a com puter program m ed for ECG  interpretation).

This R ecom m endation covers the m odem s, the desired transm ission characteristics o f the ECG  transm is
sion channel as well as the necessary in terchange circuits and  the m ethod o f transm itting  the digital data 
associated with the ECG  (e.g. patien ts’ identification codes, control signals in bo th  transm ission directions and  the 
in terpretation  record).
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Remote station Central station

FIGURE 1/V.16 

Example o f  analogue transmission o f medical analogue data

3 Modems for simultaneous analogue transmission of three ECG records

3.1 Basic characteristics o f  the analogue channels

The equipm ent specified below is m ainly in tended for operation with direct galvanic coupling to telephone
lines.

3.1.1 B aseband signal

Baseband signal requirem ents at the m odem input:

— num ber o f  sim ultaneously transm itted  ECG  
records

— frequency response o f the separating am plifier

— signal-to-noise ratio  with 10 Hz square wave 
signals ±  1 V

— full scale lim it (see N ote 1)

— linearity deviation o f an ECG channel related to
full scale and the optim um  straight line

— perm issible group delay distortion o f the input 
signal at the m odulator input (including channel 
filter in the baseband)

3

flat

>  50 dB 
(unweighted)

±  2.5 V

1%

from 3 to 60 Hz
Ax <  2 ms, outside this range
(see Figure 2/V.16)

— spectrum : if a.c. coupling is applied, a tim e
constant o f x =  3.2 s, corresponding to a lower
cut-off frequency o f 0.5 Hz, should be used.

— baseband pre-em phasis (see N ote 2) (between rise of 6 dB /octave cut-off frequency:
separating am plifier and m odem ) 15 Hz
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N ote 1 — Existing instrum ents (EC G  recorders, etc.) are designed for ±  2.5 V full scale. If, how ever, the 
In ternational Electrotechnical Com m ission specifies ±  1 V or ±  1.25 V as the full scale lim it, th is value should  be 
adopted. The slope o f the m odu la to r characteristic (see § 3.1.2 below) m ust then be adjusted  accordingly.

N ote 2 — This value will require further study if, at a later date, am plitude com pandors are used to 
im prove the signal-to-noise ratio.

Frequency (f)
CCITT-4 3  540

FIGURE 2/V.16 

Permissible group-delay distortion in the baseband

3.1.2 R equirem ents for the transm ission equipm ent (m odem s)

The m odem  should be capable o f transm itting  baseband signals with a bandw idth  o f up  to approxim ately  
100 Hz. The transm ission equipm ent (m odem s) should not deteriorate the perform ance o f the baseband  signal as 
specified under § 3.1.1 above by m ore than 10%. The exact value o f the adm issible deterio ration  needs further 
study.

Since the centre channel o f the transm ission equipm ent will in future be used for digital transm ission  o f 
EC G -associated digital data  and  other biological data, it m ust be capable o f transm itting  d.c. com ponents. The 
sam e should apply to the other channels.

— line signals  for transm itting  the E C G : signals as specified under § 3.1.1 above.

— m odulation  m ethod: frequency m odulation

— subcarrier frequencies f , and associated m axim um  
transm ission levels p n :

/  =  950 Hz ±  6 Hz 
/  =  1400 Hz ±  15 Hz (see N ote 1) 
/  =  2100 Hz ±  15 Hz

p, =  7 dB 
p2 = 5 dB 
p3 — 3 d B

lower than the resulting 
level Pq as specified in 
R ecom m endation V.2

resulting m axim um  level: p0 as specified in R ecom m endation V.2

sim ultaneous transm ission o f all three subcarriers 
is m andatory , if subcarriers /  a n d / o r / ,  are used.

m axim um  frequency deviation per channel in the 
case o f linear operation : A / =  ±  100 Hz

slope o f the m odulator characteristic (subcarrier 
deviation sensitivity): 40 H z/V  (see N ote 2)

a positive signal should cause a rise in the 
subcarrier frequency

FM channel bandw idth  (3 dB points): <  350 Hz
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— resulting level accepted by receiver 
(upper threshold-level):

— 6 dBm to
— 43 dBm

lower threshold level: — 46 dBm

Note 1 — This frequency selection m akes allow ance for the follow ing boundary  conditions:

a) best possible decoupling between the three ECG  channels. N onlinear distortion may cause a small 
degree o f  cross-talk;

b) C C IT T  standardized subcarrier frequencies (2100 Hz and 1400 Hz) should be used as far as possible;

c) no interference to existing C C IT T  signalling systems by sim ulation o f switching signals.

Some o f the existing ECG transm ission systems use subcarrier frequencies f  =  1075 Hz, f 2 =  1935 Hz, 
f  =  2365 Hz. Due to the relatively slow m odulation  by ECG s, the m odulated subcarrier frequencies f 2 and  f  may
sim ulate signals o f C C IT T  Signalling Systems No. 2 and  No. 4. This w ould cause interference to the ordinary
telephone service. W here this kind o f interference is not to be expected, use o f the subcarrier frequencies 
concerned should be allowed over a transition  period covering two C C IT T  study periods. Thereafter, the 
aforem entioned frequencies (950 Hz, 1400 Hz and 2100 Hz) only should be used in the interest o f m utual 
com patibility  o f the ECG transm ission systems from  different suppliers.

Note 2 — This value should be changed to 100 H z/V , o r 80 H z/V  if the full-scale voltage o f ±  1 V or
±  1.25 V (see § 3.1.1 above) is applied.

3.2 Forward digital data transmission fro m  the remote station to the central station

The analogue centre channel with a subcarrier frequency f 2 — 1400 Hz should be used for transm ission of
EC G -associated digital data. C hannel characteristics are:

— centre frequency: f 2 =  1400 Hz (see Note)

Note — In addition  to the aforem entioned signalling system, the follow ing systems for forw ard digital 
da ta  transm ission are also in use:

a) tri-level code, derived from frequencies /  2.3 a °d  ±  approxim ately 100 Hz;

b) serial code with f  =  1075 Hz ±  40 Hz and frequency shift keying (FSK);

c) signalling with push-button telephone frequencies as specified in R ecom m endation Q.23 [1].

These variants should be allowed to rem ain in use for a transition  period o f two study periods. A fterwards, 
only the above recom m ended version should be used in order to obtain m utual technical com patibility o f the 
instrum ents. This should also apply to future developm ents.

3.3 Digital transmission in the backward direction from the central station to the remote station

In order to send back in terpretation  results, control signals, etc., a digital backw ard channel with the 
follow ing param eters should be provided:

— m odulation by frequency shift keying with the follow ing frequencies:

symbol 1, (m ark): 

symbol 0, (space): 

coding:

/ - = / , -  80 Hz 

/ „ - / , +  SO Hz

International A lphabet No. 5 as indicated in 
Recom m endations V.3 and V.4, with s ta rt/s to p  
transm ission

100 baudsnom inal m odulation  rate:

pow er level: p2 < — 11 dBm

sym bol 1 (m ark): 

sym bol 0 (space): 

nom inal m odulation  rate:

f .  =  390 Hz (see Note) 

fa =  570 Hz

200 bauds

International A lphabet No. 5 as indicated in 
R ecom m endations V.3 and V.4, with s ta rt/s to p  
transm ission

coding:
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— transm ission level: as specified in R ecom m endation V.2

— idle condition : symbol 1 (m ark), 390 Hz

— level accepted by receiver: — 6 dBm  to —40 dBm

— lower threshold  level: —46 dB m .

N ote — f z =  390 Hz is in accordance with R ecom m endation V.23. For single tone signalling, /  =  389 Hz 
(E IA  standard  for tone signalling) should be allowed for a transition  period  o f two study periods. A fterw ards, the 
above C C IT T  standard  should be applied.

3.4 C alibration signal

At the beginning o f the ECG  u co rd in g  a standardized calib ration  signal can be transm itted  from  the ECG  
recorder. By transm itting  the com bination  EN Q  (0/5) o f In ternational A lphabet No. 5 to  the rem ote station  (EC G  
recorder) the central station should call up and  repeat this calibration  signal w henever desired.

3.5 Q uality control

In order to m onitor the transm ission quality and elim inate those parts o f the transm itted  EC G  which 
contain  interference pulses, suitable m onitoring measures should be provided  in the central m odem . If  a part o f 
the transm itted  ECG  is disturbed, the central unit should send the signal D E L  to the rem ote station.

A 40-dB signal-to-noise ratio in the baseband ECG  channel is provisionally  recom m ended as th reshold  
level. The exact value needs further study.

3.6 Interchange circuits

The following interchange circuits should be optional. If  interchange circuits are required , the follow ing 
circuits should be provided:

3.6.1 Interchange circuits betw een recording system  an d  rem ote sta tion  m odem

I f  interchange circuits are necessary between the recorder and the m odem , their functions should  be in 
accordance with R ecom m endation V.24, and  their electrical values in accordance with R ecom m endation  V.28 
or V.31, except circuits carrying analogue signals.

3.6.2 Interchange circuits betw een the central m odem  an d  the interpretation system

If  these in terchange circuits are necessary, they should also be in accordance with R ecom m endations V.24 
and  V.28.

The choice o f the required interchange circuits needs further study.

3.7 Procedures

The required procedures also need further study with respect to m utual com patibility , echo suppressor 
disabling, answ ering tones, etc.

N ote — A frequency scheme o f subcarrier frequencies and associated digital channels is given in 
F igure 3/V.16.

4 Modem for sim ultaneous analogue transmission of one ECG record

4.1 G eneral

This specification enables single channel equipm ent for direct galvanic coupling or acoustic coupling  to be
designed which is com patible with the centre channel o f the three-channel transm ission equipm ent described in § 3 
above.

4.2 Baseband signal when transm itting  from  the rem ote station  to the central unit as specified in § 3.1.1 above
but with the follow ing am endm ents to be m ade to the param eters o f the line signals:

— f re q u e n c y :^  =  1400 Hz;

— pow er level: p 2 <  — 6 dBm.
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Forward channels Channel 1 Central channel 2 Channel 3

Subcarrier h h  6
frequencies 950 Hz UOOHz 2100 Hz

Backward channel f T  f*0" C C lT T -4 3 5 5 0

FIGURE 3/V.16

Frequency scheme o f  subcarrier frequencies and associated digital channels

In the case o f acoustic coupling the above pow er level should not be exceeded at the ou tpu t o f the 
te lephone set. The full scale lim it may be extended to  ±  5 mV. Linear operation  is required up to ±  2.5 mV in 
this case. The slope o f the m odulator characteristic should be 40 H z/m V  for linear operation. These param eters 
are related to the patien t’s cable.

4.3 D ig ita l transm ission in the fo rw a rd  direction

D ue to the lim ited num ber o f possible applications, the use o f the digital forw ard transm ission channel 
should  be optional. If  provided, it should be in accordance with the digital transm ission m ethod described under 
§ 3.2 above.

4.4 D ig ita l transm ission in the backw ard direction

The use of the digital backw ard channel should be optional. If provided, it should be in accordance with 
§ 3.3 above. If  no digital backw ard channel is provided, the answ ering tone (389 Hz) should be sent.

4.5 Single channel central m odem

If  required, a single channel central m odem  for direct galvanic coupling to the telephone line can also be 
designed with the param eters o f the centre channel. The m axim um  deviation may be extended to 200 Hz. Here, all 
m eans for transm ission o f EC G -associated digital da ta  are optional. If  provided, they should be in accordance 
with the digital transm ission m ethod described under §§ 3.2 and 3.3 above.

Reference

[1] C C IT T  R ecom m endation Technical fea tu res o f  push-button telephone sets, Vol. VI, Fascicle V I.1, Rec. Q.23. 
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Recommendation V.19

M ODEM S FOR PARALLEL DATA TRANSM ISSION  
USING TELEPHONE SIGNALLING FREQUENCIES

(Geneva, 1976)

Systems for parajlel da ta  transm ission can be used econom ically when the transm itting  sets (ou tstations) 
use the signalling frequencies o f push-button telephone sets to transm it d a ta  to a central receiving set (instation) 
via the switched telephone network.

1 S co p e

In  m any netw orks, the in troduction  o f keyboard te lephone sets allows sim ple, one-w ay da ta  transm ission 
at speeds up to about 10 characters per second to be m ade from  a large num ber o f push-bu tton  te lephone sets 
serving as outstations to a com m on instation , via the general switched telephone netw ork. T ransm issions in the 
instation-to-outstation  direction are generally confined to sim ple acoustic signals and  voice replies.

The C C IT T  therefore

unanimously recommends

that the m odem s to be used for stations operating in the general sw itched te lephone netw ork should  meet 
the specifications shown below.

2 General characteristics

2.1 Data channel

The transm ission system uses two sets o f frequencies in accordance with R ecom m endation Q.23 [1]. Each 
character is transm itted  in the form  of two sim ultaneously transm itted  frequencies. These two frequencies belong 
to two separate sub-assemblies. Each o f these two assemblies consists o f four frequencies [“2 (1 /4 )” code]. This 
coding can thus be used to transm it 16 d ifferent character com binations and  perhaps m ore (see Note).

The actual transm ission consists in sending a frequency pair for a tim e greater than  30 ms, follow ed by a 
silence period o f not less than  25 ms.

Note — In order to stretch the set o f characters, several frequency pairs m ay be transm itted  before the 
silence period. It should be noted that in this case character coding and  decoding will no t be effected by the D C E 
but by the DTE.

2.2 Backward channel

The follow ing possibilities might be considered:

a) a telephone channel not sim ultaneous with data transm ission in the forw ard d irection ;

b) a backw ard channel for audible signalling;

c) a backw ard channel for electrical signalling.

Possibilities b) and c) are provided on a basis o f non-sim ultaneity  or, op tionally , sim ultaneity  with the 
da ta  transm ission channels in the forw ard direction.

A loudspeaker will be built into the outstation  modem. O ptionally , a continuous signalling ou tpu t m ay be 
provided. If the national regulations perm it, an ou tpu t for response to the channel m ay also be provided as an 
option.
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3 Frequency assignm ents

3.1 D ata transmission channel

The 2 groups o f 4 frequencies specified in R ecom m endation Q.23 [1] are defined as follows:

— low group frequencies: 697, 770, 852, 941 Hz;

— high group frequencies: 1209, 1336, 1477, 1633 Hz.

The frequency pairs are assigned to the d ifferent digits as shown in Table 1 /V .l9.

TABLE 1/V .l 9

Bi =  1209 Hz B2 =  1336 Hz B3 =  1477 Hz B4 =  1633 Hz

A! =  697 Hz 1 2 3 A

A2 =  770 Hz 4 5 6 B

A3 =  852 Hz 7 8 9 C

A4 =  941 Hz * 0 # D

3.2 Backward channel

For audible signals and electrical signalling, the backw ard channel frequency will be 420 Hz. This 
frequency may be am plitude-m odulated  at a rate o f up  to 5 bauds.

Use may also be m ade o f an FM backw ard channel sim ilar to that o f the R ecom m endation V.23 type 
m odem , or o f the No. 2 transm ission channel o f a R ecom m endation V.21 type m odem  (if the frequency 1633 Hz 
is not used). These two types o f backw ard channel may be used at the sam e time as the data frequencies in the 
forw ard d irection; the use o f these backw ard channels is optional.

4 Tolerances

4.1 D a ta  frequency tolerances

The data frequency tolerances are defined in R ecom m endation Q.23 [1]; the difference between each 
frequency and  its nom inal frequency m ust not exceed ±  1.8% o f the nom inal frequency. A part from  this tolerance 
o f  ±  1.8% on transm ission, the instation receiver should be able to accept a difference o f ±  6 Hz due to the 
carrier systems.

4.2 Frequency tolerance on backw ard channel

The tolerance o f 420 Hz on the backw ard channel should be ±  4 Hz; the receiver o f the outstation  should 
also be able to accept a difference o f ±  6 Hz due to the carrier systems.

5 Line power levels

On the basis o f R ecom m endation V.2, the follow ing m axim um  pow er levels are recom m ended for each 
frequency transm itted , m easured at the relative zero po in t:

— 13 dBmO for the data transm ission channel w ithout the sim ultaneous backw ard channel;

— 16 dBmO for the data transm ission channel with the sim ultaneous backw ard channel;

— 10 dBmO for the non-sim ultaneous backw ard channel;

—16 dBmO for the sim ultaneous backw ard channel.
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In view o f the provision o f R ecom m endation V.2 and  the statistical values o f the m axim um  transm ission 
loss between subscribers, it is recom m ended tha t the instation receiver should  be able to detect frequency pairs 
received at —45 dBm.

Note — Studies should be continued with a view to perm itting levels on reception below  —45 dBm.

‘ 6 Power levels on reception

7 Character reception

A character will be detected and  delivered to the D TE interface if, and  only if, the two frequencies 
corresponding  to the character are detected and  are stable for at least 10 ms.

The silent period will be detected and delivered to the D TE interface if no frequency belonging to the code 
appears for at least 10 ms.

Note  — D uring silent periods, the m icrophone o f the telephone set is connected to the te lephone line, so 
th a t interfering signals (am bient noise, speech) may be received. The receiver m ust be fitted with devices capable 
o f  distinguishing between these in terfering signals and data signals (speech protection). It w ould be advisable to 
study further the m ethod o f assessing receiver response to the sim ulation o f data  signals by interfering  signals. A 
reproducible test signal should be defined, so that com parable m easurem ents can be made.

8 Detection of line signal received on the data channel

C ircuit 109 m ust be in the ON position when a character is received; the circuit m ay be sw itched from  ON 
to O FF:

1) on detection o f the silent period;

2) after a tim e-out o f 60 ±  10 ms follow ing detection o f the silent period.

9 Timing for characters received

By its very principle, the system is asynchronous; however, it m ay be useful to provide the D TE, on an 
optional basis, with a signal which indicates the sam pling tim es o f the da ta  wires. In this case, it is advisable to 
use circuit 131, which will switch from  O FF  to O N  when the character reaches the interface, and  then back to 
O F F  after a tim e T. This tim e will be chosen in such a way that the data are stable at the D TE interface.

The value T  = 15 ms m ay be recom m ended by way o f example.

This clock m ay optionally  be disabled on reception o f a silent period.

10 Interface of instation modem

The functional characteristics o f the interchange circuits concerned are as defined in R ecom m enda
tion  V.24 (see N ote 1).

List o f  interchange circuits concerned

102 Signal ground  or com m on return

104 Received da ta  [8 circuits. These circuits are designated A ,, A2 . . .  B4 according to their co rrespon 
dence with the relevant frequency in Table 1/V.19 (see N ote 2 below)]

105 Request to send (see N ote 3 below)

107 D ata set ready

108/1 C onnect da ta  set to line (see N ote 4 below)

108/2 D ata term inal ready (see N ote 4 below)

109 D ata channel received line signal detector

125 Calling ind icator

130 Transm it backw ard tone

191 T ransm itted voice answer (see N ote 3 below)
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110 D ata signal quality detector

131 Received character tim ing

N ote 1 — M anufacturers who m arketed a m odem  o f this type prior to the publication o f this R ecom m en
dation  m ay regard the interface defined in this paragraph  as optional.

Note 2 — To m ake the interface com patible with the relevant specifications of R ecom m endation V.20, the 
com bination  A4, B4 may be transm itted  on circuit 104 instead o f a pause (“ 1” on all circuits), provided circuit 107 
is in the ON position and circuit 105 is in the O F F  position. This sim ulated idle com bination is optional.

Note 3 — These circuits are required if the “telephone channel” facility is provided in the m odem . The
electrical characteristics o f interchange circuit 191 are still under study.

N ote 4 — C ircuit 108 m ust be available either as circuit 108/1 — Connect data set to line, o r as
circuit 108/2 — Data terminal ready. For au tom atic calling, this circuit is used exclusively as circuit 108/2.

The electrical characteristics o f these interchange circuits are as defined in R ecom m endation V.28, using 
the 25-piri connector and the pin arrangem ent defined in [2]. D ata circuits: when the frequency corresponding to a 
circuit is em itted, the corresponding interchange circuit will be negative. W hen the frequency is in terrup ted , the 
corresponding  interchange circuit will be positive.

The following interchange circuits are optional:

11 Interface of outstation modems

In view of the purpose o f these m odem s, which are or will be m ore or less integrated in econom ic 
term inals, the specification o f the interface is liable to result in a much higher equipm ent cost. Hence no interface 
is recom m ended.

References

[1] C C IT T  R ecom m endation Technical fea tures o f  push-button telephone sets, Vol. VI, Fascicle V I.1, Rec. Q.23.

[2] D ata communication — 25-pin D T E /D C E  interface connector and pin assignments, ISO S tandard  2110-1980, 
colum n D.

Recommendation V.20

PARALLEL DATA TRANSM ISSION M O D EM S STANDARDIZED FOR 
UNIVERSAL USE IN THE GENERAL SW ITCHED TELEPHONE NETWORK

(former Recom mendation V.30, M ar del Plata, 1968; 
am ended at Geneva, 1972 and 1980)

There is a need for one-w ay data transm ission systems where a large num ber o f low-cost sending stations 
(outstations) transm it to a central receiving station (instation) over the switched telephone network.

The follow ing systems are desired:

a) transm itting  16-character com binations;

b) transm itting  64-character com binations;

c) transm itting  256-character com binations.

In m ost cases a character signalling rate o f 20 characters per second will be sufficient; 40 characters per
second m ay be required for som e applications o f the 16-character com bination  system.

The transm ission from  the instation to the outstations is lim ited either to sim ple acknow ledgem ent signals
(data collection systems) or to analogue signals (voice-answ ering systems).

The use of norm al push-button telephone sets in the outstation for some o f these applications m ay be of 
advantage for the user. However, it is recognized that for the tim e being on some telephone systems there exist 
certain  lim itations in the frequency band 600 to 900 Hz. This is due to the characteristics of the telecom m unication
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path, such as signalling frequencies and  m etering pulses. Therefore, for a universal system the frequency band  o f 
the data  channel is 900 to 2000 Hz, which excludes the use o f the norm al push-button  telephone set.

A so-called parallel data-transm ission system using two or three tim es one out o f four frequencies can 
fulfil the above requirem ents.

For these reasons, the C C IT T

unanimously declares the following view:

1 Parallel data-transm ission systems can be used econom ically when a large num ber o f  low-cost sending
stations (outstations) wish to transm it to a central receiving station (instation) over the switched te lephone netw ork 
(or on leased telephone circuits).

A part from  the possibility o f the use, on a restricted scale, o f a system that is com patib le with 
m ultifrequency push-button telephone signalling devices, the follow ing system is recom m ended as a universally  
applicable system for the switched telephone circuits.

2 Facilities

2.1 Data channel

The basic system has a m axim um  of 16-character com binations and  a m odulation  rate o f up  to 40 bauds. 
This perm its a character signalling rate o f up  to 20 characters per second when an in ter-character rest condition  is 
used, or up to 40 characters per second with the use o f a b inary  tim ing channel. This basic system consists o f  two 
groups o f four frequencies, one frequency from  each group being transm itted  sim ultaneously (two tim es one out 
o f four).

The basic system includes provision for expansion up to 64-character com binations by the add ition  o f a 
th ird  four-frequency group (three tim es one out o f four). N o use is foreseen for the system with 64-character 
com binations at character signalling rates above 20 characters per second, w ithin this class o f inexpensive parallel 
transm ission equipm ent.

An expansion o f the basic system to cater for 256 characters (up to  20 characters per second) is achieved 
by using only two groups for the conveyance o f data, each character being transm itted  in two sequential parts. 
The two ha lf characters are positively identified by the two different conditions o f a b inary  channel. The tim ing 
channel m entioned above is recom m ended to be used for this purpose.

W here an inter-character rest condition  is required the full num ber o f frequency com binations in the 
m odem  will not be available to the user as character com binations:

a) with the 16-frequency com bination system, only 15 characters will be available unless a tim ing 
channel is used from  frequency group B;

b) with the 64-frequency com bination system only 63 characters are available.

These recom m ended systems have an inherent transm ission error-detecting  capability.

2.2 Backward channel

Provision is m ade for the follow ing facilities:

a) a speech channel non-sim ultaneous with forw ard data;

b) a backw ard channel for audible signalling;

c) a backw ard channel for electrical signalling purposes.

Facilities b) and c) are provided, either non-sim ultaneous or op tionally  sim ultaneous with the forw ard  data 
channels.

A loudspeaker will be provided in the outstation  modem . On an op tional basis a d.c. signalling ou tpu t will 
be provided. If  national regulations perm it, a voice-answ ering outpu t will also be provided on an op tional basis.
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3.1 D ata channels

Frequency allocations and  designations as shown in Table 1/V.20 are recom m ended.

3 Frequency allocations

TABLE 1/V.20

Channel No.

Group
1 2 3 4

A 920 Hz 1000 Hz 1080 Hz 1160 Hz

B 1320 Hz 1400 Hz 1480 Hz 1560 Hz

C 1720 Hz 1800 Hz 1880 Hz 1960 Hz

For the basic 16-character system only groups A and  C are used.

If  an inter-character rest condition  is used, during the tim e no input data circuits are operated , rest 
frequencies are sent to line. The highest frequency in each group is recom m ended to be the rest frequency.

3.2 Timing channel

If  a tim ing channel is provided in the 16-character system this should consist o f a selected pair o f g roup B 
frequencies. The recom m ended frequencies are Fm =  1400 Hz and  FB3 =  1480 Hz.

In the case where this tim ing channel will be used to identify the two halves o f the character in the 
256-character system, the higher frequency is transm itted  sim ultaneously with the first half o f the character.

N o tim ing channel is provided in the 64-character com bination  system.

3.3 Backward channel

The frequency o f the backw ard channel for audible and  electrical signalling shall be 420 Hz. This tone 
m ay be am plitude m odulated at rates up to, say, 5 bauds.

A frequency m odulated backw ard channel which is sim ilar to tha t o f a R ecom m endation V.23 m odem  can 
also be used sim ultaneously with the forw ard data frequencies, use o f this channel being optional.

3.4 Tolerances

The tolerances on both data and backw ard frequencies should be ±  4 Hz.

The receiver should cater for ±  6 Hz difference due to carrier systems in addition to the transm itter 
to lerance o f ±  4 Hz.

4 Power levels

Based on R ecom m endation V.2 the follow ing m axim um  pow er levels m easured at the zero relative level 
po in t are recom m ended for each transm itted  frequency:

4.1 Data and timing channels

4.1.1 16-character system w ithout tim ing channel and  with a non-sim ultaneous backw ard channel: —13 dBmO.

4.1.2 All other cases: —16 dBmO.
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4.2 B ackw ard channel

4.2.1 N on-sim ultaneous: — lOdBmO.

4.2.2 Sim ultaneous: — 16 dBmO.

In systems where either the sim ultaneous or the non-sim ultaneous backw ard channel is used, all pow er 
levels should be — 16 dBmO.

The m axim um  difference between any data tone at the transm itter term inal should  be 1 dB.

5 Threshold levels of the data channel received signal detector

W hen the level o f the received signal in group C exceeds - 4 9  dBm , circuit 109 shall be O N. W hen the
level o f this received signal is less than —54 dBm , circuit 109 shall be O FF. The detector circuit which causes 
circuit 109 to turn  ON or O F F  shall exhibit hysteresis action such tha t the level at which the O F F  to ON 
transition  occurs shall be at least 2 dB greater than that for the O N  to O F F  transition .

G roup  C was chosen for this purpose because it is the m ost critical from  a received level po in t o f view.

6 Minimum level of received signal on the backward channel

The expected m inim um  level is —45 dBm for the 420-Hz tone. This in form ation  is p rovided to assist 
equipm ent m anufacturers.

7 Instation modem interface

The functional characteristics o f in terchange circuits com ply with R ecom m endation  V.24.

7.1 List o f  essential interchange circuits:

102 Signal ground or com m on return

104 Received data  [12 or 8 circuits depending on whether G roup  B is provided or not. These received
data  circuits are designated A l, A2 . . .  C4, each corresponding  to its relevant frequency (see 
T able 1/V.20)]

105 Request to send (see N ote 2)

107 D ata set ready

108/1 C onnect data set to line (see N ote 1)

108/2 D ata term inal ready (see N ote 1)

109 D ata channel received line signal detector

125 Calling ind icator

130 T ransm it backw ard tone

191 T ransm itted voice answer (see N ote 2)

The follow ing optional in terchange circuits may be provided:

110 D ata signal quality  detector

124 Select frequency groups

131 Received character tim ing

Note 1 — This circuit shall be capable o f use as circuit 108/1 — C'&n'nect data set to line or
circuit 108/2 — Data terminal ready, depending upon  its use. For autom atic calling it shall be used as 108/2 only.

N ote 2 — These circuits are required if the speech channel facility is provided in the m odem . The 
electrical characteristics o f interchange circuits 191 and  192 are left for fu rther study.

7.2 The electrical characteristics o f the interchange circuits com ply with R ecom m endation V.28.

D ata  circuits: when the frequency corresponding  to the circuit is O N , the app rop ria te  interchange circuit 
will be negative. W hen the frequency in this channel is O FF , the interchange circuit will be positive.
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For tim ing purposes in the 256-character system, a single interchange circuit is selected from G roup  B so 
th a t positive polarity  indicates the First half o f the character period and a negative polarity  indicates the second 
h a lf  o f the character.

8 Outstation modem interface

The functional characteristics o f interchange circuits com ply with R ecom m endation V.24.

8.1 List o f  essential interchange circuits:

102 Signal g round or com m on return (see N ote 2)

103 T ransm itted  da ta  (nine or six circuits depending on w hether G roup  B is provided or not)

These circuits are designated A l, A2 . . .  C3, each corresponding to its relevant frequency (see 
Table 1/V.20)

105 Request to send

129 Request to receive

8.2 The follow ing optional interchange circuits may be provided:

107 D ata set ready

108/1 C onnect data set to line

108/2 D ata term inal ready

119 Received backw ard channel data

125 C alling ind icator

192 Received voice answer (see N ote 1)

W hen the op tional tim ing channel is used then the app rop ria te  data circuits are operated.

Note 1 — See § 7.1, N ote 2 above.

Note 2 — The transm itted  data circuits (103) will all use the sam e com m on return (102). The control 
circuits may operate each on their own return circuit.

8.3 Electrical characteristics

The data  and  control interchange circuits at the outstation  will be operated by the opening or closing of 
contacts carrying only direct current. The electrical characteristics o f interchange circuits com ply with 
R ecom m endation V.31.

9 Correspondence for each group (Table 2/V .20)

TABLE 2/V.20

At outstation 
closing o f circuit

Number o f the channel 
on line

At instation negative 
polarity on circuit

1 1 1

2 2 2

3 3 3

None 4 4

N ot m ore than  one circuit per group may be closed at a time. 
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10 Character set

The allocation  o f interchange circuits to the code com binations to  be transm itted , i.e. defin ition  o f a 
character set, must conform  to the conditions defined in this R ecom m endation and  m ust take into account the 
application  requirem ents and the type o f input m edia (paper tape, punched cards, keyboards, etc.).

For this reason the recom m endation for a character set is prim arily for ISO in co llaboration  with C C ITT.

Note — Exam ples o f alphabets and coding m ethods are given in references [1], [2], [3] and  [4],

This Recommendation includes the allocation o f transmission frequencies to the interchange circuits.
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[3] Parallel transmission on switched telephone circuits, Blue Book, Vol. V III, Supplem ent 56, ITU ,
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Recommendation V.21

300 BITS PER SECOND DUPLEX M ODEM  STANDARDIZED FOR USE  
IN THE GENERAL SW ITCHED TELEPHONE NETWORK 1)

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

Note  — The m odem , designed for use on connections set up by sw itching in the general te lephone 
network, can obviously be used on leased lines.

A system of data transm ission at a low data  signalling rate, such tha t data could be transm itted  over a 
telephone circuit operated  alternatively for telephone calls and data transm issions, using sim ple in p u t/o u tp u t 
equipm ent and  easy operating procedures, w ould be econom ical.

The data signalling rate must be such as to allow  the use o f cu rren t types o f data  sources and sinks, 
especially electrom echanical devices.

The system for data transm ission will be duplex, either for sim ultaneous two-way data  transm ission or for 
the transm ission o f signals sent in the backw ard d irection for error-contro l purposes. The transm ission m ust be 
such that use can be m ade o f norm al telephone circuits, and this applies bo th  to the bandw id th  available and  to 
the restrictions im posed by signalling in the telephone networks.

The two correspondents are brought into contact by a telephone call, and the circuit is put in to  the 
data-transm ission position:

a) m anually by agreem ent between the operators, or

b) autom atically.

For these reasons, the C C IT T

unanimously declares the following view:

1 D ata transm ission may take place at low data signalling rates on telephone calls set up  on sw itched 
telephone circuits (or on leased telephone circuits).

See Note under § 2 of this Recommendation.
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2 The com m unication circuit for data transm ission is a duplex circuit whereby data transm ission in both 
d irections sim ultaneously is possible at 300 b it/s  or less.

The m odulation is a b inary  m odulation  obtained by frequency shift, resulting in a m odulation  rate being 
equal to the data signalling rate.

Note — A ttention is draw n to the fact tha t there m ay be in operation some old-type V.21 m odem s for 
which the m axim um  data  signalling rate is 200 b it/s .

3 For channel No. 1, the nom inal m ean frequency is 1080 Hz.

For channel No. 2, it is 1750 Hz.

The frequency deviation is ±  100 Hz. In each channel, the higher characteristic frequency ( FA) corres
ponds to a b inary 0.

The characteristic frequencies 2) as m easured at the m odula to r ou tpu t m ust not differ by m ore than ±  6 Hz 
from  the nom inal figures.

A m axim um  drift frequency o f ±  6 Hz is assum ed for the line. Hence the dem odulation  equipm ent must 
to lerate drifts o f ±  12 Hz between the frequencies received and  their nom inal values.

4 D ata may be transm itted  by synchronous or asynchronous procedures. W ith synchronous operation , the 
m odem  will not have to provide the signals which w ould be necessary to m aintain synchronism  when transm ission 
is not proceeding.

5 It will be for the user to decide w hether, in view o f the connections he makes with this system, he will 
have to request that the da ta  circuit-term inating equipm ent be equipped with facilities for disabling echo 
suppressors. The in ternational characteristics o f the echo suppressor tone disabler have been standard ized  by the 
C C IT T  (R ecom m endation G.164 [1]) and the disabling tone should have the following characteristics:

— disabling tone transm itted : 2100 ±  15 Hz at a level o f —12 ±  6 dBmO;

— the disabling tone to last at least 400 ms.

Note 1 — The tone disabler will hold in the disabled m ode for any single-frequency sinusoid in the band 
from  390-700 Hz having a level o f —27 dBmO or greater, and  from  700-3000 Hz having a level o f —31 dBmO or 
greater. The tone disabler will release for any signal in the band  from  200-3400 Hz having a level o f —36 dBmO 
or less.

Note 2 — The tone disabler will no t release if the data signal is in terrupted  for less than 100 ms.

6 The m axim um  pow er ou tput o f the m odem  into the line shall not exceed 1 mW.

The pow er level o f the m odem  should be adjusted to m ake allow ance for loss between this equipm ent and 
the po in t o f entry to an in ternational circuit, so that the corresponding nom inal level o f the signal at the 
in ternational circuit input shall not exceed —13 dBmO (see R ecom m endation V.2, § 2).

7 a) W hen both channels are used for sim ultaneous both-w ay data transm ission, channel No. 1 is used for
transm ission of the caller’s data  (i.e. the person m aking the telephone call) tow ards the called station, while 
channel No. 2 is used for transm ission in the other direction.

b) W hen one channel is used for data transm ission and the other is used for transm ission o f check 
signals, service signals, etc., only, it is channel No. 1 which is used for transm ission from  the calling to the called 
station  regardless o f the d irection in which the data are transm itted.

c) The procedure for the assignm ent o f the channels described under a) and b) above applies in the case 
o f the general service o f data transm ission, m aking it possible to transm it data or check signal, service signal, etc., 
b ila terally  between any two subscribers. In special cases which do not com e under this rule, the procedure of 
assignm ent o f the channels is determ ined by the prio r agreem ent between the correspondents, bearing in m ind the 
requirem ent p roper to each service.

The nominal characteristic frequencies:
channel No. 1 (FA =  1180 Hz and Fz = 980 Hz);
channel No. 2 (FA =  1850 Hz and F. =  1650 Hz).
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8 Interchange circuits

8.1 List o f  interchange circuits essential fo r  the m odem s when used on the general switched telephone network or 
non-switched leased telephone circuits (see Table 1/V.21)

The configurations o f interchange circuits are those essential for the particu lar sw itched netw ork or leased 
circuit requirem ent indicated. W here one or m ore o f such requirem ents are provided in a m odem , then all o f the 
appropria te  in terchange circuit facilities should be provided.

TABLE 1/V.21

Interchange circuit
General switched 

telephone network including 
terminals equipped for 

manual calling, 
manual answering, 
automatic calling, 

automatic answering 
(Note 1)

Non-switched leased 
telephone circuits 

(Note 1)

Number Designation Point-to-point Multipoint

102 Signal ground or common return X X X
102a DTE common return X X X

(Note 5)
102b DCE common return X X X

(Note 5)
103 Transmitted data X X X

104 Received data X X X
105 Request to send X (Note 2) X
106 Ready for sending X X X

107 Data set ready X X X
108/1 Connect data set to line X (Note 3) X X
108/2 Data terminal ready X (Note 3) X (Note 4) -

109 Data channel received line signal detector . X X X

125 Calling indicator X
126 Select transmit frequency — — X

N ote 1 — All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements o f Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal equip
ment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical characteristics 
(see § 9).

N ote 2  -  Circuit 105 is not required when alternate voice/data service is used on non-switched leased point-to-point circuits.
J

N ote  3 — This circuit shall be capable o f operation as circuit 108/1 -  connect data set to  line or circuit 108/2 -  data terminal 
ready depending on its use. For automatic calling it shall be used as 108/2 only.

N ote  4 — In the leased point-to-point case, where alternate voice/data service is to be provided, circuit 108/2 may be used optionally.

N ote  5 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10  
are used.
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8.2 Response times o f  circuits 106 and  109

8.2.1 Definitions

8.2.1.1 C ircuit 109 response tim es are the tim es tha t elapse between the connection or rem oval o f a tone to or 
from  the m odem  receive line term inals and  the appearance o f  the corresponding O N  or O F F  condition on 
circuit 109.

The test tone should have a frequency corresponding to the characteristic frequency o f b inary  1 and be 
derived from  a source with an im pedance equal to the nom inal inpu t im pedance o f the m odem  under test.

The level o f the test tone should fall into the level range between 1 dB above the actual threshold o f the 
received line signal detector and  the m axim um  adm issible level o f the received signal. At all levels w ithin this 
range the m easured response tim es shall be w ithin the specified limits.

8.2.1.2 C ircuit 106 response tim es are the tim es from  the connection  o f an O N  or O F F  condition  on:

— circuit 105 (where it is provided) to  the appearance o f the corresponding O F F  or ON condition on 
circuit 106;

— circuit 109 (where circuit 105 is not provided) to  the appearance o f the corresponding ON or O FF  
condition  on circuit 106.

8.2.2 Response times

TABLE 2/V.21

Circuit 106

OFF to ON 

ON to OFF

20-50 ms (see Note 1) 400-1000 ms (see Note 2) 

<  2 ms

Circuit 109

OFF to ON <  20 ms (see Note 1) 300-700 ms (see Note 2)

ON to OFF 20-80 ms

N ote  1 -  These times are used on leased point-to-point networks without alternate voice-data facilities and on leased multipoint 
facilities.

N ote  2 -  These times are used in the general switched network service and on leased point-to-point circuits with alternate voice-
data.

8.3 Threshold o f  data channel received line signal detector

Level o f received line signal at received line signal term inals o f modem  for all types o f  connection , i.e. 
general switched telephone netw ork or non-sw itched leased telephone circuit:

greater than  —43 dBm circuit 109 ON

less than —48 dBm circuit 109 O FF

The condition o f circuit 109 for levels between —43 dBm and —48 dBm is not specified except that the 
signal detector shall exhibit a hysteresis action such that the level at which the O FF  to ON transition  occurs shall 
be at least 2 dB greater than for the ON to O F F  transition.

W here transm ission conditions are know n on switched or leased circuits, A dm inistrations should be 
perm itted  at the tim e o f m odem  installation to change these response levels o f the received line signal detector to 
less sensitive values (e.g. - 3 3  dBm and - 3 8  dBm respectively).

74 Fascicle VIII.1 — Rec. V.21



(See R ecom m endations V,10, § 11, and  V .l l ,  § 9 and  R ecom m endation V.28, § 7 for association  o f the 
receiver failure detection types).

8.4.1 The D TE should in terpret a fault condition  on circuit 107 as an O F F  condition  using failure detection 
type 1.

8.4.2 The D C E should in terpret a fault condition  on circuits 105 and  108 as an O F F  condition  using failure 
detection type 1.

8.4.3 All o ther circuits not referred to above may use failure detection type 0 or 1.

8.4 Fault condition o f  interchange circuits

9 Electrical characteristics of interchange circuits

9.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together w ith -the  
connector pin assignm ent plan specified by ISO 2110 [2].

9.2 A pplication  o f electrical characteristics conform ing to R ecom m endations V.10 and  V .ll is recognized as an 
alternative together with the use o f the connectors and pin assignm ent plan specified by ISO 4902 [3].

i) C oncerning circuits 103, 104, 105 (where used), 106, 107, 108 and  109, the receivers shall be in 
accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, category 1. E ither V.10 
o r V .ll generators may be utilized.

ii) W here circuits 125 a n d /o r  126 are used, R ecom m endation V.10 applies with receivers configured as 
specified by R ecom m endation V.10 for category 2.

iii) In terw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .ll and  equipm ent 
applying R ecom m endation V.28 is allow ed on a non-interference basis. The onus for adap ta tion  to 
V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.

Note — M anufacturers may wish to note that the long-term  objective is to replace electrical characteristics 
specified in R ecom m endation V.28, and  Study G roup  XVII has agreed that the work shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which m inim izes the num ber o f in terchange 
circuits. It is expected that this work w ould be based upon  the alternative given in § 9.2 above utilizing the V .l l 
electrical characteristics.

10 The follow ing in form ation is provided to assist equipm ent m anufacturers:

a) The nom inal range o f attenuations in subscriber-to-subscriber connections is from  5 to 30 dB at the 
reference frequency (800 or 1000 Hz), assum ing up to 35 dB attenuation  at the frequency 1750 Hz.

b) The data  modem  should have no adjustm ent for send level o r receive sensitivity under the contro l o f 
the operator.

References

[1] C C IT T  R ecom m endation Echo suppressors, Vol. I l l ,  Fascicle III. 1, Rec. G. 164.

[2] Data communication  — 25-pin D T E /D C E  interface connector and pin assignments, ISO S tandard  2110-1980.

[3] Data communication — 37-pin and 9-pin D T E /D C E  interface connectors and  pin assignments, ISO S tandard  
4902-1980.

Fascicle VIII.1 — Rec. V.21 75



Recommendation V.22

1200 BITS PER SECOND DUPLEX M ODEM  STANDARDIZED FOR USE ON THE 
GENERAL SW ITCHED TELEPHONE NETWORK AND ON LEASED CIRCUITS

(Geneva, 1980)

1 Introduction

1.1 This modem  is intended for use on connections on G eneral Switched Telephone N etw orks (GSTN ), and
on po in t-to -po in t circuits when suitably conditioned.

The principal characteristics o f this m odem  are as follows:

a) duplex operation  on 2-wire G STN  and poin t-to -po in t leased circuits,

b) channel separation  by frequency division,

c) differential phase shift m odulation  for each channel with synchronous line transm ission at 600 bauds 
(nom inal),

d) inclusion o f a scram bler,

e) inclusion o f test facilities.

1.2 Recognizing the wide range o f application , this R ecom m endation provides for three alternative configura
tions. The choice o f alternative is a m atter for the A dm inistration  concerned. The facilities given by the 
alternatives are:

Alternative A

1200 b it/s  synchronous 
600 b it/s  synchronous (optional)

Alternative B

1200 b it/s  synchronous 1 • * ,. *
u w  u i as in A lternative A600 b it/s  synchronous (optional) ]

1200 b it/s  start-stop 
600 b it/s  start-stop (optional)

Alternative C

as in A lternative B

1200 b it/s  synchronous 
600 b it/s  synchronous (optional)

1200 b it/s  start-stop 
600 b it/s  start-stop (optional)

An asynchronous m ode haying capability  o f handling 1200 b it/s  start-stop and anisochronous data at up 
to 300 b it/s .

The selection o f the asynchronous m ode is m ade during the handshaking  sequence (see § 6). This gives 
com patibility  between A lternative B and A lternative C.

Note — The possibility o f transm itting  low speed an isochronous data in A lternatives A and  B is left for 
fu rther study.

2 Line signals

2.1 Carrier and guard tone frequencies

The carrier frequencies shall be 1200 ±  0.5 Hz for the low channel and  2400 ±  1 Hz for the high channel. 
A guard tone o f 1800 Hz ±  20 Hz shall be transm itted  at all tim es when the modem  is transm itting  in the high 
channel. The guard tone shall not be transm itted  when the m odem  is transm itting  in the low channel. As a 
national op tion  an additional guard  tone may be transm itted  at 550 Hz (nom inal). The tolerance on the 550-Hz 
guard  tone frequency is for fu rther study.
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2 .2 Data and guard tone line signal levels

The 1800-Hz guard  tone shall be at a level o f 6 ±  1 dB below the level o f the da ta  pow er in the high 
channel. The level o f the op tional 550 Hz tone is for further study. The total pow er transm itted  to line shall be in 
accordance with R ecom m endation V.2 and  shall be the sam e for transm ission in either channel. Because o f the 
1800-Hz guard  tone, the pow er level o f data signals in the high channel will be approxim ately  1 dB lower than 
data  signals in the low channel.

2.3 Fixed compromise equalizer

Fixed com prom ise equalization shall be incorporated  in the m odem . Such equalization  shall be equally 
shared between transm itter and receiver. The characteristics o f the equalizer shall be the responsibility  o f each 
A dm inistration  to recom m end nationally . The possibility o f producing com prom ise characteristics for in ternational 
im plem entation  is for further study.

2.4 Spectrum and  group-delay characteristic

After m aking allow ance for the nom inal specified com prom ise equalizer characteristic, the transm itted  line 
signal shall have a frequency spectrum  equivalent to the square root o f a raised cosine shaping with a 75% roll-off 
and  within the lim its o f Figure 1/V.22. Sim ilarly, the group delay o f the transm itte r ou tpu t shall be w ithin 
±  100 m icroseconds over the frequency range 800 H z-1600 Hz (low channel) and  2000 Hz-2800 Hz (high 
channel). These figures are provisional.

FIGURE 1/V.22 

Amplitude limits for transmitted line signal (unequalized)

2.5 M odulation

2.5.1 Data signalling rates

Alternatives A and  B: The data signalling rate transm itted  to line shall be 1200 b it/s  or 600 b it/s  ±  0.01% 
with a m odulation rate o f 600 baud  ±  0.01%.

A lternative C: In M odes i), ii), iii) and iv) (§ 4) the da ta  signalling rates are as in A lternatives A and  B. In 
M ode v), the data signalling rate transm itted  to line shall be 1205 ±  1 b it/s  with a m odulation  rate o f
602.5 ±  0.5 baud. O ptionally  in M ode v), the line rate shall be 1223 ±  2 b it/s  w ith a m odulation  rate o f
611.5 ±  1 baud.
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2.5.2 Encoding o f  data bits

2.5.2.1 1200 bits per second

The da ta  stream to be transm itted  shall be divided into groups o f 2 consecutive bits (dibits). Each dibit 
shall be encoded as a phase change relative to  the phase o f the preceding signal elem ent (see Table 1/V.22). At the 
receiver, the dibits shall be decoded and  the bits reassem bled in correct order. The left-hand digit o f the dibit is 
the one occurring first in the data stream  as it enters the m odu la to r portion o f the modem after the scrambler.

2.5.2.2 600 bits per second

Each bit shall be encoded as a phase change relative to the phase o f the preceding signal elem ent (see 
Table 1/V.22).

TABLE 1/V.22

Dibit values 
(1200 bit/s)

Bit values 
(600 bit/s)

Phase change 
(Modes i, ii, iii, iv)

Phase change 
(Mode v)

00 0 + 90° + 270°

01 - 0° + 180°

11 1 + 270° + 90°

10 - + 180° 0°

N ote  — The phase change is the actual on-line phase shift in the transition region from the 
centre o f one signalling element to the centre o f the following signalling element.

2.6 Received signal frequency tolerance

N oting that the frequency tolerance o f the transm itter carriers is ±  1 Hz or less, and  assum ing a m axim um  
shift o f ±  6 Hz in the connection, the receiver shall be able to accept errors o f at least ±  7 Hz in the received 
frequencies.

3 Interchange circuits

3.1 Table o f  interchange circuits (N ote 1 o f Table 2 / V.22)

Essential and optional interchange circuits are listed in Table 2/V.22.
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TABLE 2/V.22

Interchange circuit

Notes

No. Description

102 Signal ground or common return

102a DTE common return Note 2

102b DCE common return Note 2

103 Transmitted data

104 Received data

105 Request to send Note 3

106 Ready for sending

107 Data set ready

108/1 Connect data set to line Note 4

108/2 Data terminal ready Note 4

109 Data channel received line signal detector

111 Data signalling rate selector (DTE source) Note 5

113 Transmitter signal element timing (DTE source) Note 6

114 Transmitter signal element timing (DCE source) Note 7

115 Receiver signal element timing (DCE source) Note 7

125 Calling indicator Note 8

140 Loopback/maintenance test

141 Local loopback

142 Test indicator

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements o f  Recommendation V.24. All interchange circuits provided shall be properly terminated in the data terminal equipment 
and in the data circuit-terminating equipment in accordance with the appropriate Recommendation for electrical characteristics (see § 3.5).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10  
are used.

N ote 3 -  Some automatic calling equipments are designed to emit a calling tone to line by turning ON circuit 105 to the calling 
modem. The general switched telephone network (GSTN) constant carrier handshake is such that no calling tone will be emitted by the 
V.22 modem when used with these equipments.

N ote  4  -  This circuit shall be capable o f operation as circuit 108/1 or 108/2 depending on its use. For automatic calling, it shall 
be used as 108/2 only.

N ote 5 -  This circuit is optional.

N ote  6 -  When the modem is not operating in a synchronous mode any signals on this circuit shall be disregarded and the data 
terminal equipment may not have a generator connected.

N ote  7 — When the modem is not operating in a synchronous mode, this circuit shall be clamped to the OFF condition and the 
data terminal equipment may not terminate the circuit.

N ote 8 -  This circuit is for use with the general switched telephone network only.
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C ircuit 106 response tim es are from  the application  o f an ON  or O F F  condition on circuit 105. See also 
§ 6 for operating  sequences.

3.2 Circuits 106 and 109 response times (see Table 3/V .22)

TABLE 3/V.22

Constant
carrier

Controlled
carrier

Circuit 106

OFF to ON <  2 ms 210 to 275 ms

ON to OFF < 2 ms <  2 ms

Circuit 109

OFF to ON 105 to 205 ms 105 to 205 ms

ON to OFF 10 to 24 ms 10 to 24 ms

3.3 Circuit 109 thresholds

High channel threshold:

greater than —43 dBm 
less than —48 dBm

Low channel threshold:

greater than —43 dBm 
less than —48 dBm

circuit 109 ON 
circuit 109 O FF

circuit 109 ON  
circuit 109 O FF

The condition o f circuit 109 between the ON  and O F F  levels is not specified, except that the signal 
detector shall exhibit a hysteresis action such that the level at which the O FF  to ON transition  occurs shall be at 
least 2 dB greater than for the O N  to O FF  transition .

C ircuit 109 thresholds are specified at the input to the modem  excluding the effects o f the com prom ise 
equalizer.

C ircuit 109 shall not respond to the 1800-Hz or 550-Hz guard  tones, or the 2100-Hz (nom inal) answer tone 
during the handshake sequence.

A dm inistrations are perm itted to change these thresholds where transm ission conditions are known.

3.4 Circuit 111 and data rate control

D ata rate selection may be by switch (or sim ilar m eans) o r by circuit 111 or a com bination  o f both.

The ON condition on circuit 111, where provided, shall select 1200 b it/s  operation  and the O FF  condition 
shall select 600 b it/s  operation.

3.5 Electrical characteristics o f  interchange circuits

3.5.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the 
connector and pin assignm ent plan specified by ISO 2110 [1].

80 Fascicle VIII.1 — Rec. V.22



3.5.2 A pplication o f electrical characteristics conform ing to R ecom m endations V.10 and V .ll is recognized as an 
alternative together with the use o f the connector and pin assignm ent plan specified by ISO 4902 [2].

a) C oncerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and  115, the receivers shall be in 
accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, category 1. E ither V.10 
or V .ll generators may be utilized.

b) In the case o f all o ther circuits, R ecom m endation V.10 applies with receivers configured as specified 
by R ecom m endation V.10 for category 2.

c) Interw orking between equipm ent applying R ecom m endations V.10 a n d /o r  V .ll and equipm ent 
applying R ecom m endation V.28 is allowed on a non-interference basis. The onus for adap ta tion  to 
V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.

Note  — M anufacturers may wish to note that the long-term  objective is to replace electrical characteristics 
specified in R ecom m endation V.28, and that Study G roup  XVII has agreed tha t the work shall proceed to develop 
a m ore efficient, all-balanced, interface for the V-Series application  which m inim izes the num ber o f interchange 
circuits. It is expected that this work w ould be based upon the alternative application  given above utilizing the 
V .ll electrical characteristic^

3.6 Fault condition o f  interchange circuits

(See R ecom m endations V.10, § 11 and V .l l ,  § 9  and  V.28, § 7  for association o f the receiver failure 
detection types.)

3.6.1 The D TE should in terpret a fault condition on circuit 107 as an O F F  condition  using failure detection 
type 1.

3.6.2 The D C E should in terpret a fault condition on circuits 105 and  108 as an O F F  condition  using failure 
detection type 1.

3.6.3 All other circuits not referred to above may use failure detection type 0 or 1.

4 M odes of operation over the DTE/DCE interface

4.1 Alternative A

The modem  can be configured for the following m odes o f operation:

M ode i) 1200 b it/s  ±  0.01% synchronous

M ode iii) 600 b it/s  ±  0.01% synchronous (optional).

In these m odes o f operation , the m odem  shall accept synchronous data from  the D TE on circuit 103 under
control o f circuit 113 or circuit 114. The data  shall then be scram bled in accordance with § 5 and  then passed to
the m odu la to r for encoding in accordance with § 2.5.2.

In addition  to standard  V.24 transm itter tim ing arrangem ents, the m odem  shall provide capabilities to 
derive transm it-signal elem ent tim ing from  receiver signal elem ent tim ing.

4.2 Alternative B

The m odem  can be configured for the following m odes o f operation:

M ode i) 1200 b it/s  ±  0.01% synchronous

M ode ii) 1200 b it/s  start-stop 8, 9, 10 or 11 bits per character

M ode iii) 600 b it/s  ±  0.01% synchronous

M ode iv) 600 b it/s  start-stop 8, 9, 10 or 11 bits per character op tional

The synchronous m odes are as given in A lternative A.

4.2.1 Transmitter

In the start-stop m odes, the modem  shall accept a data stream of start-stop  characters from  the D TE at a 
nom inal rate o f 1200 or 600 bits per second. The start-stop data shall be converted to a form  suitable for 
transm ission synchronously at 1200 or 600 bits per second ±  0.01%, then scram bled in accordance with § 5 and
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then passed to  the m odu la to r for encoding in accordance with § 2.5.2. The m odem  shall derive its line signal clock 
from  internal clock circuits or, alternatively, from  receiver signal elem ent tim ing, as an installation option.

It shall be possible to condition the converter to accept the follow ing character form ats; viz:

a) a one-unit start elem ent, follow ed by seven data  units, and  a stop elem ent o f one unit in length (9-bit 
characters),

b) a one-unit start elem ent, followed by eight data  units, and  a stop elem ent o f one unit in length (10-bit 
characters),

c) a one-unit start elem ent, follow ed by nine data units, and a stop elem ent o f one unit in length (11-bit 
characters).

The converter may also accept characters consisting of

d) a one-unit start elem ent, followed by six data  units, and  a stop  elem ent o f one unit in length (8-bit 
characters).

N ote that character form ats c) and d) do not conform  to In ternational A lphabet No. 5.

The character form at selected shall be the sam e for both transm itter and receiver. The characters shall be 
in accordance with R ecom m endation V.4. It shall be possible to transm it characters contiguously or with any 
additional continuous stop elem ent o f arb itrary  length between characters.

Note — In each o f the four form ats, data  units can be replaced by additional stop units. For exam ple, 
form at c) will allow  11 bit characters consisting of a one-unit start elem ent, followed by eight data units and a 
stop  elem ent o f two units to be handled.

4.2.1.1 Basic signalling rate range

The in tracharacter signalling rate (signalling rate o f the start bit and inform ation bits w ithin each 
character) provided by the D TE on circuit 103 m ust be 1200 or 600 b it/s  +1% , —2.5%. In M ode ii), the character 
rate  (the reciprocal o f the tim e interval between successive start bits) provided by the D TE over circuit 103 must 
no t exceed:

151.5 characters per second for 8-bit characters

134.7 characters per second for 9-bit characters

121.2 characters per second for 10-bit characters

110.2 characters per second for 11-bit characters

W hen the character rate is:

from  150 to 151.5 characters per second for 8-bit characters

from  133.3 to 134.7 characters per second for 9-bit characters

from  120.0 to 121.2 characters per second for 10-bit characters

from  109.1 to 110.2 characters per second for 11-bit characters

the start-stop to synchronous converter in the modem  transm itter shall as often as is necessary delete the stop bits 
o f  the incom ing characters. N o m ore than one stop bit shall be deleted for any eight consecutive characters.

W hen the character rate provided by the DTE on circuit 103 is less than :

150 characters per second for 8-bit characters

133.3 characters per second for 9-bit characters

120.0 characters per second for 10-bit characters

109.1 characters per second for 11-bit characters

the start-stop to synchronous converter in the modem  is transm itting  m ore bits per second than are provided by 
the DTE. The converter shall therefore insert extra stop bits in between the transm itted  characters.

In M ode iv) the character rates are ha lf those for M ode ii).

4.2.1.2 Extended signalling rate range (optional)

C ertain DTEs and m ultiplexers are not w ithin the +1%  overspeed limit. Facilities may therefore be 
provided to enable the m odem  to accept data  from a DTE having an in tracharacter signalling rate o f 1200 or 
600 b it/s  +2.3% , —2.5%, with 8, 9, 10 or 11 bits per character by deletion o f  up to one stop bit in any four
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consecutive characters. A modem  transm itter set to work with 2.3% m axim um  overspeed can handle da ta  received 
from  a D TE in accordance with § 4.2.1.1.

4.2.1.3 Break signal

I f  the converter detects M  to 2 M  +  3 bits, all o f “s ta rt” polarity , w here M  is the num ber o f bits per 
character in the selected form at, the converter shall transm it 2 M  +  3 bits o f  “sta rt” polarity . If the converter 
detects m ore than 2 M  +  3 bits all o f “s ta rt” polarity  the converter shall transm it all these bits as “sta rt” polarity .

Note — The DTE m ust transm it on circuit 103 at least 2 M bits o f “s to p ” polarity  after the “sta rt” polarity  
break signal before sending further data  characters. This ensures the receiving m odem  can regain character 
synchronism .

4.2.2 Receiver

The in tracharacter signalling rate provided to the D TE over circuit 104 shall be in the range 1200 to 
1221 b it/s . The nom inal length o f the start and  data  elem ents for all characters shall be the same. The length of 
the stop elem ent shall not be reduced by m ore than  12'/2% for the basic signalling rate range (or 25% for the 
optional extended signalling rate range) to allow for overspeed in the transm itting  term inal.

The use o f the basic signalling rate range is preferred since it results in lower d istortion . The choice o f 
range shall be m ade at the tim e o f installation, and  shall be the same for bo th  transm itter and  receiver. It is not 
intended to be under custom er control.

4.2.2.1 Break signal

The 2 M  +  3 or m ore bits o f “sta rt” polarity  received from  the transm itting  m odem  shall be ou tpu t on 
circuit 104. The modem  shall then regain character synchronism  from  the follow ing “stop” to “sta rt” transition .

4.3 Alternative C

The m odem  can be configured for the following m odes o f operation.

M ode i) 1200 b it/s  ±  0.01% synchronous

M ode ii) 1200 b it/s  start-stop 8, 9, 10 or 11 bits per character

M ode iii) 600 b it/s  ±  0.01% synchronous

M ode iv) 600 b it/s  start-stop 8, 9, 10 or 11 bits per character
op tional

M ode v) An asynchronous m ode having capability  o f handling 1200 b it/s  start-stop and  an isochronous 
da ta  at up to 300 b it/s.

M odes i) to iv) are as given in A lternative B.

4.3.1 Basic modes

In A lternative C, the modem  shall incorporate M odes i), ii), iii) and iv) given in A lternative B, plus 
M ode v), in which the m odem  transm itter sends data at a rate always greater than  the inpu t data rate, and  thus 
disables the receiver buffer. The GSTN  handshaking sequence allows autom atic  selection o f M odes ii) o r v). 
M odes i), iii) and iv) m ust be selected at installation. On leased circuits there is no au tom atic m ode selection. The 
line encoding for specific dibit values is described in Table 1/V.22.

4.3.2 Transmitter

In M ode v), the modem  shall accept a data  stream  o f start-stop characters from  the D TE at a nom inal rate 
o f a 0 to 300 b it/s  or 1200 b it/s  autom atically. The transm itter buffer that converts incom ing da ta  to a 
synchronous data stream at 1205 b it/s  or 1223 b it/s  shall:

a) start its asynchronous bit counter on either data transition ,

b) always transm it the last bit received over circuit 103 after the bit counter has elapsed,

c) sam ple incom ing data during the bit count at 1205 Hz or 1223 Hz depending upon line rate.
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This will assure that incom ing data at 0 to 300 b it/s  shall pass through the buffer with a m axim um  
in troduced  distortion o f 25% at 300 b it/s  (and 12.5% at 150 b it/s ), and tha t break signals pass through the buffer 
unchanged.

The length and  structure o f incom ing characters shall be the sam e as given in A lternative B. W ithin 
M ode v) at 1200 b it/s  asynchronous, two ad jacent character form ats, e.g. 9- and 10-bit character, can be handled 
autom atically . As in A lternative B, the m odem  shall derive its line signal clock from  internal clock circuits, or 
alternatively, from receiver signal elem ent tim ing, as an installation  option.

4.3.3 Basic signalling rate range

In M ode v), the in tracharacter signalling rate provided by the D TE on circuit 103 must be:

1205 b it/s  line rate 0 to 301 b it/s  and 1170 to  1204 b it/s

1223 b it/s  line rate 0 to 305 b it/s  and 1190 to 1221 b it/s

Selection o f line rate is m ade in the transm itter by installer option  and autom atically  detected in the 
receiver.

5 Scrambler and descrambler

5.1 Scrambler

A self synchronizing scram bler having the generating polynom ial 1 +  x -14 +  x ~ 17 shall be included in the 
m odem  transm itter. The message data sequence applied  to the scram bler shall be effectively divided by the 
generating polynom ial. The coefficients o f the quotients o f this division, taken in descending order, form the data 
sequence which shall appear at the ou tpu t o f the scram bler. The scram bler ou tpu t data  sequence

Ds = D, ©  Ds ■ x  ~ 14 ©  Ds ■ x ~ 17

where

Ds  is the data  sequence at the ou tpu t o f the scram bler

Dj is the data sequence applied to the scram bler

©  denotes m odulo 2 addition 

denotes b inary m ultiplication 

Figure 2/V.22 shows a suitable im plem entation.

To prevent occasional inadvertent instigation o f rem ote loop 2 caused by scram bler lockup, circuitry shall 
be included to detect a sequence o f 64 consecutive ones at the scram bler ou tpu t (D s) and, if detected, invert the 
next input to the scram bler, Dj. This circuitry will not operate during handshaking or during the instigation o f 
rem ote loop 2.

0*  = Dj ©  0 t  X K  ©  Df X  17 CCITT-28332

N o te  1 Marks (binary 1) and spaces (binary 0) at the V.24 interface correspond to ones and zeros, respectively, in this logic
diagram.

N o te  2 — Circuitry shall be included to detect a sequence o f 64 consecutive binary ones at the scrambler output (D ) and if
detected, invert the next input to the scrambler (P{). s ’

FIGURE 2/V.22  

Scrambler
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5.2 Descrambler

A self synchronizing descram bler having the polynom ial 1 +  x -14 +  x ~ 17 shall be provided in the modem  
receiver. The message data  sequence produced after dem odulation  shall be effectively m ultiplied by the generating 
polynom ial 1 +  x -14 +  x -17 to form the descram bled message. The coefficients o f the recovered message 
sequence taken in descending order form  the ou tpu t data sequence D0, which is given by

Z>o =  Ds (1 ©  x - 14 O x " 17)

Figure 3/V .22 shows a suitable im plem entation.

N ote 1 -  Marks (binary 1) and spaces (binary 0) at the V.24 interface correspond to ones and zeros, respectively, in this 
logic diagram.

N o te  2  -  Circuitry may be included to detect a sequence of 64 consecutive ones at the input to the descrambler (D„) and, 
if detected, invert the next output from the descrambler, (Do) This detector should not begin operating until the handshaking 
sequence is complete. If this circuitry is included, detection o f the initiation signal described in §7.1.1 (unscrambled binary ones) 
should be performed at the point Do-

FIGURE 3/V.22  

Descrambler

6 Operating sequences

6.1 Channel and operating m ode selection

On the general switched telephone netw ork, the m odem  at the calling data  station  shall transm it in the low 
channel and  receive in the high channel (call mode). The m odem  at the answ ering data  station shall receive in the 
low channel and transm it in the high channel (answ er mode).

W here calls are established on the G STN  by operators, bilateral agreem ent between users on channel 
allocation  will be necessary. On point-to- po in t leased circuits, channel allocation  will be by b ilateral agreem ent 
between A dm inistrations or users. In these cases the m ethod o f selection o f call or answ er m ode is a national 
m atter.

On poin t-to -po in t leased circuits, selection o f M odes i) to v) will be by bilateral agreem ent between 
A dm inistrations or users. The m ethod o f selection is a national matter.
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The V.25 autom atic  answ ering sequence shall be transm itted  from  the answer m ode modem  on in terna
tional G STN  connections. The transm ission o f the sequence m ay be om itted on poin t-to-point leased circuits or 
on  national connections on the G STN , where perm itted  by the A dm inistration.

6.2 V.25 autom atic answering sequence

6.3 Operating sequences fo r  Alternatives A and B

6.3.1 G ST N  - constant carrier

The m eans o f  achieving initial synchronism  between the call m ode modem  and the answer m ode m odem  
on in ternational G STN  connections is shown in F igure 4/V .22. The alternative handshake w ithout V.25 autom atic 
answ ering is shown in Figure 5/V.22.

Call m o d e  m o d e m  

T ransm itted line signal Silence
>  400 ms

Connect to  line

A n sw e r  m o d e  m o d em

Transm itted line signal
Silence
2150 ± 
350 ms

2100 Hz 
3300 ± 700 ms

Connect to  line

a) Assumes circuit 105 has been turned o n .

Wait 456 + 10 ms

Detect unscrambled 
binary 1 in 155 ± 50 ms

107

Unscrambled binary 1 
and 1800 Hz

75 ± 20 ms

107

Scrambled 
binary 1

104

Detect 
scrambled 
binary 1 or 
binary 0 in 
270 ± 40 ms

N ote  -  Binary 0 
comes from 
Alternative C

Detect 
scrambled 
binary 1 
in 270 ± 40 ms

Clamped to  
binary 1

Wait 
765 ± 10 ms

109

Bina
ry 1

Scrambled binary 1 
and 1800 Hz

Wait 765 ± 10 ms

Data

106a)

Data

I
Data and 1800 Hz

106a)

109

104 clamped to  binary 1 Binary 1 Data

FIGURE 4/V .22

Handshake sequence for Alternatives A and B (with V.25 auto-answering)
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Call m o d e  m o d e m  

Transmitted line signal

Connect to  line

A n sw e r  m o d e  m o d e m  

Transmitted line signal

Wait 456 + 10 ms

4-----►
Detect unscrambled 
binary 1 in 155 + 50 ms

107

Unscrambled binary 1 
and 1800 Hz

Connect to  line

107

a) Assumes circuit 105 has been turned on .

Scrambled 
binary 1

104

Detect scrambled 
binary 1 
in 270 ± 40  ms

Wait 765 ± 10 ms

109

Clamped to  I „, .  „ I Binary 1binary 1 I 1

Scrambled binary 1 
and 1800 Hz

-*4-
Detect scrambled 
binary 1 or 
binary 0 in 
270 ± 40 ms

N ote  -  Binary 0 
comes from 
Alternative C

104 clamped to  binary 1

Wait 765 ± 10 ms

Data

Data

106a

Data and 1800 Hz

106;a>

109

Binary 1 Data

CCITT-34640

FIGURE 5/V.22

Handshake sequence for Alternatives A and B (without V.25 auto-answer sequence)

6.3.1.1 Call mode modem

Once the call m ode m odem  has connected to line, it shall be conditioned  to receive signals in the high 
channel and shall apply an O N  condition  to circuit 107 in accordance with R ecom m endation V.25. The m odem  
shall rem ain silent until unscram bled b inary  1 is detected for 155 ±  50 ms, and after w aiting for 456 ±  10 ms 
shall transm it scram bled binary 1 in the low channel. U pon detecting scram bled binary  1 in the high channel in 
270 ±  40 ms, the m odem shall turn  circuit 109 O N , then wait a further 765 ±  10 ms. C ircuit 106 shall then 
respond to  the condition  of circuit 105 according to  Table 3/V .22 constan t carrier mode. W hen circuit 106 is O FF, 
circuit 103 shall be clam ped to the binary  1 condition.

Note — M anufacturers may wish to note tha t in certain countries, for national purposes, m odem s are in 
service which emit an answering tone of 2225 Hz instead o f unscram bled b inary  1.

6.3.1.2 Answer mode modem

Once the answ er m ode m odem  has connected to line and im m ediately follow ing the V.25 answ er sequence, 
the m odem  shall be conditioned to receive signals in the low channel. It shall then apply  an ON condition  to 
circuit 107 and transm it unscram bled b inary 1. U pon detecting scram bled b inary  1 or 0 in the low channel in 
270 ±  40 ms, the m odem  shall transm it scram bled binary 1 in the high channel, and after w aiting for 
765 ±  10 ms, apply an ON condition  to circuit 109. C ircuit 106 shall then respond  to the condition  o f circuit 105 
according to Table 3/V .22, constan t carrier mode. W hen circuit 106 is O FF , circuit 103 shall be clam ped to the 
b inary 1 condition.
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W here both m odem s are m anually connected to line this sequence will apply irrespective o f w hether the 
call or answ er m ode m odem  is connected to line first.

A fter com pletion o f the handshake sequence, any inadvertent loss and reappearance o f the received line 
signal should not cause another handshake sequence to be generated. C ircuit 109 should respond with the response 
tim es given in Table 3/V.22.

6.3.2 G ST N  and point-to-point leased circuits - controlled carrier

O nce an ON condition has been applied to circuit 105 by the D TE, the modem shall transm it a 
synchronizing signal corresponding to b inary  1 applied  to  circuit 103. The O N  condition shall be applied  to 
circuit 106, 210 to 275 ms after starting to transm it the synchronizing signal. The receiving m odem shall establish 
tim ing and descram bler synchronization and then tu rn  circuit 109 ON in 105 to 205 ms.

Each direction o f transm ission shall be independently  controlled.

Note  — C ontrolled  carrier operation  on GSTN is optional. For circuits with echo suppressors, controlled 
carrier w orking is not recom m ended.

6.4 Operating sequence fo r  Alternative C 

Refer to Figure 6/V.22.

6.4.1 G S T N  - constant carrier

6.4.1.1 Call mode modem

If  configured for M odes i), iii), or iv), the handshake sequence proceeds as for A lternative B. If  configured 
for M ode v), the handshaking sequence shall autom atically  select M ode ii) or v). This sequence shall be as 
follows:

O nce the call m ode m odem  has connected to  line, it shall be conditioned to receive signals in the high 
channel and shall apply  an ON condition to circuit 107 in accordance with R ecom m endation V.25. The m odem  
shall rem ain silent until unscram bled b inary  1 [M ode ii)] is detected for 155 ±  50 ms and after waiting for 
456 ±  10 ms shall transm it scram bled b inary  0 [M ode ii)] in the low channel. U pon detecting scram bled b inary  1 
[M ode ii)] in the high channel w ithin 270 ±  40 ms, the m odem  shall tu rn  circuit 109 O N , enter M ode ii), then 
w ait a fu rther 765 ±  10 ms. U pon detecting scram bled binary  1 [M ode v)] in the high channel in 270 ±  40 ms, 
the m odem  shall turn ON circuit 109, enter M ode v), then wait a further 765 ±  10 ms. C ircuit 106 shall then 
respond to the condition o f circuit 105 according to Table 3/V .22 constant carrier mode. W hen circuit 106 is O FF, 
circuit 103 shall be clam ped to the b inary 1 condition.

See also the note in § 6.3.1.1.

6.4.1.2 Answer mode modem. M ode v)

Once the answ er m ode modem has connected to line and im m ediately following the V.25 answer sequence, 
the m odem  shall be conditioned to receive signals in the low channel. It shall then apply an ON condition  to 
circuit 107 and transm it unscram bled binary  1 [M ode ii)].

If  scram bled b inary 0 [M ode ii)] is detected in the low channel for 270 ±  40 ms, the modem shall enter 
M ode v), transm it scram bled binary  1 [M ode v)] in the high channel and after w aiting for 765 ±  10 ms apply  an 
O N  condition  to circuit 109.

If  scram bled b inary 1 [M ode ii)] is detected in the low channel for 270 ±  40 ms, the modem shall enter 
M ode ii), transm it scram bled binary  1 [M ode ii)] in the high channel and after waiting for 765 ±  10 ms apply  an 
O N  condition  to circuit 109.

C ircuit 106 shall respond to the condition o f circuit 105 according to Table 3/V .22 constant carrier mode. 
W hen circuit 106 is O FF  circuit 103 shall be clam ped to the b inary 1 condition.

6.4.2 G ST N  and point-to-point leased circuits

C ontrolled  carrier operation as in § 6.3.2.
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Call m o d e  m o d e m  Detect scrambled
binary 1 (mode

FIGURE 6/V.22

Handshake sequence for Alternative C (without V.25 auto-answer sequence)
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7 Testing facilities

7.1 Test loops

Test loops 2 (local and  rem ote) and  3 as defined in R ecom m endation V.54 shall be provided. Interface 
opera tion  shall be as defined in R ecom m endation V.54. Instigation and term ination  sequences are not com patible 
w ith R ecom m endation V.54.

7.1.1 Instigation o f  remote loop 2

Signals contro lling  the application  o f rem ote loop 2 may only be transm itted after- the synchronizing 
handshake has been com pleted.

As in R ecom m endation V.54, the m odem s are referred to as m odem  A and m odem  B.

W hen m odem  A is instructed to instigate a rem ote loop 2, the m odem  shall transm it an initiation  signal o f 
unscram bled binary 1.

M odem  B shall detect 154-231 ms o f the in itiation  signal, and  then transm it to m odem  A scram bled
alternate b inary  ones and zeros (reversals) at 1200 b it/s  (or 600 b it/s).

M odem  A shall detect 231-308 ms o f scram bled reversals, cease transm ission o f the initiation  signal, and 
then transm it scram bled b inary  1 at 1200 b it/s  (or 600 b it/s).

M odem  B shall detect the loss o f in itiation  signal and  activate loop 2 within m odem  B.

M odem  A, upon  receiving 231-308 ms o f scram bled b inary  1 shall indicate to the DTE tha t it may begin
sending test messages.

7.1.2 Termination o f  remote loop 2

W hen m odem  A is instructed to term inate a rem ote loop 2, the line signal shall be suppressed for a period 
o f  77 ±  10 ms, after which transm ission shall be restored.

M odem  B detects the loss o f line signal in 17 ±  7 ms and  detects the reappearance o f the signal within 
155 ±  50 ms, after which it returns to norm al operation.

7.2 S e l f  tests

7.2.1 S e l f  test end-to-end

U pon activation o f the self-test switch an internally  generated data pattern o f alternate b inary ones and 
zeros (reversals) at the selected bit rate shall be applied  to  the scram bler. An error detector, capable of identifying 
errors in a stream  o f reversals shall be connected to the ou tpu t o f the descram bler. The presence o f errors shall be 
indicated  by a visual indicator. All generating in terchange circuits except 114 (if used), 115 and  142 shall be 
clam ped to the b inary  1 or O F F  condition. If  circuit 113 is used, the D C E shall disregard this interchange circuit 
and  use its internal clock.

7.2.2 S e l f  test with loop 3

Loop 3 shall be applied  to the m odem  as defined in R ecom m endation V.54. The self-test switch shall be 
activated and DCE operation shall be as in § 7.2.1.

7.2.3 S e l f  test with remote loop 2

The modem  shall be conditioned to instigate a loop 2 at the rem ote modem  as specified in § 7.1. The 
self-test switch shall be activated and  D C E operation  shall be as in § 7.2.1.

It shall be possible to perform  the above tests (§§ 7.2.1, 7.2.2 and  7.2.3) with or w ithout the DTE connected 
to the modem . These tests em ploy an internally  generated da ta  pattern  that is controlled by a switch on the DCE.

7.2.4 D uring any self-test m ode, interchange circuits 103, 105 and  108 will be ignored. N ote that self tests do not 
test asynchronous-to-synchronous converter circuits in either the transm itter or receiver.

References

[1] D ata communication - 25-pin D T E /D C E  interface connector and pin assignments, ISO S tandard  2110-1980.

[2] D ata communication — 37-pin and 9-pin D T E /D C E  interface connectors and pin assignments, ISO S tandard  
4902-1980.
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Recommendation V.23

6 0 0 /1 200-BAUD M ODEM  STANDARDIZED  
FOR USE IN THE GENERAL SW ITCHED TELEPHONE NETWORK

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

Note — The m odem , designed for use on connections set up  by sw itching in the general te lephone 
network, can obviously be used on leased lines.

1 The principal characteristics recom m ended for a m odem  to transm it da ta  at m edium  speed in the general
switched telephone netw ork are as follows:

— use o f m odulation  rates up  to 600/1200 bauds on the com m unication  channel (see R ecom m enda
tion V.5);

— frequency m odulation  with synchronous or asynchronous m ode o f  opera tion ;

— inclusion o f a backw ard channel at m odulation rates up to  75 bauds for erro r contro l, use o f  this
channel being optional.

2 M odulation rates and characteristic frequencies for the forward data-transmission channel

Fo Fz  Fa
(sym bol 1, sym bol 0,
m ark) space)

M ode 1: up to 600 bauds 1500 Hz 1300 Hz 1700 Hz

M ode 2: up to 1200 bauds 1700 Hz 1300 Hz 2100 Hz

It is understood that the m odem  w ould be used in m ode 1 when the presence o f  long loaded cables a n d /o r  
the presence on some connections o f signalling receivers operating close to 2000 Hz w ould prevent satisfactory 
transm ission in m ode 2. The m odem  could be used in m ode 2 on suitable connections.

3 Tolerances on the characteristic frequencies for the forward channel

It should be possible with all rates o f m odulation  to perm it a to lerance, at the transm itter, o f ±  10 Hz on 
both the Fa and  Fz  frequencies. This to lerance should be considered as a limit.

Acceptance o f these tolerances w ould give a tolerance o f  ±  10 Hz for the m ean-frequency 
=  (Fa +  Fz) / 2.

The tolerance on the frequency difference FA — Fz  with regard to  the nom inal value w ould be ±  20 Hz.

A m axim um  frequency drift o f ±  6 Hz has been assum ed in the connection  between the m odem s which 
m ight consist o f several carrier circuits connected in tandem . This w ould m ake the to lerances on the m ark  and 
space frequencies at the receiving m odem  ±  16 Hz.

4 M odulation rate and characteristic frequencies for the backward channel

The m odulation  rate and  characteristic frequencies for the backw ard channel are as follows:

Fz  Fa
(sym bol 1, (sym bol 0,
m ark) space)

M odulation  rate up  to 75 bauds 390 Hz 450 Hz

In the absence of any signal on the backw ard channel interface, the condition  Z signal is to  be 
transm itted.

5 Tolerances on the characteristic frequencies of the backward channel

As the backw ard channel is a VF telegraph-type channel, the frequency tolerances should  be as 
recom m ended in R ecom m endation R.35 [1] for frequency-shift voice-frequency telegraphy.
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The ±  6-Hz frequency drift in the connection between the m odem s postulated in § 3 above would produce 
add itiona l distortion in the backw ard channel. This should be taken into account in the design.

6 Division of power between the forward and backward channels

C onsidering the follow ing table which shows the levels o f pow er for total pow er rem aining equal to
1 mW :

Forward channel level Backward channel level

(dBm) (dBm)

0 —  OO

- 1 - 7
- 2 - 4
- 3 - 3

equal division o f pow er between the forw ard and backw ard channels could be recom m ended provisionally.

7 The following in form ation is provided to assist equipm ent m anufacturers:

a) The nom inal range o f attenuations in subscriber-to-subscriber connections is from  5 to 30 dB at the
reference frequency (800 or 1000 Hz), assum ing up to  35-dB attenuation  at the recom m ended mean
frequency (F0) o f the forw ard channel.

b) A convenient range o f sensitivity at the m ean frequency F0 for data receivers has been found to be
— 40 to 0 dBm for the forw ard channel at the subscribers’ term inals.

c) The data modem should have no adjustm ent for send level or receive sensitivity under the control of 
the operator.

8 Interchange circuits

The configurations o f interchange circuits are those essential for the particu lar switched netw ork or leased
circuit requirem ent as indicated in Tables 1/V.23 and 2/V .23. W here one or m ore o f such requirem ents are
provided in a m odem , then all the appropria te  in terchange circuits should be provided.

8.1 List o f  interchange circuits essential fo r  the m odems when used on the general switched telephone network,
including terminals equipped fo r  m anual calling or answering or autom atic calling or answering (see 
Table 1/V.23).

8.2 List o f  interchange circuits essential fo r  the m odem s when used on non-switched leased telephone circuits (see 
Table 2/V.23)

8.3 Response times o f  circuits 106 and 109, 121 and 122

8.3.1 Definitions

8.3.1.1 C ircuits 109 and 122 response times are the tim es that elapse between the connection or rem oval o f a tone 
to  or from  the modem receive line term inals and the appearance o f the corresponding ON or O F F  condition  on 
circuits 109 and 122.

The test tone should have a frequency corresponding to the characteristic frequency o f b inary 1 and be 
derived from  a source with an im pedance equal to the nom inal input im pedance of the modem.

The level o f the test tone should fall w ithin the level range between 3 dB above the actual threshold o f the 
received line signal detector and the m axim um  adm issible level o f the received signal. At all levels w ithin this 
range the m easured response times shall be within the specified limits.
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TABLE 1/V.23

Interchange circuit
Forward (data) channel 

one-way system 
(Note 1)

Forward (data) channel 
either way system 

(Note 1)

Without backward channel With backward channel
Without With

No. Designation
Transmit

end
Receive

end
Transmit

end
Receive

end

backward
channel

backward
channel

102 Signal ground or common return X X X X X X
102a DTE common return X X X X X X

(Note 4) 
102b DCE common return X X X X X X

(Note 4) 
103 Transmitted data X - X - X X

104 Received data X X X X
105 Request to send - - - X X
106 Ready for sending X X — X X

107 Data set ready X X X X X X
108/1 or 

108/2
Connect data set to line 
Data terminal ready X X X X X X

(Note 2) 
109 Data channel received line 

signal detector - X - X X X

111 Data signalling rate selector 
(DTE) X X X X X X

114 
(Note 3)

Transmitter signal element 
timing (DCE) X X X X

115 
(Note 3)

Receiver signal element timing 
(DCE) - X - X X X

118 Transmitted backward channel data X X
119 Received backward channel data - - X _ _ X
120 Transmit backward channel 

-line signal - - - - - X

121 Backward channel ready X X
122 Backward channel received 

line signal detector X X
125 Calling indicator X X X X X X

N ote  1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements o f  Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal equip
ment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical characteristics 
(see § 9).

N ote 2 -  This circuit shall be capable o f operation as circuit 108/1 -  Connect data set to line or circuit 108/2 -  Data terminal 
ready depending on its use. For automatic calling it shall be used as 108/2 only.

N ote 3  -  These circuits are required when the optional clock is implemented in the modem.

N ote 4  -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10  
are used.
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TABLE 2/V .23

Interchange circuit
Forward (data) channel 

one-way system 
(Note 1)

Forward (data) 
channel either 

way or both ways 
simultaneously system 

(Note 1)

Without backward channel With backward channel
Without With

No. Designation backward backward
Transmit Receive Transmit Receive channel channel

*
end end end end

102 Signal ground or common return X X X X X X
102a DTE common return X X X X X X

(Note 4)
102b DCE common return X X X X X X

(Note 4)
103 Transmitted data X — X — X X

104 Received data X X X X
105 Request to send X X — X X
106 Ready for sending X X — X X

107 Data set ready X X X X X X
108/1 Connect data set to line X X X X X X
109 Data channel received line

signal detector X — X X X

111 Data signalling rate selector
(DTE) X X X X X X

114 Transmitter signal element
(Note 3) timing (DCE) X X X X

115 Receiver signal element timing
(Note 3) (DCE) X — X X X

118 Transmitted backward channel data X X
119 Received backward channel data - _ X _ _ X
120 Transmit backward channel

line signal .. — X — X

121 Backward channel ready X X
122 Backward channel received

line signal detector X — — X

N o te  1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal equip
ment and in the data circuit terminating equipment in accordance with the appropriate Recommendation for electrical characteristics 
(see § 9).

N ote  2 -  This circuit shall be capable o f operation as circuit 108/1 -  Connect data set to line or circuit 108/2 -  Data terminal 
ready depending on its use. For automatic calling it shall be used as 108/2 only.

N o te  3  -  These circuits are required when the optional clock is implemented in the modem.

N ote  4 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 [3] 
are used.
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8.3.1.2 C ircuit 106 response tim es are from  the connection o f an ON or O F F  condition  on:

— circuit 105 (where it is provided) to the appearance o f the corresponding  O N  or O F F  condition  on
circuit 106;

— circuit 122 (where circuit 105 is not provided) to the appearance o f the co rresponding  O N  or O F F  
condition  on circuit 106 in a configuration  having a single da ta  channel together with a single 
backw ard channel only.

— circuit 107 (where circuits 105 and  122 are not provided) to  the appearance o f the co rresponding  ON 
or O FF  condition on circuit 106;

8.3.1.3 C ircuit 121 response tim es are from  the connection o f an ON or O F F  condition  on:

— circuit 120 (where it is provided) to  the appearance o f the corresponding  O N  or O F F  condition  on
circuit 121;

— circuit 109 (where circuit 120 is no t provided) to the appearance o f the co rresponding  O N or O F F  
condition  on circuit 121.

8.3.2 Response times

TABLE 3/V.23

G rcuit 106

OFF to ON 750 ms to 1400 ms (see Note 1) a) 20 ms to 40 ms (see Note 2)
b) 200 ms to 275 ms (see Note 2)

ON to OFF <  2 ms

G rcuit 109

OFF to ON 300 ms to 700 ms (see Note 1) 10 ms to 20 ms (see Note 1)

ON to OFF 5 ms to 15 ms

G rcuit 121

OFF to ON 80 ms to 160 ms

ON to OFF <  2 ms

G rcuit 122

OFF to ON <  80 ms

ON to OFF 15 ms to 80 ms

N ote  1 -  For automatic calling and answering, the longer response times of circuits 106 and 109 are to be used during call 
establishment only.

N ote 2 -  The choice o f  response times depends upon the system application:
a) no protection given against line echoes;
b) protection given against line echoes.

N ote 3  -  The above parameters are provisional and are the subject o f further study.

8.4 Threshold o f  data channel and backward channel received line signal detectors

Level o f received line signal at receive line term inals o f modem  for all types o f connections, i.e. general 
switched telephone network or non-sw itched leased telephone circuits:

greater than —43 dBm circuits 109/122 ON

less than —48 dBm circuits 109/122 O FF
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The condition o f circuits 109 and  122 for levels between —43 dBm and  —48 dBm is not specified except 
that the signal detectors shall exhibit a hysteresis action such that the level at which the O FF  to ON transition  
occurs is at least 2 dB greater than  that for the ON to O F F  transition .

W here transm ission conditions are know n on switched or leased circuits, A dm inistrations should be 
perm itted at the tim e o f m odem  installation  to change these response levels o f the received line signal detectors to 
less sensitive values (e.g. —33 dBm and —38 dBm respectively).

8.5 Clamping in half-duplex mode

The DCE, when operating  in half-duplex m ode on a 2-wire line, shall hold, where im plem ented:

i) circuit 104 in the b inary  1 condition and  circuit 109 in the O FF  condition when circuit 105 is in the
ON condition  and, where required to protect circuit 104 from false signals, for a period o f 150 ±  25
m illiseconds follow ing the ON to O F F  transition  on circuit 105, the use o f this additional delay is 
op tional, based on system considerations;

ii) circuit 119 in the b inary 1 condition  and  circuit 122 in the O FF  condition  when circuit 120 is in the
ON condition  and , where required to protect circuit 119 from  false signals, for a tim e interval
follow ing the ON to O FF  transition  on circuit 120. The specific duration  o f this tim e interval is left 
for further study. The additional delay is op tional, based on system considerations.

8.6 Fault condition o f  interchange circuits

(See R ecom m endations V.10, § 11 and V .l l ,  § 9  and  V.28, § 7  for association o f the receiver failure 
detection types).

8.6.1 The DTE should in terpret a fault condition on circuit 107 as an O F F  condition  using failure detection 
type 1.

8.6.2 The D CE should in terpret a fault condition on circuits 105 and 108 as an O F F  condition using failure 
detection type 1.

8.6.3 All other circuits not referred to above may use failure detection types 0 or 1.

9 Electrical characteristics of interchange circuits

9.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the 
connector pin assignm ent plan specified by ISO 2110 [2],

9.2 A pplication o f electrical characteristics conform ing to R ecom m endations V.10 and  V .ll is recognized as an
alternative together with the use o f the connectors and pin assignm ent plan specified by ISO 4902 [3].

i) C oncerning circuits 103, 104, 105 (where used), 106, 107, 108, 109, and where the optional clock is
im plem ented in the m odem , circuits 114 and 115, the receivers shall be in accordance with R ecom 
m endation V.l 1 or alternatively R ecom m endation V.10, category 1. Either V.10 or V .ll generators
may be utilized.

ii) In the case o f circuits 111, 118, 119, 120, 121, 122 and 125, R ecom m endation V.10 applies with
receivers configured as specified by R ecom m endation V.10 for category 2.

iii) It is preferred that backw ard channel circuits appear on a separate connector and  com prise
circuits 118, 119, 120, 121, 122 (Category 2) and 102, 102a and 102b.

iv) Interw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .ll and  equipm ent 
applying R ecom m endation V.28 is allowed on a non-interference basis. The onus for adaptation  
to V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.

N ote — M anufacturers may wish to note that the long-term  objective is to replace electrical characteristics 
specified in R ecom m endation V.28, and Study G roup  XVII has agreed that the work shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which minim izes the num ber o f interchange
circuits. It is expected that this work would be based upon the alternative application  given in § 9.2) above
utilizing the V .ll electrical characteristics.
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10 Equipment for the disablement of echo suppressors

(See § 5 o f R ecom m endation V.21.)

11 Inclusion of a clock in the modem

A clock is not an essential item in the standard ized  modem. H owever, the m odem  m ay conveniently 
include a clock when used prim arily  for synchronous transm ission.

If  such a clock is included in the m odem , a synchronizing pattern  consisting o f a lternate b inary  0 and
binary 1 at clock rate should be transm itted  for the whole interval between the O F F  to O N  transitions o f 
interchange circuits 105 and 106. Users should note that part o f this synchronizing pattern  m ay appear at the 
d istan t receiver on circuit 104 after the O F F  to O N  transition  o f circuit 109. The da ta  term inal equipm ent should
m ake provision to d ifferentiate between these false signals and  true data.
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Recommendation V.24

LIST OF DEFINITIONS FOR INTERCHANGE CIRCUITS BETWEEN 
DATA TERM INAL EQUIPM ENT AND DATA CIRCUIT-TERMINATING EQUIPM ENT

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

1 Scope

1.1 This R ecom m endation applies to the interconnecting circuits being called interchange circuits at the
interface between D TE and D C E for the transfer o f b inary data, control and  tim ing signals and analogue signals 
as appropriate . This R ecom m endation also applies to both sides o f separate interm ediate equipm ent, which may 
be inserted between these two classes o f equipm ent (see Figure 1/V.24).

Electrical characteristics for interchange circuits are detailed in app rop ria te  R ecom m endations for electrical 
characteristics, or in certain special cases, in R ecom m endations for DCE.

In any type o f practical equipm ent a selection will be m ade from  the range o f interchange circuits defined 
in this R ecom m endation, as appropriate .

The actual interchange circuits to be used in a particu lar D CE are those indicated  in the app rop ria te  
Recom m endation.

The usage and  operational requirem ents o f the interchange circuits and  the in teraction  between them  are 
recom m ended in § 4. For p roper operation  o f the D C E it is im portan t tha t the guidelines in § 4 are observed.

1.2 The D C E may include signal converters, tim ing generators, pulse regenerators, and control circuitry,
together with equipm ent to provide other functions such as error contro l, au tom atic calling and au tom atic 
answering. Some o f this equipm ent may be separate interm ediate equipm ent o r it may be located in the DTE.

In this Recommendation the terms “data terminal equipment” and “data circuit-terminating equipment” are indicated by 
DTE and DCE respectively.
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FIGURE 1/V.24  

Illustration of general layout of equipment

1.3 The range o f in terchange circuits defined in this R ecom m endation is applicable, for exam ple:

a) to synchronous and  asynchronous d a ta  com m unications;

b) to  data transm ission on leased line service, either 2-wire or 4-wire, either po in t-to -po in t or m ultipoint
operation ;

c) to data transm ission on switched netw ork service, either 2-wire or 4-wire;

d) where short interconnecting cables are used between DTE and DCE. An explanation  o f short cables is
given in § 2 below.

1.4 A D TE interface conform ing to this R ecom m endation may also be used for attachm ent to a Public D ata 
N etw ork (PD N ). For these cases, additional inform ation on interchange circuit im plem entation and operational 
requirem ents may be recorded in Series X R ecom m endations.

2 Line of dem arcation

The interface between D TE and D C E is located at a connector, which is the interchange point between 
these two classes o f equipm ent. Separate connectors may be provided for the interchange circuits associated with 
the signal-conversion or sim ilar equipm ent and those associated with the A utom atic Calling Equipm ent (ACE). 
For m echanical characteristics o f the interface refer to ISO 2110 [1] or ISO 4902 [2] as appropriate.

The connector(s) will not necessarily be physically attached to the D C E and may be m ounted in a fixed 
position  near the DTE.

An interconnecting cable or cables will norm ally be provided with the DTE. The use o f short cables is 
recom m ended. Their length should be lim ited solely by the load capacitance and other electrical characteristics 
specified in the relevant R ecom m endation on electrical characteristics.

3 D efinitions of in terchange circuits

3.1 100 series — General application

A list o f these interchange circuits is presented in tabu lar form  in Table 1/V.24.
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TABLE 1 /V .2 4

100-series interchange circuits by category

Interchange
circuit

number
Interchange circuit name Ground

Data Control Timing

From
DCE

To
DCE

From
DCE

To
DCE

From
DCE

To
DCE

1 2 3 4 5 6 7 8 9

102 Signal ground or common return......................................... X
102a DTE common return.............................................................. X
102b DCE common return.............................................................. X
102c Common return.......................................................................
103 Transmitted d a ta ..................................................................... X
104 Received data ........................................................................... X
105 Request to s e n d ....................................................................... X
106 Ready for sending................................................................... X
107 Data set ready ......................................................................... X
108/1 Connect data set to line.......................................................... X
108/2 Data terminal ready................................................................ X
109 Data channel received line signal detector ........................ X
110 Data signal quality detector................................................. X
111 Data signal rate selector (D T E )........................................... X
112 Data signal rate selector (D C E )........................................... X
113 Transmitter signal element timing (D T E ).......................... X
114 Transmitter signal element timing (D C E).......................... X
115 Receiver signal element timing (DCE)................................ X
116 Select standby ......................................................................... X
117 Standby ind icator................................................................... X
118 Transmitted backward channel d a ta .................................. X
119 Received backward channel data ......................................... X
120 Transmit backward channel line signal.............................. X
121 Backward channel ready........................................................ X
122 Backward channel received line signal detector............... X
123 Backward channel signal quality detector.......................... X
124 Select frequency groups ........................................................ X
125 Calling indicator..................................................................... X
126 Select transmit frequency...................................................... X
127 Select receive frequency........................................................ X
128 Receiver signal element timing (D T E )................................ X
129 Request to receive................................................................ X
130 Transmit backward tone........................................................ X
131 Received character timing...................................................... X
132 Return to non-data m o d e ...................................................... X
133 Ready for receiving................................................................ X
134 Received data present............................................................ X
136 New s ig n a l............................................. .................................. X
140 Loopback /  Maintenance test ............................................. X
141 Local loopback ....................................................................... X
142 Test indicator........................................................................... X
191 Transmitted voice answer...................................................... X
192 Received voice answer............................................................ X

Circuit 102 — Signal ground or common return

This conductor establishes the signal com m on return for unbalanced  interchange circuits with electrical 
characteristics according to R ecom m endation V.28 and the d.c. reference potential for in terchange circuits 
according to Recom m endations V.10, V .ll and V.35.
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W ithin the D C E, this circuit shall be brought to one point, and it shall be possible to connect this point to 
protective ground or earth by m eans o f a m etallic strap  within the equipm ent. This metallic strap can be 
connected or rem oved at installation , as may be required to meet applicable safety regulations or to minim ize the 
in troduction  o f noise into electronic circuitry. C aution should be exercised to prevent the establishm ent o f ground 
loops carrying high currents.

Circuit 102a — D TE  common return

This conductor is connected to the D TE circuit com m on return and is used as the reference potential for 
the unbalanced  Recom m endation V .l0-type interchange circuit receivers within the DCE.

Circuit 102b — D CE common return

This conductor is connected to the D C E circuit com m on return and is used as the reference potential for 
the unbalanced Recom m endation V.lO-type in terchange circuit receivers w ithin the DTE.

Note — W here a m ixture of R ecom m endation V.10 and  V .ll circuits is used in the same interface, 
separate provision m ust be m ade for the R ecom m endation V.10 com m on return circuits 102a and 102b, and  for a 
d.c. reference potential conductor circuit 102, or protective ground connection, as required.

Circuit 102c — Common return

This conductor establishes the signal com m on return for single-current interchange circuits controlled by 
contact closure with electrical characteristics according to R ecom m endation V.31, in cases where a com m on return 
is used.

W ithin the equipm ent contain ing the signal source o f the interchange circuit, this conductor m ust be 
isolated from signal ground and  protective ground, irrespective o f whether it is located within the D CE or within 
the DTE.

Circuit 103 — Transmitted data  

D irection: To D CE

The data signals originated by the DTE, to be transm itted  via a data channel to one or m ore rem ote data 
stations, o r to be passed to the D CE for m aintenance test purposes under control o f the DTE, are transferred  on 
this circuit to the DCE.

Circuit 104 — Received data  

D irection: From  D CE

The data signals generated by the D CE, in response to data channel line signals received from  a rem ote 
da ta  station, or in response to the DTE m aintenance test signals, are transferred  on this circuit to the DTE.

Note  — The reception conditions for m aintenance test signals are specified with circuit 107.

Circuit 105 — Request to send  

D irection: To DCE

Signals on this circuit control the data channel transm it function o f the DCE.

The ON condition causes the D CE to assum e the data  channel transm it mode.

The O FF  condition causes the D C E to assume the data channel non-transm it m ode, when all data 
transferred  on circuit 103 have been transm itted.

Circuit 106 — Ready fo r  sending  

D irection: From  DCE

Signals on this circuit indicate w hether the DCE is prepared to accept data signals for transm ission on the 
da ta  channel or for m aintenance test purposes under control o f the DTE.

The ON condition indicates that the D C E is prepared to accept data signals from  the DTE.

The O F F  condition indicates that the D CE is not prepared to accept data signals from  the DTE.
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D irection: From  D CE “

Signals on this circuit indicate whether the D CE is ready to operate.

The ON condition, where circuit 142 is O FF  or is not im plem ented, indicates that the signal converter or 
sim ilar equipm ent is connected to the line and that the D CE is ready to exchange further control signals with the 
D TE to initiate transfer o f data.

The ON condition , in conjunction with the ON condition  o f circuit 142, indicates that the D C E is 
prepared  to exchange data signals with the D TE for m aintenance test purposes.

The O F F  condition  indicates that the D CE is not ready to operate.

Circuit 108/1  — Connect data set to line 

D irection: To DCE

Signals on this circuit control switching o f the signal-conversion or sim ilar equipm ent to  or from  the line.

The ON condition causes the D CE to connect the signal-conversion or sim ilar equipm ent to the line.

The O FF  condition causes the D C E to rem ove the signal-conversion or sim ilar equipm ent from  the line,
when the transm ission to line o f all data  previously transferred  on circuit 103 a n d /o r  circuit 118 has been
com pleted.

Circuit 108/2 — Data terminal ready 

D irection: To DCE

Signals on this circuit control switching o f the signal-conversion or sim ilar equipm ent to or from  the line.

The O N  condition , indicating that the D TE is ready to operate, prepares the D C E to connect the 
signal-conversion or sim ilar equipm ent to the line and m aintains this connection  after it has been established by 
supplem entary  means.

The DTE is perm itted to present the ON  condition on circuit 108/2 w henever it is ready to transm it or 
receive data.

The O FF  condition causes the D CE to rem ove the signal-conversion or sim ilar equipm ent from  the line,
when the transm ission to line o f all data  previously transferred  on circuit 103 a n d /o r  circuit 118 has been
com pleted.

Circuit 109 — Data channel received line signal detector 

D irection: From  D CE

Signals on this circuit indicate whether the received data channel line signal is w ithin app rop ria te  lim its, as 
specified in the relevant R ecom m endation for DCE.

The ON condition indicates that the received signal is w ithin app rop ria te  limits.

The O F F  condition  indicates that the received signal is not within app rop ria te  limits.

Circuit 110 — D ata signal quality detector 

D irection: From  D CE

Signals on this circuit indicate w hether there is a reasonable probability  o f an error in the data  received on 
the data channel. The signal quality indicated conform s to the relevant D C E  R ecom m endation.

The ON condition  indicates that there is no reason to believe that an erro r has occurred.

The O FF  condition indicates that there is a reasonable probability  o f an error.

Circuit 111 — Data signalling rate selector (D TE source)

D irection: To D CE

Signals on this circuit are used to select one o f the two data signalling rates o f a dual rate synchronous 
D C E, or to select one o f the two ranges of da ta  signalling rates o f a dual range asynchronous DCE.

The ON condition  selects the higher rate or range o f rates.

The O FF condition selects the lower rate or range o f rates.

Circuit 107 — Data set ready
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D irection: From  D CE

Signals on this circuit are used to select one o f the two data signalling rates or ranges o f rates in the DTE 
to  coincide with the data signalling rate or range o f rates in use in a dual rate synchronous or dual range 
asynchronous DCE.

The O N  condition  selects the higher rate or range o f rates.

The O F F  condition selects the lower rate or range o f rates.

Circuit 113 — Transmitter signal element tim ing {D TE  source)

D irection: To D CE

Signals on this circuit provide the D C E with signal elem ent tim ing inform ation.

The condition  on this circuit shall be ON and O F F  for nom inally  equal periods o f time and  the transition
from  ON to O FF  condition shall nom inally indicate the centre o f each signal elem ent on circuit 103.

Circuit 114 — Transmitter signal element tim ing  (D C E source)

D irection: From  D CE

Signals on this circuit provide the DTE with signal elem ent tim ing inform ation.

The condition  on this circuit shall be O N  and O F F  for nom inally  equal periods o f time. The D TE shall
present a data signal on circuit 103 in which the transitions between signal elements nom inally occur at the time
o f  the transitions from  O FF  to O N  condition  o f circuit 114.

Circuit 115 — Receiver signal element timing  (D C E source)

D irection: From  DCE

Signals on this circuit provide the D TE with signal elem ent tim ing inform ation.

The condition  o f this circuit shall be ON and O F F  for nom inally  equal periods o f tim e, and a transition
from  ON to O F F  condition shall nom inally  indicate the centre o f each signal elem ent on circuit 104.

Circuit 116 — Select standby  

D irection: To DCE

Signals on this circuit are used to select the norm al or standby facilities, such as signal converters and  data 
channels.

The O N condition  selects the standby m ode o f operation , causing the D C E to replace predeterm ined 
facilities by their reserves.

The O F F  condition  causes the D CE to replace the standby facilities by the norm al. The O FF  condition  on 
this circuit shall be m aintained whenever the standby facilities are not required for use.

Circuit 117 — Standby indicator 

D irection: From  D CE

Signals on this circuit indicate w hether the D C E is conditioned to operate in its standby m ode with the 
predeterm ined facilities replaced by their reserves.

The ON condition  indicates that the D C E is conditioned to operate in its standby mode.

The O FF  condition indicates that the D C E is conditioned to operate in its norm al mode.

Circuit 118 — Transmitted backward channel data  

D irection: To DCE

This circuit is equivalent to circuit 103, except that it is used to transm it data via the backw ard channel.

Circuit 112 — Data signalling rate selector (DCE source)
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Circuit 119 — Received backward channel data  

D irection: From  DCE

This circuit is equivalent to circuit 104, except that it is used for data  received on the backw ard channel.

Circuit 120 — Transmit backward channel line signal 

D irection: To DCE

This circuit is equivalent to circuit 105, except that it is used to contro l the backw ard channel transm it 
function o f  the DCE.

The O N  condition  causes the D CE to assum e the backw ard channel transm it mode.

The O F F  condition causes the D C E to assum e the backw ard channel non-transm it m ode, when all data  
transferred  on circuit 118 have been transm itted  to line.

Circuit 121 — Backward channel ready 

D irection: From  D CE

This circuit is equivalent to circuit 106, except that it is used to indicate w hether the D C E is conditioned  to 
transm it d a ta  on the backw ard channel.

The ON condition indicates that the D CE is conditioned to transm it d a ta  on the backw ard channel.

The O F F  condition  indicates that the D C E is not conditioned to transm it data  on the backw ard channel.

Circuit 122 — Backward channel received line signal detector 

D irection: From  D CE

This circuit is equivalent to circuit 109, except that it is used to indicate w hether the received backw ard 
channel line signal is w ithin appropria te  lim its, as specified in the relevant R ecom m endation for DCE.

Circuit 123 — Backward channel signal quality detector 

D irection: From  DCE

This circuit is equivalent to circuit 110, except that it is used to indicate the signal quality o f the received 
backw ard channel line signal.

Circuit 124 — Select frequency groups 

D irection: To DCE

Signals on this circuit are used to select the desired frequency groups available in the D CE.

The ON condition  causes the D CE to use all frequency groups to represent data  signals.

The O FF  condition causes the D CE to use a specified reduced num ber o f frequency groups to represent 
data  signals.

Circuit 125 — Calling indicator 

D irection: From  DCE

Signals on this circuit indicate whether a calling signal is being received by the D CE.

The O N  condition  indicates that a calling signal is being received.

The O F F  condition  indicates that no calling signal is being received, and this condition  m ay also appear 
during in terrup tions o f a pulse-m odulated calling signal.

Circuit 126 — Select transmit frequency  

D irection: To DCE

Signals on this circuit are used to select the required transm it frequency o f the D CE.

The ON condition  selects the higher transm it frequency.

The O FF  condition selects the lower transm it frequency.
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Circuit 127 — Select receive frequency 

D irection: To DCE

Signals on this circuit are used to  select the required receive frequency o f the DCE.

The ON condition selects the lower receive frequency.

The O FF  condition selects the higher receive frequency.

Circuit 128 — Receiver signal element tim ing  (D TE source)

D irection: To D CE

Signals on this circuit provide the D C E with signal elem ent tim ing inform ation.

The condition on this circuit shall be ON and O F F  for nom inally equal periods of time,. The D CE shall 
present a data signal on circuit 104 in which the transitions between signal elements nom inally occur at the time 
o f the transitions from O FF  to ON condition  o f the signal on circuit 128.

Circuit 129 — Request to receive 

D irection: To DCE

Signals on this circuit are used to control the receive function o f the DCE.

The ON condition  causes the D CE to assum e the receive mode.

The O FF  condition causes the D C E to assum e the non-receive mode.

Circuit 130 — Transmit backward tone 

D irection: To DCE

Signals on this circuit control the transm ission o f a backw ard channel tone.

The ON condition  causes the D C E to transm it a backw ard channel tone.

The O F F  condition causes the D C E to stop the transm ission o f a backw ard channel tone.

Circuit 131 — Received character timing 

D irection: From D CE

Signals on this circuit provide the DTE with character tim ing in form ation , as specified in the relevant 
R ecom m endation for DCE.

Circuit 132 — Return to non-data mode 

D irection: To DCE

Signals on this circuit are used to  restore the non-data m ode provided with the D CE, w ithout releasing the 
line connection to the rem ote station.

The ON condition causes the D C E to restore the non-data mode. W hen the non-data m ode has been 
established, this circuit m ust be tu rned OFF.

Circuit 133 — Ready fo r  receiving 

D irection: To DCE

Signals on this circuit control the transfer o f data on circuit 104, indicating whether the DTE is capable of 
accepting a given am ount o f data (e.g. a block o f data), specified in the appropriate  R ecom m endation for 
interm ediate equipm ent, for exam ple, error control equipm ent.

The ON condition must be m aintained whenever the D TE is capable o f accepting data, and causes the 
in term ediate equipm ent to transfer the received data to the DTE.

The O FF condition indicates that the DTE is not able to accept data, and causes the interm ediate 
equipm ent to retain the data.

104 Fascicle VI11.1 — Rec. V.24



Circuit 134 — Received data present 

D irection: From  DCE

Signals on this circuit are used to separate in form ation  messages from  supervisory messages, transferred  on
circuit 104, as specified in the appropria te  R ecom m endation for in term ediate equipm ent, e.g. error control
equipm ent.

The O N  condition  indicates the data  which represent inform ation messages.

The O FF  condition  shall be m aintained at all o ther times.

Circuit 136 — New signal 

D irection: To D CE

Signals on this circuit are used to control the response times of the D C E  receiver.

The ON  condition  o f circuit 136 instructs the D C E receiver to p repare itself to detect rap id ly  the 
d isappearance o f the line signal (e.g., by disabling the response time circuitry associated with circuit 109). After 
the received line signal falls below  the threshold o f the received line signal detector, the D C E will:

1) tu rn  O F F  circuit 109, and

2) prepare itself to detect rapidly the appearance o f a new line signal (e.g., by resetting the receiver
tim ing recovery circuitry).

O nce tu rned  O N , circuit 136 may be tu rned  O FF  after one un it interval and  m ust be tu rned  O F F  after 
circuit 109 is tu rned  OFF. C ircuit 136 shall be O F F  at all other times.

Circuit 140 — Loopback/M aintenance test 

D irection: To D CE

Signals on this circuit are used to initiate and  release loopback or other m ain tenance test conditions 
in DCEs.

The ON condition  causes in itiation o f the m aintenance test condition.

The O FF  condition  causes release o f the m aintenance test condition.

Circuit 141 — Local loopback 

D irection: To D CE

Signals on this circuit are used to control the loop 3 test condition in the local DCE.

The O N  condition o f circuit 141 causes the establishm ent o f the loop 3 test condition  in the local DCE.

The O F F  condition  o f circuit 141 causes the release o f the loop 3 test condition  in the local DCE.

Circuit■ 142 — Test indicator 

D irection: From  D CE

Signals on this circuit indicate whether a m aintenance condition exists.

The O N  condition  indicates that a m aintenance condition exists in the D C E, precluding reception or 
transm ission o f data signals from  or to a rem ote DTE.

The O FF  condition  indicates that the D C E is not in a m aintenance test condition.

Circuit 191 — Transmitted voice answer 

D irection: To D CE

Signals generated by a voice answer unit in the D TE are transferred  on this circuit to the DCE.

The electrical characteristics o f this analogue interchange circuit are part o f the app rop ria te  DCE 
R ecom m endation.
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Circuit 192 — Received voice answer 

D irection: From  D CE

Received voice signals, generated by a voice answ ering unit at the rem ote D TE, are transferred  on this 
circuit to the DTE.

The electrical characteristics o f this analogue interchange circuit are part o f the appropria te  DCE 
R ecom m endation.

3.2 200-series — Specifically fo r  autom atic calling

A list o f these interchange circuits is presented in tabu lar form  in Table 2/V.24.

For autom atic calling procedures, refer to R ecom m endation V.25 for the general switched telephone 
netw ork and  R ecom m endation S. 16 [3] for the telex network.

TABLE 2 /V.24 

200-series interchange circuits specifically for automatic calling

Interchange 
circuit number Interchange circuit name From

DCE
To

DCE

201 Signal ground or common return............................................................ X X
202 Call request................................................................................................... X
203 Data line occupied .................................................................................. X
204 Distant station connected ......................................................................... X
205 Abandon ca ll................................................................................................. X
206 Digit signal (2 ° ) ............................................................................................ X
207 Digit signal (21) ............................................................................................ X
208 Digit signal (22) ............................................................................................ X
209 Digit signal (23) ............................................................................................ X
210 Present next digit ........................................................................................ X
211 Digit p resen t.......................................................................................... .. X
213 Power indication.......................................................................................... X

Circuit 201 — Signal ground or common return

This conductor establishes the signal com m on reference potential for all 200-series in terchange circuits. 
W ithin the autom atic calling equipm ent this circuit shall be brought to one point, and  it shall be possible to 
connect this po in t to protective ground or earth  by m eans o f a m etallic strap  within the equipm ent. This metallic 
strap  can be connected or rem oved at installation as may be required to meet applicable regulations or to 
m inim ize the in troduction  o f  noise into electronic circuitry. C aution should be exercised to prevent the 
establishm ent o f ground  loops carrying high currents.

Circuit 202 — Call request 

D irection: To D CE

Signals on this circuit are used to condition the au tom atic calling equipm ent to originate a call and to 
switch the autom atic calling equipm ent to  or from  the line.

The ON condition causes the D CE to condition the autom atic calling equipm ent to originate a call and to 
connect this equipm ent to the line.

The O FF  condition causes the autom atic calling equipm ent to be rem oved from the line and  indicates that 
the D TE has released the au tom atic calling equipm ent.

Circuit 203 — Data line occupied 

D irection: From  D CE

Signals on this circuit indicate w hether or not the associated line is in use (e.g. for autom atic calling, data 
transm ission or voice com m unication , test procedures).

The ON condition  indicates that the line is in use.

The O FF condition  indicates that the line is not in use, and that the D TE may originate a call.
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Circuit 204 — Distant station connected

D irection: From DCE

Signals on this circuit indicate whether a connection has been established to a rem ote data  station  (or telex 
station).

The ON condition  indicates the receipt o f  a signal from  a rem ote D C E  signalling tha t a connection  to  that 
equipm ent has been established.

The O F F  condition shall be m aintained a t all o ther times.

Circuit 205 — Abandon call 

D irection: From  D CE

Signals on this circuit indicate whether a preset tim e has elapsed between successive events in the calling 
procedure.

The ON condition indicates that the call should be abandoned.

The O F F  condition indicates that call o rig ination  can proceed.

Digit signal circuits :

C ircuit 206 - Digit signal (2°)

C ircuit 207 - Digit signal (2 ')

C ircuit 208 - Digit signal (22)

C ircuit 209 - Digit signal (23)

D irection: To DCE

On these circuits the D TE presents the code com binations shown in Table 3/V .24, being the digits o f the 
d ata station (or telex station) to be called and the delim iting control characters.

TABLE 3/V .24

Information Binary states

209 208 207 206

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

Control character EON 1 1 0 0
Control character SEP 1 1 0 1

The control character EON (end o f num ber) causes the D C E to take ap p ro p ria te  action to  aw ait an 
answer from  the called data station.

The control character SEP (separation) indicates the need for a pause between successive digits or in fron t 
o f the digit series, and causes the autom atic calling equipm ent to insert the app rop ria te  tim e interval.

The code com binations listed above are in tended to apply only to equipm ent using R ecom m endations V.25 
and  S. 16 [3].

Fascicle VI11.1 -  Rec. V.24 107



Circuit 210 — Present next digit 

D irection: From  D CE

Signals on this circuit indicate whether the au tom atic calling equipm ent is ready to accept the next code 
com bination .

The ON condition  indicates that the au tom atic calling equipm ent is ready to accept the next code 
com bination .

The O FF  condition indicates that the autom atic calling equipm ent is not ready to accept signals on the 
digit signal circuits.

Circuit 211 — Digit present 

D irection: To DCE

Signals on this circuit control the reading o f the code com bination  presented on the digit signal circuits.

The ON condition causes the autom atic calling equipm ent to read the code com bination presented on the 
d igit signal circuits.

The O FF  condition  on this circuit prevents the autom atic calling equipm ent from  reading a code 
com bination  on the digit signal circuits.

Circuit 213 — Power indication 

D irection: From  D CE

Signals on this circuit indicate w hether pow er is available within the autom atic calling equipm ent.

The ON condition indicates that pow er is available w ithin the autom atic calling equipm ent.

The O FF  condition indicates that pow er is not available w ithin the autom atic calling equipm ent.

3.3 Circuit fa ilures (electrical)

The follow ing in terchange circuits, where im plem ented, shall be used to detect either a pow er-off condition 
in the equipm ent connected through the interface or the d isconnection o f the interconnecting cable:

C ircuit 105 — Request to send

C ircuit 107 — D ata set ready

C ircuit 108/1 — C onnect data set to  line

C ircuit 108/2 — D ata term inal ready

C ircuit 120 — Transm it backw ard channel line signal

C ircuit 202 — Call request

C ircuit 213 — Power indication

The criteria used to determ ine a failure condition  shall be specified in the appropriate  R ecom m endation 
for electrical characteristics.

The receiver for these circuits shall in terpret the pow er-off condition or the d isconnection o f the
in terconnecting  cable as an O F F  condition on these circuits.

3.4 Termination o f  interchange circuits

W ith the definition o f new interchange circuits and the listing o f nonessential (i.e., optional) circuits in 
addition  to  the essential circuits in Series V R ecom m endations perta in ing  to D CE, receiver circuits may be 
provided in the DTE or D C E for which no generator is provided in the com plem entary equipm ent. Therefore, in 
cases where receivers are not connected to generators, m eans shall be provided in the equipm ent where the 
receivers are located to inhibit o r disregard any possible false triggering o f the receivers.

4 Operational requirements

In the following, operational requirem ents are given for the usage o f interchange circuits. It also explains
in further detail the required correlation  between interchange circuits, where im plem ented.
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4.1 Data circuits

It is evident that p roper data transm ission may be im paired when the required condition  is not present on 
an im plem ented control interchange circuit. Therefore, the D TE shall no t transfer d a ta  on circuit 103 unless an
ON  condition  is present on all o f the follow ing four circuits, where im plem ented: circuit 105, circuit 106,
circuit 107 and circuit 108/1 or 108/2.

All data transferred  on circuit 103 during the tim e an ON condition  is present on all o f the above four
circuits, where im plem ented, shall be transm itted  by the DCE.

Refer also to §§ 4.4 and  4.5 below for further explanation.

The DTE shall not transfer data on circuit 118 unless an ON condition  is present on all o f the follow ing 
four circuits, where im plem ented: circuit 120, circuit 121, circuit 107 and circuit 108/1 or 108/2.

All data  transferred  on circuit 118 during  the tim e an ON condition  is present on all o f the above four 
circuits, where im plem ented, shall be transm itted  by the DCE.

4.2 Idle periods

D uring intervals when circuit 105 and circuit 106 are in the O N  condition  and  no data  are available for 
transm ission, the DTE may transm it binary  1 condition, reversals or o ther sequences to m ain ta in  tim ing 
synchronizing, e.g. SYN coded characters, idle characters according to the data  link contro l procedure used, etc.

Specific requirem ents, where applicable, are stated in the appropria te  D C E R ecom m endations.

4.3 Clamping

4.3.1 In all applications the D C E shall hold, where im plem ented:

a) circuit 104 in the binary  1 condition  when circuit 109 is in the O F F  condition , and

b) circuit 119 in the binary  1 condition  when circuit 122 is in the O F F  condition .

4.3.2 In addition  a D CE constrained to half-duplex operation  on a 2-wire line shall also hold, where
im plem ented:

a) circuit 104 in the binary  1 condition  and circuit 109 in the O F F  condition  when circuit 105 is in the 
O N  condition , and for a short tim e interval (to be specified in R ecom m endations for D CE) follow ing 
the O N  to O FF  transition  on circuit 105; and

b) circuit 119 in the binary  1 condition  and circuit 122 in the O F F  condition , when circuit 120 is in the 
O N  condition , and for a short tim e interval (to be specified in R ecom m endations for D CE) follow ing 
the ON to O FF  transition  on circuit 120.

4.4 Operation o f  circuits 107, 108/1 and 108/2

Signals on circuit 107 are to be considered as responses to signals which in itiate connection  to line, e.g. 
circuit 108/1. However, the conditioning o f a data  channel, such as equalization and clam p rem oval, canno t be 
expected to occur before circuit 107 is turned ON.

W hen circuit 108/1 or 108/2 is tu rned O FF, it shall not be tu rned  O N  again until circuit 107 is tu rned  
O F F  by the DCE.

A wiring option  shall be provided within the D CE to select either circuit 108/1 o r circuit 108/2 operation .

W hen the D CE is conditioned for au tom atic answering o f calls, connection to  the line occurs only in 
response to a com bination o f the calling signal and  an O N  condition on circuit 108/2.

In certain leased line applications, circuit 108 m ight not be im plem ented, in which case the condition  on 
this circuit is assum ed to be perm anently  ON.

U nder certain test conditions, both the D TE and the D C E may exercise some o f the interchange circuits. It 
is then to  be understood that when circuit 107 is O FF, the DTE is to ignore the conditions on any in terchange 
circuit from  the D C E except those on circuit 125 and the tim ing circuits. A dditionally , when circuit 108/1 or 
108/2 is O F F  the D C E is to ignore the conditions on any interchange circuit from the DTE. The ON  conditions 
on circuits 107 and 108/1 or 108/2 are therefore prerequisite conditions for accepting as valid the signals on 
interchange circuits from the D CE or DTE respectively, other than circuit 125. The O F F  condition  on 
circuit 108/1 or 108/2 shall not disable the operation  o f circuit 125.
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U nder the loop test conditions defined in R ecom m endation V.54, circuit 107 shall be in the O FF  condition 
and  not respond to circuit 108/1 or 108/2 when the D TE is not involved with m aintenance testing. C ircuit 142 
shall be in the ON condition and  circuit 107 shall respond to circuit 108/1 or 108/2 when the DTE is involved in 
m ain tenance testing with the local or rem ote DCE.

4.5 Interrelationship o f  circuits 103, 105 and 106

The DTE signals its in tent to transm it data  by tu rn ing  O N  circuit 105. It is then the responsibility o f the 
D C E  to enter the transm it m ode, i.e. be prepared to transm it data, and also to alert the rem ote DCE and 
condition  it to receive data. The m eans by which a D CE enters the transm it m ode and alerts and conditions the 
rem ote D C E are described in the appropria te  D C E R ecom m endation.

W hen the transm itting  D CE turns circuit 106 O N , the D TE is perm itted to transfer data  across the 
interface on circuit 103. By tu rn ing  ON circuit 106 it is im plied that all data  transferred across the interface prior 
to  the tim e that any one o f the four circuits: 105, 106, 107 and  108/1 or 108/2 is again turned O FF, will be 
transferred  to the line; however, the ON condition  o f circuit 106 is not necessarily a guarantee that the remote 
D C E  is in the receive mode. (D epending on the com plexity and  sophistication o f the transm itting  signal converter, 
there may be a delay ranging from  less than  a m illisecond up to several seconds between the tim e a bit is 
transferred  across the interface until the tim e a signal elem ent representing this bit is transm itted on the line.)

The DTE shall not tu rn  circuit 105 O F F  before the end o f the last bit (data bit or stop element) transferred 
across the interface on circuit 103. Sim ilarly, in certain full-duplex switched network applications where circuit 105 
is not im plem ented (see specific D CE Recom m endations), this requirem ent applies equally when circuit 108/1 
o r 108/2 is turned O F F  to term inate a switched network call.

W here circuit 105 is provided, the ON and O FF conditions on circuit 106 shall be responses to the ON 
and  O FF  conditions on circuit 105. For the appropria te  response tim es o f circuit 106, and for the operation of 
circuit 106 when circuit 105 is not provided, refer to the relevant R ecom m endation for DCE.

W hen circuit 105. and  circuit 106 are both O FF, the DTE shall m aintain a b inary 1 condition  on
circuit 103. When circuit 105 is tu rned  O FF  it shall not be tu rned  ON again until circuit 106 is tu rned  O FF  by the
D CE.

Note — These conditions also apply to the relationship between circuits 120, 121 and  118.

4.6 Timing circuits

It is desirable that the transfer o f tim ing inform ation across the interface shall not be restricted to periods
when actual transm ission o f data is in progress; however, during intervals when tim ing inform ation is not
transferred  across the interface, the circuit involved should be held in the O FF  condition. The following 
conditions apply:

4.6.1 Circuit 113 — Transmitter signal element timing  (D TE source)

W here circuit 113 is used, the DTE shall transfer tim ing inform ation across the interface on this circuit at 
all tim es that the tim ing source in the DTE is capable o f generating this inform ation, e.g. when the D TE is in a 
pow er-on condition.

4.6.2 Circuit 114 — Transmitter signal element timing  (D C E  source)

W here circuit 114 is used, the D CE shall transfer tim ing in form ation across the interface on this circuit at 
all tim es tha t the tim ing source in the D CE is capable o f generating this in form ation, e.g. when the D CE is in a 
pow er-on condition. It is recognized that a D CE which derives pow er from the central office battery over the local 
te lephone loop is in a pow er-off condition when disconnected from  the loop, i.e. on-hook.

4.6.3 Circuit 115 — Receiver signal element timing  (D C E source)

W here circuit 115 is used, the D CE shall transfer tim ing in form ation across the interface on this circuit at 
all tim es that the tim ing source is capable o f generating this inform ation.

It is recognized that a D CE which derives power from  the serving central office via the local telephone 
loop, is in a pow er-off condition  with tim ing sources stopped, when the D C E is disconnected from  the line. It is 
also recognized that some tim ing sources will not continue to run indefinitely w ithout a driving (external 
synchronization) signal.
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Accuracy and stability o f this signal as defined in the DCE R ecom m endations are required only when 
circuit 109 is ON. D rift during the O F F  condition o f circuit 109 is acceptable; however, resynchronization  o f the 
signal on circuit 115 m ust be accom plished as rapidly as possible follow ing the tu rn ing  O N  o f circuit 109 for the 
next transm ission as indicated in the relevant D CE R ecom m endation.

4.7 Circuit 125 — Calling indicator

The operation  o f circuit 125 shall not be im paired or disabled by any condition  on any o ther interchange
circuit.

4.8 Usage o f  circuits 126 and 127

O riginally, these circuits were defined for operational control o f a 2-wire, frequency-divided duplex D C E,
such as the R ecom m endation V.21-type m odem . T ransm itter and  receiver contro l were separated , so tha t local
testing o f both data channels m ight be perform ed as national A dm inistrations required.

The m odem  according to R ecom m endation V.21 does not require separate operational contro l by the D TE
o f circuits 126 and  127 since it selects the transm it and  receive frequencies according to  the condition  o f
circuit 125 in switched network operation.

However, the use o f circuits 126 and 127 may becom e necessary in certain types o f non-centralized  
m ultipoint operation.

4.9 Circuit 140 — Loopback/M aintenance Test

4.9.1 Usage o f  circuit 140

C ircuit 140 can be used in conjunction  with coded com m ands on circuit 103 in accordance with the 
provisions o f R ecom m endation V.54.

In systems not including the use o f circuit 103, i.e., no coded com m ands, circuit 140 controls only the 
rem ote loopback (loop 2).

In systems tha t involve the use o f circuit 103, additional m ain tenance applications o f circuit 140 are 
possible. These additional applications rem ain for further study.

4.9.2 Interrelationship o f  circuits 105, 106 and 140

For autom atic control o f loop 2 test, circuit 106 is under the contro l o f circuit 140 and  circuit 105 is 
disregarded by the DCE.

4.10 Interrelationship o f  circuits 202 to 211 

Circuit 202

C ircuit 202 m ust be tu rned  O FF  between calls or call attem pts and  shall not be tu rned  O N  before 
circuit 203 is tu rned  OFF.

Circuit 204

The ON condition o f this circuit m ust be m aintained until the D TE has released the au tom atic  calling 
equipm ent, i.e. until circuit 202 is turned OFF.

Circuit 205

The O FF  condition  shall be m aintained on this circuit after circuit 204 com es ON .

The initial tim e interval starts when circuit 202 com es ON. Subsequent tim e in tervals start each tim e 
circuit 210 is tu rned  OFF.

Circuits 206, 207, 208 and 209

The conditions on these four circuits shall not change whilst circuit 211 is ON.
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Circuit 210

W hen circuit 210 is tu rned  O FF, it shall not be tu rned  ON again before circuit 211 is turned OFF.

Circuit 211

Circuit 211 shall neither be turned ON when circuit 210 is in the O FF  condition , nor until after the DTE 
has presented the required code com bination  on the digit signal circuits.

C ircuit 211 shall not be tu rned  O FF  before circuit 210 is tu rned  OFF.
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Recommendation V.25

AUTOMATIC CALLING A N D /O R  ANSW ERING EQUIPM ENT ON THE GENERAL 
SW ITCHED TELEPHONE NETWORK, INCLUDING DISABLING OF ECHO 

SU PPRESSO RS ON MANUALLY ESTABLISHED CALLS

(M ar del Plata, 1968, am ended a t Geneva, 1972 and 1976)

1 Scope

1.1 This R ecom m endation is concerned with the setting-up o f a data connection when autom atic calling
a n d /o r  answering equipm ent is used over in ternational circuits.

A utom atic calling and  answ ering equipm ent used w ithin any single A dm in istra tion ’s area or between two 
A dm inistrations by bilateral agreem ent is not necessarily constrained by these proposals. In particular, the use o f 
2100-Hz answering tone, as described in this R ecom m endation, could be substituted by another tone when the 
equipm ent is used over circuits not equipped with echo suppressors. Similarly, the calling tone could be om itted 
by bilateral agreem ents but attention  is draw n to §§ 7 and  8 below.

1.2 This R ecom m endation describes the sequences o f events involved in establishing a connection between an
autom atic calling data station ]) and  an autom atic answ ering data station for Series V Recom m endations m odem s 
specified for general switched network operations. The system configuration  proposed is shown in Figure 1/V.25.

C onsideration  is given only to:

a) the events which affect the interfaces between the data  term inal equipm ent and the data circuit-term i
nating equipm ent, and

b) the events on the line during establishm ent o f a data call.

Interactions within the data  circuit-term inating equipm ent are not considered, since such consideration  is 
unnecessary for purposes o f in ternational standardization .

In this Recommendation the term “data station” is used as synonym ous with the term “terminal installation for data 
transmission” [1],
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The proposed procedures are intended to be suitable for the four types o f calls, nam ely:

a) autom atic  calling d a ta  station to autom atic answ ering data sta tion ;

b) m anual data station to autom atic answering data  station;

c) autom atic calling data  station to m anual data sta tion ;

d) disabling o f echo suppressors in the case o f m anual data stations.

The data term inal equipm ent is responsible for:

a) during call establishm ent:

i) ensuring that the data circuit-term inating equipm ent is available for operation ,

ii) providing the telephone num ber,

iii) deciding to abandon  the call if it is unsuccessfully com pleted;

b) after call is established:

i) establishing identities,

ii) exchanging such traffic as is appropriate ,

iii) initiating  disconnect at calling and answ ering data station.

Automatic calling data station

Refer to Recommendation V.24

FIGURE 1/V.25  

System configuration

Abbreviations and definitions

The follow ing abbreviations are used in this R ecom m endation: 

CT 104 =  C ircuit 104 — Received data

CT 105 =  C ircuit 105 — Request to send
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C T  106 =  C ircuit 106 — Ready for sending

C T  107 =  C ircuit 107 — D ata set ready

C T  108/1 =  C ircuit 108/1 — C onnect data  set to  line

C T  108/2 =  C ircuit 108/2 — D ata  term inal ready.

C T  109 =  C ircuit 109 — D ata channel received line signal detector

CT 119 =  C ircuit 119 — Received backw ard channel data

C T  120 =  C ircuit 120 — T ransm it backw ard channel line signal

C T  121 =  C ircuit 121 — Backw ard channel ready

C T  122 =  C ircuit 122 — Backw ard channel received line signal detector

C T  125 =  C ircuit 125 — C alling ind icator

C T  201 =  C ircuit 201 — Signal g round or com m on return

C T  202 =  C ircuit 202 -  Call request

C T  203 =  C ircuit 203 — D ata  line occupied

CT 204 =  C ircuit 204 — D istan t station connected

C T  205 =  C ircuit 205 — A bandon call

C T  206 =  C ircuit 206 -  D igit signal (2°)

CT 207 =  C ircuit 207 — D igit signal (21)

C T  208 =  C ircuit 208 — Digit signal (22)

C T  209 =  C ircuit 209 — Digit signal (23)

C T  210 =  C ircuit 210 — Present next digit

C T  211 =  C ircuit 211 — D igit present

C T  213 =  C ircuit 213 — Power indication

D C E =  D ata circuit-term inating equipm ent

D TE =  D ata term inal equipm ent

EO N =  End-of-num ber control character

SEP =  Separation control character

The following definitions apply to  this R ecom m endation:

Calling tone: the tone transm itted  from  the calling end. This m ay be 1300 Hz or any tone corres
ponding  to binary  1 o f the D CE in use.

Answering tone: the tone transm itted  from  the called end.

Starting signal: b inary  1, synchronizing signal or equalizer train ing signal, as appropriate.

3 Interface procedures at call-originating data station

Event

3.1 D TE checks if C T 213 O N , and the follow ing circuits O FF: CT 202, C T  210, C T 205, CT 204, CT 203.

3.2 D TE puts CT 202 ON.

3.3 D TE puts CT 108/2 ON (CT 108/2 can be placed in the ON condition  at any tim e up to and including
event 3.16).

3.4 For half-duplex m odem s, D TE puts C T 105 O N  if the calling end wishes to transm it first. CT 105 can be
placed O N  at any tim e up to and  including event 3.20.

3.5 Line goes “o ff hook”.

3.6 D C E puts C T 203 ON.
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3.7 Telephone system puts dial tone on line 2).

3.8 D C E puts CT 210 ON.

3.9 DTE presents the first o r appropria te  digit on CT 206, C T  207, C T  208 and  C T 209.

3.10 DTE puts CT 211 ON after digit signals have been presented.

3.11 D CE dials first digit; then takes CT 210 OFF.

3.12 DTE takes CT 211 OFF.

3.13 Events 3.8 to 3.12 are repeated (but this process may be in terrup ted  by SEP) until the last digit signal is
presented and  transferred. Event 3.8 is then repeated but event 3.14 follows.

3.14 DTE presents EON  on C T 206, CT 207, CT 208 and  C T 209; it then puts CT 211 ON.

3.15 D C E takes CT 210 OFF.

3.16 DTE takes C T 211 O FF  and  puts CT 108/2 O N , if not previously O N.

3.17 The in terrupted  calling tone, as shown in Figure 2/V .25, is transm itted  to  line from  the calling DCE.

FIGURE 2/V.25 

Timing of line signals

3.18 a) If  the call is answered by a data station, then 2100-Hz tone is received by the calling D CE. Echo
suppressors are disabled during coincidence o f a silent period in the in terrup ted  calling tone (event 
3.17) with 2100-Hz answering tone. The 2100-Hz answ ering tone m ust no t activate C T 104 and  
CT 109.

b) If the call is not answered, o r is answered by a non-data station , then no 2100Hz is received at the 
calling data station. If no answ ering tone is received after an elapsed tim e, CT 205 com es O N . This 
tim e is m easured from  event 3.15 and  selectable in the range o f 10-40 seconds. The D TE m ust respond 
by tu rn ing  CT 202 OFF.

3.19 W hen 2100Hz has been recognized by the D CE for a period o f 450 to 600 ms, the in te rrup ted  calling tone 
is d iscontinued by the DCE as shown in Figure 2/V.25. The D CE transfers control o f the connection  to the 
telephone line from C T 202 to CT 108/2.

Some countries apply the second dial tone to the line after the initial digit is transferred.
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3.20 The D C E exam ines the line to determ ine the end o f the 2100-Hz answ ering tone. The D CE detects an 
absence o f the 2100-Hz tone for 75 ±  20 ms, and then puts CT 107 O N :

i) If CT 105 is O N , the starting signal is put on the line. After its delay as specified in the appropria te  
Series V R ecom m endation, C T 106 comes O N and  the DTE can then transm it data.

ii) If  CT 105 is O FF , the incom ing starting  signal is recognized and  after its delay as specified in the 
app rop ria te  Series V R ecom m endation, the D CE puts CT 109 ON to allow the exam ination o f CT 
104 by the DTE.

iii) For the duplex m odem  case, where C T 105 is no t used, the starting signal is put on the line after 
C T  107 is put ON. The D CE then puts ON C T 109 and C T 106 after a delay as specified in the 
app rop ria te  Series V R ecom m endation.

Note — There may be an interim  period during which certain existing V.21 m odem s may not be able to
provide the silent period between the end o f the answ ering tone and the application  o f the starting signal. In this
case, the use o f a selective answ ering tone detector (see § 11 below) will be essential.

3.21 The D CE turns ON CT 204. The D TE then may turn  O F F  CT 202 w ithout disconnecting the call.

Note 1 — After event 3.19, both C T 202 and C T 108/2 m ust be tu rned  O FF  to disconnect. The ON of
C T  205 is an indication  to DTE disconnect.

Note 2 — W here C T 105 or CT 120 is not im plem ented, the tim ing o f CT 106 or CT 121 shall be related 
to  C T 107 and  CT 109 respectively.

4 Interface procedure at called data station

Event

4.1 Ringing received on line. D CE puts C T 125 ON.

4.2 a) If C T 108/2 is O N , DCE goes “o ff hook”.

b) If  CT 108/1 or C T 108/2 is O FF , the D C E waits for CT 108/1 or CT 108/2 to come O N , and  then 
goes “o ff hook” . If  C T 108/1 or C T 108/2 does not turn  O N , then the call is not answered.

4.3 The D C E goes “o ff h ook” , m aintains silence on the line for a period between 1.8 and 2.5 seconds, then
transm its 2100Hz 3) for a period, as shown in Figure 2/V.25.

4.4 At the end o f the 2100-Hz transm ission, the D C E puts CT 107 ON after a silent period o f 75 ±  20 ms 
(see^Fi^ure 2/V.25).

i)^ ' Ff CT 105 is O N , the D CE transm its the starting signal. A fter its delay as specified in the appropria te  
Series V R ecom m endation, the D C E puts C T 106 ON. The D TE can then transm it data.

ii) If C T 105 is O FF, the D CE receives the starting signal and after its delay as specified in the 
app rop ria te  Series V R ecom m endation, puts C T 109 ON in expectation o f receiving data.

iii) As § 3.20 iii).

5 Proposed line procedures

The line procedures outlined consider the half-duplex case o f the Series V R ecom m endations modem s. For 
reasons o f sim plicity, the sam e tim ing of line signals will be used for duplex m odem s (including m odem s with 
backw ard channel).

Systems which operate in the half-duplex m ode and  which em ploy autom atic calling equipm ent shall 
determ ine by prearrangem ent which o f the two data stations — calling or answ ering — shall first transm it to the 
o ther upon the establishm ent o f the data  connection. As indicated  in § 3 above, the DTE at the data station which 
is to transm it first m ust put C T  105 O N , at the appropria te  point in the call establishm ent sequence. For correct 
operation , it is necessary that the longer response tim es o f C T 106 and C T  109 as specified in the appropria te  
Series V Recom m endation are used during call establishm ent.

3) The 2100-Hz tolerance will be ±  15Hz in accordance with Recommendation G.164 [2].
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Figure 2/V.25 shows the tim ings o f line signals when autom atic calling and au tom atic answ ering are 
em ployed. The sequence o f operation is as follows:

A fter the D CE has dialled the digits o f the directory num ber for the au tom atic  answ ering data station, 
followed by the EON character, the D C E sends the calling tone to the answ ering data  station. The calling tone 
consists o f a series o f in terrupted  bursts o f binary 1 signal or 1300Hz O N  for a duration  o f not less than 
0.5 second and not m ore than 0.7 second and O FF  for a duration  o f not less than  1.5 second and  not m ore than
2.0 seconds.

1.8 to 2.5 seconds after the called data station is connected to the line (i.e., CT 125 and  C T  108 are O N ), it 
sends a continuous 2100-Hz answ ering tone for a duration  o f not less than  2.6 seconds and  not m ore than
4.0 seconds.

The answering tone propagates tow ards the calling data  station and , during the course o f one or two 
in terrup tions between bursts o f calling tone, causes any echo suppressors in the circuit to disable. The answ ering 
tone is recognized by the calling data  station for a period o f between 0.45 and  0.60 second after its arrival. The 
calling data station term inates the calling tone burst sequence and recognizes the end o f the answ ering tone for a 
period o f 75 ±  20 ms after its arrival at the calling data station. At the end o f this delay, the D C E puts C T  107 
ON. Sim ilarly, the answering data station delays for a period o f 75 ±  20 ms after term inating  the answ ering tone 
before putting  CT 107 ON.

To keep the echo suppressors disabled, it is necessary to ensure tha t follow ing the 75 ±  20 ms silent 
period after the transm ission o f the 2100-Hz answering tone from  the called da ta  station , which serves to disable 
the echo suppressor during the silent period in the calling tone, energy is m ain ta ined  as specified in R ecom m enda
tion  G.164 [2].

The D C E at the data station  at which C T 105 has been turned O N  (by prearrangem ent) com m ences to 
send the starting  signal. D ata com m unication  can com m ence after CT 106 is put ON at tha t data  station.

D uring the autom atic calling and answ ering procedures, the echo suppressors will be disabled. If  signal 
gaps exceed 100 ms at any tim e, e.g. during m odem  tu rn-around, they may becom e re-enabled.

6 Manual data station calling automatic answering data station

The procedure for establishm ent o f a call from a m anual data station  to an au tom atic answ ering data 
station  is sim ilar to that from an au tom atic calling data station, except tha t no tone is transm itted  from  the calling 
data  station until the called data station has answered. The m anual opera to r dials the required  num ber, hears 
2100Hz returned from  the au tom atic answ ering data station and then presses his data bu tton  to  connect the data 
circuit-term inating equipm ent to the line during the period tha t 2100Hz is being received. CT 107 com es O N at 
the tim e specified in event 3.20.

Satisfactory disabling o f echo suppressors by the answering tone, how ever, will require that no speech 
signals from  the m icrophone at the calling data station enter the telecom m unications circuit for a period  o f at 
least 400 ms during the receipt o f answ ering tone. This may be accom plished by a handset switch or other 
app rop ria te  means.

7 Automatic calling data station calling manual data station

An operator answ ering a call from  an autom atic calling equipm ent hears an in terrup ted  calling tone o f 0.5 
to  0.7 second ON and 1.5 to 2.0 seconds OFF. The data bu tton  m ust be depressed to connect the m odem  to line. 
A period o f about 2.6 to 4.0 seconds o f 2100-Hz tone is transm itted to the calling data  station to disable echo 
suppressors and notify the calling data station that the connection is being established. This sequence is follow ed 
by data transm ission, as required.

8 Disabling of echo suppressors in the case of manual data stations

The procedures as described in §§ 6 and 7 above with regard to the m anually  operated  data stations, can 
obviously be used for disabling echo suppressors when m anual sw itching from  voice conversation to data  is 
required, which is the preferred principle o f operation. C onsidering the type o f D C E designed to be used in
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conjunction  with m anual connection set-up, it will be necessary to equip the D CE with a 2100-Hz answering tone 
generator. To avoid m odifying existing equipm ent at the data station which receives the answ ering tone, the 
follow ing procedure may replace the operation  principle o f § 6 above. The m anual operator operates his data  key 
after the end o f the 2100-Hz answ ering tone. The data station which is to transm it the answering tone is to be 
agreed between the operators while still in the voice mode.

C are m ust be exercised in cases o f half-duplex m odem s where transm ission o f data is started from the data 
station  which transm its the answ ering tone, to  avoid m utilation o f the initial data.

Note  — W here disabling o f echo suppressors is not required in the half-duplex modem case, the 2100-Hz 
answ ering tone need not be transm itted. However, the delay between CT 105 to CT 106 ON conditions should be 
longer than 100 ms in consideration  o f the echo suppressor suppression hangover time.

9 Protection of ordinary telephone users

As both autom atic calling and  au tom atic answering data stations transm it tones to line during call 
establishm ent, a norm al telephone user who becomes inadvertently  connected to one will receive tone signals for a 
period  o f sufficient duration  to indicate clearly to him that he is incorrectly connected.

10 Manual selection of automatic answering, data mode and voice mode

It is recognized that, at the data station , m eans should be provided to allow the operator to select between 
au tom atic  and  m anual answ ering o f calls. If  a call is m anually  answered, voice m ode shall be established.
Subsequent switching to the data m ode shall be perform ed by the procedure as specified in § 7 above.

Selection o f m anual o r autom atic answ ering o f subsequent calls shall be possible after entering the data 
m ode. As an op tion , au tom atic answering may be arranged for all subsequent incom ing calls. In this case, m anual 
answ ering may still be achieved by keeping C T 108/2 O FF to cause an audible signal to occur at the telephone 
instrum ent.

The D C E shall be disconnected from  the line whenever C T 108/1 or C T 108/2 is turned O FF, irrespective 
o f  the m eans em ployed in establishing the connection.

Procedures for switching to the voice m ode between da ta  transm ission within the same call shall ensure
th a t CT 107 is tu rned  O FF  while in the voice mode.

11 2100-Hz tone recognition

To protect the 2100-Hz tone detector against faulty operation resulting from interference generated by the 
in terrup ted  calling tone, the detector should be inhibited during the ON periods o f the calling tone.

A dditionally , in cases where autom atic calling equipm ent is used to set up the call, the 2100-Hz detector 
m ust not respond to spurious tones which may arise from speech or service signals during call establishm ent. It is 
suggested tha t the answ ering tone detection be prevented when the 2100-Hz signal is accom panied by any other 
signal o f com parable level w ithin the ranges 350Hz to 1800Hz and  2500Hz to 3400Hz.

Note — The relative inhibiting signal levels recom m ended for the echo suppressor disabling tone detector 
o f  R ecom m endation G.164 [2] are a useful guide for 2100-Hz tone detector inhibiting levels.
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Recommendation V.26

2400 BITS PER SECO ND M ODEM  STANDARDIZED FOR USE O N 4-WIRE 
LEASED TELEPHONE-TYPE CIRCUITS

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

On leased circuits, considering tha t there exist and will com e into being m any m odem s with features 
designed to meet the requirem ents o f the A dm inistrations and  users, this R ecom m endation in no way restricts the 
use o f any other modems.

1 The principal characteristics for this recom m ended m odem  for transm itting  da ta  at 2400 bits per second on 
4-wire leased po in t-to -poin t and  m ultipo in t circuits conform ing to R ecom m endation M.1020 [1] are as follow s:

a) it is capable o f operating  in a full-duplex m ode;

b) four-phase m odulation  with synchronous m ode o f operation ;

c) inclusion o f a backw ard (supervisory) channel at m odulation  rates up to 75 bauds in each direction  o f 
transm ission, the use o f these channels being optional.

2 Line signals

2.1 The carrier frequency is to be 1800 ±  1 Hz. N o separate pilot frequencies are provided. The pow er levels
used will conform  to R ecom m endation V.2.

2.2 Division o f  power between the forw ard  and  backward channels

If  sim ultaneous transm ission o f the forw ard and backw ard channels occurs in the sam e d irection , a 
backw ard channel shall be 6 dB lower in pow er level than the data channel.

2.3 The data stream  to be transm itted  is divided into pairs o f consecutive bits (dibits). Each d ib it is encoded as
a phase change relative to the phase o f the im m ediately preceding signal elem ent. At the receiver the d ibits are 
decoded and the bits are reassem bled in correct order. Two alternative arrangem ents o f coding are listed in 
Table 1/V.26. The left-hand digit o f the dibit is the one occurring first in the da ta  stream .

TABLE 1/V.26

Dibit
Phase change (see Note)

Alternative A Alternative B

00 0° + 45°
01 + 90° + 135°
11 + 180° + 225°
10 + 270° + 315°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre of one signalling element to the centre o f the 
following signalling element.

The m eaning o f phase change for alternatives A and B is illustrated  by the line signal d iagram  in 
F igure 1/V.26.

2.4 Synchronizing signal

For the whole duration  o f the interval between the O FF  to ON transitions o f circuits 105 and  106, the line
signal shall be tha t corresponding to the continuous transm ission o f d ib it 11. This shall be know n as the
synchronizing signal.
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FIGURE 1/V.26

iNote — Owing to several causes, the stability o f tim ing recovery at the receiver is liable to be data-pattern  
sensitive. The presence o f dibit 11 provides a stabilizing influence irrespective o f the cause o f lack o f stability. 
Users are advised to include sufficient b inary  Is in the data  which will ensure that the d ib it 11 will occur 
frequently. In certain cases, the use o f a scram bling m ethod may also facilitate tim ing recovery problem s. 
However, p rio r agreem ent is required between users o f a circuit.

3 Data signalling and modulation rates

The data signalling rate shall be 2400 bits per second ±  0.01%, i.e. the m odulation  rate is 
1200 bauds ±  0.01%.

4 Received signal frequency tolerance

N oting that the carrier frequency to lerance allow ance at the transm itter is ±  1 Hz and  assum ing a 
m axim um  frequency drift o f ±  6 Hz in the connection between the m odem s, then the receiver must be able to 
accept errors o f at least ±  7 Hz in the received frequencies.

5 Backward channel

The m odulation  rate, characteristic frequencies, tolerances, etc., to be as recom m ended for backw ard 
channel in R ecom m endation V.23.

6 Interchange circuits

6.1 List o f  interchange circuits concerned (see Table 2/V.26)

6.2 Threshold and response times o f  circuit 109

A fall in level o f the incom ing line signal to —31 dBm or lower for m ore than  10 ±  5 ms will cause 
circuit 109 to be tu rned  O FF. An increase in level to —26 dBm or higher will, within 10 ±  5 ms, turn  this circuit 
O N . The condition o f circuit 109 for levels between —26 dBm and —31 dBm is not specified except that the 
signal level detector shall exhibit a hysteresis action such that the level at which the O FF  to ON transition  occurs 
is at least 2 dB greater than that for the ON to O FF  transition. These values shall be m easured when the 
synchronizing signal as defined in § 2.4 above is being transm itted. It should be noted that the aforem entioned 
tim es relate only to the defined function of circuit 109 and do not necessarily include the tim e for the modem  to 
achieve bit synchronism .

Note — The signal levels specified above shall apply unless com pletion o f R ecom m endation M.1020 [1] 
indicates otherwise.
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TABLE 2 / V .26

Interchange circuit
Forward (data) channel 

half-duplex or full-duplex 
(see Note 1)

No. Designation Without backward 
channel

With backward 
channel

102 Signal ground or common return............................................................ X X
102a DTE common retu rn .................................................................................. X X

(see Note 2)
102b DCE common return .................................................................................. X X

(see Note 2)
103 Transmitted data ........................................................................................ X X
104 Received data ............................................................................................... X X
105 Request to sen d ............................................................................................. X X
106 Ready for sending........................................................................................ X X
107 Data set ready............................................................................................... X X
108/1 Connect data set to l in e ............................................................................. X X
109 Data channel received line signal detector............................................. X X
113 Transmitter signal element timing

(DTE source)............................................................................................ X X
114 Transmitter signal element timing

(DCE source)............................................................................................. X X
115 Receiver signal element timing 

(DCE source)............................................................................................. X X
118 Transmitted backward channel data ...................................................... - X
119 Received backward channel data ............................................................ - X
120 Transmit backward channel line signal ................................................. - X
121 Backward channel rea d y ........................................................................... - X
122 Backward channel received line signal detector.....................................

"
X

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal 
equipment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical 
characteristics (see § 8).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.

6.3 Response times o f  circuits 106, 121 and 122

Circuit 106 

OFF to ON

ON to OFF

65-100 ms (see Note 1) 25-45 ms (see Note 2) 
(Provisional) (Provisional)

^  2 ms

Circuit 121

OFF to ON 80 ms to 160 ms

ON to OFF ^  2 ms

Circuit 122

OFF to ON <  80 ms

ON to OFF 15 ms to 80 ms

N ote 1 -  These times shall be used when infrequent operation of circuit 105 is required, e.g. as in many cases of point-to-point usage.
Further study is required to verify the range quoted.

N ote 2 -  These times shall be used when frequent operation of circuit 105 is required, e.g. in many cases of multipoint usage.
Further study is required with a view to reducing these times.
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6.4 Threshold o f  circuit 122

— greater than  —34 dBm : circuit 122 ON

— less than - 3 9  dBm : circuit 122 O F F

The condition o f circuit 122 for levels between —34 dBm and —39 dBm is not specified except tha t the 
signal detector shall exhibit a hysteresis action such that the level at which the O FF  to O N  transition  occurs is at 
least 2 dB greater than  that for the O N  to O F F  transition.

6.5 Fault condition o f  interchange ciruits

(See R ecom m endations V.10, § 11 and V .l l ,  § 9  and  V.28, § 7  for association o f the receiver failure 
detection types.)

6.5.1 The DTE should in terpret a fault condition  on circuit 107 as an O F F  condition using failure detection 
type 1.

6.5.2 The D C E should in terpret a fault condition  on circuits 105 and 108 as an O FF  condition using failure 
detection type 1.

6.5.3 All o ther circuits not referred to above may use failure detection types 0 or 1.

7 Timing arrangements

Clocks should be included in the m odem  to provide the data term inal equipm ent with transm itter signal 
elem ent tim ing, circuit 114 and  receiver signal elem ent tim ing, circuit 115. A lternatively, the transm itter signal 
elem ent tim ing may be originated in the data term inal equipm ent instead o f in the data circuit-term inating 
equipm ent and  be transferred  to  the m odem  via circuit 113.

8 Electrical characteristics of interchange circuits

8.1 Use of electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the 
connector pin assignm ent p lan specified by ISO 2110 [2].

8.2 A pplication o f electrical characteristics conform ing to  R ecom m endations V.10 and V .ll is recognized as an 
alternative together with the use o f the connectors and pin assignm ent p lan specified by ISO 4902 [3].

i) C oncerning circuits 103, 104, 105 (where used), 106, 107, 108, 109, 113, 114 and 115, the receivers 
shall be in accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, Category 1. 
Either V.10 or V .ll generators may be utilized.

ii) In the case o f circuits 118, 119, 120, 121 and  122, R ecom m endation V.10 applies with receivers 
configured as specified by R ecom m endation V.10 for Category 2.

iii) It is preferred that backw ard channel circuits appear on a separate connector and com prise circuits 
118, 119, 120, 121, 122 (Category 2) and 102, 102a and 102b.

iv) Interw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .ll and equipm ent 
applying R ecom m endation V.28 is allowed on a non-interference basis. The onus for adap ta tion  to 
V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.

N ote  — M anufacturers m ay wish to note that the lo n g - te rm  objective is to replace electrical characteris
tics specified in R ecom m endation V.28, and  Study G roup XVII has agreed that the work shall proceed to develop 
a m ore efficient all balanced interface for the V-Series application  which minimizes the num ber o f interchange 
circuits. It is expected that this work would be based upon the alternative application given in § 8.2 above 
utilizing the V .ll electrical characteristics.

9 The following inform ation is provided to assist equipm ent m anufacturers:

The data m odem should have no adjustm ent for send level or receive sensitivity under the control o f the 
operator.
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Recommendation V.26 bis

2400/1200 BITS PER SECO ND M ODEM  STANDARDIZED FOR USE IN THE  
GENERAL SW ITCHED TELEPHONE NETWORK

(Geneva, 1972; am ended at Geneva, 1976 and  1980)

The C C ITT,

considering

(a) tha t there is a dem and for da ta  transm ission at 2400 b it/s  over the general sw itched te lephone 
netw ork;

(b) tha t a m ajority o f connections over the general switched te lephone netw ork w ithin som e countries are 
capable o f carrying data at 2400 b it/s ;

(c) that a much lower p roportion  o f in ternational connections in the general sw itched te lephone service 
are capable o f carrying data at 2400 b it/s ;

unanimously declares the view

(1) that transm ission at 2400 b it/s  should be allow ed on the general sw itched telephone netw ork. Reliable 
transm ission cannot be guaranteed on every connection or routing and  tests should be m ade between the m ost 
p robable term inal points before a service is provided.

The C C IT T  expects tha t developm ents during the next few years in m odern  technology will b ring  abou t 
m odem s o f m ore advanced design enabling reliable transm ission to be given on a m uch higher p ro p o rtio n  o f 
connections.

N ote  — The provisions o f this R ecom m endation are to be regarded as provisional in order to  p rovide 
service where it is urgently required and  between locations where it is expected that a reasonably  satisfactory 
service can be given. The study o f im proved m ethods o f transm ission at 2400 b its /s  o r above over the general
switched telephone network will be urgently continued with the aim o f recom m ending a m ethod o f transm ission
which will enable a m ore reliable service to be given over a high p ropo rtion  o f the connections encountered  in 
norm al service.

(2) that the characteristics o f the m odem s for this service shall provisionally  be the follow ing:

1 Principal characteristics

a) Use o f a data  signalling rate o f 2400 b it/s  with carrier frequency, m odulation  and  coding accord ing  to 
Recom m endation V.26, A lternative B (see N ote below) on the com m unication  channel. A dm in istra
tions and  users should note tha t the perform ance o f this m odem  on in ternational connections m ay not 
always be suitable for this service w ithout p rio r testing and  cond ition ing  if required.

b) Reduced rate capability  at 1200 b it/s .

c) Inclusion o f a backw ard channel at m odulation  rates up to 75 bauds, use o f this channel being
optional.

Note — A ttention is draw n to the fact tha t there are some old-type m odem s currently  in opera tion  for 
which the coding m ethod in accordance with R ecom m endation V.26, A lternative A, is used.
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2 Line signals at 2400 and 1200 b it/s

2.1 The carrier frequency is to be 1800 ±  1 Hz. No separate pilot frequencies are provided. The pow er levels 
used will conform  to R ecom m endation V.2.

2.2 Phase distortion limits

The transm itted  line signal spectrum  should have linear phase characteristics (to be obtained by m eans o f 
filters or equalizers or digital means). The deviation o f the phase d istortion characteristic should not exceed the 
lim its specified in Figure 1/V.26 bis.

60°

60*

2 0 °

-20*

40°

- 6 0 °
0.6 1.0 1.4 1.8 2.2 2.6 3.0 kHz

Frequency (f) c c . t t -43611

FIGURE 1/V.26 bis 

Tolerance limit for phase distortion of the signal transmitted to the line

2.3 Division o f  power between forward and backward channels

Equal division o f power between the forw ard and backw ard channels is recom m ended provisionally.

2.4 Operation at 2400 b it/s

2.4.1 The data stream  to be transm itted  is divided into pairs o f consecutive bits (dibits). Each dibit is encoded as
a phase change relative to the phase o f the im m ediately preceding signal elem ent (see Table 1/V.26 bis). At the 
receiver the dibits are decoded and the bits are reassem bled in correct order. The left-hand digit o f the d ibit is the 
one occurring  first in the data stream.

The m eaning o f phase change is illustrated by the line signal diagram  given in Figure 2/V .26 bis.

2.4.2 Synchronizing signal

For the whole duration  o f the interval between the O F F  to ON transitions o f circuits 105 or 107 and 106, 
the line signal shall be that corresponding to the continuous transm ission o f  dibit 11. This shall be know n as the 
synchronizing signal (see § 5.2.2 below).
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TABLE 1 /V .2 6  bis

Dibit Phase change (see Note)

00 + 45°
01 + 135°
11 + 225°
10 + 315°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre of one signalling element to the centre of the 
following signalling element.

♦ 45* ♦135* * 225* *315*
I I I I

FIGURE 2/V .26 bis

Note  — Owing to several causes the stability o f tim ing recovery at the receiver is liable to  be data-pattern
sensitive. The presence o f d ibit 11 provides a stabilizing influence irrespective o f the cause o f lack o f stability.
Users are advised to include sufficient b inary  Is in the data  which will ensure th a t the d ib it 11 will occur 
frequently.

2.4.3 Data signalling and modulation rates

The data signalling rate shall be 2400 b it/s  ±  0.01%, i.e. the m odulation  rate is 1200 bauds ±  0.01%.

2.5 Operation at 1200 b it/s

2.5.1 C oding and m odulation  used are 2-phase differential m odulation with b inary  0 for + 90° and b inary  1 for
+  270°.

2.5.2 The data  signalling rate shall be 1200 b it/s  ±  0.01%, the m odulation  rate rem ains at 1200 bauds ±  0.01%.

3 Received signal frequency tolerance

N oting that the carrier frequency to lerance allow ance at the transm itte r is ±  1 Hz and  assum ing a 
m axim um  frequency drift o f ±  6 Hz in the connection between the m odem s, then the receiver m ust be able to 
accept errors o f at least ±  7 Hz in the received frequencies.

4 Backward channel

4.1 M odulation rate and characteristic frequencies fo r  the backward channel

The m odulation  rate and characteristic frequencies for the backw ard channel are as follows:

Fz Fa
(symbol 1, (symbol 0,
m ark) space)

M odulation  rate up  to 75 bauds 390 Hz 450 Hz

In the absence o f any signal on the backw ard channel interface, the condition  Z signal is to be 
transm itted.
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4.2 Tolerances on the characteristic frequencies o f  the backward channel

As the backw ard channel is a VF telegraph-type channel, the frequency tolerances should be as 
recom m ended in R ecom m endation R.35 [1] for frequency-shift voice-frequency telegraphy.

The ±  6 Hz frequency d rift in the connection between the m odem s postulated in § 3 above would produce 
add itional d istortion  in the backw ard channel. This should be taken into account in the design.

5 In terchange circuits

5.1 L ist o f  essential interchange circuits

The list o f in terchange circuits essential for the m odem s when used on the general switched telephone 
netw ork, including term inals equipped for m anual calling or answ ering or autom atic calling or answering is given 
in Table 2/V .26 bis.

5.2 Response times o f  circuits 106, 109, 121 and 122 (see Table 3/V .26 bis).

5.2.1 C ircuit 109 response tim es are the tim es tha t elapse between the connection, or rem oval o f the test 
synchronizing signal to o r from  the m odem  receive line term inals and the appearance o f the corresponding  ON 
an d  O F F  condition  on circuit 109.

The level o f the test synchronizing signal should fall w ithin the level range between 3 dB above the actual 
O F F  to O N  threshold o f the received line signal detector and  the m axim um  adm issible level o f the received signal. 
A t all levels w ithin this range, the m easured response tim es shall be within the specified limits.

5.2.2 C ircuit 106 response tim es are from  the connection to  an ON or O F F  condition on:

— circuit 105 to the appearance o f  the corresponding O N  or O F F  condition  on circuit 106; or

— circuit 107 (where circuit 105 is not required to  in itiate the synchronizing signal) to the appearance of
the corresponding O N  or O FF  condition  on circuit 106.

5.3 Threshold o f  data channel and backward channel received line signal detectors

Level o f received line signal at receive line term inals o f modem for all types o f connections, i.e. general 
sw itched telephone netw ork or non-sw itched leased telephone circuits:

— greater than —43 dBm : circuits 109/122 ON

— less than —48 dBm : circuits 109/122 O FF

The condition o f circuits 109 and 122 for levels between —43 dBm and —48 dBm is no t specified except 
th a t the signal detectors shall exhibit a hysteresis action such tha t the level at which the O F F  to ON transition  
occurs is at least 2 dB greater than  that for the ON to O F F  transition.

W here transm ission conditions are know n and allow ed, it may be desirable at the tim e o f m odem  
installation  to change these response levels o f the received line signal detector to less sensitive values (e.g. 
— 33 dBm and  - 3 8  dBm respectively).

5.4 Clamping in half-duplex mode

The D CE, when operating  in half-duplex m ode on a 2-wire line, shall hold, where im plem ented:

a) circuit 104 in the b inary  1 condition and  circuit 109 in the O F F  condition  when circuit t05 is in the 
ON condition  and, where required to protect circuit 104 from  false signals, for a period o f 150 ±  25 
ms follow ing the ON to O F F  transition  on circuit 105; the use o f this additional delay is op tional, 
based on system considerations;
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TABLE 2 / V .26  bis

Interchange circuit
Forward (data) channel 

one-way system 
(see Note 1)

Forward (data) 
channel 

either-way 
system 

(see Note 1)

Without back With back
ward channel ward channel Without With

back back
No. Designation ward ward

Transmit Receive Transmit Receive channel channel
end end end end

102 Signal ground or common return.......................... X X X X X X
102a DTE common return ............................................... X X X X X X

(see Note 2)
102b DCE common return............................................... X X X X X X

(see Note 2)
103 Transmitted data ...................................................... X X X X

104 Received d a t a ............................................................ X X X X
105 Request to send .......................................................... X X X X
106 Ready for sending...................................................... X X X X

107 Data set ready............................................................ X X X X X X
108/1 or Connect data set to l in e ...........................................
108/2 Data terminal read y ................................................. X X X X X X

(see Note 3)
109 Data channel received line signal detector........... X X X X

111 Data signalling rate selector (DTE source)........... X X X X X X
113 Transmitter signal element timing (DTE source) X X X X
114 Transmitter signal element timing (DCE source) X X X X
115 Receiver signal element timing (DCE source) X X X X
118 Transmitted backward channel data ................... X X
119 Received backward channel d a t a .......................... X X

120 Transmit backward channel line signal ............... X
121 Backward channel rea d y ......................................... X X
122 Backward channel received line signal detector X X

125 Calling indicator........................................................ X X X X X X

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal 
equipment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical 
characteristics (see § 7).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.

N ote 3 -  This circuit shall be capable of operation as circuit 108/1 or circuit 108/2 depending on its use. For automatic 
calling it shall be used as 108/2 only.
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TABLE 3/V .2 6  bis

Response times

Circuit 106 

OFF to ON

ON to OFF

750 ms to 1400 ms (see Note 1) a) 65 ms to 100 ms (see Note 2)
b) 200 ms to 275 ms (see Note 2)

^  2 ms

Circuit 109

OFF to ON 300 ms to 700 ms (see Note 1) 5 ms to 15 ms (see Note 1)

ON to OFF 5 ms to 15 ms

Circuit 121

OFF to ON 80 ms to 160 ms

ON to OFF ^  2 ms

Circuit 122

OFF to ON <  80 ms

ON to OFF 15 ms to 80 ms

N ote 1 -  For automatic calling and answering, the longer response times o f circuits 106 and 109 are to be used during call 
establishment only.

N ote 2 -  The choice o f response times depends upon the system application: a) limited protection given against line echoes; 
b) protection given against line echoes.

N ote 3 -  The above parameters and procedures, particularly in the case o f automatic calling and answering are provisional 
and are the subject o f further study. Especially the shorter response times for circuit 109 may need revision to prevent remnants 
of the synchronizing signal from appearing on circuit 104.

b) circuit 119 in the b inary  1 condition and  circuit 122 in the O F F  condition when circuit 120 is in the
O N condition and, where required to protect circuit 119 from false signals, for a tim e interval
following the ON to O FF  transition  on circuit 120. The specific duration  o f  this tim e interval is left
for further study. The additional delay is op tional, based on system considerations.

5.5 Fault condition o f  interchange circuits

(See Recom m endations V.10, § 11 and  V .l l ,  § 9  and V.28, § 7  for association o f the receiver failure 
detection types.)

5.5.1 The DTE should in terpret a fault condition on circuit 107 as an O F F  condition using failure detection 
type 1.

5.5.2 The D CE should in tepret a fault condition on circuits 105 and  108 as an O F F  condition using failure 
detection type 1.

5.5.3 All other circuits not referred to above may use failure detection type 0 or 1.

6 Timing arrangements

Clocks should be included in the modem  to provide the data term inal equipm ent with transm itter signal 
elem ent tim ing, circuit 114 and  receiver signal elem ent tim ing, circuit 115. A lternatively, the transm itter signal
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elem ent tim ing may be originated in the data term inal equipm ent instead o f in the data circuit-term inating  
equipm ent and  be transferred  to the modem via circuit 113.

7 Electrical characteristics of interchange circuits

7.1 Use o f  electrical characteristics conform ing to R ecom m endations V.28 is recom m ended together with the 
connector pin  assignm ent plan specified by ISO 2110 [2].

7.2 A pplication  o f electrical characteristics conform ing to R ecom m endations V.10 and  V .ll is recognized as an 
alternative together with the use o f the connectors and pin assignm ent plan specified by ISO 4902 [3].

i) C oncern ing  circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in 
accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, category 1. E ither V.10 
or V .ll generators may be utilized.

ii) In the case o f circuits 111, 118, 119, 120, 121, 122 and 125, R ecom m endation V.10 applies with
receivers configured as specified by R ecom m endation V.10 for category 2.

iii) It is preferred tha t backw ard channel circuits appear on a separate connector and  com prise circuits
118, 119, 120, 121, 122 (category 2) and  102, 102a and 102b.

iv) In terw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .ll and equipm ent
apply ing  Recom m endation V.28 is allowed on a non-interference basis. The onus for adap ta tion  to 
V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.

Note — M anufacturers may wish to note tha t the long-term  objective is to replace electrical characteristics 
specified in R ecom m endation V.28, and Study G roup  XVII has agreed tha t the work shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which m inim izes the num ber o f in terchange 
circuits. It is expected that this work would be based upon the alternative application  given in § 7.2 above 
utilizing the V .ll electrical characteristics.

8 The follow ing inform ation is provided to assist equipm ent m anufacturers:

The data  m odem  should have no adjustm ent for send level or receive sensitivity under the contro l o f the 
operator.

9 It will be for the user to decide whether, in view o f the connections he m akes with this system, he will
have to request that the data circuit-term inating equipm ent be equipped with facilities for disabling  echo 
suppressors. The in ternational characteristics o f the echo suppressor tone d isabler have been standard ized  by the 
C C IT T  (R ecom m endation G.164 [4]) and the d isabling tone should have the follow ing characteristics:

— disabling tone transm itted: 2100 ±  15 Hz at a level o f —12 ±  6 dBmO,

— the disabling tone to last at least 400 ms, the tone disabler should hold in the disabled m ode for any
single-frequency sinusoid in the band  from  390-700 Hz having a level o f —27 dBmO or greater, and
from  700-3000 Hz having a level o f —31 dBmO or greater. The tone d isabler should release for any 
signal in the band  from  200-3400 Hz having a level o f - 3 6  dBmO or less,

— the tolerable in terruptions by the data signal to  last not m ore than  100 ms.

10 Fixed com prom ise equalizer

A fixed com prom ise equalizer shall be incorporated  into the receiver. The characteristics o f this equalizer
may be selected by A dm inistrations but this should be the m atter for further study.
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Recommendation V.27

4800 BITS PER SECOND M ODEM  WITH M ANUAL EQUALIZER 
STANDARDIZED FOR USE ON LEASED TELEPHONE-TYPE CIRCUITS

(Geneva, 1972; am ended at Geneva, 1976 and 1980)

1 Introduction

This m odem  is intended to  be used prim arily  on R ecom m endation M.1020 [1] circuits but this does not 
preclude the use o f this m odem  over circuits o f lower quality  at the discretion o f the A dm inistration concerned.

O n leased circuits, considering that there exist and  will com e into being m any m odem s with features 
designed to meet the requirem ents o f  the A dm inistrations and  users, this R ecom m endation in no way restricts the 
use o f any other modems.

The principal characteristics for this recom m ended m odem  for transm itting  data at 4800 bits per second on 
leased circuits are as follows:

a) it is capable o f  operating  in a full-duplex m ode or half-duplex m ode;

b) differential eight-phase m odulation  with synchronous m ode o f operation ;

c) possibility o f a backw ard (supervisory) channel at m odulation  rates up to 75 bauds in each direction 
o f transm ission, the use o f these channels being op tional;

d) inclusion o f a m anually  adjustable equalizer.

2 Line signals

2.1 The carrier frequency is to  be 1800 ±  1 Hz. N o separate pilot frequencies are provided. The pow er levels
used will conform  to R ecom m endation V.2.

2.2 Division o f  power between the forw ard and backward channels

I f  sim ultaneous transm ission o f the forw ard and backw ard channels occurs in the same direction, a 
backw ard channel should be 6 dB lower in pow er level than  the forw ard (data) channel.

2.3 The data stream  to be transm itted  is divided into groups o f three consecutive bits (tribits). Each trib it is 
encoded as a phase change relative to the phase o f the im m ediately preceding signal elem ent (see Table 1/V.27). 
At the receiver the tribits are decoded and the bits are reassem bled in correct order. The left-hand digit o f the 
trib it is the one occurring first in the data stream  as it enters the m odulator portion  o f the m odem  after the 
scram bler.

TABLE 1/V.27

Tribit values Phase change 
(see Note)

0 0 1 0°
0 0 0 45°
0 1 0 90°
0 1 1 135°
1 1 1 180°
1 1 0 225°
1 0 0 270°
1 0 1 315°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre o f one signalling element to the centre of the 
following signalling element.
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3 Data signalling and modulation rates

The data  signalling rate shall be 4800 bits per second ±  0.01%, i.e. the m odulation  rate  is 
1600 bauds ±  0.01%.

4 Received signal frequency tolerance

The carrier frequency tolerance allow ance at the transm itter is ±  1 Hz and  assum ing a m axim um  
frequency drift o f ±  6 Hz in the connection between the m odem s, then the receiver m ust be able to accept errors 
o f  at least ±  7 Hz in the received frequencies.

5 Backward channel

The m odulation  rate, characteristic frequencies, tolerances, etc. to  be as recom m ended for backw ard  
channel in R ecom m endation V.23. This does not preclude the use o f a higher speed backw ard  channel with 
operational capability  o f 75 bauds or higher, bearing the sam e characteristic frequencies as the V.23 backw ard 
channel.

6 In terchange circuits

6.1 List o f  essentialfiriterchange circuits (see Table 2 /V.27)

TABLE 2 /V.27

Interchange circuit
Forward (data) channel 

half-duplex or full-duplex 
(see Note 1)

No. Designation Without backward With backward
channel channel

102 Signal ground or common return............................................................ X X
102a DTE common return .................................................................................. X X

(see Note 2)
102b DCE common return.................................................................................. X X

(see Note 2)
103 Transmitted data ........................................................................................ X X
104 Received data .......................... .................................................................... X X
105 Request to send ............................................................................................ X X

(see Note 3)
106 Ready for sending........................................................................................ X X
107 Data set ready............................................................................................... X X
108/1 Connect data set to l in e ............................................................................. X X
109
113

Data channel received line signal detector.............................................
Transmitter signal element timing

X X

114
(DTE source)............................................................................................

Transmitter signal element timing
X X

(DCE source)............................................................................................ X X
115 Receiver signal element timing

(DCE source)............................................................................................ X X '
118 Transmitted backward channel data ...................................................... X
119 Received backward channel d a t a ............................................................ X
120 Transmit backward channel line signal ................................................. X
121 Backward channel r ea d y ........................................................................... X
122 Backward channel received line signal detector..................................... X

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal 
equipment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical 
characteristics (see § 6.6).
N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.
N ote 3 -  No essential for 4-wire full-duplex continuous carrier operation.
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6.2 Threshold and response times o f  circuit 109

A fall in level o f the incom ing line signal to —31 dBm or lower for m ore than 10 ±  5 ms will cause
circuit 109 to  be tu rned  O FF. An increase in level to — 26 ±  1 dBm or higher will turn this circuit ON after a
delay of:

a) 13 ±  3 ms for fast operations,

b) 100 ms to 1200 ms for slow operation,

where the choice o f the delay for slow operation  depends upon  the application. Delays within the range o f b) may 
be provided for 4-wire full-duplex continuous carrier operation .

6.3 Response time fo r  circuit 106

The time between the O F F  to ON transition  o f circuit 105 and the O FF  to O N  transition  o f circuit 106
shall be optionally  20 ±  3 ms or 50 ±  20 ms.

6.4 Clamping in half-duplex mode

The D CE, when operating  in half-duplex m ode on a 2-wire line shall hold, where im plem ented:

a) circuit 104 in the binary  1 condition  and circuit 109 in the O F F  condition when circuit 105 is in the 
ON condition and , where required to protect circuit 104 from  false signals, for a period of 
150 ±  25 ms follow ing the ON to O F F  transition  on circuit 105; the use o f this additional delay is 
optional, based on system considerations;

b) circuit 119 in the binary  1 condition  and circuit 122 in the O F F  condition  when circuit 120 is in the 
ON condition  and , where required to protect circuit 119 from  false signals, for a time interval 
follow ing the ON to O F F  transition  on circuit 120. The specific duration  o f this time interval is left 
for further study. The additional delay is op tional, based on system considerations.

6.5 Fault condition o f  interchange circuits

(See R ecom m endations V.10. § 11 and V .l l ,  § 9  and  V.28, § 7  for association o f the receiver failure 
detection types.)

6.5.1 The DTE should in terpret a fault condition on circuit 107 as an O FF  condition  using failure detection 
type 1.

6.5.2 The DCE should in terpret a fault condition  on circuits 105 and 108 as an O F F  condition  using failure 
detection type 1.

6.5.3 All o ther circuits not referred to above may use failure detection type 0 or 1.

6.6 Electrical characteristics o f  interchange circuits

6.6.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the
connector p in  assignm ent plan specified by ISO 2110 [2],

6.6.2 A pplication  o f electrical characteristics conform ing to R ecom m endations V.10 and V .ll is recognized as an 
alternative together with the use o f the connectors and pin assignm ent p lan specified by ISO 4902 [3].

i) C oncerning circuits 103, 104, 105 (where used), 106, 107, 108, 109, 113, 114 and 115, the receivers 
shall be in accordance with R ecom m endation V .ll or alternatively Recom m endation V.10, category 1. 
E ither V.10 or V .ll generators may be utilized.

ii) In the case o f circuits 118, 119, 120, 121 and  122, R ecom m endation V.10 applies with receivers 
configured as specified by Recom m endation V.10 for category 2.

iii) It is preferred that backw ard channel circuits appear on a separate connector and com prise 
circuits 118, 119, 120, 121, 122 (category 2) and 102, 102a and 102b.

iv) Interw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .ll and equipm ent 
applying R ecom m endation V.28 is allowed on a non-interference basis. The onus for adap ta tion  
to  V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.
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Note — M anufacturers may wish to note that the long-term  objective is to replace electrical characteristics 
specified in R ecom m endation V.28, and  Study G roup XVII has agreed tha t the w ork shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which m inim izes the num ber o f interchange 
circuits. It is expected that this work w ould be based upon the alternative application  given in § 6.6.2 above 
utilizing the V .ll electrical characteristics.

7 Timing arrangements

Clocks should be included in the m odem  to provide the data term inal equipm ent with transm itter signal 
elem ent tim ing, circuit 114 and  receiver signal elem ent tim ing, circuit 115. A lternatively, the transm itte r signal 
elem ent tim ing may be originated in the data  term inal equipm ent and be transferred  to  the m odem  via circuit 113.

8 Synchronizing signal

D uring the interval between the O F F  to ON transition  o f circuit 105 and  the O F F  to O N  transition  o f 
circuit 106, synchronizing signals for properly conditioning the receiving m odem  m ust be generated by the 
transm itting  m odem . These signals are defined as:

a) signals to establish basic dem odulator requirem ents;

b) signals to establish scram bler synchronization.

The actual com position o f the synchronization signals is continuous 180 degrees phase reversals on line for
9 ±  1 ms followed by continuous Is at the inpu t to the transm it scram bler for b). C ondition  b) shall be sustained 
until the O F F  to O N  transition  o f circuit 106.

9 Line signal characteristics

A 50% raised cosine energy spectrum  shaping is equally divided between the receiver and  transm itter.

10 Scrambler

A self-synchronizing scram bler/descram bler having the generating polynom ial:

1 +  jc- 6  +  x - 1

with additional guards against repeating patterns of 1, 2, 3, 4, 6, 9 and  12 bits, shall be included in the m odem . 
A ppendix I shows a suitable logical arrangem ent.

At the transm itter the scram bler shall effectively divide the m essage polynom ial, o f which the inpu t data  
sequence represents the coefficients in descending order, by the scram bler generating polynom ial, to generate the 
transm itted  sequence, and at the receiver the received polynom ial, o f which the received data  sequence represents 
the coefficients in descending order, shall be m ultiplied by the scram bler generating  polynom ial to recover the 
message sequence.

The detailed scram bling and descram bling processes are described in A ppendix  I.

11 Equalizer

A m anually  adjustable equalizer with the capability o f com pensating  for the am plitude and  group delay 
d istortion  w ithin the lim its o f R ecom m endation M.1020 [1] shall be provided in the receiver. The transm itte r shall 
be able to  send an equalization pattern  while the receiver shall incorporate  a m eans o f indicating  correct 
adjustm ent o f the equalizer controls. The equalizer pattern is generated by applying continuous Is to the inpu t o f 
the transm itter scram bler defined above.

12 Alternative equalization and scrambler techniques

This R ecom m endation does not preclude the use o f alternative equalization  techniques, for exam ple 
m anually  adjustable transm it equalizers for use in m ultipoint polled netw orks and  for po in t-to -po in t netw orks 
with an unattended  location.

These techniques, and  their incorporation  in the m odem , and a new scram bler, should be the subject o f 
further study.

Note  — For m odem s with autom atic adaptive equalizers, see R ecom m endation V.27 bis.
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— the data  m odem  should have no adjustm ent for send level o r receive sensitivity under the control of 
the operato r;

— no fall-back rate has been included because the convenient rate would be 3200 b it/s , not a perm itted 
rate;

— circuit 108/2 has no t been included in the list o f interchange circuits because it was considered that 
the m odem  would no t be suitable for switched network use until an autom atic equalizer had  been 
recom m ended.

13 The following information is provided to assist equipment manufacturers:

APPEN D IX  I 

(to R ecom m endation V.27)

Detailed scrambling and descrambling processes

1.1 Scrambling

The message polynom ial is divided by the generating polynom ial 1 +  x~6 +  x -7 . (See Figure I-1/V.27.) 
The coefficients o f the quotient o f this division are taken in descending order from  the data sequence to be 
transm itted .

The transm itted  b it sequence is continuously searched over a span o f 45 bits for sequences o f the form

p ( x ) ~  J o  a / * '

where

a/ =  1 or 0 and a/ =  tf/+9 or«/+ u

If  such a sequence occurs, the bit im m ediately following the sequence is inverted before transm ission.

Dj « D, (1 ♦ x '6 ♦ x-7)

FIGURE I-1/V.27

1.2 Descrambling

At the receiver the incom ing bit sequence is continuously  searched over a span o f 45 bits for sequences of 
the form  p(x). If such a sequence occurs, the bit im m ediately following the sequence is inverted. The polynom ial 
represented  by the resultant sequence is then m ultiplied by the generating polynom ial 1 +  x~6 +  x~ 7 to form  the 
recovered message polynom ial. The coefficients o f the recovered polynom ial, taken in descending order, form  the 
ou tpu t data  sequence.
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1.3 Elements o f  scrambling process

The factor 1 +  x ~6 +  x ~ 1 random izes the transm itted  data  over a sequence length o f  127 bits.

The equality a , =  a ,+9 in the guard  polynom ial p(x)  prevents repeated  patterns o f 1, 3 and  9 bits from
occurring for m ore than  42 successive bits.

The equality a, =  aj+n in p(x)  prevents repeated patterns o f 2, 4, 6 and  12 bits from  occurring  for m ore
than  45 successive bits.

1.4 F igure I-2/V .27 is given as an indication  only, since with another technique this logical arrangem ent m ight
take ano ther form.

Symbols

:= 3 C > * 2 
; = £ > *

Note 1 -  ®  represents the clock signal. The negative going transition is the active transition.

N ote 2 -  There is a delay time, due to physical circuits, between a negative going transition of (H) and the end o f the “0 ” state 
represented by td on the non-RESET wire; therefore the first coincidence between bit 0 and bit 9 or bit 12 is not taken into 
account by the counter.

N ote 3 -  The same voltage convention is used for data signals and logical circuits in the diagram.

FIGURE I-2/V. 27 

An example of scrambler and descrambler circuitry

J Q

K Q

Truth tables

a b si s2 s3

1 0 1 1 0

1 1 0 0 1

0 0 1 0 0

0 1 1 t 0

»n 'l**1

J * a
Q a a

K a i

CCITT-43630
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Recommendation V.27 bis

4800/2400 BITS PER SECOND M ODEM  WITH AUTOMATIC EQUALIZER  
STANDARDIZED FOR USE ON LEASED TELEPHONE-TYPE CIRCUITS

(Geneva, 1976; am ended at Geneva, 1980)

Introduction

This m odem  is in tended to be used over any general leased circuits not necessarily conform ing to 
R ecom m endation M.1020 [1]. A provision for a fast start-up sequence is m ade to allow  the use o f this m odem  for 
m ultipo in t polling applications if the circuits used conform  to R ecom m endation M.1020.

On leased circuits, considering tha t there exist and will come into being m any m odem s with features 
designed to meet the requirem ents o f the A dm inistrations and users, this R ecom m endation in no way restricts the 
use o f any other modems. This R ecom m endation does no t elim inate the need for m anually  equalized m odem s 
according to Recom m endation V.27 or application  o f  o ther autom atically  equalized 4800 bits per second modems.

* The provisions o f this R ecom m endation are to  be regarded as provisional in order to  provide service 
w here it is urgently required and  between locations where it is expected tha t a reasonably satisfactory service can 
be given.

1 Principal characteristics

The principal characteristics for this recom m ended m odem  are very sim ilar to the characteristics o f a 
m odem  conform ing to R ecom m endation V.27 with the exception o f the equalizer used and these characteristics are 
as follows:

a) operates in a full-duplex or half-duplex m ode over 4-wire leased circuits or in a half-duplex m ode 
over 2-wire leased circuits;

b) at 4800 bits per second operation , m odulation  is 8-phase differentially  encoded as described in 
R ecom m endation V.27;

c) reduced rate capability  at 2400 bits per second with 4-phase differentially encoded m odulation  scheme 
as described in R ecom m endation V.26, A lternative A;

d) possibility o f a backw ard (supervisory) channel at m odulation  rates up to 75 bauds in each direction
o f transm ission, the provision and the use o f these channels being op tional;

e) inclusion o f an autom atic adaptive equalizer with a specific start-up sequence for R ecom m enda
tion M.1020 [1] lines and an alternate start-up sequence for m uch lower grade lines.

2 Line signals at 4800 and 2400 bits per second operation

2.1 Carrier frequency

The carrier frequency is to be 1800 ±  1 Hz. No separate pilot tones are provided. The pow er levels used 
will conform  to R ecom m endation V.2.

2.1.1 Spectrum a t 4800 bits per second

A 50% raised cosine energy spectrum  shaping is equally divided between the receiver and transm itter. The
energy density at 1000 Hz and 2600 Hz shall be attenuated  3.0 dB ±  2.0 dB with respect to the m axim um  energy
density between 1000 Hz and 2600 Hz.

2.1.2 Spectrum at 2400 bits per second

A m inim um  o f 50% raised cosine energy spectrum  shaping is equally divided between the receiver and 
transm itter. The energy density at 1200 Hz and 2400 Hz shall be attenuated  3.0 dB ±  2.0 dB with respect to the 
m axim um  energy density between 1200 Hz and 2400 Hz.
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2.2 Division o f  power between the forw ard and backward channel

If sim ultaneous transm ission o f the forw ard and backw ard channels occurs in the sam e direction , a 
backw ard channel should be 6 dB lower in pow er level than the forw ard (data) channel.

2.3 Operation a t 4800 bits per second

2.3.1 Data signalling and m odulation rate

The data signalling rate shall be 4800 bits per second ±  0.01%, i.e. the m odulation  rate is 
1600 bauds ±  0.01%.

2.3.2 Encoding data bits

The da ta  stream  to be transm itted  is divided into groups o f three consecutive bits (tribits). Each trib it is 
encoded as a phase change relative to  the phase o f the preceding signal elem ent (see Table 1/V.27 bis). At the 
receiver, the trib its are decoded and  the bits are reassem bled in correct order. The left-hand digit o f  the trib it is the 
one occurring first in the data  stream  as it enters the m odulator portion  o f  the m odem  after the scram bler.

TABLE 1 /V .27  bis

Tribit values Phase change 
(see Note)

0 0 1 0°
0 0 0 45°
0 1 0 90°
0 1 1 135°
1 1 1 180°
1 1 0 225°
1 0 0 270°
1 0 1 315°

N ote -  The phase change is the actual on-line phase shift in the transition 
region from the centre of one signalling element to the centre o f the 
following signalling element.

2.4 Operation a t 2400 bits per second

2.4.1 D ata signalling and modulation rate

The data signalling rate shall be 2400 bits per second ±  0.01%, i.e. the m odulation  rate is 
1200 bauds ±  0.01%.

2.4.2 Encoding data bits

At 2400 bits per second the data stream  is divided into groups o f two bits (dibits). Each d ib it is encoded as 
a phase change relative to the phase o f the im m ediately preceding signal elem ent (see Table 2 / V.27 bis). At the 
receiver, the dibits are decoded and  reassem bled in the correct order. The left-hand digit o f the dibit is the one 
occurring first in the data stream  as it enters the m odulator portion  o f the m odem  after the scram bler.

2.5 Operating sequences

2.5.1 “T urn -0N " sequence

D uring the interval between the O F F  to O N  transition  o f circuit 105 and  the O F F  to ON transition  o f 
circuit 106, synchronizing signals for p roper conditioning o f the receiving m odem  m ust be generated by the 
transm itting  modem . These are signals to establish carrier detection, A G C if required, tim ing synchronization , 
equalizer convergence and descram bler synchronization.
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TABLE 2 H . 21 bis

Dibit
values Phase change (see Note)

00 0°
01 90°
11 180°
10 270°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre o f one signalling element to the centre of the 
following signalling element.

Two sequences are defined, i.e.:

a) a short one for 4-wire circuits conform ing to R ecom m endation M.1020 [1] operation ,

b) a long one for 4-wire circuits which are m uch worse than  R ecom m endation M.1020 [1] and  for 2-wire 
circuits.

The sequences, for both  data rates, are divided into three segments as in Table 3 /V.27 bis.

TABLE 3/V . 27 bis

Segment 1 Segment 2 Segment 3 Total o f Segments 1, 2 and 3

Type o f line signal
Continuous 
180° phase 
reversals

0 ° -180° 
2-phase 

equalizer 
conditioning 

pattern

Continuous
scrambled

ONEs

Total “Turn-ON” 
sequence time

4800 bit/s 2400 bit/s

Number o f symbol 
intervals (SI) a)

a) 14 SI
b) 50 SI

a) 58 SI
b) 1074 SI 8 SI a) 50 ms

b) 708 ms
a) 67 ms
b) 943 ms

a) SI = symbol intervals. The durations of Segments 1, 2 and 3 are expressed in number o f symbol intervals, these numbers being 
the same in fallback operation.

2.5.1.1 The com position o f Segment 1 is continuous 180° phase reversals on line for 14 sym bol intervals in the 
case o f sequence a), for 50 sym bol intervals in the case o f sequence b).

2.5.1.2 Segment 2 is com posed o f an equalizer conditioning pattern  which is derived from  a pseudo-random  
sequence generated by the polynom ial:

\ +  x ~ 6 +  x - 1

2.5.1.2.1 For operation  at 4800 b it/s  the equalizer conditioning pattern  is derived by using every th ird  b it o f  the 
pseudo-random  sequence defined in § 2.5.1.2. W hen the derived pattern  contains a ZER O , 0° phase change is 
transm itted ; when it contains a O N E , 180° phase change is transm itted. Segment 2 begins with 0°, 180°, 180°, 
180°, 180°, 180°, 0°, . . .  according to  the derived pattern  and continues for 58 symbol intervals in the case o f 
sequence a) and for 1074 sym bol intervals in the case o f  sequence b). An exam ple o f the detailed sequence 
generation  is described in A ppendix I.

2.5.1.2.2 On leased circuits, considering that there exist m odem s which com ply with § 2.5.1.2.1 at 4800 b it/s , but 
w hich differ in their “T urn-O N ” sequences at 2400 b it/s , the follow ing alternative equalizer conditioning patterns 
are defined:

i) In the first alternative, the equalizer conditioning pattern  is identical to that defined in § 2.5.1.2.1.
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ii) In the second alternative, the equalizer condition ing  pattern  is derived by using every second bit o f 
the pseudo-random  pattern  defined in § 2.5.1.2. W hen the derived sequence contains a Z E R O , 
0° phase change is transm itted ; when it contains a O N E, 180° phase change is transm itted . Segm ent 2 
begins with 0°, 180°, 0°, 180°, 180°, 0°, 180°, . . .  according to  the derived pattern  and  continues for 
58 symbol intervals in the case o f sequence a) and for 1074 sym bol intervals in the case o f 
sequence b).

2.5.1.3 Segment 3 com m ences transm ission according to the encoding described in §§ 2.3 and  2.4 above w ith 
continuous da ta  O N Es applied to the inpu t o f  the data  scram bler. Segment 3 is 8 sym bol intervals. At the end o f 
Segment 3, circuit 106 is tu rned  ON and  user da ta  are applied  to  the inpu t o f the d a ta  scram bler.

2.5.1.4 The phase change sequences for Segments 2 and  3 for 4800 b it/s  and  2400 b it/s  are show n in Table 4 /  
V.27 bis.

TABLE 4/V . 27 bis a)

Data speed Segment 2 Segment 3

4800 bit/s Phase change 

PRS b)
0 °  180°  180°  180°  180°  180°  0 °  ................................. 180°  180°  0 °  0 °

011 101 101 100 100 101 001  .................................  110 100 0 10  001

2 7 0 °  2 25 °  315 °  9 0 °  4 5 °  4 5 °  180°  180°  

100  110  101 010  000  000  111 111

2400 bit/s 

alternative i)

Phase change 

PRS b)

0 °  180°  180°  180°  180 °  180 °  0 °  .................................  180°  180°  0 °  0 °

011 101 101 100 100 101 001 .................................  110 100  010  001

2 70 °  90 °  2 70 °  2 7 0 °  27 0 °  27 0 °  0 °  0 ° 

10 01 10 10 10 10 0 0  00

2400 bit/s 

alternative ii)

Phase change 

PRSb)
0 °  180°  0 °  180°  180°  0 °  180° . . .  180°  0 °  180°  180°  180°  0 °  

01 11 01 10 11 00  10 . . . 1 0  00  10 10 11 00

0 °  9 0 °  9 0 °  180 °  2 7 0 °  0 °  180°  27 0 °  

00  01 01 11 10 00  11 10

Duration <- — 58 or 1074 symbol intervals-------------------- ►

(Beginning and ending PRS and symbol sequences are 
the same for both durations)

.... 8 symbol intervals----------*-

a) For a description of how the alternative sequences for Segments 2 and 3 may be generated, refer to the Note at the end o f Appendix I.
b) PRS is the pseudo-random sequence defined in § 2.5.1.2. The underlined bits determine the phase changes.

2.5.2 “Turn-OFF” sequence

The line signal em itted after the O N  to O FF  transition  o f circuit 105 is divided in to  two segm ents as 
shown in Table 5/V.27 bis.

TABLE 5/V .2 7 bis

Segment A Segment B Total of Segments 
A and B

Type o f line signal
Remaining data 

followed by continuous 
scrambled ONEs

No transmitted 
energy

Total 
“Turn-OFF” time

Duration 5 to 10 ms 20 ms 25 to 30 ms

If an O FF  to ON transition  o f circuit 105 occurs during the T u rn -O F F  sequence, it will no t be taken  into 
account until the end of the T urn-O FF  sequence.
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In addition , in the case o f half-duplex operation  on two wires, if  circuit 105 goes O N  during the reception 
o f  the Segment A o f the T urn-O F F  sequence, optionally  the transm ission o f the T urn-O N  sequence shall be 
started  within a tim e period o f less than  20 ms after the end o f reception o f Segment A.

3 Received signal frequency tolerance

N oting that the carrier frequency tolerance allow ance o f the transm itter is ±  1 Hz and  assum ing a 
m axim um  drift o f i  6 Hz in the connection between the m odem s, then the receiver m ust be able to  accept errors 
o f  at least ±  7 Hz in the received frequencies.

4 Backward channel

The m odulation rate, characteristic frequencies, tolerances, etc. to be as recom m ended for the backw ard 
channel in R ecom m endation V.23. This does not preclude the use o f a higher speed backw ard channel with 
operational capability  o f 75 bauds or higher, bearing the same characteristic frequencies as the V.23 backw ard 
channel.

5 Interchange circuits

5.1 List o f  essential interchange circuits (Table 6 /V .27 bis)

TABLE 6/V . 27 bis

Interchange circuit
Forward (data) channel 

half-duplex or full-duplex 
(see Note 1)

No. Designation Without backward 
channel

With backward 
channel

102 Signal ground or common return............................................................ X X
102a DTE common return .................................................................................. X X

(see Note 2)
102b DCE common return.................................................................................. X X

(see Note 2)
103 Transmitted data ........................................................................................ X X
104 Received data ............................................................................................... X X
105 Request to send ............................................................................................. X X
106 Ready for sending........................................................................................ X X
107 Data set ready ............................................................................................... X X
108/1 Connect data set to l in e ............................................................................. X X
109 Data channel received line signal detector............................................. X X
111
113

Data signal rate selector (DTE source)....................................................
Transmitter signal element timing

X X

114
(DTE source).............................................................................................

Transmitter signal element timing
X X

115
(DCE source).............................................................................................

Receiver signal element timing
X X

(DCE source)............................................................................................. X X
118 Transmitted backward channel data ...................................................... X
119 Received backward channel d a t a ............................................................ X
120 Transmit backward channel line signal .................................................. X
121 Backward channel rea d y ........................................................................... X
122 Backward channel received line signal detector..................................... X

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal 
equipment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical 
characteristics (see § 6).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.
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5.2 Response times o f  circuits 106, 109, 121 and 122 (Table 7/V.27 bis)

TABLE 7/V. 27 bis 

Response times

Circuit 106 

OFF to ON

ON to OFF

4800 bits per second 2400 bits per second

a) 50 ms
b) 708 ms

a) 67 ms
b) 944 ms

^  2 ms

Circuit 109

OFF to ON See § 5.2.1

ON to OFF 5 to 15 ms

Circuit 121

OFF to ON 80 to 160 ms

ON to OFF ^  2 ms

Circuit 122

OFF to ON <  80 ms

ON to OFF 15 to 80 ms

N ote -  a) and b) refer to sequence a) and sequence b) as defined in § 2.5.1.

5.2.1 Circuit 109

C ircuit 109 m ust tu rn  ON after synchronizing is com pleted and  prio r to user data appearing  on 
circuit 104.

5.2.2 Circuit 106

C ircuit 106 response tim es are from  the connection o f an ON or O F F  condition  on circuit 105 to the 
appearance o f the corresponding ON or O F F  condition  on circuit 106.

5.3 Threshold o f  data channel and backward channel received line signal detectors 

Levels o f received line signal at receiver line term inals:

— For use over ordinary quality leased circuits (ref. R ecom m endation M.1040 [2])

Threshold for circuits 109/122:

— greater than —43 dBm : O FF  to ON

— less than —48 dBm : O N to O FF
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Threshold for circuit 109:

— greater than  —26 dBm : O FF  to ON

— less than  —31 dBm : ON to O F F

Threshold for circuit 122:

— greater than  —34 dBm : O FF  to ON

— less than  —39 dBm : ON to O F F

The condition  o f circuits 109 and  122 for levels between the above levels is not specified except that the 
signal detectors shall exhibit a hysteresis action such that the level at which the O FF  to ON transition  occurs is at 
least 2 dB greater than  that for the O N  to O F F  transition.

5.4 Clamping in half-duplex mode

The D C E, when operating  in half-duplex m ode on a 2-wire line, shall hold, where im plem ented:

a) circuit 104 in the b inary  1 condition  and circuit 109 in the O F F  condition when circuit 105 is in the
O N  condition and, where required to protect circuit 104 from  false signals, for a period o f 150 ±  25 
ms follow ing the O N  to O F F  transition  on circuit 105; the use o f this additional delay is optional, 
based on system considerations;

b) circuit 119 in the b inary  1 condition  and circuit 122 in the O F F  condition when circuit 120 is in the
O N  condition and, where required to protect circuit 119 from  false signals, for a tim e interval
follow ing the O N  to O F F  transition  on circuit 120. The specific duration  o f this tim e interval is left 
for further study. The additional delay is op tional, based on system considerations.

— For use over special quality leased circuits (ref. Recommendation M.1020 [1])

5.5 Fault condition o f  interchange circuits

(See R ecom m endations V.10, § 11 and V .l l ,  § 9 and  V.28, § 7 for association o f the receiver failure
detection types.)

5.5.1 The DTE should in terpret a fault condition on circuit 107 as an O F F  condition using failure detection 
type 1.

5.5.2 The D CE should in terpret a fault condition on circuits 105 and 108 as an O F F  condition using failure 
detection type 1.

5.5.3 All other circuits not referred to above may use failure detection type 0 o r 1.

6 Electrical characteristics of interchange circuits

6.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the 
connector pin assignm ent plan specified by ISO 2110 [3].

6.2 A pplication o f electrical characteristics conform ing to R ecom m endations V.10 and  V .ll is recognized as an 
alternative together with the use o f the connectors and pin assignm ent plan specified by ISO 4902 [4].

i) C oncerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in 
accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, category 1. Either V.10 
or V .ll generators may be utilized.

ii) In the case of circuits 111, 118, 119, 120, 121 and  122, R ecom m endation V.10 applies with receivers 
configured as specified by R ecom m endation V.10 for category 2.

iii) It is preferred tha t backw ard channel circuits appear on a separate connector and com prise 
circuits 118, 119, 120, 121, 122 (category 2) and 102, 102a and  102b.

iv) Interw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .ll and  equipm ent 
applying R ecom m endation V.28 is allowed on a non-in terference basis. The onus for adap ta tion  to 
V.28 equipm ent rests solely with the alternative V .10 /V .ll equipm ent.
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Note — M anufacturers may wish to note that the long-term  objective is to  replace electrical characteristics 
specified in R ecom m endation V.28, and  Study G roup  XVII has agreed tha t the w ork shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which m inim izes the num ber o f interchange 
circuits. It is expected that this work w ould be based upon  the alternative app lica tion  given in § 6.2 above 
utilizing the V .ll electrical characteristics.

7 Timing arrangement

Clocks should be included in the m odem  to provide the data term inal equipm ent w ith transm itte r elem ent 
tim ing, circuit 114 and  receiver signal elem ent tim ing, circuit 115. The transm itte r elem ent tim ing m ay be 
originated in the data term inal equipm ent and be transferred  to the m odem  via circuit 113.

8 Scrambler

A self-synchronizing scram bler/descram bler having the generating po lynom ial:

1 +  x -6  -I- x -7

with additional guards against repeating patterns o f 1, 2, 3, 4, 6, 8, 9 and  12 bits, shall be included  in this m odem . 
In A ppendix I, Figure I-2/V .27 bis shows a suitable logical arrangem ent (see Note). The sc ram bler/descram bler is 
the same as that in R ecom m endation V.27 with the addition  o f circuitry to guard  against repeating patterns o f 
8 bits.

Note — Figures I-1/V .27 bis and I-2/V .27 bis in A ppendix I are given as an ind ication  only, since with 
another technique these logical arrangem ents m ight take ano ther form.

At the transm itter the scram bler shall effectively divide the m essage polynom ial, o f which the inpu t da ta  
sequence represents the coefficients in descending order, by the scram bler generating  polynom ial to generate the 
transm itted  sequence, and  at the receiver the received polynom ial, o f which the received da ta  sequence represents 
the coefficients in descending order, shall be m ultiplied by the scram bler generating  polynom ial to  recover the 
message sequence.

9 Equalizer

An autom atic adaptive equalizer shall be provided in the receiver. The receiver shall incorporate  a m eans 
o f detecting loss o f equalization and  be able to recover equalization from  the norm al data-m odula ted  received line 
signal w ithout initiating  a new synchronizing signal from  the distant transm itter.

10 Options

Since this modem  is equipped with an autom atic adaptive equalizer, and  can operate  on 2-wire lines, 
operation  over the general switched netw ork is possible. Thus, in the event o f failure o f the leased line, the general 
switched network may serve as a stand-by facility.

O ptions can be added to this m odem  in order to allow  the use o f the general sw itched netw ork when the 
leased line fails. These options can also be added for use on 2-wire leased lines where echo pro tection  is required.

A dditional inform ation for these options can be found  in R ecom m endation V.27 ter.

11 The follow ing inform ation is provided to assist equipm ent m anufacturers:

The data  m odem  should have no adjustm ent for send level o r receive sensitivity under the contro l o f the 
operator.

At 4800 bits per second operation , the transm itter energy spectrum  shall be shaped in such a way tha t 
when continuous data  O N Es are applied to  the input o f the scram bler, the resulting transm itted  spectrum  shall 
have a substantially linear phase characteristic over the band  o f 1100 Hz to 2500 Hz.

At 2400 bits per second operation , the transm itter energy spectrum  shall be shaped in such a way that 
when continuous data O N Es are applied  to the input o f the scram bler, the resulting transm itted  spectrum  shall 
have a substantially linear phase characteristic over the band  o f  1300 Hz to 2300 Hz.
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A P P E N D IX  I

(to Recommendation V.27 bis)

A two phase equalizer training generator for 4800 b it/s

Rapid convergence for the equalizer with the least am ount o f circuitry is m ore readily accom plished by 
sending only an in-phase or out-of-phase carrier during training. This implies that the only tribits sent to the 
m odu la to r will be 001 (0° phase) or 111 (180° phase). Refer to Figure I -1 /V .27 bis for circuitry to generate the 
sequence and Figure I-3/V .27 bis for tim ing the sequence.

Let T1 be a tim ing signal equal to 1600 Hz (symbol clock), that is true (high) for one 4800-Hz period, and 
low for two 4800-Hz clock periods. T2 is the inversion o f T l.

D uring T l select the inpu t to the scram bler, during T2 select the first stage o f the scram bler. D uring the 
period  when T2 is high, C forces the ou tpu t high. This may be accom plished by circuitry shown in Figure 1-2/ 
V.27 bis.

If T l is forced continually  high and T2 is forced continually  low, norm al operation  is restored.

In order to ensure consistent train ing, the same pattern  should always be sent. To accom plish this, the data 
inpu t to the scram bler should be in m ark hold during the train ing, and  the first seven stages o f the scram bler 
should be loaded with 0011110 (right-hand-m ost first in time) on the first coincidence on T l and  the signal that 
will cause the m ute should be rem oved from  the transm itter output. [Generally this signal will be.R equest To Send  
(RTS)].

This particu lar starting po in t was chosen in order to ensure a pattern  that has continuous 180° phase 
reversals at the beginning in ' o rder to ensure rapid  clock acquisition, followed by a pattern  that will ensure rapid 
equalizer convergence.

W ithin eight symbol intervals p rio r to the ON condition  o f Ready For Sending  (RFS), the scram bler 
should  be switched to norm al operation , keeping the scram bler in m ark hold until RFS, to synchronize the 
descram bler.

Note - At 2400 bits per second, a sim ilar technique may be used with appropria te  clocking changes, as 
show n in Table I-1/V .27 bis.

TABLE 1-1/V.27 bis

Segment 2 Segment 3

Clock @
i) 3600 Hz 2400 Hz

ii) 2400 Hz 2400 Hz

Clock (M)
i) 1200 Hz 1200 Hz

ii) 1200 Hz 1200 Hz
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N ote 1 -  The dotted line encloses the V.27 scrambler.

N ote 2 -  Shaded rectangle is for guarding against 8-bit repeating pattern.
N ote 3 -  (H) is 3 times baud rate clock.

N ote 4 -  @  is baud rate clock (1600 Hz).

N ote 5 -  Diagrams shown with positive logic.

N ote 6 -  Signals (C) and (S) are identified only to correlate with Figure 1-3/V. 27 bis.

FIGURE I - l /V .27bis 

An example of sequence generator and scrambler circuitry for 4800 bit/s
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a b si s2 s3 s U
a — J Q ------

1 0 1 1 0 0
t -c 1 1 0 0 1 0
a — K Q ------ 0 0 1 0

1
0 1

0 1 1 0 1

!« i! »n*1
J - a Q > a
K * a

N ote 1 -  Shaded rectangle is for guarding against 8-bit repeating pattern.

N ote 2 -  (H) represents clock signal. The negative going transition is the active transition.

N ote 3 -  There is a delay time due to physical circuits between a negative going transition of (fi)  ; 
represented by td on the non-reset wire; therefore the first coincidence between bit 0 and bit 8 or bit 
account by the counter.

and the end of the “0” state 
9 or bit 12 is not taken into

FIGURE I-2/V . 27 bis 

An example of descrambler circuitry
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Bit rate clock 0  ""LrLTLTLrL • • * • _n_n_n_r • • • *
Baud rate  c lock  ®  J  |______| |_____ | |______| I y 1 |______|~

Tribit f ram e i 1 1 -iS - 1

Tt

T2 s s -

©
Load enab le

S ync ,  signal 
s e q u e n c e

P re se t  
a n d  hold

R elease
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Recommendation V.27 ter

4800/2400 BITS PER SECOND M ODEM  STANDARDIZED  
FOR USE IN THE GENERAL SW ITCHED TELEPHONE NETWORK

(Geneva, 1976; am ended at Geneva, 1980)

The C C ITT,

considering

(a) that there is a dem and for data transm ission at 4800 bits per second over the general switched 
telephone netw ork;

(b) tha t a m ajority o f connections over the general switched telephone network within some countries are 
capable o f carrying data at 4800 bits per second;

(c) that a lower proportion  o f in ternational connections in the general switched telephone network are 
capable o f carrying data at 4800 bits per second;

(d) tha t other in ternational connections in the general switched telephone network m ay still support 
operations at 2400 bits per second using a built-in fallback capability ;

unanimously declares the view

that transm ission at 4800 bits per second should be allow ed on the general switched telephone network. 
R eliable transm ission cannot be guaranteed on every connection or routing and tests should be m ade between the 
m ost probable term inal points before a service is provided. The C C IT T  expects tha t developm ents during the next 
few years in m odern technology will bring about m odem s o f m ore advanced design enabling reliable transm ission 
to be given on a much higher p roportion  of connections. The provisions o f this R ecom m endation are to be 
regarded as provisional in o rder to provide service where it is urgently required and between locations where it is 
expected that a reasonably satisfactory service can be given;

that the characteristics o f the modem  for transm ission at 4800 bits per second over the general switched 
telephone network shall provisionally  be the following:

1 Principal characteristics

a) Use o f data signalling rate o f 4800 bits per second with 8-phase differentially encoded m odulation as 
described in R ecom m endation V.27.

b) Reduced rate capability  at 2400 bits per second with 4-phase differentially encoded m odulation as 
described in R ecom m endation V.26, A lternative A.

c) Provision for a backw ard channel at m odulation rates up to 75 bauds, use of this channel being 
optional.

d) Inclusion o f an autom atic adaptive equalizer.

2 Line signals at 4800 and 2400 bits per second operation

2.1 Carrier frequency

The carrier frequency is to be 1800 ±  1 Hz. N o separate pilot tones are provided. The pow er levels used
will conform  to R ecom m endation V.2.

2.1.1 Spectrum at 4800 bits per second

The 50% raised cosine energy spectrum  shaping is equally divided between the receiver and transm itter. 
The energy density at 1000 Hz and 2600 Hz shall be attenuated  3.0 dB ±  2.0 dB with respect to the maximum 
energy density between 1000 Hz and 2600 Hz.
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2.1.2 Spectrum at 2400 bits per second

A m inim um  of 50% raised cosine energy spectrum  shaping is equally divided between the receiver and  
transm itter. The energy density at 1200 Hz and 2400 Hz shall be attenuated  3.0 dB ±  2.0 dB with respect to the 
m axim um  energy density between 1200 Hz and 2400 Hz.

2.2 Division o f  power between the forw ard  and backward channel

Equal division between the forw ard and backw ard channels is recom m ended (if provided).

2.3 Operation at 4800 bits per second

2.3.1 Data signalling and m odulation rate

The data  signalling rate shall be 4800 bits per second ±  0.01%, i.e. the m odulation  rate is 
1600 bauds ±  0.01%.

2.3.2 Encoding data bits

The data stream  to be transm itted  is divided into groups o f three consecutive bits (tribits). Each trib it is 
encoded as a phase change relative to the phase o f the preceding signal elem ent (see Table 1/V.27 ter). At the 
receiver, the tribits are decoded and  the bits are reassem bled in correct order. The left-hand digit o f  the trib it is the 
one occurring first in the data  stream  as it enters the m odulator portion  o f the m odem  after the scram bler.

TABLE 1/V. 27 ter

Tribit values Phase change 
(see Note)

0 0 1 0 °
0 0 0 45°
0 1 0 90°
0 1 1 135°
1 1 1 180°
1 1 0 225°
1 0 0 270°
1 0 1 315°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre of one signalling element to the centre o f the * 
following signalling element.

2.4 Operation a t 2400 bits per second

2.4.1 Data signalling and  m odulation rate

The data  signalling rate shall be 2400 bits per second ±  0.01% i.e. the m odulation  rate is 
1200 bauds ±  0.01%.

2.4.2 Encoding data bits

At 2400 bits per second the data stream  is divided into groups o f two bits (dibits). Each dib it is encoded as 
a phase change relative to  the phase o f the im m ediately preceding signal elem ent (see Table 2 / V.27 ter). At the 
receiver, the dibits are decoded and reassem bled in the correct order. The left-hand digit o f the dibit is the one 
occurring first in the data  stream  as it enters the m odulator portion o f the m odem  after the scram bler.
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TABLE i n .  21 ter

Dibit
values Phase change (see Note)

0 0 0 °
0 1 90°
11 180°
1 0 270°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre of one signalling element to the centre of the 
following signalling element.

2.5 Operating sequences

2.5.1 Turn-O N sequence

D uring the interval between the O F F  to ON transition  o f circuit 105 and  the O FF  to O N  transition  of 
circuit 106, synchronizing signals for p roper condition ing  o f the receiving m odem  m ust be generated by the 
transm itting  m odem . These are signals to establish carrier detect, AGC if  required, tim ing synchronization, 
equalizer convergence and  descram bler synchronization.

The synchronizing signals are defined in two separate sequences with the long sequence used once at the 
beginning o f the established connection and  the short sequence used for subsequent tu rn -around  in which the 
equalizer train ing pattern  is used to  update and refine equalizer convergence.

Two sequences are defined, i.e.:

a) a short one for tu rn -around  operation,

b) a longer one for initial establishm ent o f connection.

The sequence b) is only used after the first O F F  to O N  transition  o f  circuit 105 follow ing the O FF  to ON 
transition  o f circuit 107, o r at the O F F  to O N  transition  o f  circuit 107 if the circuit 105 is already O N . After every 
subsequent O FF  to O N  transition  o f circuit 105, the sequence a) is used.

The sequences, for both data  rates, are divided into five segments as in Table 3/V.27 ter.
k

2.5.1.1 The com position o f Segment 3 is continuous 180° phase reversals on line for 14 symbol intervals in the 
case o f sequence a), for 50 symbol intervals in the case o f sequence b).

2.5.1.2 Segment 4 is com posed o f an equalizer condition ing  pattern  which is derived from  a pseudo-random  
sequence generated by the polynom ial:

1 +  x ~6 +  7

For operation  at both  4800 b it/s  and 2400 b it/s , the equalizer conditioning pattern  is derived by using 
every th ird  bit o f the pseudo-random  sequence defined by the polynom ial. W hen the derived pattern  contains 
a ZER O , 0° phase change is transm itted ; when it contains a O N E, 180° phase change is transm itted. Segment 4 
begins with 0°, 180°, 180°, 180°, 180°, 180°, 0°, . . .  according to the derived pattern  and  continues for 58 symbol 
intervals in the case o f sequence a) and for 1074 symbol intervals in the case o f sequence b). An exam ple o f the 
detailed sequence generation is described in A ppendix I.

2.5.1.3 Segment 5 com m ences transm ission according to the encoding described in §§ 2.3 and  2.4 above with 
continuous data O N Es applied  to the input o f the data scram bler. Segment 5 is 8 sym bol intervals. At the end o f 
Segment 5, circuit 106 is tu rned  O N  and user data are applied  to the input o f the data scram bler.

2.5.1.4 The phase change sequences for Segments 4 and  5 for 4800 b it/s  and  2400 b it/s  are show n in Table 4 /  
V.27 ter.
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TABLE 3 /V .2 7 te r

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 Total o f Segments 
1, 2, 3, 4 and 5

Type o f line 
signal

Unmodulated
carrier

No trans
mitted 
energy

Continuous 
180° phase 
reversals'

0 °- 180° 
2 -phase 

equalizer 
conditioning 

pattern

Continuous
scrambled

ONEs

Nominal total 
“Turn-ON” sequence time

4800 bit/s 2400 bit/s

Protection 
against 
talker echo

185 ms 
to 

2 0 0  ms

2 0  ms 
to 

25 ms

a) 14 SI

b) 50 SI

a) 58 SI

b) 1074 SI
8  SI

a) 265 ms

b) 923 ms

a) 281 ms

b) 1158 ms

Without any 
protection 0  ms 0  ms a) M SI

b) 50 SI
a) 58 SI
b) 1074 SI 8  SI a) 50 ms

b) 708 ms
a) 6 6  ms
b) 943 ms

SI = symbol intervals. The durations o f Segments 3, 4 and 5 are expressed in number o f symbol intervals, these numbers being 
the same in the fallback operation.

TABLE 4/V . 27 ter a)

Data speed Segment 4 Segment 5

4800 bit/s Phase change 

PRSb)

0 °  180°  180°  180°  180°  180°  0 °  .................................  180°  180 ° 0 °  0 °

011 101 101 100  100 101 001 .................................  110 100 010  001

2 7 0 °  225 °  315 °  9 0 °  4 5 °  4 5 °  180°  180 ° 

100  110 101 010  000  000  111 111

2400 bit/s Phase change 

PRS b)

0 °  180°  180°  180° 180 °  180°  0 ° .................................  180°  180°  0 °  0 °

011 101 101 100 100 101 001 .................................  110 100  010  001

2 70 °  9 0 °  2 7 0 °  2 70 °  2 7 0 °  2 7 0 °  0 °  0 °  

10  01 10 10 10 10 00  00

Duration ■<-------------------- 58 or 1074 symbol intervals -+■

(Beginning and ending PRS and symbol sequences are 
the same for both lengths.)

■*- 8  symbol intervals----------*-

For a description of how the alternative sequences for Segments 4 and 5 may be generated, refer to the Note at the end o f Appendix I. 

PRS is the pseudo-random sequence defined in § 2.5.1.2. The underlined bits determine the phase changes.

2.5.2 Turn-OFF sequence

The line signal em itted after the ON to O FF  transition  o f circuit 105 is divided in to  two segm ents as in 
Table 5/V.27 ter.

TABLE 5/V . 27 ter

Segment A Segment B Total 
Turn-OFF time

Type of line signals
Remaining data 

followed by continuous 
scrambled ONEs

No transmitted 
energy Total of Segments A and B

With or without protection 
against talker echo 5 to 10 ms 2 0  ms 25 to 30 ms
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If an O F F  to ON transition  o f circuit 105 occurs during  the T urn-O F F  sequence, it will not be taken into 
account until the end o f the T urn-O FF  sequence.

In addition , if circuit 105 goes ON during the reception o f the Segment A o f the T urn-O FF  sequence, 
op tionally  the transm ission o f the T urn-O N  sequence shall be started within a tim e period o f less than 20 ms after 
the end o f reception o f Segment A.

3 Received signal frequency to lerance

N oting that the carrier frequency tolerance allow ance o f the transm itter is ±  1 Hz and assum ing a 
m axim um  drift o f ±  6 Hz in the connection between the m odem s, then the receiver m ust be able to accept errors 
o f at least ±  7 Hz in the received frequencies.

4 Backward channel

The m odulation  rate, characteristic frequencies, tolerances, etc. to be as recom m ended for backw ard 
channel in R ecom m endation V.23. This does not preclude the use o f a higher speed backw ard channel with 
operational capability  o f 75 bauds or higher, bearing the same characteristic frequencies as the V.23 backw ard 
channel.

5 In terchange circuits

5.1 List o f  interchange circuits

Interchange circuits essential for the m odem  when used on the general switched telephone network, 
including term inals equipped for m anual calling or au tom atic calling or answering are as in Table 6/V .27 ter.

5.2 Response times o f  circuits 106, 109, 121 and 122 (see Tables 7/V.27 ter and 8/V.27 ter)

5.2.1 Circuit 109

C ircuit 109 m ust tu rn  ON after synchronizing is com pleted and  prior to user data appearing  on
circuit 104. C ircuit 109 is prevented from  turn ing  ON during reception o f unm odulated  carrier when the op tional
protection  against ta lk e r echo is used.

5.2.2 Circuit 106

Circuit 106 response times are from  the connection o f  an ON or O F F  condition on:

— circuit 105 to the appearance o f the corresponding  O N  or O F F  condition  on circuit 106; or,

— circuit 107 (where circuit 105 is already O N ) to  the appearance o f the corresponding O N or O FF
condition  on circuit 106.

5.3 Threshold o f  data channel and backward channel received line signal detectors

Level o f received line signal at the receive line term inals o f the m odem  for all types o f connections, i.e. the
general switched telephone netw ork or non-switched 2-wire leased telephone circuits:

— greater than —43 dBm : circuits 109/122 ON

— less than —48 dBm : circuits 109/122 O FF

The condition o f circuits 109 and 122 for levels between —43 dBm and - 4 8  dBm is not specified except
tha t the signal detectors shall exhibit a hysteresis action, such that the level at which the O FF  to ON transition
occurs is at least 2 dB greater than that for the ON to O F F  transition.

W here transm ission conditions are known and allow ed, it may be desirable at the tim e o f m odem  
installation  to change these response levels o f the received line signal detector to  less sensitive values 
(e.g. —33 dBm and —38 dBm respectively).
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TABLE 6 /V .27 ter

Interchange circuit
Forward (data) channel 

one-way system 
(see Note 1)

Forward (data) 
channel 

either-way 
system 

(see Note 1)

Without back With back
ward channel ward channel Without With

back back
No. Designation ward ward

Transmit Receive Transmit Receive channel channel
end end end end

1 0 2 Signal ground or common return.......................... X X X X X X
1 0 2 a DTE common return............................................... X- X X X X X

(see Note 2)
1 0 2 b DCE common return............................................... X X X X X X

(see Note 2)
103 Transmitted data ...................................................... X X X X

104 Received d a t a ............................................................ X X X X
105 Request to send .......................................................... X X X X
106 Ready for sending..................................................... X X X X

107 Data set ready............................................................ X X X X X X
108/1 or Connect data set to l in e ...........................................
108/2 Data terminal read y ................................................. X X X X X X

(see Note 3)
109 Data channel received line signal detector........... X X X X

1 1 1 Data signalling rate selector (DTE source)........... X X X X X X
113 Transmitter signal element timing (DTE source) X X X X
114 Transmitter signal element timing (DCE source) X X X X
115 Receiver signal element timing (DCE source) X X X X
118 Transmitted backward channel data ................... X X
119 Received backward channel d a t a .......................... X X

1 2 0 Transmit backward channel line signal ............... X
1 2 1 Backward channel rea d y ......................................... X X
1 2 2 Backward channel received line signal detector X X

125 Calling indicator........................................................ X X X X X X

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal 
equipment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical 
characteristics (see § 6 ).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.

N ote 3 -  This circuit shall be capable of operation as circuit 108/1 -  connect data set to line or circuit 108/2 -  data terminal ready 
depending on its use. For automatic calling it shall be used as 108/2 only.
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TABLE i n . 21 ter

Response times for operation at 4800 bits per second

Circuit 106 With protection against 
talker echo

Without protection against 
talker echo

OFF to ON a) 215 ± 10 ms + 50 ms
b) 215 ± 10 ms + 708 ms

a) 50 ms
b) 708 ms

ON to OFF 2  ms ^  2  ms

Circuit 109

OFF to ON See § 5.2.1 See § 5.2.1

ON to OFF 5 to 15 ms 5 to 15 ms

Circuit 121

OFF to ON 80 to 160 ms 80 to 160 ms

ON to OFF ^  2  ms ^  2  ms

Circuit 122

OFF to ON <  80 ms <  80 ms

ON to OFF 15 to 80 ms 15 to 80 ms

TABLE 8 /V . 27 ter

Response times for operation of 2400 bits per second

Circuit 106 With protection against Without protection against
talker echo talker echo

OFF to ON a) 215 ± 10 ms + 67 ms a) 67 ms
b) 215 ± 10 ms + 944 ms b) 944 ms

ON to OFF ^  2  ms ^  2  ms

Circuit 109

OFF to ON See § 5.2.1 See § 5.2.1

ON to OFF 5 to 15 ms 5 to 15 ms

N ote 1 -  a) and b) refer to sequence a) and sequence b) as defined to § 2.5.1.

N ote 2 -  The parameters and procedures, particularly in the case of automatic calling and answering, are provisional and are 
the subject o f further study.
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5.4 Clamping in half-duplex mode

The D CE, when operating  in half-duplex m ode on a 2-wire line, shall hold , where im plem ented:

a) circuit 104 in the binary  1 condition  and circuit 109 in the O F F  condition  when circuit 105 is in  the
ON condition and , where required to protect circuit 104 from  false signals, for a period o f 150 ±  25 
ms following the O N  to O F F  transition  on circuit 105; the use o f  this add itional delay is op tional, 
based on system considerations;

b) circuit 119 in the b inary  1 condition  and circuit 122 in the O F F  condition  when circuit 120 is in the
ON  condition  and , where required to protect circuit 119 from  false signals, for a tim e interval
following the ON to O F F  transition  on circuit 120. The specific du ration  o f this tim e interval is left 
for further study. The additional delay is op tional, based on system considerations.

5.5 Fault condition o f  interchange circuits

(See R ecom m endations V.10, § 11 and V .l l ,  § 9  and V.28, § 7  for association o f the receiver failure 
detection types.)

5.5.1 The DTE should in terpret a fault condition on circuit 107 as an O F F  condition  using failure detection 
type 1.

5.5.2 The D C E should in terpret a fault condition on circuits 105 and  108 as an O F F  condition  using failure 
detection type 1.

5.5.3 All o ther circuits not referred to above may use failure detection type 0 or 1.

6 Electrical characteristics of interchange circuits

6.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the
connector pin assignm ent p lan specified by ISO 2110 [1].

6.2 A pplication o f electrical characteristics conform ing to R ecom m endations V.10 a n d 'V .l l  is recognized as an 
alternative together with the use o f the connectors and pin assignm ent plan specified by ISO 4902 [2].

i) C oncerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in 
accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, category 1. E ither V.10 
or V .ll generators may be utilized.

ii) In the case o f circuits 111, 118, 119, 120, 121, 122 and  125, R ecom m endation V.10 applies with
receivers configured as specified by R ecom m endation V.10 for category 2.

iii) It is preferred tha t backw ard channel circuits appear on a separate connector and  com prise circuits 
118, 119, 120, 121, 122 (category 2) a n d -102, 102a and 102b.

iv) Interw orking between equipm ent applying R ecom m endation V.10 a n d /o r  V .l l  and  equipm ent
applying R ecom m endation V.28 is allowed on a non-in terference basis. The onus for ad ap ta tion  to
V.28 equipm ent rests solely with the alternative V.10/V.11 equipm ent.

Note — M anufacturers may wish to note that the long-term  objective is to  replace electrical characteristics 
specified in R ecom m endation V.28, and Study G roup  XVII has agreed tha t the work shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which m inim izes the num ber o f interchange 
circuits. It is expected that this work w ould be based upon  the alternative application  given in § 6.2 above 
utilizing the V .ll electrical characteristics.

7 Timing arrangement

Clocks should be included in the m odem  to provide the data term inal equipm ent with transm itte r elem ent 
tim ing, circuit 114 and receiver signal elem ent tim ing, circuit 115. The transm itter elem ent tim ing m ay be 
originated in the data term inal equipm ent and be transferred to the m odem  via circuit 113.

8 Equalizer

An autom atic adaptive equalizer shall be provided in the receiver.
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9 Scrambler

A self-synchronizing scram bler/descram bler having the generating polynom ial:

1 +  x -6 +  x - 1

with additional guards against repeating patterns o f 1, 2, 3, 4, 6, 8, 9 and 12 bits, shall be included in this modem. 
Figure I-2/V .27 ter shows a suitable logical arrangem ent (see Note). The scram bler/descram bler is the sam e as that
in R ecom m endation V.27 with the addition o f circuitry to guard against repeating patterns of 8 bits.

Note — Figures I-1/V.27 ter and I-2/V .27 ter are given as an indication only, since with another technique 
these logical arrangem ents might take another form.

At the transm itter the scram bler shall effectively divide the message polynom ial, o f which the input data
sequence represents the coefficients in descending order, by the scram bler generating polynom ial to generate the 
transm itted  sequence, and at the receiver the received polynom ial, o f which the received data sequence represents 
the coefficients in descending order, shall be m ultiplied by the scram bler generating polynom ial to recover the 
message sequence.

10 It will be up to the user to decide whether, in view o f the connection he makes with this system, he will 
have to request that the data circuits-term inating equipm ent be equipped with facilities for disabling echo 
suppressors. The in ternational characteristics o f the echo suppressor tone disabler have been standardized by the 
C C IT T  (R ecom m endation G.164 [3]) and the disabling tone should have the following characteristics:

— disabling tone transm itted: 2100 ±  15 Hz at a level o f —12 ±  6 dBmO;

— the disabling  tone to last at least 400 m s; the tone disabler should hold in the disabled m ode for any
signal frequency sinusoid in the band  from  390-700 Hz having a level o f —27 dBmO or greater, and
from  the band  700-3000 Hz having a level o f —31 dBmO or greater; the tone disabler should release 
for any signal in the band  from  200-3400 Hz having a level o f —36 dBmO or less;

— the tolerable in terrup tions by the data signal to  last no t m ore than  100 ms.

11 The follow ing inform ation is provided to  assist equipm ent m anufacturers:

The data m odem  should have no adjustm ent for send level or receive sensitivity under the control o f the 
operator.

At 4800 bits per second operation , the transm itter energy spectrum  shall be shaped in such a way that 
w hen continuous data O N Es are applied to the input o f the scram bler, the resulting transm itted spectrum  shall 
have a substantially  linear phase characteristic over the band  o f 1100 Hz to 2500 Hz.

At 2400 bits per second operation, the transm itter energy spectrum  shall be shaped in such a way that 
when continuous data O N Es are applied to the input o f the scram bler, the resulting transm itted  spectrum  shall 
have a substantially  linear phase characteristic over the band  o f 1300 Hz to 2300 Hz.

APPEN D IX  I 

(to R ecom m endation V.27 ter)

A two-phase equalizer training generator for 4800 b it/s

R apid  convergence for the equalizer with the least am ount o f circuitry is m ore readily accom plished by 
sending only an in-phase or out-of-phase carrier during training. This im plies that the only trib its sent to the 
m odulator will be 001 (0° phase) or 111 (180° phase). Refer to Figure I-1 /V .27 ter for circuitry to generate the 
sequence and  Figure I-3/V.27 ter for tim ing the sequence.
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Let T l be a tim ing signal equal to  1600 Hz (symbol clock), that is true  (high) for one 4800-Hz period , and 
low for tw o 4800-Hz clock periods. T2 is the inversion o f T l.

D uring T l,  select the inpu t to  the scram bler, during T2 select the first stage o f the scram bler. D uring  the 
period when T2 is high, C forces the ou tpu t high. This may be accom plished by circuitry shown in Figure 1-2/ 
V.27 ter.

If  T l is forced continually  high and  T2 is forced continually  low, norm al operation  is restored.

In order to ensure consistent train ing, the same pattern should always be sent. To accom plish this, the data  
input to the scram bler should be in m ark hold during the training, and  the First seven stages o f the scram bler 
should be loaded with 0011110 (right-hand-m ost first in tim e) on the first coincidence on T l and the signal that 
will cause the m ute should be rem oved from  the transm itter output. [Generally this signal will be Request To S end  
(RTS).]

This particu lar starting po in t was chosen in order to ensure a pattern  tha t has continuous 180° phase 
reversals at the beginning in order to ensure rapid  clock acquisition, follow ed by a pattern  that will ensure rap id  
equalizer convergence.

W ithin eight symbol intervals p rio r to the ON condition  o f R eady For Sending  (RFS), the scram bler 
should be switched to norm al opera tion , keeping the scram bler in m ark hold  until RFS to synchronize the 
descram bler.

Note — At 2400 bits per second, a sim ilar technique m ay be used w ith app rop ria te  clocking changes, as 
shown in Table I-1/V .27 ter.

TABLE 1-1 /V .27  ter

Segment 4 Segment 5

Clock ® 3600 Hz 2400 Hz

Clock (M) 1200 Hz 1200 Hz
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N ote 1 -  The dotted line encloses the V.27 scrambler.

N ote 2 -  Shaded rectangle is for guarding against 8 -bit repeating pattern.

N ote 3 -  (H) is 3 times baud rate clock.

N ote  4 -  (M) is baud rate clock (1600 Hz).

N ote 5 -  Diagrams shown with positive logic.

N ote 6 -  Signals ( c )  and ( s )  are identified only to correlate with Figure I-3/V.27ter.

FIGURE 1-1 /V .27  ter 

An example of sequence generator and scrambler circuitry for 4800 bit/s
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: = E >

si

s2 a —

t -c
s3 a —

s4

J Q

K Q

a b si s2 s3 s4

1 0 1 1 0 0
1 1 0 0 1 0
0 0 1 0 0 1
0 1 1 1 0 1

ij ‘o*1
J * a Q * a
K = a

N ote 1 -  Shaded rectangle is for guarding against 8 -bit repeating pattern.

N ote 2 -  (H) represents clock signal. The negative going transition is the active transition.

N ote 3 -  There is a delay time due to physical circuits between a negative going transition o f a (h )  and the end of the “0 ” state 
represented by ta on the non-reset wire; therefore the first coincidence between bit 0 and bit 8  or bit 9 or bit 12 is not taken into 
account by the counter.

FIGURE 1-2/V .27 ter 

An example of descrambler circuitry
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Bit rate  clock ® “LTLTLTLTL o o o o -TLTLTLT
Baud rate  clock ® J I____ I I____I L r~i r

Tribit fram e 1 1 4 S -

Tl

T2

©
Load en ab le

S y n c , signal 
se q u e n c e

R e lease
P re se t 
an d  hold

C o n tin u o u s 1 8 0 °  
p h a s e  rev e rsa ls  

 # -------------------
T w o  p h a se

< (-

S cram b ler S cram b led  
u se r  d a ta

RTS

RFS

©
FIGURE I-3/V.27ter  

Synchronizing signal sequence for 4800 bit/s (see Figure l - l / V . 2 7  ter)

CCITT-2 8 3 9 0

References

[1] D ata communication — 25-pin D T E /D C E  interface connector and pin assignments, ISO S tandard  2110 —
1980.

[2] Data communication — 37-pin and 9-pin D T E /D C E  interface connectors and pin assignments, ISO S tandard
4902-1980.

[3] C C IT T  R ecom m endation Echo suppressors, Vol. I l l ,  Fascicle I I I .l ,  Rec. G.164.
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Recommendation V.28

ELECTRICAL CHARACTERISTICS FOR UNBALANCED  
DOUBLE-CURRENT INTERCHANGE CIRCUITS

(Geneva, 1972; am ended at Geneva, 1980)

1 Scope

The electrical characteristics specified in this R ecom m endation apply  generally to in terchange circuits 
operating with data  signalling rates below the lim it o f 20 000 bits per second.

below.

Interchange equivalent circuit

Figure 1/V.28 shows the interchange equivalent circuit with the electrical param eters, which are defined

This equivalent circuit is independent o f w hether the generator is located in the da ta  circuit-term inating  
equipm ent and the load in the data term inal equipm ent or vice versa.

G enerator
Interchange po in t

Load

Interchange circuit

or com m on return 
(Circuit 102 or 201) CCITT-43641

Vo is the open-circuit generator voltage.
R0 is the total effective d.c. resistance associated with the generator, measured at the interchange point.
Co is the total effective capacitance associated with the generator, measured at the interchange point.
V\ is the voltage at the interchange point with respect to signal ground or common return.
Cl is the total effective capacitance associated with the load, measured at the interchange point.
R l  is the total effective d.c. resistance associated with the load, measured at the interchange point.
E l is the open-circuit load voltage (bias).

FIGURE 1/V.28  

Interchange equivalent circuit

The im pedance associated with the generator (load) includes any cable im pedance on the generator (load) 
side o f the interchange point.

The equipm ent at both sides of the interface may im plem ent generators as well as receivers in any 
com bination.

For data  transm ission applications, it is com m only accepted tha t the interface cabling is provided by the 
DTE. This introduces the line o f dem arcation  between the D TE plus cable and the DCE. This line is also called 
the interchange poin t and  is physically im plem ented in the form  of a connector. The app lica tions also require 
in terchange circuits in both directions. This leads to an illustration as shown in Figure 2/V.28.
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(Connector)

N ote 1 -  Signal ground may be further connected to external protective ground if national regulations require.

N ote 2 -  For data transmission over telephone-type facilities, ISO has specified a 25-pin connector and pin assignments in accordance 
with ISO 2110 [1].

FIGURE 2/V .28  

Practical representation of the interface

3 Load

The test conditions for m easuring the load im pedance are shown in Figure 3/V.28.

The im pedance on the load side o f an interchange circuit shall have a d.c. resistance ( R L) neither less than 
3000 ohm s nor m ore than 7000 ohms. W ith an applied  voltage (£,„), 3 to  15 volts in m agnitude, the m easured 
in p u t current (7) shall be within the follow ing limits:

E m ± E L max.
., max. ~

R l max., min.

The open-circuit load voltage ( Et ) shall not exceed 2 volts.

* N ote  -  The internal resistance of the ammeter shall be much less than the load resistance (R l)•

FIGURE 3/V .28  

Equivalent test circuit
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The effective shunt capacitance (C z ) o f the load, m easured at the in terchange poin t, shall no t exceed 
2500 picofarads.

To avoid inducing voltage surges on interchange circuits the reactive com ponen t o f the load im pedance 
shall not be inductive.

Note  -  This is subject to further study.

The load on an interchange circuit shall not prejudice continuous opera tion  with any inpu t signals w ithin 
the voltage lim its specified in § 4. below.

4 Generator

The generator on an interchange circuit shall w ithstand an open circuit and  a short circuit between itself 
and any other interchange circuit (including generators and loads) w ithout sustain ing dam age to itself or its 
associated equipm ent.

The open circuit generator voltage (F 0) on any interchange circuit shall not exceed 25 volts in m agnitude. 
The im pedance (R q and C0) on the generator side o f an interchange circuit is no t specified; how ever, the
com bination  o f V0 and R$ shall be selected so tha t a short circuit between any two in terchange circuits shall no t
result in any case in a current in excess o f one-ha lf am pere.

A dditionally , when the load open-circuit voltage ( EL) is zero, the voltage ( F,) at the in terchange poin t 
shall no t be less than 5 volts and  not m ore than  15 volts in m agnitude (either positive or negative polarity), for 
any load resistance ( R L) in the range between 3000 ohm s and 7000 ohms.

The effective shunt capacitance (C0) at the generator side o f  an in terchange circuit is no t specified. 
However, in addition  to any load resistance ( R L) the generator shall be capable o f  d riv ing all o f the capacitance 
at the generator side (C0), plus a load capacitance ( Q )  o f 2500 picofarads.

Note  — Relay or switch contacts m ay be used to generate signals on an  in terchange circuit, with
appropria te  m easures to ensure that signals so generated com ply with the applicab le clauses o f § 6 below.

5 Significant levels ( F,)

For data interchange circuits, the signal shall be considered in the b inary  1 condition  when the voltage (F ,)
on the in terchange circuit m easured at the in terchange po in t is more negative than  m inus 3 volts. The signal shall
be considered in the b inary 0 condition  when the voltage (F ,) is m ore positive than  plus 3 volts.

For control and tim ing interchange circuits, the circuit shall be considered O N  when the voltage ( F,) on
the in terchange circuit is m ore positive than plus 3 volts, and shall be considered O F F  when the voltage ( F,) is
more negative than m inus 3 volts (see Table 1/V.28).

TABLE 1/V.28  

Correlation table

Fi <  — 3 volts V\ >  + 3 volts

1 0

OFF ON

Note — In certain countries, in the case o f direct connection to d.c. telegraph-type circuits only, the 
voltage polarities in Table 1/V.28 may be reversed.

The region between plus 3 volts and m inus 3 volts is defined as the transition  region. For an exception to 
this, see § 7 below.
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The following lim itations to the characteristics o f  signals transm itted  across the interchange point, 
exclusive o f external interference, shall be met at the in terchange point when the interchange circuit is loaded with 
any receiving circuit which meets the characteristics specified in § 3 above.

These lim itations apply to all (data, control and tim ing) interchange signals unless otherw ise specified.

1) All interchange signals entering into the transition  region shall proceed through this region to the 
opposite signal state and shall not re-enter this region until the next significant change o f signal 
condition, except as indicated in 6) below.

2) There shall be no reversal o f the direction o f voltage change while the signal is in the transition 
region, except as indicated in 6) below.

3) For control in terchange circuits, the tim e required for the signal to pass th rough the transition  region 
during a change in state shall not exceed one m illisecond.

4) For data and tim ing interchange circuits, the tim e required for the signal to pass through the 
transition  region during a change in state shall not exceed 1 m illisecond or 3 per cent o f the nom inal 
element period on the interchange circuit, whichever is the less.

5) To reduce crosstalk between interchange circuits the m axim um  instantaneous rate o f voltage change 
will be limited. A provisional lim it will be 30 volts per m icrosecond.

6) When electrom echanical devices are used on in terchange circuits, points 1) and  2) above do not apply 
to data interchange circuits.

6 Signal characteristics

7 Detection of generator power-off or circuit failure

C ertain applications require detection o f various fault conditions in the interchange circuits, e.g.:

1) generator pow er-off condition ;

2) receiver not interconnected with a generator;

3) open-circuited interconnecting cable;

4) short-circuited in terconnecting cable.

The pow er-off im pedance o f the generator side o f these circuits shall not be less than  300 ohm s when 
m easured with an applied  voltage (either positive or negative polarity) not greater than 2 volts in m agnitude 
referenced to  signal ground or com m on return.

The interpretation  o f a fault condition by a receiver (or load) is application  dependent. Each application 
m ay use a com bination o f the following classification:

Type 0: No interpretation . A receiver or load does not have detection capability.

Type 1: D ata circuits assum e a binary 1 state. C ontrol and tim ing circuits assum e an O F F  condition.

The association o f the circuit failure detection to particu lar interchange circuits in accordance with the
above types is a m atter o f the functional and procedural characteristics specification o f the interface.

The interchange circuits m onitoring circuit fault conditions in the general telephone netw ork interfaces are 
indicated in R ecom m endation V.24.

Reference

[1] Data communication — 25-pin D T E /D C E  interface connector and pin assignments, ISO S tandard  2110-1980.
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Recommendation V.29

9600 BITS PER SECOND M ODEM  STANDARDIZED FOR USE ON  
POINT-TO-POINT 4-WIRE LEASED TELEPHONE-TYPE CIRCUITS

(Geneva, 1976; am ended at Geneva, 1980)

1 Introduction

This m odem  is intended to be used prim arily  on special quality  leased circuits, e.g. R ecom m enda
tion M.1020 [1] or M.1025 [2] circuits but this does not preclude the use o f this m odem  over circuits o f lower 
quality at the discretion o f the A dm inistration  concerned (see N otes 1 and  2).

On leased circuits, considering that there exist and will com e into being m any m odem s with features 
designed to meet the requirem ents o f the A dm inistrations and  users, this R ecom m endation in no way restricts the 
use o f any other modems.

The principal characteristics o f this recom m ended m odem  for transm itting  data at 9600 bits per second on 
leased circuits are as follows:

a) fallback rates o f 7200 and  4800 bits per second;

b) capable o f operating  in a duplex or half-duplex m ode with continuous or contro lled  carrier;

c) com bined am plitude and phase m odulation  with synchronous m ode o f opera tion ;

d) inclusion o f an autom atic adaptive equalizer;

e) optional inclusion o f a m ultiplexer for com bining data rates o f 7200, 4800 and  2400 bits per second
(see N ote 3).

Note 1 — The principal use o f this recom m ended m odem  is on 4-wire leased circuits. O ther applications, 
such as stand-by operation  on the switched netw ork, should be points for fu rther study.

The types o f special quality circuits, e.g. M.1020 [1] or M.1025 [2] should be studied.

Note 2 — The values o f some circuit characteristics, for exam ple, noise and  non linear d istortion , are 
subject to further study.

Note 3 — W hen the m ultiplexer op tion  is installed, provisions in § 12 m ay supersede provisions given in 
other sections.

2 Line signals

2.1 The carrier frequency is to be 1700 ±  1 Hz. No separate pilot frequencies are provided. The pow er levels
used will conform  to R ecom m endation V.2.

2.2 Signal space coding

2.2.1 At 9600 bits per second, the scram bled data stream  to be transm itted  is divided into groups o f four 
consecutive data bits (quadbits). The first bit (Q l) in tim e o f each quadbit is used to determ ine the signal elem ent 
am plitude to be transm itted. The second (Q2), th ird  (Q3) and fourth (Q4) bits are encoded as a phase change 
relative to the phase o f the im m ediately preceding elem ent (see Table 1/V.29). The phase encoding is identical to 
R ecom m endation V.27.

The relative am plitude o f the transm itted signal elem ent is determ ined by the first bit (Q l) o f the quadb it 
and the absolute phase o f the signal elem ent (see Table 2/V.29). The absolute phase is initially established by the 
synchronizing signal as explained in § 8 below.

Figure 1/V.29 shows the absolute phase diagram  of transm itted signal elem ents at 9600 bits per second.

At the receiver the quadbits are decoded and the data bits are reassem bled in correct order.
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TABLE 1 /V .29

Q2 Q3 Q4 Phase change 
(see Note)

0 0 1 0 °
0 0 0 4 5 °
0 ! 0 90°
0 1 1 135°
1 ' 1 1 180°
1 1 0 225°
1 0 0 270°
1 0 1 315°

N ote  -  The phase change is the actual on-line phase shift in the transition 
region from the centre of one signalling element to the centre of the 
following signalling element.

TABLE 2 /V.29

Absolute phase Ql
Relative signal 

element amplitude

0°, 90°, 180°, 270° 0 3

l 5

45°, 135°, 225°, 315° 0 ir r

1 3

90°
5

135° 45°

\  3

1 A
\ J  3 'I

225° 315°

270°
CCITT-3 4 5 0 0

FIGURE 1/V.29  

Signal space diagram at 9600 bit/s
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2.2.2 At the fallback rate o f 7200 bits per second, the scram bled data stream  to be transm itted  is divided in to  
groups of three consecutive data bits. The first data  bit in tim e determ ines Q2 o f the m odu la to r quadbit. The 
second and th ird  data bits determ ine Q3 and Q4 respectively o f the m odula to r quadbit. Q l o f the m odula to r 
quadbit is a data ZE R O  for each signal element. Signal elem ents are determ ined  in accordance w ith § 2.2.1 above. 
Figure 2/V.29 shows the absolute phase diagram  o f the transm itted  signal elem ents at 7200 bits per second.

FIGURE 2/V .29  

Signal space diagram at 7200 bit/s

2.2.3 At the fallback rate o f 4800 bits per second (see Table 3/V .29), the scram bled da ta  stream  to be 
transm itted  is divided into groups o f two consecutive da ta  bits. The first da ta  bit in tim e determ ines Q2 o f the 
m odulator quadbit and  the second data  bit determ ines Q3 o f the m odula to r quadbit. Q l o f the m odu la to r quadb it 
is a da ta  ZER O  for each signal element. Q4 is determ ined by inverting the m odulo  2 sum o f Q2 +  Q3. The signal 
elem ent is then determ ined in accordance with § 2.2.1 above. Figure 3 / V.29 shows the absolute phase diagram  o f 
transm itted signal elements at 4800 bits per second.

The phase changes are identical with R ecom m endation V.26 (alternative A) and the am plitude is constan t 
w ith a relative value o f 3.

TABLE 3/V .29

Data bits
Ql Q2

Quabits

Q3 Q4 Phase change

0  0 0 0 0 1 0 °

0  1 0 0 1 0 90°

1 1 0 1 1 1 180°

1 . o 0 1 0 0 270°

Fascicle VIII.1 -  Rec. V.29 167



180s- 0s Absolute

270° CCITT-34520

FIGURE 3/V.29 

Signal space diagram at 4800 bit/s

3 Data signalling and modulation rates

The data signalling rates shall be 9600, 7200 and  4800 bits per second ±  0.01%. The m odulation  rate is 
2400 bauds ±  0.01%.

4 Received signal frequency tolerance

The carrier frequency to lerance allow ance at the transm itter is ±  1 Hz. Assum ing a m axim um  frequency 
d rift o f ±  6 Hz in the connection between the m odem s, then the receiver m ust be able to accept errors o f at least 
±  7 Hz in the received signal frequency.

5 Interchange circuits

5.1 List o f  interchange circuits (Table 4/V .29)

5.2 Threshold and response times o f  circuit 109

5.2.1 Threshold

— greater than —26 dBm : circuit 109 ON.

— less than —31 dBm : circuit 109 OFF.

The condition o f circuit 109 for levels between - 2 6  dBm and —31 dBm is not specified except that the 
signal detector shall exhibit a hysteresis action, such that the level at which the O FF  to ON transition  occurs is at 
least 2 dB greater than that for the ON to O FF  transition.

5.2.2 Response times

-  ON to O FF: 30 ±  9 ms;

-  O FF  to O N :

1) for initial equalization, circuit 109 must be ON prior to user data appearing on circuit 104;
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TABLE 4 /V . 29

Interchange circuit (see Note 1)

No. Designation

1 0 2 Signal ground or common return
1 0 2 a DTE common return

(see Note 2)
1 0 2 b DCE common return

(see Note 2)
103 Transmitted data
104 Received data
105 Request to send

(see Note 3)
106 Ready for sending
107 Data set ready
109 Data channel received line signal detector
1 1 1 Data signalling rate selector (DTE source)

(see Note 4)
113 Transmitter signal element timing (DTE source)
114 Transmitter signal element timing (DCE source)
115 Receiver signal element timing (DCE source)
140 Loopback /  Maintenance test

(see Note 5)
141 Local loopback

(see Note 5)
142 Test indicator

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements o f Recommendation V.24. All interchange circuits provided shall be properly terminated in the data terminal equipment 
and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical characteristics 
(see § 6 ).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.

N ote 3 — Not essential for continuous carrier operation.

N ote 4 -  A  manual selector shall be implemented which determines the two data signalling rates selected by circuit 111. The manual 
selector positions shall be designated 9600/7200, 9600/4800 and 7200/4800. The ON condition of circuit 111 selects the higher data 
signalling rate and the OFF condition o f circuit 111 selects the lower data signalling rate.

N ote 5 -  Interchange circuits 140 and 141 are optional.

2) for re-equalization during data transfer, circuit 109 will be m ain ta ined  in the O N  cond ition ; 
during this period, circuit 104 may be clam ped to the b inary  1 cond ition ;

3) after a line signal in terrup tion  tha t lasts m ore than the O N  to O F F  response tim e:

a) when no new equalization is needed, 15 ±  10 ms,

b) when a new equalization is needed, circuit 109 m ust be O N  prio r to  user da ta  appearing  on
circuit 104.

Response times o f circuit 109 are the tim es that elapse between the connection  o r rem oval o f  a line signal 
to o r from  the m odem  receive line term inals and  the appearance o f the corresponding  O N  or O F F  condition  on 
circuit 109.

Note — C ircuit 109 ON to O FF  response tim e should be suitably chosen w ithin the specified lim its to 
ensure that all valid data bits have appeared  on circuit 104.

5.3 Response time fo r  circuit 106

The tim e between the O F F  to ON  transition  o f circuit 105 and  the O F F  to O N  transition  o f circuit 106
shall be optionally  15 ms ±  5 ms or 253.5 ms ±  0.5 ms.
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The short delay is used when circuit 105 does not control the transm itter carrier. The long delay is used 
when circuit 105 controls transm itter carrier and a synchronizing signal is initiated by the O FF  to ON transition 
o f  circuit 105.

The tim e between the O N  to O F F  transition  o f circuit 105 and  the ON to O FF  transition  o f circuit 106 
shall be suitably chosen to ensure that all valid signal elem ents have been transm itted.

5.4 ta u lt  condition oj interchange circuits

(See R ecom m endations V.10, § 11 and  V .l l ,  § 9  and  V.28, § 7  for association o f the receiver failure 
detection types.)

5.4.1 The D TE should in terpret a fault condition  on circuit 107 as an O FF  condition  using failure detection 
type 1.

5.4.2 The D C E should in terpret a fault condition on circuits 105 and 108 as an O F F  condition  using failure 
detection type 1.

5.4.3 All other circuits not referred to above may use failure detection type 0 or 1.

6 Electrical characteristics of interchange circuits

6.1 Use o f electrical characteristics conform ing to R ecom m endation V.28 is recom m ended together with the
connector pin assignm ent plan specified by ISO 2110 [3].

6.2 A pplication o f electrical characteristics conform ing to Recom m endations V.10 and  V .ll is recognized as an 
a lternative together with the use o f the connectors and  pin assignm ent plan specified by ISO 4902 [4].

i) C oncerning circuits 103, 104, 105 (where used), 106, 107, 109, 113, 114 and  115, the receivers shall be 
in accordance with R ecom m endation V .ll or alternatively R ecom m endation V.10, category 1. E ither 
V.10 or V .ll generators may be utilized.

ii) In the case o f circuits 111, 140, 141 and 142, R ecom m endation V.10 applies with receivers configured 
as specified by R ecom m endation V.10 for category 2.

iii) Interw orking between equipm ent applying R ecom m endation V.10 and  equipm ent applying R ecom 
m endation V.28 is allow ed on a non-interference basis. The onus for adap ta tion  to V.28 equipm ent
rests solely with the alternative V.10 equipm ent.

Note — M anufacturers may wish to note that the long-term  objective is to replace electrical characteristics 
specified in R ecom m endation V.28, and Study G roup  XVII has agreed that the work shall proceed to develop a 
m ore efficient all balanced interface for the V-Series application  which minim izes the num ber o f interchange 
circuits. It is expected tha t this work w ould be based upon  the alternative application  given in § 6.2 above 
utilizing the V .ll electrical characteristics.

7 Timing arrangements

Clocks should be included in the m odem  to provide the data term inal equipm ent with transm itter signal 
elem ent tim ing, circuit 114, and receiver signal elem ent tim ing, circuit 115. In this arrangem ent, the transm itter 
m ay either run as an independent tim ing source or with loopback tim ing (transm it tim ing slaved to receive 
tim ing). Loopback tim ing may be desirable in some netw ork applications. A lternatively, the transm itter signal 
elem ent tim ing may be originated in the data term inal equipm ent and be transferred  to the m odem  via interchange 
circuit 113.

8 Synchronizing signals

Transm ission o f synchronizing signals may be initiated by the m odem  or by the associated data  term inal 
equipm ent. When circuit 105 is used to control the transm itter carrier the synchronizing signals are generated 
during the interval between the O FF  to ON transition  o f circuit 105 and the O F F  to ON transition  o f circuit 106. 
W hen the receiving modem  detects a circuit condition which requires resynchronizing, it shall turn  circuit 106 
O F F  and generate a synchronizing signal.

The synchronizing signals for all data  signalling rates are divided into four segments as in Table 5/V.29.
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TABLE 5 /V . 29

Segment 1 Segment 2 Segment 3 Segment 4
Total of 
Segments 

1, 2, 3 and 4

Type of line signal No transmitted 
energy Alternations

Equalizer
conditioning

pattern

Scrambled 
all binary 

ONEs

Total
synchronizing

signal

Number of 
symbol intervals 48 128 384 48 608

Approximate 
time in ms a) 2 0 53 160 2 0 253

a) Approximate times are provided for information only. The segment duration is determined by the exact number o f symbol intervals.

8.1 Segment 2 o f the synchronizing signal consists o f alterations between two signal elem ents. The first signal 
elem ent (A) transm itted  has a relative am plitude o f 3 and defines the absolute phase reference o f 180°. The second 
signal elem ent (B) transm itted  depends on the data  signalling rate. F igure 4/V .29 shows the B signal elem ent at 
each o f the data  signalling rates. Segment 2 alternates ABAB...ABAB for 128 sym bol intervals.

0(9600)• D (4800)

D(7200)• •

A C
•

*B(7200)

• 8(4800) B (9600) •

• 0® A b so lu te

CCITT-34530

FIGURE 4/V .29  

Signal space diagram showing synchronizing signal points

8.2 Segment 3 of the synchronizing signals transm its two signal elem ents according to an  equalizer condition  
pattern. The first signal elem ent (C) has a relative am plitude o f 3 and  absolute phase o f 0°. The second signal 
elem ent (D) transm itted  depends on the data signalling rate. Figure 4/V .29 shows the D signal elem ent at each o f 
the data  signalling rates. The equalizer conditioning pattern  is a pseudo-random  sequence generated by the 
polynom ial:

1 +  x" 6 +  x ~ \
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Each tim e the pseudo-random  sequence contains a ZER O , poin t C is transm itted. Each tim e the 
pseudo-random  sequence contains a O N E, the po in t D is transm itted. Segment 3 begins with the 
sequence C D C D C D C .... according to the pseudo-random  sequence and  continues for 384 symbol intervals. The 
detailed pseudo-random  sequence generation is described in A ppendix I.

8.3 Segment 4 com m ences transm ission according to the encoding described in § 2.2 above with continuous 
b inary  O N Es applied  to the input o f the data scram bler. Segment 4 duration  is 48 symbol intervals. At the end of 
Segm ent 4, circuit 106 is tu rned  ON and user data are applied  to the input o f the data scram bler.

9 Scram bler

A self-synchronizing scram bler/descram bler having the generating polynom ial 1 +  x -18 +  x -23, shall be 
included in the modem.

At the transm itter the scram bler shall effectively divide the message polynom ial, o f which the input data 
sequence represents the coefficients in descending order, by the scram bler generating polynom ial to generate the 
transm itted  sequence. At the receiver the received polynom ial, o f which the received data sequence represents the 
coefficients in descending order, shall be m ultiplied by the scram bler generating polynom ial to recover the 
m essage sequence.

The detailed scram bling and descram bling processes are described in A ppendix II.

10 Equalizer

An autom atic adaptive equalizer shall be provided in the receiver.

The receiver shall incorporate  a m eans o f detecting loss o f equalization and  in itiating a synchronizing 
signal sequence in its associated local transm itter.

The receiver shall incorporate a m eans o f detecting a synchronizing signal sequence from  the rem ote 
transm itte r and in itiating a synchronizing signal sequence in its associated local transm itter, which may be 
in itiated  at any tim e during the reception o f the synchronizing signal sequence, regardless o f the state o f 
circuit 105.

E ither m odem  can initiate the synchronizing signal sequence. The synchronizing signal is initiated when 
the receiver has detected a loss o f equalization or when circuit 105 O FF  to ON transition  occurs in the carrier 
contro lled  mode, as described in § 5.3. above. H aving initiated a synchronizing signal, the m odem  expects a 
synchronizing signal from  the rem ote transm itter.

If  the m odem  does not receive a synchronizing signal from  the rem ote transm itter w ithin a tim e interval 
equal to the m axim um  expected two-way propagation  delay, it transm its another synchronizing signal. A tim e 
interval o f 1.2 seconds is recom m ended.

If the m odem  fails to synchronize on the received signal sequence, it transm its ano ther synchronizing
signal.

If  a modem  receives a synchronizing signal when it had not initiated a synchronizing signal and the 
receiver properly synchronizes, it returns only one synchronizing sequence.

11 The following inform ation is provided to assist equipm ent m anufacturers:

— The data modem  should have no adjustm ent for send level or receive sensitivity under the control of 
the operator.

— The transm itter energy spectrum  shall be shaped in such a way that with continuous b inary O N Es 
applied to the input o f the scram bler the resulting transm itted  spectrum  shall have a substantially 
linear phase characteristic over the band  o f 700 Hz to 2700 Hz and  the energy density at 500 Hz and 
2900 Hz shall be attenuated  4.5 dB ±  2.5 dB with respect to the m axim um  energy density between 
500 Hz and 2900 Hz.
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12 M ultiplexing (See Table 6/V .29)

A m ultiplexing op tion  may be included to com bine 7200, 4800 and  2400 bits per second d a ta  subchannels 
into a single aggregate bit stream  for transm ission. Identification of the individual da ta  subchannels is accom 
plished by assignm ent to the m odulator quadbit as defined in § 2.2 above.

TABLE 6 /V . 29

Aggregate Multiplex Sub-channel Multiplex
Modulator bits

data rate configuration data rate channel
Ql Q2 Q3 Q4

9600 bit/s 1 9600 A X X X X

2
7200
2400

A
B

X X X
X

3 4800
4800

A
B

X
X

X
X

4
4800
2400
2400

A
B
C

X
X

X

X

5

2400
2400
2400
2400

A
B
C
D

X
X

X
X

7200 bit/s 6 7200 A X X X

7 4800
2400

A
B

X X
X

8

2400
2400
2400

A
B
C

X
X

X

4800 bit/s 9 4800 A X X

1 0
2400
2400

A
B

X
X

N ote  -  When more than one modulator bit is assigned to a sub-channel, the first bit in time of the sub-channel is assigned to the 
first bit in time (Q l) of the modulator.
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12.1 List o f  interchange circuits concerned with multiplexer ports

TABLE 7/V .29

Interchange circuits (see Note 1)

Port A Ports B, C, D
No. Designation

1 0 2 Signal ground or common return ............................................................ X X
1 0 2 a DTE common return.................................................................................. X X

(see Note 2) (see Note 2)
1 0 2 b DCE common return.................................................................................. X X

(see Note 2) (see Note 2)
103 Transmitted data ........................................................................................ X X
104 Received data ............................................................................................... X X
105 Request to send ............................................................................................ X X

(see Note 3) (see Note 3)
106 Ready for sending........................................................................................ X X

(see Note 4) (see Note 4)
107 Data set ready............................................................................................... X X
109 Data channel received line signal detector............................................. X X
1 1 1 Data signalling rate selector (DTE source)............................................. X

(see Note 5)
113 Transmitter signal element timing (DTE source) ................................ X X
114 Transmitter signal element timing (DCE source) ................................ X X
115 Receiver signal element timing (DCE sou rce)....................................... X X
140 Loopback /  Maintenance te s t ................................................................... X X

(see Note 6 ) (see Note 6 )
141 Local loopback............................................................................................ X

* (see Notes 6  and 7)
142 Test indicator .............................................................................................. X X

(see Note 8 ) (see Note 8 )

N ote 1 -  All essential interchange circuits and any others which are provided shall comply with the functional and operational 
requirements of Recommendation V.24. All interchange circuits indicated by X shall be properly terminated in the data terminal 
equipment and in the data circuit-terminating equipment in accordance with the appropriate recommendation for electrical 
characteristics (see § 6 ).

N ote 2 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10 
are used.

N ote 3 -  Circuit 105 is not necessary for continuous carrier transmission. The transmitted line signal will not be controlled by this
interchange circuit. If needed, circuit 105 (when the multiplexer is present) is used to control circuit 109 at the remote DCE.
See § 12.4 below.

N ote 4 -  During the synchronization process o f the main DCE the OFF condition of circuit 106 is signalled at all port interfaces.

N ote 5 -  Circuit 111 is optionally present on Port A. If present, circuit 111 is activated in multiplexer configurations 1, 6  and 9
in the same way as if no multiplexer were present.

N ote 6 -  Circuits 140 and 141 are optional.

N ote 7 -  Circuit 141 is present only on Port A. When used in multiplexer configurations other than configurations 1, 6  or 9,
the looping occurs on all ports.

N ote 8 -  Circuit 142 is present on all ports o f the multiplexer, but may be activated on an individual port basis for individual
port tests. All are activated simultaneously for entire DCE tests.

12.2 Transmit buffers

In the transm itter o f each m ultiplexer port, there shall be a data buffer o f suitable capacity. In this way, 
bo th , phase variations and, w ithin certain limits, frequency deviations are absorbed. The buffer shall be initialized 
when the O FF  to ON transition  o f circuit 105 occurs and m ay be repositioned in the event o f the buffer overflow.
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Note — The buffer may be initialized upon the D CE sending a synchronizing signal.

12.3 Transmit port tim ing arrangements

Table 8/V .29 shows all possible com binations o f port and main D C E transm it tim ing clock arrangem ents.

TABLE 8 /V.29

Source of port: transmitter signal 
element timing (used to clock in 

circuit 103)

Source o f DCE: internal transmitter 
element timing (internal transmit clock) Port transmit buffer

Internal
(Independent timing) Not required

114 (DCE source) External a)
(Circuit 113 of selected port) Not required

Receiver timing 
(Loopback timing) Not required

Internal
(Independent timing) Required

113 (DTE a) source) External a*
(Circuit 113 of selected port)

Required for all ports except port 
supplying circuit 113 to DCE

Receiver timing 
(Loopback timing) Required

a) In these applications a source could also be another DCE.

12.4 Port sim ulated circuit 105 to circuit 109 operation (optional)

W hen im plem ented, sim ulated circuit 105 to circuit 109 operation  shall be p rovided  on an individual po rt 
basis, non-in terruptive to other ports. This operation  shall com m unicate circuit 105 status at the transm itter to 
circuit 109 status at the receiver as may be required in som e applications. The entire D C E  shall operate in a 
continuous carrier m ode in this case. A ccom plishm ent o f this operation  shall be by m eans o f in -data signalling 
techniques, o f which details are subject to future study.

12.5 Response times fo r  circuit 106

Circuit 105 to circuit 106 delays on individual ports o f the m ultiplexer are no t necessarily those specified 
in § 5.3. O ther suitable delays may be needed to handle sim ulated circuit 105 to circuit 109 operations. The delays 
required in these cases are subject to further study.

APPENDIX I 

(to R ecom m endation V.29)

Details of the pseudo-random sequence generator

The equalizer conditioning pattern  is determ ined by a pseudo-random  sequence generated by the 
polynom ial 1 +  x -6 +  x -7 . Figure I-1/V .29 shows a suitable im plem entation.
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c c it t -34541  sequence

FIGURE I - l /V .29

The initial condition o f the generator is 0101010. The generator clock is at the symbol rate (2400 symbols 
per second). The first four conditions o f the generator are:

— initial condition: 0101010

— after first shift: 1010101

— after second shift: 1101010

— after th ird  shift: 1110101

A PPEN D IX  II 

(to R ecom m endation V.29)

Detailed scrambling and descrambling process

11.1 Scrambling

The message polynom ial is divided by the generating polynom ial 1 +  x “ 18 +  x ~ 23 (see Figure II-1/V .29). 
The coefficients o f the quotient o f this division taken in descending order form the data  sequence to be 
transm itted . In order to  ensure that p roper starting sequence is generated, the shift register is fed with “0” during 
segm ents 1, 2 and 3. D uring segment 4 and norm al data  transm ission it is fed with scram bled data Ds (input 
data  Dj being “ 1” during segment 4).

Ds = Dj + Ds* - ' 8 + Dsx~23

FIGURE I I - l/V .29
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The polynom ial represented by the received sequence is m ultiplied by the generating  polynom ial 
(Figure II-2/V .29) to form the recovered message polynom ial. The coefficients o f the recovered po lynom ial, taken 
in descending order, form the ou tpu t data sequence D0.

D0 =  Di =  D s (1 +  x ~ 18 +  x - 23)

11.2 Descrambling

FIGURE II-2/V. 29

11.3 Elements o f  the scrambling process

The polynom ial 1 +  x -18 +  x~23 generates a pseudo-random  sequence o f length 223 — 1 =  8,388,607. 
This long sequence does not require the use o f a guard polynom ial to prevent the occurrence o f repeat patterns 
and  is particularly  sim ple to im plem ent with integrated circuits.
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Recommendation V.31

ELECTRICAL CHARACTERISTICS FOR SINGLE-CURRENT INTERCHANGE  
CIRCUITS CONTROLLED BY CONTACT CLOSURE

(Geneva, 1972)

1 General

In general, the electrical characteristics specified in this R ecom m endation apply  to in terchange circuits 
operating  at data  signalling rates up to 75 b it/s .

Each interchange circuit consists o f two conductors (go and return leads) which are electrically insulated 
from  each other and from all other interchange circuits. A com m on return lead can be assigned to several 
interchange circuits o f a group.
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2 Equivalent circuit of interface

Figure 1/V.31 shows the equivalent interchange circuit, together with the electrical characteristics laid 
dow n in this R ecom m endation. Some electrical characteristics vary depending upon  w hether the signal receive side 
is located in the da ta  circuit-term inating equipm ent or in the data  term inal equipm ent. This fact is specially 
referred to  below.

Interchange point

R , =  internal resistance o f the signal source in the closed contact condition
R 0 =  internal resistance o f the signal source in the open contact condition
Cg =  capacitance o f signal source
Cr — capacitance o f signal receive side
Vr =  open circuit voltage o f signal receive side
Is — current in interchange circuit
R r — internal resistance o f signal receive side
R g  =  insulation resistance of signal source if  the latter is in the data terminal equipment
Ce  =  ground capacitance of signal source if  the latter is in the data terminal equipment

FIGURE 1/V.31 

Equivalent circuit of interface

3 Signal source

The signal source m ust be isolated from  ground or earth  irrespective o f whether it is located w ithin the
d ata  circuit-term inating equipm ent or within the data term inal equipm ent.

If  the signal receive side is in the data  circuit-term inating equipm ent, the open-contact insulation resistance 
m easured from either leg to ground or to any other in terchange circuit shall not fall below 5 megohm s and  the 
capacitance m easured between the same points shall not exceed 1000 picofardas.

Irrespective o f the above, the follow ing specifications apply to the signal source.

3.1 Internal resistance o f  signal source R u R 0

The d.c. resistance o f the closed contact /?,, including the resistance o f the interface cable, m easured at the
interface (see Figure 1/V.31), should not exceed 10 ohm s w ithin the current and voltage ranges o f the signal 
receive side.

The d.c. resistance o f the open contact R 0 including the insulation resistance o f the interface cable should 
not fall below 250 kilohm s when m easured at the interface (see Figure 1/V.31) w ithin the voltage range o f the 
signal receive side.
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The capacitance o f the signal source C? including that o f the in terface cable, m easured at the interface (see 
Figure 1/V.31), should not exceed 2500 picofards.

3.2 Capacitance o f  signal source C^

4 Signal receive side

4.1 Signal receive side in the data circuit-terminating equipment

The signal receive side in the data  circuit-term inating equipm ent can be floating  or connected to  g round  at 
any single point.

4.1.1 Open circuit voltage o f  the signal receive side Vr

The open circuit voltage Vr on the signal receive side o f the data-circu it term inating  equipm ent, m easured
at the interface (see Figure 1/V.31), should not fall below 3 volts and should no t exceed 12 volts.

4.1.2 Current at interface Is

The current Is supplied by the signal receive side in the data circuit-term inating  equipm ent should no t fall 
below 0.1 m illiam p and should not exceed 15 m illiam ps, when m easured at the interface (see F igure 1/V .31) in the 
closed contact condition , i.e. with an in ternal resistance o f the signal source o f  R } <  10 ohms.

Note — Irrespective o f the current 7V in the closed contact conditions, i.e. with an in ternal resistance o f the 
signal source o f /?, <  10 ohm s, the voltage at the interface should no t exceed 150 m illivolts, when m easured 
between go and return leads.

4.1.3 Internal resistance o f  signal receive side R,

The internal resistance R r o f  the signal receive side o f the data circu it-term inating  equipm ent results from  
the limits for the open circuit voltage Vr o f the signal receive side and  the curren t Is at the interface, which are 
specified under §§ 4.1.1 and 4.1.2 above.

Even if R, has an inductive com ponent, the voltage at the interface should  no t exceed the m axim um  o f
12 volts specified under § 4.1.1 above.

Note — This item is subject to further study.

4.1.4 Capacitance o f  signal receive side C,

The capacitance o f C, o f the signal receive side in the data circu it-term inating  equipm ent, including the 
capacitance of the cable up to the interface (see Figure 1/V.31), is not specified. It is only necessary to ensure tha t 
the signal receive side works satisfactorily, allow ing for the capacitance o f the signal source C?.

4.2 Signal receive side in the data terminal equipment

The signal receive side in the data term inal equipm ent can be connected  to ground  at any single point.

4.2.1 Open circuit voltage o f  the signal receive side Vr

The open circuit voltage Vr o f the signal receive side o f the da ta  term inal equipm ent, m easured at the 
interface (see Figure 1/V.31), should not fall below 3 volts and  should no t exceed 52.8 volts.

4.2.2 Current at the interface Is

The current Is, supplied by the signal receive side in the data term inal equipm ent, should  no t fall below  
10 m illiam ps and not exceed 50 m illiam ps, when m easured at the interface (see Figure 1/V.31) in the closed 
contact condition, i.e. with an internal resistance o f the signal source o f /?, <  10 ohms.
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4.2.3 Internal resistance o f  signal receive side R ,

The internal resistance R r o f  the signal receive side in the data  term inal equipm ent is obtained from  the 
lim its for the open circuit voltage Vr o f the signal receive side and the current Is at the interface, which are 
specified under §§ 4.2.1 and 4.2.2 above.

Even if R, has an inductive com ponent, the voltage at the interface should not exceed the m axim um  of
52.8 volts, specified under § 4.2.1.

Note — This item is subject to further study.

4.2.4 Capacitance o f  signal receive side C,

The capacitance o f Cr o f the signal receive side in the data term inal equipm ent including the capacitance o f 
the cable is not specified. It is only necessary to ensure that the signal receive side works satisfactorily, allow ing 
for the capacitance o f the signal source Q .

5 Signal allocation

Table 1/V.31 shows allocations o f digital signals for data, control and  tim ing circuits.

TABLE 1/V.31

Closed contact
Ri < ion

Open contact 
Ro 3* 250 kQ

Data circuits “1” condition “0” condition

Control and timing circuits ON condition OFF condition
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SEC TIO N  3

W IDEBAND M ODEM S

Recommendation V.35

DATA TRANSM ISSION AT 48 KILOBITS PER SEC O N D  
USING 60-108 kHz GROUP BAND CIRCUITS

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

On leased circuits, considering that there exist and  will come in to  being o ther m odem s with features 
designed to  meet the requirem ents o f the A dm inistrations and  users, this R ecom m endation  in no way restricts the 
use o f any o ther modems.

This is a particu lar system using a group reference pilot at 104.08 kHz.

Principal recom m ended characteristics to be used for sim ultaneous both-w ay operation  are the follow ing:

1 Input/output

R ectangular polar serial binary  data.

2 Transmission rates

Preferred m ode is synchronous at 48 000 ±  1 b it/s , with the follow ing exceptions perm issible:

a) Synchronous at 40 800 ±  1 b it/s  when it is an operational necessity, or

b) N on-synchronous transm ission o f essentially random  binary facsim ile with elem ent du rations in the 
range 21 m icroseconds to 200 milliseconds.

Note — O peration  at ha lf data signalling rate shall be possible when the line characteristics do no t perm it 
the above data  signalling rates.

3 Scrambler/descrambler

Synchronous data should be scram bled to avoid restrictions on the data inpu t form at. Such restrictions 
w ould be im posed by the need to have sufficient transitions for receiver clock stability, wfthout short repetitive 
sequences o f data  signals which w ould result in high level discrete frequency com ponents in the line signal. 
Synchronous data should be scram bled and  descram bled by m eans o f the logical arrangem ents described in 
A ppendix I.

4 M odulation technique

The baseband  signal (see § 5 below) should be translated to the 6 0 —104 kH z band  as an asym m etric 
sideband suppressed carrier A M  signal w ith a carrier frequency o f 100 kH z. A  p ilo t carrier will be necessary  to  
perm it hom ochronous dem odulation. To sim plify the problem  o f recovery o f the pilot carrier for dem odulation
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the serial b inary da ta  signal should be m odified as stated in § 5 below. The transm itted signal should correspond 
w ith the following:

a) The data  carrier frequency should be 100 000 ±  2 Hz.

b) The nom inal level o f a frequency translated  suppressed carrier 48 k b it/s  encoded data baseband signal
in the 60-104 kH z band  should be equivalent to —5 dBmO.

c) A pilot carrier at — 9 ±  0.5 dB relative to the nom inal level o f the signal in b) should be added such
tha t the pilot carrier would be in phase, to w ithin ±  0.04 radian , with a frequency translated
continuous b inary 1 input to  the m odulator.

d) The m odulator should be linear, and  the characteristics o f the transm it bandpass filter should be such 
tha t the relative attenuation  d istortion  and  the relative envelope delay d istortion in the range 64 to
101.5 kH z are less than  0.2 dB and 4 m icroseconds respectively.

5 Baseband signal

5.1 The scram bled synchronous or random  non-synchronous serial b inary  data signal should be m odified by
the follow ing transform :

~z — — to rem ove the low-frequency com ponents, 
1 +  pTi

where

p  is the com plex frequency operator, and

Tx is 25/2n  tim es the m inim um  binary  elem ent duration , i.e. 83 m icroseconds.

The value of 7j shall have an accuracy o f ±  2%.

In this form  the signal is referred to as the baseband signal.

5.2 The baseband signal resulting from  the transform ation  should no t suffer im pairm ent greater than  that 
resulting from  relative attenuation  distortion  or relative envelope delay distortion  o f 1.5 dB or 4 m icroseconds 
respectively, and

i) d istortion due to m odification o f the baseband signal by the transform

pT i 
1 +  p T 2

where T2 is 3.18 m illiseconds; or

ii) d istortion due to m odification o f the baseband signal by the transform

pT i I 2 
_1 +  p T K

where T2 is 6.36 milliseconds.

5.3 The frequency range for §§ 5.1 and 5.2 is 0 to 36 kHz.

6 Voice channel

A service speech channel provided as an integral part o f this system should correspond to channel 1 o f a 
12-channel system, i.e. as a lower sideband SSB signal in the 104—108 kHz band.

a) The characteristics o f this channel may be less stringent than  those o f a te lephone circuit in 
accordance with R ecom m endation G.232 [1].

b) This voice channel is optional.

182 Fascicle VIII.1 -  Rec. V.35



7 Group reference pilots

7.1 Provision should be m ade for facilitating the injection o f a g roup  reference p ilo t o f 104.08 kH z from  a
source external to the modem.

7.2 The protection  o f the group reference pilot should conform  to R ecom m endation  H.52 [2].

8 A djacent channel in terference

8.1 W hen transm itting  scram bled synchronous serial b inary  da ta  at 48 k b it/s  on the d a ta  channel, the
out-of-band  energy in a 3-kHz band  centered at any frequency in the range 1.5 to 58.5 kH z or 105.5 to 178.5 kH z 
should not exceed —60 dBmO.

8.2 W hen a signal at 0 dBmO at any frequency in the range 0 to 60 or 104 to  180 kH z is app lied  to the carrier
input term inals, the resulting crosstalk m easured in the dem odulated  da ta  baseband  should no t exceed a level 
equivalent to —40 dBmO.

9 Line characteristics

The characteristics o f a channel over which this equipm ent can be expected to  operate satisfactorily  should  
be as given in reference [3].

10 In terface

10.1 The in terchange circuits should be as show n in Table 1/V.35.

TABLE 1/V.35

Number Function

102 Signal ground or common return
103 0 Transmitted data
104 0 Received data
105 Request to send
106 Ready for sending
107 Data set ready
109 Data channel receive line signal detector
1140 Transmitter signal element timing
1150 Receiver signal element timing

10.2 The electrical characteristics o f the interchange circuits m arked 0  should  be as described in A ppendix  II; 
the circuits not m arked should conform  to R ecom m endation V.28.

A PPEN D IX  I 

(to R ecom m endation V.35)

Scram bling process

1.1 Definitions

1.1.1 applied data bit

The data bit which has been applied  to the scram bler bu t has not affected the transm ission at the tim e o f 
consideration.

1.1.2 nex t transm itted  bit

The bit which will be transm itted  as a result o f scram bling the applied  da ta  bit.
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1.1.3 earlier transmitted bits

Those bits which have been transm itted  earlier than  the next transm itted bit. They are num bered 
sequentially  in reverse tim e order, i.e. the first earlier transm itted  bit is tha t im m ediately preceding the next 
transm itted  bit.

1.1.4 adverse state

The presence o f any one o f certain repetitive patterns in the earlier transm itted  bits.

1.2 Scrambling process

The binary value o f  the next transm itted  bit shall be such as to produce odd parity when considered 
together with the tw entieth and  th ird  earlier transm itted  bits and the applied  data bit unless an adverse state is 
apparen t, in which case the b inary  value o f the next transm itted  bit shall be such as to produce even instead of 
odd  parity.

An adverse state shall be apparen t only if the binary  values o f the p lh and  (p  +  8)lh earlier transm itted  bits 
have not differed from  one ano ther when p  represents all the integers from  1 to q inclusive. The value o f q shall 
be such that, for p  = (q  +  1), the p ih and  (p  +  8),h earlier transm itted  bits had opposite b inary  values and 
q =  (31 + 3 2  r), r being 0 or any positive integer.

At the tim e o f com m encem ent, i.e. when no earlier bits have been transm itted , an arb itrary  20-bit pattern 
m ay be assum ed to represent the earlier transm itted  bits. At this tim e also it may be assum ed that the p lh and 
(p  +  8)th earlier transm itted  bits have had the sam e binary  value when p  represents all the integers up  to any 
arb itra ry  value. S im ilar assum ptions may be m ade for the descram bling process at com m encem ent.

Note 1 — From  this it can be seen tha t received data cannot necessarily be descram bled correctly until at 
least 20 bits have been correctly received and  any pair o f these bits, separated from  each other by seven other bits, 
have differed in b inary  value from  one another.

Note 2 — It is not possible to devise a satisfactory test pattern  to check the operation  o f the Adverse State 
D etector (ASD) because o f the large num ber o f possible states in which the 20-stage shift register can be at the 
com m encem ent o f testing. For those m odem s in which it is possible to bypass the scram bler and  the descram bler 
and  to strap  the scram bler to function as a descram bler, the follow ing m ethod may be used. A 1 :1  test pattern  is 
transm itted  with the ASD o f the scram bler bypassed. If the ASD o f the descram bler is functioning correctly the 
descram bled test pattern  will contain  a single elem ent error every 32 bits, i.e. 90 000 errors per m inute for a 
m odem  operating at 48 k b it/s  indicates that the descram bler is functioning correctly. The operation  o f the ASD  o f 
the scram bler may be checked in a sim ilar m anner with the scram bler strapped as a descram bler and  the 
descram bler bypassed.

1.3 Figure I -1 /V .35 is given as an indication  only, since with another technique this logical arrangem ent might 
take ano ther form.
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Scrambler/Descrambler

Sym bol truth tables

Or Or-N ot Exclusive or-not Inverter Shift register

CCITT-43690 

Binary coun ter

:3Z>-c bX >  Ai l > ( 'SR'

A B C
0 0 1
0 1 0
1 1 0
1 0 0

A B c
0 0 1
0 1 0
1 1 1
1 0 0

A c1 00 1
T D 1 o u tp u t 0 o u tp u t
1 Q - -
0 - Q a

S 1 
T
CBC° —

T 1 o u tp u t 0  o u tp u t
1 (I Q
0 C5 Q

Q is e ither 0  or 1
S 1 o u tp u t 0 o u tp u t
0 Q Q
1 1 0

(Reset)

Note -  Negative-going transitions of clocks (i.e. 1 to 0 transitions) coincide with data transitions. This is self-synchronizing.

FIGURE I-1/V.35 

An example of scrambler and descrambler circuitry
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A P P E N D IX  II

(to R ecom m endation V.35)

Electrical characteristics for balanced double-current interchange circuits

11.1 Scope

The electrical characteristics specified here apply to in terchange circuits to Recom m endation V.35.

11.2 Cable

The interface cable should be a balanced twisted m ulti-pair type with a characteristic im pedance between 
80 and  120 ohm s at the fundam ental frequency o f the tim ing w aveform  at the associated term inator.

11.3 Generator

This circuit should com ply with the follow ing requirem ents:

a) source im pedance in the range 50 to 150 ohm s;

b) resistance between short-circuited term inals and circuit 102: 150 ±  15 ohm s (the tolerance is subject to 
further study);

c) when term inated  by a 100-ohm resistive load the term inal-to-term inal voltage should be
0.55 volt ±  20% so tha t the A term inal is positive to the B term inal when binary 0 is transm itted , and 
the conditions are reversed to transm it b inary  1;

d) the rise tim e between the 10% and  90% points o f any change o f state when term inated  as in c) should 
be less than  1% o f the nom inal duration  o f a signal elem ent o r 40 nanoseconds, whichever is the 
greater;

e) the arithm etic m ean o f the voltage o f the A term inal with respect to circuit 102, and  the B term inal 
with respect to circuit 102 (d.c. line offset), should not exceed 0.6 volt when term inated  as in c).

11.4 Load

T he load should com ply with the follow ing:

a) input im pedance in the range 100 ±  10 ohm s, substantially  resistive in the frequency range of 
operation ;

b) resistance to circuit 102 o f 150 ±  15 ohm s, m easured from  short-circuited term inals (the tolerance on
this resistance is subject to further study).

11.5 Electrical safety

A generator or load should not be dam aged by connection to earth potential, short-circuiting, or 
cross-connection to other interchange circuits.

11.6 Performance in the presence o f  noise

A generator, as in § II.3 above, connected via a cable as in § II.2 above to a load, as in § 11.4 above, 
should operate w ithout error in the presence o f longitudinal noise or d.c. com m on return potential differences 
(circuit 102 offset) as follows:

a) with ±  2 volts (peak) noise present longitudinally , i.e. algebraically added to  both load input 
term inals sim ultaneously with respect to the com m on return, or

b) with ±  4 volts circuit 102 offset;

c) if circuit 102 offset and longitudinal noise are present sim ultaneously, satisfactory operation  should be 
achieved when:

circuit 102 offset , . ,. . , , .  ~ ^ „-----------   +  longitud inal no ise (peak) = 2 volts or less.
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Note  — It has been proposed to perform  a test under inclusion o f a cable length co rrespond ing  to  the 
actual operation . This point is for further study.
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Recommendation V.36

M O D EM S FOR SY NCH RO NO US DATA TRANSM ISSION USING  
60-108 kHz GROUP BAND CIRCUITS

(Geneva, 1976; am ended a t Geneva, 1980)

On leased circuits, considering that there exist and will com e into being o ther m odem s with features 
designed to meet the requirem ents o f the A dm inistrations and  users, this R ecom m endation  in no way restricts the 
use o f any other modems.

The only group reference pilot frequency which can be used in conjunction  w ith this m odem  is
104.08 kHz.

1 Scope

The fam ily o f m odem s covered by this R ecom m endation should be applicab le to  the follow ing uses:

a) transm ission of data between custom ers on leased circuits;

b) transm ission o f a m ultiplex aggregate bit stream  for public data netw orks;

c) extension o f a PCM channel at 64 k b it/s  over analogue facilities;

d) transm ission o f a com m on channel signalling system for telephony a n d /o r  public d a ta  netw orks;

e) extension o f S ingle-C hannel-Per-C arrier (SCPC) circuit from  a satellite earth  sta tion ;

f) transm ission o f a m ultiplex aggregate bit stream  for telegraph and  data signals.

Principal recom m ended characteristics to be used for sim ultaneous both-w ay synchronous opera tion  are 
the following:

2 Data signalling rates

2.1 Application a)

The recom m ended data signalling rate (equals the custom er signalling rate) for in te rnationa l use is 
synchronous at 48 kb it/s . For certain national applications or with bilateral agreem ent between A dm inistra tions 
the following data signalling rates are applicable: 56, 64 and 72 kbit/s.

2.2 Applications b), c) and d)

For these applications the recom m ended data signalling rate is synchronous at 64 kb it/s .

For those synchronous netw orks requiring the end-to-end transm ission o f both the 8-kHz and  64-kHz 
tim ing together with the data at 64 kb it/s , a data  signalling rate o f 72 k b it/s  on the line is suggested.
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The corresponding data form at should be obtained by inserting one extra bit E just before the first bit o f 
each octet o f the 64 k b it/s  data stream. The bits E convey alignm ent and housekeeping in form ation, according to 
the pattern  shown in Figure 1/V.36.

. . . .  1 1 o c te t  10 1 o c te t  | H | o c te t  11 1 o c te t  | o | o c te t  | H | o c te t

FIGURE 1/V.36

The definite use of the housekeeping bits H is left for further study; when not used, bits H should be 
assigned the value “ 1”. The definite fram e alignm ent procedure is left for further study.

W hen the transm ission o f the 8-kHz tim ing is not required, the data signalling rate on the line may be 
64 kb it/s.

2.3 Application e)

The recom m ended data  signalling rate (equals the custom er signalling rate) for in ternational use is 
synchronous at 48 kb it/s. For certain national applications or with bilateral agreem ent between A dm inistrations 
the data signalling rate of 56 k b it/s  is applicable.

2.4 Application f )

The recom m ended data signalling rate is synchronous at 64 kb it/s.

2.5 The perm itted tolerance for all the data signalling rates m entioned above is ±  5 x 10-5

Note — There are equipm ents in service which will only work successfully with a m axim um  tolerance of
the data signalling rate o f ±  1 b it/s .

3 Scrambler/descrambler

In order to be bit sequence independent and  to avoid high am plitude spectral com ponents on the line, the 
da ta  should be scram bled and  descram bled by m eans o f the logical arrangem ents described in A ppendix I.

4 Baseband signal

The equivalent baseband signal shaping process is based upon the b inary coded partial response pulse, 
often referred to as class IV, whose tim e and spectral function are defined by:

respectively, where \ / T denotes the data signalling rate.

This shaping process should be effected in such a way that the decoding can be achieved by full wave 
rectification of the dem odulated line signal.

The reference to equivalent baseband signals recognizes that the m odem  im plem entation may be such that 
the b inary  signal at the input and output o f the modem is converted to and from  the line signal w ithout appearing 
as an actual baseband signal.

and

G i f )
2 T  j  Sin 2 n T / , |/1  <

0
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5 Line signal in 60-108 kHz band (at the line output of  the modem)

5.1 In the 60-108 kHz band  the line signal should correspond to a single sideband  signal with its carrier
frequency at 100 kH z ±  2 Hz.

5.2 The relationship  between the binary signals at the real or hypothetical ou tpu t o f the scram bler and the
transm itted line signal states shall be in accordance with the am plitude m odulation  case o f R ecom m endation  V .l,
i.e., tone O N  for b inary  1 and tone O FF  for b inary 0.

In a practical case this m eans that the voltage or no voltage conditions which will result from  the full 
wave rectification o f the dem odulated  line signal will correspond with the b inary  1 and  binary  0 signals 
respectively at the ou tpu t o f the scrambler.

5.3 The am plitude o f the theoretical line signal spectrum , corresponding to b inary  sym bol 1 appearing  at the
output o f the scram bler, is to be sinusoidal, with zeros and  m axim a at the frequencies listed below:

Data signalling rate 
(kbit/s)

Zeros at 
(kHz)

Maxima at 
(kHz)

64 68 and 100 84

48 76 and 100 88

56 72 and 100 86

72 64 and 100 82

5.4 In the 60-108 kHz band , am plitude distortion  o f the real spectrum  relative to the theoretical spectrum  as
defined under § 5.3 above is not to exceed ±  1 dB; the group delay d istortion  is not to  exceed 8 m icroseconds. 
These two requirem ents are to be met for each frequency band  centred on one o f the m axim a m entioned in § 5.3 
and whose w idth is equal to 80% of the frequency band  used.

5.5 The nom inal level o f the line data signal should bê  —6 dBmO. The actual level should be within ±  1 dB
o f the nom inal level.

5.6 A pilo t carrier at the same frequency as the m odulated  carrier at the transm itte r and  with a level o f
— 9 ±  0.5 dB relative to the actual level m entioned under § 5.5 above, should be added  to the line signal. The 
relative phase between the m odulated carrier and the pilot carrier at the transm itter should be tim e invariant.

6 Group reference pilot

6.1 Provision should be m ade for facilitating the injection o f a group reference pilot o f 104.08 kH z from  a
source external to the modem.

6.2 The protection o f the group reference pilot should conform  to R ecom m endation H.52 [1],

7 Voice channel

7.1 The service speech channel is an integral part o f  the applications a) and e) o f this system and is used on 
an  op tional basis. The channel corresponds to channel 1 o f a 12-channel SSB-AM system in the 104-108 kH z 
band  (virtual carrier at 108 kHz). It can transm it continuous voice at a m ean level o f m axim um  - 1 5  dBmO or 
pulsed signalling tones according to the individual specifications.

To avoid overloading o f the system by peak signals a lim iter shall be used with cu t-off levels above 
+  3 dBmO.

To avoid stability problem s the channel shall be connected to 4-wire equipm ent only.

For operator-to -operator signalling R ecom m endation Q .l [2] shall be followed*, but instead o f 500/20 Hz a 
non-in terrup ted  tone o f 2280 Hz at a level o f —10 dBmO shall be used.
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For other signalling purposes [application e)] the R l or R2 inband  signalling, described in R ecom m enda
tions Q.322 [3], Q.323 [4] and Q.454 [5], Q.455 [6] respectively, is preferred.

The transm it filter shall be such that any frequency applied  to the transm it input term inals at a level of 
—15 dBmO will not cause a level exceeding:

a) --73 dBmOp in the adjacent group,

b) —61 dBmO in the vicinity ( ± 2 5  Hz) o f the pilot 104.08 kHz,

c) - 5 5  dBmO in the data band  between 64 and 101 kHz,

d) the values specified in Recom m endation Q.414 [7] to protect the nearest low level signalling path.

The voice band  is sufficiently protected if the same filter is used in the receive direction o f the channel. 
The a ttenuation /frequency  characteristic, m easured between the voice-frequency input and  the group band  output 
or the group band  input and  the voice-frequency ou tpu t, with respect to the value at 800 Hz is lim ited by:

— 1 dB over the 300-3400 Hz band,
+  2 dB between 540 and 2280 Hz.

7.2 The voice channel is inapplicable to applications b), c), d) and f). It is used on an optional basis for
applications a) and  e).

N ote — W hen the m odem  is installed at the repeater station , the voice channel should be extended to the 
ren te r’s premises.

8 Adjacent channel interference

The adjacent channel interference should conform  to R ecom m endation H.52 [1].

N ote  — The frequency band  upon  which this requirem ent is valid, is subject to further study.

9 Line characteristics

The modem  is in tended to operate satisfactorily over group links according to reference [8] at data 
signalling rates o f 48 up to  64 kb it/s.

For group links, com prising m ore than three group sections, o r where a data signalling rate o f 72 k b it/s  is 
required, the characteristics given in reference [8] are not adequate.

Furtherm ore, com pliance o f a group link with reference [8] does not necessarily guarantee proper 
operation  o f the m odem , nor does noncom pliance im ply im proper operation.

W hen an autom atic adaptive equalizer is included in the m odem , p roper operation over lower grade group 
links will be possible. The required line characteristics for such m odem s may be those specified in reference [9]. 
This is a po in t for further study.

N ote  — Studies are being undertaken under Q uestion 10/X V II [10] to  achieve a closer descrip tion  o f the 
line characteristics. In the annex to Question 10/X V II [10], two possible solutions to this problem  are given.

10 Interface

10.1 Interface fo r  applications a), e) and f )  indicated in § 1

10.1.1 List o f  interchange circuits (See Table 1/V.36)

10.1.2 Electrical characteristics

Use of electrical characteristics conform ing to R ecom m endation V.10 a n d /o r  V .ll is recom m ended
together with the use o f the connector and  pin assignm ent plan specified by ISO 4902 [11].

i) C oncerning circuits 103, 104, 113, 114 and 115, both  the generators and  the receivers shall be in 
accordance with R ecom m endation V .ll.

ii) In the case o f circuits 105, 106, 107 and 109, generators shall com ply with R ecom m endation V.10 or 
alternatively R eco m m en d a tio n V .il. The receivers shall com ply with R ecom m endation V.10, cate
gory 1 or V .ll w ithout term ination.
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T A B L E  1/V .36

Interchange circuit (see Note 1) Remark

102 Signal ground or common return See Note 2
102a DTE common return See Note 3
102b DCE common return See Note 3

103 Transmitted data
104 Received data

105 Request to send
106 Ready for sending
107 Data set ready
109 Data channel received line signal detector

113 Transmitter signal element timing (DTE source)
114 Transmitter signal element timing (DCE source)
115 Receiver signal element timing (DCE source)

140 Loopback/Maintenance test See Note 2
141 Local loopback See Note 2
142 Test indicator See Note 2

Note 1 -  When the modem is installed at the repeater station, this interface should appear at the customer’s premises 
without restrictions regarding the data signalling rate and the provision of the voice channel. The method to achieve 
this is subject to national regulations.
Note 2 -  The provision of this circuit is optional.
Note 3 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommen
dation V.10 are used.

iii) In the case o f all other circuits, R ecom m endation V.10 applies with receivers configured as specified 
by R ecom m endation V.10 for category 2.

Note — For an interim  period the electrical interface characteristics o f  R ecom m endation V.35 m ay be 
optionally  used.

10.2 Interface fo r  applications b), c) and d) indicated in § 1

For applications b), c) and  d) the interface may com ply with the functional requirem ents given in
reference [12] for the 64 k b it/s  interface. In  these cases, the electrical characteristics m ay com ply with refer
ence [13].

If  an end-to-end transm ission o f the 8-kHz tim ing signal is not used, an 8-kHz tim ing signal across the 
interface will not be supplied nor utilized by the modem.

A lternatively the interface according to § 10.1 may be used for these applications.

11* Threshold and response time of circuit 109

11.1 Threshold

For a data line signal level greater than  —13 dBmO, circuit 109 is O N . For da ta  line signal level less than  
— 18 dBmO, circuit 109 is OFF.

Note — The corresponding levels for the pilot carrier are - 2 2  dBmO and  —27 dBmO respectively.

The condition  o f circuit 109 for levels between the above levels is no t specified, except tha t the signal 
detector shall exhibit a hysteresis action such that the level at which the O F F  to ON transition  occurs is at least 
2 dB greater than tha t for the ON to O FF  transition . To m easure the thresholds o f the detector, a m odulated  data 
signal with its pilot carrier at the level specified in § 5.6 should be used.
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From  O FF  to O N : 15 ms to 150 ms,

From ON to O FF: 5 ms to 15 ms.

The response tim es o f circuit 109 are the tim e intervals between the appearance or d isappearance o f the 
line signal at the reception input term inal o f the modem  and the occurrence o f the corresponding ON or O FF  
condition  on circuit 109.

The line signal level should be w ithin the range from  3 dB above the actual threshold o f the line signal 
detector at reception and the m axim um  perm issible level o f the signal at reception.

12 Error performance

12.1 For a hypothetical reference circuit, 2500 km in length, with characteristics in accordance with Recom m en
dation  H.14 [14], and with not m ore than two through-group connection equipm ents, the perform ance objective in
term s of error rate should be not worse than 1 error per 107 bits transm itted. This is based on an assumed 
G aussian  noise pow er o f 4 pW  per k m /p e r 4-kHz band psophom etrically  weighted (this figure corresponds to 
4 pW Op/km ).

12.2 The m easuring technique and error perform ance criteria in a back-to-back modem  m easurem ent 
configuration  require further study.

13 Additional information for the designer

13.1 Input level variation

The step-change in the input level is, under norm al conditions, sm aller than ±  0.1 dB. The gradual input
level change is sm aller than ±  6 dB and includes the tolerance o f the transm itter ou tpu t level.

13.2 Interference from  adjacent group bands

A sinusoidal signal o f + 1 0 d B m 0  in the frequency bands o f 36-60 kHz and 108-132 kHz can appear 
together with the data  line signal at the inpu t o f the receiver.

11.2 Response time

APPENDIX I 

(to R ecom m endation V.36)

Scrambling process

1.1 Definitions

1.1.1 applied data bit

The data bit which has been applied to the scram bler but has not affected the transm ission at the tim e of 
consideration .

1.1.2 next transmitted bit

The bit which will be transm itted  as a result o f scram bling the applied  data bit.

1.1.3 earlier transmitted bits

Those bits which have been transm itted  earlier than the next transm itted  bit. They are num bered 
sequentially in reverse tim e order, i.e. the first earlier transm itted  bit is that im m ediately preceding the next 
transm itted  bit.

1.1.4 adverse state

The presence o f any one o f certain repetitive patterns in the earlier transm itted  bits.
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1.2 Scrambling process

The binary value o f the next transm itted  bit shall be such as to produce odd parity  when considered 
together with the twentieth and  third earlier transm itted  bits and the applied  data bit unless an adverse state is 
apparen t, in which case the b inary  value of the next transm itted  bit shall be such as to p roduce even instead o f 
odd parity.

A n adverse sta te  shall be apparent only if the binary  values o f the /?th and (p +  8)th earlier transm itted  
bits have not differed from one another when p  represents all the integers from  1 to  q inclusive. T he value o f q 
shall be such that, for p  =  (q  +  1), the p th and {p +  8 )tth earlier transm itted  bits had opposite b inary  values and 
q =  (31 + 3 2  r), r  being 0 or any positive integer.

At the time o f com m encem ent, i.e. when no earlier bits have been transm itted , an a rb itra ry  20-bit pattern  
may be assum ed to represent the earlier transm itted  bits. At this tim e also it may be assum ed tha t the p ih and 
( p  +  8)lh earlier transm itted  bits have had the sam e b inary  value when p  represents all the integers up to any 
arbitrary  value. Sim ilar assum ptions may be m ade for the descram bling process at com m encem ent.

Note 1 -  From  this it can be seen that received data cannot necessarily be descram bled correctly until at 
least 20 bits have been correctly received and any pair o f these bits, separated  from  each other by seven o ther bits, 
have differed in binary  value from  one another.

Note 2 — It is not possible to devise a satisfactory test pattern to check the operation  o f the Adverse State 
Detector (ASD) because o f the large num ber o f possible states in which the 20 state shift register can be at the 
com m encem ent o f testing. For those m odem s in which it is possible to bypass the scram bler and  the descram bler 
and  to strap  the scram bler to function as a descram bler, the following m ethod may be used. A 1 : 1 test pattern  is 
transm itted  with the ASD of the scram bler bypassed. If  the ASD of the descram bler is function ing  correctly the 
descram bled test pattern  will contain a single elem ent error every 32 bits, i.e. 90 000 errors per m inute for a 
m odem  operating  at 48 k b it/s  indicates that the descram bler is functioning correctly. The operation  o f the ASD of 
the scram bler may be checked in a sim ilar m anner with the scram bler strapped  as a descram bler and  the 
descram bler bypassed.

1.3 Figure I-1 /V .36 is given as an indication only, since with another technique this logical arrangem ent might 
take another form.
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Scrambler/Descrambier

Sym bol truth tables 

Or Or-Not Exclusive or-not Inverter Shift register

C C IT T -4 3 6 9 0  

Binary counter

abX >  a- E >
1 _ S 1 _

T _ T

d S R ° — CB C ° —

A B C

0 0 1

0 1 0

1 1 0

1 0 0

A B c

0 0 1

0 1 0

1 1 1

1 0 0

A C

1 0

0 1

T D 1 o u tp u t 0  o u tp u t

1 Q - -

0 - Q Q

T 1 o u tp u t 0  o u tp u t

1 Q Q
0 Q Q

Q is either 0 or 1
S 1 o u tp u t 0  o u tp u t

0 Q Q

1 1
(Reset)

Note -  Negative-going transitions of clocks (i.e. 1 to 0 transitions) coincide with data transitions. This is self-synchronizing.

FIGURE I-1/V.36 

An example of scrambler and descrambler circuitry
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Recommendation V.37

SYNCH RO NO US DATA TRANSM ISSION AT A DATA SIGNALLING RATE 
HIGHER THAN 72 kbits USING 60-108 kHz GROUP BAND CIRCUITS

(Geneva, 1980)

1 Introduction

On leased circuits, considering that there exist and will come in to  being o ther m odem s with features
designed to meet the requirem ents o f A dm inistrations and  users, this R ecom m endation in no way restricts the use 
o f any other modems.

The only group reference pilot frequency which can be used in conjunction  with this m odem  is
104.08 kHz.

The m odem is intended to be used on group band  circuits not necessarily conform ing to [1].

Principal characteristics:

a) transm ission o f any type o f high-speed synchronous data in duplex constan t carrier m ode on 4-wire
(60-108 kHz) group band  circuits,

b) prim ary data signalling rates up to 144 k b it/s ,

c) inclusion o f an autom atic adaptative equalizer,

d) class IV partial response pulse am plitude single sideband signalling and m odulation ,

e) optional inclusion o f an overhead-free m ultiplexer com bining existing data signalling rates,

f) optional voice channel.

2 Data signalling rates

2.1 The recom m ended synchronous data signalling rates are 96 k b it/s , 112 k b it/s , 128 k b it/s  and  144 kb it/s .
For some applications with agreem ent from  the A dm inistration , data  signalling rates up to  168 k b it/s  are 
applicable. (See the N ote to § 7.)

2.2 The perm itted to lerance for all data  signalling rates is ±  5 x 10-5 .

3 Scrambler/descrambler

In order to be bit sequence independent, to avoid high am plitude spectral com ponents on the line, and  to 
allow  the autom atic equalizer to  rem ain converged, the data  should be scram bled and  descram bled by m eans o f 
the logical arrangem ents described in A ppendix I.

4  Encoding method

The binary bit stream A, delivered by the scram bler, to be transm itted  is divided in to  consecutive groups
o f 2 bits A, and A2 (dibits), A, being the first in tim e delivered by the scram bler.

An am plitude level B is assigned to each dibit (A) as shown in Table 1/V.37.

TABLEAU 1/V.37

A! a 2 Equivalent B amplitude level

0 0 0

0 1 + 1

1 1 + 2

1 0 + 3
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A pre-encoder circuit converts the stream  B into another quaternary  stream C which conform s to the 
relation:

Ci =  Bi 0  Ci -2

where

©  represents the m odulo 4 sum

and the subscript i represents the ilh elem ent o f B or C.

The resulting quaternary  stream C can be processed to form a baseband signal.

5 Baseband signal shaping

The equivalent baseband signal shaping process is based upon the b inary coded partial response pulse, 
often referred to as class IV, whose tim e and spectral function are defined by:

Sin — t 
, , 2 T

g ( t )  = - '
- 1

and

G { f )

2 7 7  S in  2 it  7 y , | / | <  j y  

1|/|>
2 T

respectively, where 1 / T  denotes the m odulation rate.

The reference to equivalent baseband signals recognizes that the m odem  im plem entation may be such that 
the b inary  signal at the input and  output o f the modem  is converted to an d  from  the line signal w ithout appearing  
as an actual baseband signal.

The baseband signal form ed by the processes described above will present 7 levels (see Table 2/V.37).

The baseband signal shaping is perform ed in the transm itter.

TABLE 2/V.37

Level
Bit value

A, a 2

+ 3 1 0
+ 2 1 1

+ 1 0 1

0 0 0

-  1 1 0

-  2 1 1

-  3 0 . 1
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6 Line signal in the 60-108 kHz band (at the line output of the modem)

6.1 In the 60-108 kHz band , the line signal should correspond to a single sideband  signal with its carrier 
frequency pilot and  tim ing pilot at frequencies as specified in Table 3/V.37.

6.2 The am plitude o f the theoretical line signal spectrum , corresponding  to a quaternary, sym bol ( + 1 )  
appearing at the ou tpu t o f the encoder, is sinusoidal. The zeros and m axim a o f the theoretical line spectrum  are 
shown in Table 3/V.37.

TABLE 3/V.37

Data rate 
(kbit/s)

Zeros 
at (kHz)

Maxima 
at (kHz)

Pilot
carrier

frequency

Timing
pilot

frequency

144 64 and 
100

82 100 kHz 64 kHz

128 68 and 
100

84 100 kHz 68 kHz

112 72 and 
100

86 100 kHz 72 kHz

96 76 and 
100

88 100 kHz 76 kHz

168
(optional)

62 and 
104

83 104 kHz 62 kHz

6.3 In the 60-108 kH z band , am plitude distortion  o f the real spectrum  relative to the theoretical spectrum  as
defined under § 6.2 above and the group-delay distortion are left for further study.

6.4 The nom inal level o f the line data signal should be —6 dBmO. The actual level should be w ithin ±  1 dB
o f the nom inal level.

6.5 A pilot carrier at the sam e frequency as the m odulated carrier (100 kH z ±  2 Hz) at the transm itte r and
with a level o f — 9 ±  0.5 dB relative to the actual level m entioned under § 6.4 above, should be added to the line
signal. The relative phase between the m odulated carrier and  the pilot carrier at the transm itte r should  be time
invariant.

Note — For the optional data signalling rate o f 168 k b it/s , the p ilo t 'c a rrie r  should be 104 kH z ±  2 Hz.

6.6 A tim ing pilot at a frequency difference from the carrier equal to half the m odulation  rate at the
transm itter with a level o f —12 ±  0.5 dB relative to the actual level m entioned under § 6.4 above, should  be 
added to the line signal.

The relationship between the tim ing pilot and the pilot carrier should rem ain tim e invarian t at the 
transm itter.

7 Group reference pilot

7.1 Provision should be m ade for facilitating the injection o f a g roup reference pilot o f 104.08 kH z from  an
external source.

7.2 The protection o f the group reference pilot should conform  to R ecom m endation H.52 [2].

Note  — G roup  reference pilot must be rem oved from the channel for operation  at 168 kb it/s .

8 Optional voice channel

The service speech channel may be an integral part o f the application  o f this system and  is used on an 
op tional basis. The channel corresponds to channel 1 of a 12 channel SSB-AM system in the 104-108 kH z band 
(virtual carrier at 108 kHz). It can transm it continuous voice at a m ean level o f m axim um  —15 dBmO or pulsed 
signalling tones according to the individual specifications.
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To avoid overloading o f the system by peak signals, a lim iter shall be used with cut-off levels 
above + 3  dBmO.

To avoid stability problem s, the channel shall be conected to 4-wire equipm ent only.

The transm it filter shall be such that any frequency applied to the transm it input term inals at a level o f 
— 15 dBmO will not cause a level exceeding:

a) 73 dBmOp in the adjacent g roup;

b) —61 dBmO in the vicinity ( ±  25 Hz) o f the pilot 104.08 kH z;

c) —55 dBmO in the data band between 64 and 101 kHz. W hen the 168 k b it/s  data signalling rate is
used this requirem ent applies between 62 and 104 kHz.

The voiceband is sufficiently protected if  the same filter is used in the receive direction o f  the channel. The 
attenua tion /frequency  characteristic, m easured between the voice-frequency input and the group band  ou tpu t or 
the group  input and the voice-frequency ou tpu t, with respect to the value at 800 Hz is lim ited by:

— 1 dB over the 300-3400 Hz band,
+  2 dB between 540 and 2280 Hz.

Note — W hen the m odem  is installed at the repeater station, the voice channel should be extended to the 
custom er’s premises.

9 Adjacent channel interference

The adjacent channel interference should conform  to R ecom m endation H.52 [2],

Note  — The frequency band  upon which this requirem ent is valid, is subject to further study.

10 Line characteristics

The modem  will allow proper operation  over lower grade group links than those specified in reference [1]. 

The required line characteristics may be those specified in reference [3]. This is a point for further study.

11 Synchronizing signals

Transm ission o f synchronizing signals is initiated by the modem. W hen the receiving modem  detects a 
condition  which requires resynchronizing, it shall turn  circuit 106 O FF  and generate synchronizing signals.

The synchronizing signals for all data  signalling rates are divided into three segments as indicated in 
Table 4/V .37.

TABLE 4/V.37

Segment 1 Segment 2 Segment 3 Total of 
Segments 1, 2 and 3

Type of
line
signals

Only carrier and timing 
pilots

Carrier and timing pilots 
and alternation of levels 
(± 2 )

Carrier and timing pilots 
and scrambled all binary 
ONEs

Data
signalling

rates
(kbit/s)

Approxi
mate
time
(s)

Number
of
symbol
intervals

10240 4096 262 144

96 5.76

112 4.93

128 4.32

144 3.84

168 3.29
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11.1 Segment 1 transm its the carrier pilot, the tim ing pilot and  data signal corresponding  with the d ibits (0, 0) 
applied at the input o f the encoder.

11.2 Segment 2 consists o f the carrier pilot, the tim ing pilot and  an a lternation  between two signal levels ( +  2) 
and ( — 2) corresponding with the dibits (1 ,1 )  applied at the input o f the encoder.

11.3 Segment 3 consists o f the carrier pilot, the tim ing pilot and  scram bled all b inary  ON Es.

At the beginning o f this segment:

— the scram bler shift register m ust be set to all Os (see A ppendix I);

— the adverse state detector counter m ust be set to all Is (see A ppendix  I);

— the pre-encoder m ust be set to all Os.

The equivalent baseband  signal processed at the beginning o f Segm ent 3 consists o f a succession o f 
15 levels (0) followed by levels (+ 1 ) ,  (0), ( - 1 ) ,  (+ 1 ) , (0), ( - 1 ) ,  (+ 1 ) , (0), ( - 1 ) ,  (+ 1 ) ,  ( + 1 ) ,  ( - 1 )  . . .  .

11.4 C ircuit 106 is turned ON at the end o f Segment 3 and the user’s d a ta  may appear at the input o f the 
scram bler.

12 Optional multiplexing

M ultiplexing options shall be separately available to com bine nom inally  available g roup band  d a ta  rates 
o f 48, 56, 64 or 72 k b it/s  into a single aggregate bit stream  for transm ission as show n in Table 3/V .37. These 
m ultiplexers should be o f a synchronous, overhead-free, bit interleave design. Using m odem  internal processing 
signals, m ultiplexers shall require no fram ing, allowing each subchannel to  be a full one-ha lf o f the com posite bit 
rate.

The two port m ultiplexer uses the bits from  port A and  B for bits A, and  A2 respectively o f  the d ibits 
defined in § 4.

The possibility o f having a three port m ultiplexer is for further study.

12.1 Transmit buffers

In the transm itter o f each m ultiplex port, there shall be a data buffer o f suitable capacity. In this way, 
both  phase variations and, w ithin certain limits, frequency deviations are absorbed. The buffer shall be in itialized 
when an O FF to ON condition  o f circuit 105 occurs and may be repositioned in the event o f a buffer overflow.

Note — The buffer may reinitialize upon a D CE resynchronization signal.

12.2 Transmit port timing arrangements

Table 5/V.37 shows all possible com binations o f port and main D C E transm it tim ing clock arrangem ents.

12.3 Rem ote signalling on subchannel 

For further study.

13 Digital interface requirements

13.1 List o f  interchange circuits (see Table 6 /V .37)

The interchange circuit table is valid for the m ain channel or the subchannel interfaces.

13.2 Electrical characteristics

Use o f electrical characteristics conform ing to R ecom m endation V.10 a n d /o r  V .ll is recom m ended 
together with the use o f the connector and pin assignm ent plan specified by ISO 4902 [4].

i) C oncerning circuits 103, 104, 113, 114 and 115, both the generators and the receivers shall be in 
accordance with R ecom m endation V .l l.

ii) In the case o f circuits 105, 106, 107 and 109, generators shall com ply with R ecom m endation V.10 or 
alternatively R e co m m en d a tio n V .il. The receivers shall com ply with R ecom m endation V.10, 
category 1, or V .ll w ithout term ination.

iii) In the case o f all o ther circuits, R ecom m endation V.10 applies, with receivers configured as specified 
by R ecom m endation V.10 for category 2.

Note — For an interim  period the electrical interface characteristics o f R ecom m endation V.35 m ay be 
optionally  used.
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T A B L E  5/V .37

Source of port, 
transmitter, signal element, 

timing (used to clock 
in circuit 103)

Source of DCE 
internal transmitter 

element timing 
(internal transmit clock)

Port transmit 
buffer

Internal 
(Independent timing) Not required

114
(DCE source)

External*0 
(Circuit 113 of selected port) Not required

Receiver timing 
(Loopback timing) Not required

Internal 
(Independent timing) Required .

113
(DTEa) source)

Externala>
(Circuit 113 of selected port)

Required for all ports 
except port supplying 

circuit 113 to DCE

Receiver timing 
(Loopback timing) Required

a)In these applications a source could also be another DCE.

TABLE 6/V.37

Interchange circuit (see Note 1) Remark

102 Signal ground or common return See Note 2
102a DTE common return See Note 3
102b DCE common return See Note 3

103 Transmitted data
104 Received data

105 Request to send See Note 4
106 Ready for sending See Notes 4 and 5
107 Data set ready
109 Data channel received line signal detector

113 Transmitter signal element timing (DTE source) See Note 4
114 Transmitter signal element timing (DCE source)
115 Receiver signal element timing (DCE source)
128 Receiver signal element timing (DTE source) See Note 6

140 Loop-back/Maintenance test See Note 7
141 Local loop-back See Note 4
142 Test indicator See Note 8

Note 1 -  When the modem is installed at the repeater station, this interface should appear at the customer’s premises
without restrictions regarding the data signalling rate and the provision of the voice channel. The method to
achieve'this is subject to national regulations.
Note 2 -  The provision of this conductor is optional.
Note 3 -  Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recom
mendation V.10 are used.
Note 4 -  For further study in case of a subchannel.
Note 5 -  During the synchronization process of the main modem, the OFF condition of circuit 106 is signalled at all
port interfaces.
Note 6 -  Optional.
Note 7 -  For further study.
Note 8 -  Circuit 142 is present on all ports of the multiplexer, but may be activated on an individual port basis for
individual port tests. All are activated simultaneously for entire modem tests.
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14 Optional PCM interface alternative

The recom m ended data signalling rate is synchronous at 64 kb it/s.

For those synchronous networks requiring the end-to-end transm ission o f both the 8-kHz and 64-kHz 
tim ing together with the data at 64 k b it/s , an internal data signalling rate o f 72 k b it/s  is suggested.

The corresponding data form at shall be obtained by inserting one extra bit (E) ju st before the first bit o f 
each octet o f the 64 k b it/s  data stream.

The bits E convey alignm ent and housekeeping in form ation, according to the pattern  show n in 
Figure 1/V.37.

....  11 o c te t  10

FIGURE 1/V.37

The definite use o f the housekeeping bits H is left for further study; when not used, bits H should be 
assigned the value 1. The definite fram e alignm ent procedure is left for fu rther study.

W hen the transm ission o f the 8-kHz tim ing is not required, the data  signalling rate may be 64 kb it/s .

The interfaces shall com ply with the functional requirem ents given in R ecom m endation G.703 [5] for the 
64-kbit/s interface. The electrical characteristics may com ply with reference [6].

If  an  end-to-end transm ission o f an 8-kHz tim ing signal is not used, an 8-kHz tim ing across the interface 
will not be supplied nor utilized by the modem.

The conditions o f restart and  the following alarm s and actions are for further study.

15 Threshold and response times of circuit 109

15.1 Threshold

For a data line signal level greater than - 1 3  dBmO, circuit 109 is ON. For a data  line signal level less 
than  —18 dBmO, circuit 109 is OFF.

Note — The corresponding levels for the pilot carrier are —22 dBmO and —27 dBmO respectively.

The condition  o f circuit 109 for levels between the above levels is not specified, except that the signal 
detector shall exhibit a hysteresis action such that the level at which the O F F  to ON transition  occurs is at least 
2 dB greater than tha t for the O N  to O FF  transition. To m easure the thresholds o f the detector, a m odulated  data 
signal with its carrier and tim ing pilots at the levels specified in §§ 6.5 and 6.6 above should be used.

15.2 Response times

O N  to O FF: U nder study:

O F F  to O N :

1) For initial equalization, circuit 109 m ust be ON prior to user data appearing  on circuit 104.

2) For re-equalization during data transfer, circuit 109 will be m ain ta ined  in the ON condition. D uring
this period, circuit 104 may be clam ped to the binary  1 condition.

3) After a line signal in terruption  that lasts m ore than the ON to O F F  response tim e:

a) when no new equalization is needed, the exact figure is under study;

b) when a new equalization is needed, circuit 109 must be O N  prior to user data  appearing  in
circuit 104.

octe t H octet 1 octet 0 octet H octe t
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The response tim es o f circuit 109 are the tim e intervals between the appearance or d isappearance o f the 
line signal at the reception inpu t term inals o f the modem  and the occurrence o f the corresponding ON or O FF  
cond ition  on circuit 109.

The line signal level should be w ithin the range from  3 dB above the actual threshold  o f the line signal
detector at reception and  the m axim um  perm issible level o f the signal at reception.

16 Response times of circuit 106

O N  to O F F  response tim e less than  or equal to 2 ms

O F F  to ON response tim e less than  or equal to 2 ms.

17 Equalizer

An autom atic adaptive equalizer shall be provided in the receiver.

The receiver shall incorporate  a m eans o f detecting loss o f equalization and in itiating a synchronizing 
signal sequence in its associated local transm itter.

The receiver shall incorporate  a m eans o f detecting a synchronizing signal sequence from  the remote 
transm itte r and initiating a synchronizing signal sequence in its associated local transm itter, which may be 
in itiated  at any tim e during the reception o f  the synchronizing signal sequence.

E ither modem  can initiate the synchronizing signal sequence. The synchronizing signal is initiated when 
the receiver has detected a loss o f equalization. H aving in itiated  a synchronizing signal, the modem  expects a 
synchronizing signal from the rem ote transm itter.

I f  the modem does not receive a synchronizing signal from  the rem ote transm itter within a tim e interval 
equal to  the m axim um  expected two-way propagation  delay plus twice the synchronizing signal detection tim e, it 
transm its ano ther synchronizing signal.

If  the modem  fails to synchronize on the received signal sequence, it transm its another synchronizing
signal.

If  a m odem  receives a synchronizing signal when it has not initiated  a synchronizing signal and  the 
receiver p roperly  synchronizes, it returns only one synchronizing sequence.

18 Additional information for the designer

18.1 Input level variation

The step-change in the input level is, under norm al conditions, sm aller than ±  0.1 dB. The gradual input 
level change is sm aller than ±  6 dB and includes the tolerance o f the transm itte r ou tput level.

18.2 Interference from  adjacent group bands

A sinusoidal signal o f + 1 0  dBmO in the frequency bands o f 36-60 kH z and 108-132 kH z can appear 
together with the data line signal at the input o f the receiver.

APPENDIX I 

(to R ecom m endation V.37)

Scrambling process

1.1 Definitions

1.1.1 applied data bit

The data bit which has been applied  to the scram bler but has not affected the transm ission at the tim e of 
consideration .
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1.1.2 next transmitted bit

The bit which will be transm itted  as a result o f scram bling the applied  d a ta  bit.

1.1.3 earlier transm itted  bits

Those bits which have been transm itted  earlier than  the next transm itted  bit. They are num bered  
sequentially in reverse tim e order, i.e. the first earlier transm itted  bit is th a t im m ediately preceding the next 
transm itted  bit.

1.1.4 adverse sta te

The presence of any one o f certain repetitive patterns in the earlier transm itted  bits.

1.2 Scrambling process

The binary value o f the next transm itted  bit shall be such as to produce odd  parity  when considered 
together with the twentieth and  th ird  earlier transm itted  bits and  the applied  data  bit unless an  adverse state is 
apparen t, in which case the binary  value o f the next transm itted  bit shall be such as to  p roduce even instead  o f 
odd parity.

An adverse state shall be apparen t only if the b inary  values o f the p lh and  (p  +  8)th earlier transm itted  bits 
have not differed from one another when p  represents all the integers from  1 to  q inclusive. The value o f q shall 
be such tha t, for p  =  (q +  1), the /7th and (p +  8)th earlier transm itted  bits had  opposite b inary  values and 
q =  (31 + 3 2  r), r being 0 or any positive integer.

At the tim e o f com m encem ent, i.e. when no earlier bits have been transm itted , an a rb itra ry  20-bit pattern  
may be assum ed to represent the earlier transm itted  bits. At this tim e also it m ay be assum ed tha t the p lh and 
( p  +  8)lh earlier transm itted  bits, have had the sam e binary  value when p  represents all the integers up  to  any 
arb itrary  value. Sim ilar assum ptions may be m ade for the descram bling process at com m encem ent.

Note 1 — From  this it can be seen that received da ta  cannot necessarily be descram bled correctly until at 
least 20 bits have been correctly received and  any pair o f these bits, separated  from  each other by seven o ther bits 
have differed in b inary value from  one another.

Note 2 — It is not possible to devise a satisfactory test pattern  to  check the operation  o f  the A dverse State 
D etector (ASD) because o f the large num ber o f possible states in which the 20 state shift register can be at the 
com m encem ent o f testing. For those m odem s in which it is possible to bypass the scram bler and  the descram bler 
and  to strap  the scram bler to function as a descram bler, the follow ing m ethod may be used. A 1 : 1 test pattern  is 
transm itted  with the ASD of the scram bler bypassed. If  the ASD o f the descram bler is functioning correctly  the 
descram bled test pattern  will contain a single elem ent error every 32 bits, i.e. 90 000 errors per m inute for a 
m odem  operating  at 48 k b it/s  indicates that the descram bler is functioning correctly. The operation  o f the A SD o f 
the scram bler may be checked in a sim ilar m anner with the scram bler strapped  as a descram bler and  the 
descram bler bypassed.

1.3 Figure I-1/V .37 is given as an indication  only, since with ano ther technique this logical arrangem ent m ight 
take another form.
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Scrambler/Descrambler

Sym bol truth tables 

Or ’ Or-Not Exclusive or-not Inverter Shift register

C C IT T -43690  

Binary counter

>3 y~c ab3T>c * - o 'S R ' •BC '

A B C

0 0 1

0 1 0

1 1 0

1 0 0

A B c

0 0 1
0 1 0
1 1 1
1 0 0

T D 1 ou tpu t 0 ou tpu t
1 Q - -
0 - Q Q

T 1 o u tpu t 0 ou tpu t
•1 Q Q
0 Q Q

Q is ei ther  0  or 1
S 1 o u tpu t 0 ou tpu t
0 Q Q
1 1 0

(Reset)

Note -  Negative-going transitions of clocks (i.e. 1 to 0 transitions) coincide with data transitions. This is self-synchronizing.

FIGURE I-1/V.37 

An example of scrambler and descrambler circuitry
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SECTION 4

ERROR CONTROL

Recommendation V.40

ERROR INDICATION WITH ELECTROMECHANICAL EQ UIPM ENT

(M ar del Plata, 1968)

If  use is m ade o f a code providing for the in troduction  into each character signal o f an extra un it for the 
parity check, it is possible with electrom echanical equipm ent to detect errors no t only in the transm ission channel 
but also in part o f the m echanical translation or transm ission equipm ent.

It might be possible therefore, when an error is detected in a character signal, to arrange for an error 
indication to be given on the position where the error is found.

This indication could take the form  of an extra perforation  in the tapes o f the perforated  tape equipm ent 
o r a special p rin tou t with direct printing equipm ent.

Such devices would however be either very costly or only partially  effective (for exam ple, m any character 
signals o f the In ternational A lphabet No. 5 do not correspond to any p rin tou t so tha t for these characters the 
norm al sign cannot be replaced by an “erro r” sign).

For these reasons, the C C IT T  unanimously recommends

tha t use o f an alarm  or error-counting device is the best m ethod if a local indication  is required for an 
error detected in a character signal.

Recommendation V.41

CO DE-INDEPENDENT ERROR-CONTROL SYSTEM

(M ar del Plata, 1968, am ended at Geneva, 1972)

1 General

This R ecom m endation is prim arily intended for error control when im plem ented as an interm ediate 
equipm ent which may be provided either with data  term inal equipm ent or with the data circuit-term inating 
equipm ent. The appropria te  interfaces are shown in Figures 1/V.41 and 2/V .41. The system is not prim arily  
in tended for use with multi-access com puting systems. The Recom m endation does not exclude the use o f any other 
error-contro l system that may be better adapted  to special needs.
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The m odem s used m ust provide sim ultaneous forw ard and  backw ard channels. The system uses 
synchronous transm ission on the forw ard channel and asynchronous transm ission on the backw ard channel. When 
m odem s to  R ecom m endation V.23 are used with data  signalling rates o f 1200 or 600 b it/s  in the general switched 
te lephone network, R ecom m endation V.5 applies, the error-control equipm ent being classed as com m unication 
equipm ent. The m argin o f the synchronous receiver should be at least ±  45%.

The system em ploys block transm ission o f in form ation in Fixed units o f 240, 480, 960 or 3840 ” bits and is 
therefore m ost suited to the transm ission o f m edium or long data messages, but a fast starting procedure is 
incorporated  to im prove the transm ission efficiency for shorter messages.

E rro r control is achieved by m eans o f autom atic repetition o f a block upon request (ARQ) from  the data 
receiver. I f  storage is provided at the receiver, detected errors can be rem oved before the system output (clean 
copy). S torage for at least two data  blocks m ust be provided at the transm itter.

The forw ard bit stream  is divided into blocks each consisting o f four service bits, the in form ation bits, and 
16 error-detection (or check) bits in that order, the check bits being generated in a cyclic encoder. Thus each block 
transm itted  to line contains 260, 500, 980 or 3860 ]) bits.

The system will detect:

a) all odd num bers o f errors w ithin a block;

b) any error burst no t exceeding 16 bits in length and a large percentage o f o ther error patterns.

A ssum ing a d istribution  o f errors as recorded in reference [1], the error-rate im provem ent factor has been 
indicated  by a com puter sim ulation to be o f the order o f 50 000 for a block size o f 260 bits.

The fixed block system em ployed limits the use o f the system to those lines having a loop propagation  
tim e not greater than the figures given in Table 1/V.41. A llow ances o f 40 ms for total modem  delay and 50 ms for 
the detection o f the RQ signal have been made.

TABLE 1/V.41 

Maximum permissible line loop propagation times (ms)

Data signalling 
rate (bit/s)

Block size 
(bits)

200 600 1200 2400 3600 4800

260 1210 343 127 18 -

500 2410 743 327 118 49 14
980 4810 1543 727 318 182 114

3860 19210 6343 3127 1518 982 714

2 Encoding and checking process

The service bits and in form ation bits, taken in conjunction , correspond to the coefficients o f a message 
po lynom ial having term s from  x n_1 (n =  total num ber o f bits in a block or sequence) dow n to x16. This 
po lynom ial is divided, m odulo 2, by the generating polynom ial x16 +  x12 +  x 5 4- 1. The check bits correspond to 
the coefficients o f the term s from  x15 to x° in the rem ainder polynom ial found at the com pletion o f this division. 
The com plete block, consisting o f the service and  in form ation bits followed by the check bits, corresponds to the 
coefficients o f a polynom ial which is integrally divisible in m odulo  2 fashion by the generating polynom ial.

At the transm itter the service bits and  inform ation bits are subjected to an encoding process equivalent to 
a division by the generator polynom ial. The resulting rem ainder is transm itted  to line im m ediately after the 
in form ation  bits, com m encing with the highest order bits.

At the receiver, the incom ing block is subjected to a decoding process equivalent to a division by the 
generator polynom ial which in the absence o f errors will result in a zero rem ainder. If the division results in other 
than  a zero rem ainder, errors are indicated.

1 * This block length is suitable for circuits provided by means of geostationary orbit satellites.
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The above processes may conveniently be carried out by a 16-stage cyclic shift register w ith app rop ria te  
feedback gates (see Figures I-1/V.41 and I-2/V .41) which is set to the all 0 position before starting  to process each 
block; at the receiver the all 0 condition after processing a block indicates error-free reception.

Use o f  scramblers — W here self-synchronizing scram blers (i.e. scram blers which effectively divide the 
message polynom ial by the scram bler polynom ial at the transm itter and m ultiply the received po lynom ial by the 
scram bler polynom ial at the receiver) are used, in o rder to ensure satisfactory perform ance o f the error-detecting  
system, the scram bler polynom ial and the R ecom m endation V.41 generating polynom ial m ust have no com m on 
factors. W here this condition cannot be m aintained, the scram bling process m ust precede the error detection 
encoding process and the descram bler process must follow the error detection decoding process. W here additive 
(i.e. non-self-synchronizing) scram blers are used, this precaution  need not be observed.

3 The service bits

3.1. Block sequence indication

The four service bits at the beginning o f each block transm itted to the line indicate the block sequence and  
convey contro l inform ation external to the message inform ation. One o f these control functions is to ensure tha t 
the in form ation block order can be checked during repetitions, thus ensuring tha t in form ation  is not lost, gained 
o r transposed. Three block sequence indicators A, B and  C are used cyclically in tha t order.

O nce a sequence ind icator has been attached to  an inform ation block it rem ains with th a t block until the 
block is received correctly. Exam ination o f the sequence indication is an add itiona l part o f  the checking process.

3.2 Allocation o f  service bits

The allocation o f the 16 possible com binations o f the four service bits is given in Tables 2/V.41 
and 3/V .41. Table 2/V.41 lists essential and therefore m andatory  com binations and  Table 3/V.41 op tional 
com binations.

TABLE 2/V.41 

Essential combinations

Group Combination Function

a 0011 Block A sequence indicator
b 1001 Block B sequence indicator
c 1100 Block C sequence indicator
d 0101 Synchronizing sequence prefix

Note -  The digit on the left occurs first.

TABLE 3/V.41 

Optional combinations

Group Combination Function

e 0110 Hold block
f 1000 End of transmission (this block contains no data)
g 0001 Start of message 1 (five-unit codes)
h 1010 Start of message 2 (six-unit codes)
j 1011 Start of message 3 (seven-unit codes)
k 0010 Start of message 4 (eight-unit codes)
1 0100 End of message (this block contains no data)

m 0111 Data link escape (general control block)
n 1101
P 1110
q 1111 To be allocated by bilateral agreement
r 0000
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3.3 Control functions

The optional Data link escape (general control) block contains data which are special in some way agreed
to by the users.

A dditional optional functions are Start o f  message 1 (or for five-unit codes), Start o f  message 2 (or for 
six-unit codes), Sturt o f  message 3 (or for seven-unit codes), S tart o f  message 4 (or for eight-unit codes), End o f  
m essage, and End o f  transmission.

Four additional service bit com binations are available for allocation by bilateral agreement.

The message inform ation part o f the non-data blocks {Hold, End o f  transmission and End o f  message) is o f 
no significance, but such blocks will still be checked at the receiver.

W hen the optional facilities groups g to k are not used, the first data  block follow ing the O FF  to ON 
transition  of Ready fo r  sending  is autom atically  prefixed Block A sequence indicator, group a. D ata blocks BCABC, 
etc. then follow sequentially unless one (or more) o f the other types o f block are inserted.

W hen the optional facilities groups g to k are used, the first data  block is prefixed by one o f the Start o f
message indicators 1, 2, 3 or 4 (groups g to k), depending on the num ber o f bits per character which will be used 
during  transm ission. D ata blocks ABCAB, etc. then follow. Should an in te rru p tio n  to a leased type connection 
occur during transm ission or should an operator in te rrup t the transm ission to change to the speech m ode, the 
transm ission will be resum ed with the sequence indicator follow ing that o f the last block to be accepted before the 
in terrup tion . A S tart o f  message ind icator should not be used after such an interruption .

In the case o f switched connections, special m easures may be necessary to ensure that an interrupted 
m essage is not continued by a new message w ithout appropria te  indication.

Synchronization is the only essential control function catered for in the service bits.

4 Correction procedure

A binary 1 condition on the backw ard channel (the supervisory channel) indicates the need for repetition 
o f inform ation (RQ). Conversely, a b inary  0 implies acceptance o f the transm itted inform ation. The rules 
governing the transm ission and  reception o f these conditions are given in the following and  §§ 5 and  6 below.

4.1 Data transmitter sequence

Starting and resynchronizing conditions are given in §§ 5* and 6 below, only norm al operations being dealt 
with here.

D ata are transm itted block by block, but the contents o f each transm itted  block together with its service 
bits are held in store at the transm itter until correct reception has been ensured. Storage for at least two blocks 
m ust be provided.

D uring transm ission o f a block the condition o f the backw ard channel (circuit 119) is m onitored for a 
period o f 45-50 m illiseconds im m ediately prio r to transm ission o f the last check bit. If any RQ is found within 
this period the block is rendered invalid by inverting this last bit. The transm itter then recom m ences transm ission 
from  the beginning o f the previous block by reference to the store. D uring the retransm ission o f the block which 
follows the detection o f the RQ signal, the state o f the backw ard channel is ignored.

4.2 Receiver procedure

In norm al operation a binary  0 is m aintained on the backw ard channel as long as blocks are received with 
correct check bits and perm issible service com binations. Any data contained in these blocks are passed to the 
receiver output. If a clean copy ou tpu t is required, data  storage for at least one block should be provided since a 
block canno t be checked until it has been com pletely received.

W hen a block has been received which does not meet the error check condition , binary 1 is transm itted  on 
the backw ard channel and the expected service bit com bination  is noted in the receiver.

Usually, the first received data block in the repetition cycle having correct check bits also will have an 
acceptable service bit com bination  and any data within it will be processed. Occasionally the first block which 
checks correctly may bear an abnorm al service bit com bination  due to a line transm ission error in the backw ard 
channel (causing either a m utilated or im itated binary 0 signal). In either case the data in this first block are
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discarded. In the case that the block checks correctly but the service bit com bination  indicates the block preceding 
the expected block, a b inary 0 should be applied to the backw ard channel.

If  the next block checks correctly and bears an acceptable service bit com bination , its data  should  be 
processed and  norm al operation  resumed. In the case that the service bit com bination  indicates an invalid  block, a 
binary  J should be applied ; m oreover, if the service bit com bination  indicates the block follow ing the expected 
block, it is im plied tha t a b inary  0 has been im itated for the whole o f the 45 ms period  specified in § 4.1 above 
and an alarm  m ust be given since it is not possible to recover from  this (rare) condition  autom atically .

5 Starting procedures

5.1 Transmitter procedures and synchronizing pattern

D uring the delay between Request to send  and  Ready fo r  sending, line idle conditions (b inary  1) are
em itted by the m odem . The first data signals, after the m odem  is ready for sending, are the synchronizing 
sequence prefix 101), followed by the synchronizing filler, followed by the synchronizing pattern . The filler may 
be of any length provided it includes at least 28 transitions and  does not include the synchronizing pattern . The 
synchronizing pattern  is 0101000010100101 starting  from  the left-hand digit (see A ppendix  I for a possible 
derivation). The 28 transitions are provided for bit synchronization purposes. These synchronizing signals are 
followed by Block A or a S tart o f  message block (groups g to k in Table 3/V .41). D uring the whole o f this 
sequence from  the beginning o f the synchronizing prefix the transm itter ignores the condition  o f the backw ard 
channel, acting as though binary  0 were present. The condition  o f the backw ard channel then assum es its norm al 
significance (see § 4 above). Should this be b inary  1 during the exam ination period o f the second block, this block 
m ust be com pleted with the last bit inverted and  the starting procedure m ust be recom m enced from  the beginning 
o f the synchronizing sequence prefix.

5.2 Receiver procedures

Binary 1 is em itted on the backw ard channel at the receiving term inal until the synchronizing pattern  
(0101000010100101) is detected, at which tim e binary  0 is em itted and  block tim ing is established. The only 
acceptable service bit com binations to follow the synchronizing pattern are the Block A  sequence ind icato r or a 
S tart o f  message ind icator (when used). If other service bit com binations are received, b inary  1 is returned and  the 
search for the synchronizing pattern  is resumed.

6 Resynchronization procedure

6.1 Recovery o f  synchronization

Should the receiver fail to recognize an acceptable block within a reasonable tim e, then it m ust exam ine
the incom ing bit stream  continuously  to find the synchronization  pattern. W hen this pattern  is found , block tim ing 
is re-established and  the binary  0 condition applied  to the backw ard channel; the procedure is identical to the 
starting procedure except that the expected service bit com bination  is that follow ing the last sequence ind icato r to 
have been accepted.

6.2 Emission o f  synchronization pattern

If the norm al repetition cycle has continued for a num ber o f tim es consecutively (typically 4 or 8) the 
transm itter m ust assum e that resynchronization is necessary. The norm al repetition cycle is replaced by a 
three-block cycle including a synchronization block and the two blocks previously repeated. The synchronization  
block contains the synchronization  sequence prefix, filler and  pattern as described in § 5.1 above.

Note — A short filler should result in quicker resynchronization, particularly  when long blocks are used. 
However, the short filler has the disadvantage that correct synchronization can be lost if  the prefix is im itated  or 
d isturbed by noise or should the synchronization pattern  be disturbed. The use o f the longer filler, m aking the 
block the sam e length as the data block, overcom es this difficulty. There is the option to choose either length, both 
lengths being com patible.

6.3 Use o f  synchronization block fo r  delay in transmission

The in form ation  flow may be suspended by the insertion o f a synchronizing “block” . In the case o f the 
short filler it is essential that the receiving term inal should recognize the synchronizing prefix and change itself 
im m ediately into the synchronizing search m ode, otherw ise synchronization  will be lost. In the case o f the filler
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which produces a norm al block length it is desirable to change into the search mode w ithout abandoning  block 
tim ing, a backw ard b inary  0 being returned at the end o f the block if the prefix is recognized and the check bits 
correspond  to the synchronization  pattern.

It may happen that the transm itter em its a resynchronization cycle before the receiver has changed into the 
synchronization search condition . The procedure at the receiver is identical to that just described for the use o f a 
synchronization block for suspending the in form ation flow.

7 Interfaces

7.1 M odem  interfaces

In the norm al case where the m odem s are not an integral part o f the data  term inal, the modem interfaces 
are as shown at points A-A in Figures 1/V.41 and  2/V .41. W here synchronous m odem s are em ployed, the 
app rop ria te  signal elem ent tim ing circuits will also be included in these interfaces.

7.2 Data terminal interfaces

W here the error control equipm ent (including stores) is no t an integral part o f the data term inal, the error 
contro l equipm ents are interposed between the data term inals and  the m odem . The data term inal interfaces are 
then as indicated at B-B and  C-C in Figures 1/V.41 and  2/V.41 respectively. A signal elem ent tim ing circuit is 
included in each o f these interfaces.

7.2.1 In the case o f the transm itting  term inal all the interchange circuits perform  their usual functions but 
ready-for-sending also takes advantage o f the final paragraph  o f its definition in R ecom m endation V.24 and 
perform s in the follow ing m anner:

Ready-for-sending circuit (see Figure 1/V.41)

This circuit, in conjunction  with the signal elem ent tim ing circuit, will inform  the data term inal equipm ent 
when data are required in response to the request-to-send circuit. The ready-for-sending circuit will go to the ON 
condition  when data are required and to the O F F  condition  when data are not required (in general this will be 
during  the service and check bit transm issions and  any repetition). This circuit will not go to the ON condition 
until the request-to-send circuit has gone to the ON condition. All transitions o f this circuit will coincide with the 
signal elem ent tim ing transition  from  ON to OFF. The transition  from  C)N to O FF will thus coincide with the 
signal elem ent tim ing transition  from  ON to O F F  during the 240th, 480th, 960th or 3840th bit o f the inform ation 
w ithin a block, as appropriate .

B A
l I

C C IT T -43700
FIGURE 1/V.41 

Interchange circuits -  Transmitting terminal
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7.2.2 In the case o f the receiving term inal two new circuits are in troduced, but since two (or m ore) o f the 
modem interface circuits are not used in this interface, the num ber o f circuits is no t increased. C ircuit 118 
— Transmitted backward channel data  is not available at this interface.

A R eady fo r  receiving function must be provided to inform  the error contro l equipm ent o f the status o f the 
data term inal. This function may be perform ed by circuit 108, in which case a connection  on the sw itched 
telephone netw ork will be released when the circuit goes from  ON to O FF. A lternatively, a separate  function 
control circuit may be provided in order to retain the line connection for short periods when the data  term inal is 
unable to accept data. This new circuit may be assum ed to take the place o f circuit 120 and functions in the 
following m anner:

Ready-for-receiving (see Figure 2/V.41)

Direction: to error control equipment from  data term inal equipment

The data term inal equipm ent shall m aintain  the ON  condition on this circuit when the data term inal 
equipm ent is ready to receive data. Since the error control equipm ent will receive data in blocks, the data term inal 
equipm ent m ust be capable o f receiving data also in blocks. Therefore, the data  term inal equipm ent shall change 
this circuit to  the O N  condition  only if the data term inal equipm ent is capable o f accepting a block o f data  (240, 
480, 960 or 3840 elements) and shall return to the O F F  condition  if the data  term inal equipm ent canno t accept 
another block within 15 elem ent intervals after the end o f the previous block o f transferred  data.

Note — If this Ready fo r  receiving circuit is O F F  at the end o f this 15-element period, an RQ condition  
will be generated.

The other new circuit perform s the function o f  responding to the ready-for-receiving function and  is 
therefore analogous to circuit 121 — Backward channel ready. This new circuit functions as below:

Received-data-present (see Figure 2/V .41)

Direction: from  error control equipment to data terminal equipment

This circuit, in conjunction with the signal elem ent tim ing circuit, will inform  the data term inal equipm ent 
when data are going to be ou tpu t in response to the receive data  term inal’s connect data  set to  line (and separate 
Ready fo r  receiving circuit when provided) and the incom ing data from  the d istan t end being ad judged correct.
The Received data present circuit will go to the ON condition  when data are going to be ou tpu t and  to the O FF
condition  at all o ther times. All transitions o f this circuit will coincide with the signal elem ent tim ing transition
from  ON to OFF. The transition  from  ON to O F F  will thus coincide with the signal elem ent tim ing transition
from  ON to O FF  during the 240th, 480th, 960th or 3840th bit o f inform ation w ithin a block as appropria te .

A C

°  C C IT T -43710

FIGURE 2/V.41 

Interchange circuits -  Receiving terminal
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7.2.3 A dditional interchange circuits may be provided at the data term inal interface by bilateral agreem ent o f 
the users. These additional circuits may be used to in troduce service bit control functions other than those 
provided as a basic necessity. Such circuits should not interfere with the operation of the recom m ended circuits.

8 Use of service functions

Data link escape is included in Table 3/V.41 as an op tional ind icator and its Use is left to be agreed
between operators. It may, for instance, be used to signal to a receiving station that the sending station wishes to
speak over the connection. In this case the receiving equipm ent would operate a bell or sim ilar calling device and 
transfer the line from  the modem  to a telephone. A lternatively, it may cause a short message to be printed on a 
te leprin ter for the attention  o f an operator.

End o f transm ission is envisaged as giving a positive indication to the receiver that the transm ission has 
ended and that the connection may be released. This is an alternative to the data term inal equipm ent interpreting 
the received data  to know  when to release the connection.

The optional start o f message indicators together with the end o f message indicator may be used to route 
messages to different destinations or term inal equipm ent at the receiving end, which may include the selection of 
equipm ent app rop ria te  to the code used.

The hold block need not be used at a transm itter since synchronization sequences may be used as packing 
between data blocks in the event o f data not being ready at the transm itting  data term inal equipm ent, but if
required a hold block may be used for this purpose.

A PPENDIX I 

(to R ecom m endation V.41)

Encoding and decoding realization for cyclic code system

1.1 Encoding

Figure I-1 /V.41 shows an arrangem ent for encoding using the shift register. To encode, the storage stages 
are set to zero, gates A and B are enabled, gate C is inhibited and  k  service and inform ation bits are clocked into 
the input. They will appear sim ultaneously at the output.

After the bits have been entered, gates A and B are inhibited and gate C is enabled, and the register is
clocked a further 16 counts. D uring these counts the required check bits will appear in succession at the output.

G eneration  o f the synchronizing pattern  may be achieved by m aking k = 4, the four bits being 0101.
C locking is suspended for the duration  of the synchronizing filler.

Encoder
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1.2 Decoding

Figure I-2/V.41 shows an arrangem ent for decoding using the shift register. To decode, gates A, B and E 
are enabled, gate D is inhibited and the storage stages are set to zero.

The k  in form ation or prefix bits are then clocked into the input and  after k  counts gate B is inhibited , the 
16 check bits are then clocked into the input and  the contents o f the storage stages are then exam ined. For an 
error-free block the contents will be zero. A non-zero content indicates an erroneous block.

Decoder

1.3 Synchronizing at receiver

For block synchronizing gate D is enabled (Figure I-2/V.41 and  gates A, B and  E are inh ib ited  and  the 
register is exam ined in successive bit intervals for the required 16-bit pattern . W hen the pattern  is recognized the 
register and  bit counter are set to zero and  decoding proceeds norm ally.

Reference

[1] M easurements on switched and leased telephone lines transmitting data at speeds o f  250, 800 and  1000 
bauds, Blue Book, Vol. V III, Supplem ent No. 22, ITU , G eneva, 1964.

Fascicle VIII.1 -  Rec. V.41 213



PAGE INTENTIONALLY LEFT BLANK

PAGE LAISSEE EN BLANC INTENTIONNELLEMENT



SEC TIO N  5

T R A N SM ISSIO N  QUALITY AND M A INTEN A NCE

STANDARD LIMITS FOR TRANSM ISSION QUALITY  
OF DATA TRANSM ISSION

(M ar del Plata, 1968)

One o f the m ost im portan t factors affecting data  transm ission quality  — sim ilarly to telegraph transm is
sion quality — is the distortion  in tim e o f the significant instants (known as “telegraph d is to rtion” [1]; the degree
o f signal d istortion  m ust be kept within certain limits, the ultim ate objective being tha t the degree o f  d istortion  on 
received signals should be com patible with the m argin o f  the receiving equipm ent.

This d istortion  on received signals arises from  the com position of:

a) the sending distortion;

b) the distortion introduced by the transm ission channel.

H ence, lim its m ust be fixed for the degree o f sending distortion  and for the degree o f d isto rtion  due to the 
transm ission channel.

The limits contem plated for the transm ission channel are specified in R ecom m endation V.53; these lim its, 
which are no t yet final, are recalled below:

C hannel with m odem  V.21: 20-25%

C hannels with m odem  V.23:

600 bauds — leased circuits: 20-30%

1200 bauds — leased circuits: 25-35%

600 bauds — switched circuit: 25-30%

1200 bauds — switched circuit: 30-35%

(when this m ode o f operation is possible)

These figures are expressed provisionally in m axim um  degrees o f individual d isto rtion  an d  apply  to the 
circuit including the modems. The limits for the degree o f sending d isto rtion  must be fixed so tha t a reasonable 
m argin is left for the receiving equipm ent, m aking allow ance for the d istortion  introduced by the circuit.

In view o f the foregoing, the C C IT T  unanimously issues the recommendation tha t:

1 with regard to the quality o f  transmission signals (signals at po in t A — Figure 1/V.51), it is preferable, 
given the wide range o f possible m odulation rates, to adop t a single standard  for each type o f m odem .

2 when a R ecom m endation V.21 m odem  is used, the duration  o f a unit elem ent should be at least 90% o f the 
duration  o f the unit elem ent at 200 bauds [i.e. (1/200) x (90/100) second, or 4.5 milliseconds].

Recommendation V.50
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3 when a R ecom m endation V.23 m odem  is used, the duration  o f a un it elem ent should be at least 95% o f the 
duration  o f the unit elem ent either at 1200 bauds [(1/1200) x (95/100) second, or 0.791 millisecond] or at 
600 bauds [(1/600) x (95/100) second, or 1.583 millisecond].

4 if  a system sends signals o f which the sending d isto rtion  is system atically well below the limits specified 
above for the category concerned, the perm issible m argin for receivers o f tha t system may be reduced.

5 the values indicated above could be revised when a m ore accurate plan for transm ission quality has been 
draw n up.

Note — The receive m argin limits will be studied in liaison with the ISO.

Reference

[1] C C IT T  D efinition: Telegraph distortion , Volume X, Fascicle X .l (Term s and Definitions).

Recommendation V.51

ORGANIZATION OF THE M AINTENANCE  
OF INTERNATIONAL TELEPHONE-TYPE CIRCUITS USED FOR DATA TRANSM ISSION

(M ar del Plata, 1968)

In order to ensure satisfactory cooperation  between A dm inistrations interested in the m aintenance of 
in te rnational telephone-type circuits used for data transm ission, and in order to ensure the m aintenance of 
satisfactory data com m unication, it is necessary to unify the essential action to be taken for the establishm ent and 
m ain tenance o f leased and switched telephone-type circuits used for data transm ission.

The com position o f a data transm ission connection is as shown in Figure 1/V.51.

Taking into account these considerations, the C C IT T  unanimously declares the view:

1 That maintenance measurements should consist o f :

a) telegraph m aintenance m easurem ents;

b) telephone m aintenance m easurem ents.

2 Telegraph maintenance measurements

Telegraph m aintenance m easurem ents consist of:

a) m easuring the degree o f d istortion in tim e o f significant instants;

b) m easuring error rates.

2.1 M aintenance m ethod by measurements o f  significant instants distortion in time (known as “telegraph
d isto rtion” [1])

2.1.1 Provisionally, the distortion  o f significant instants should be evaluated by m easuring the degree o f 
isochronous d istortion in the absence o f  any appreciable d isturbance which m ight produce error bursts.

Note 1 — This m easurem ent should be m ade by evaluating the degrees o f early and late individual 
d istortion , the degree o f isochronous d istortion  being the sum, in absolute term s, o f the m axim um  degrees o f  early 
and late individual distortion.

Note 2 — It is recognized that m easurem ents o f isochronous and individual d istortion are both quite 
im portan t, but that for lack o f an exact definition o f the ideal reference instan t, the non-uniform ity  o f individual 
d istortion  m easurem ents makes them difficult to apply in an agreed m anner.
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Composition of a data transmission connection

2.1.2 M easurem ents o f distortion  should be m ade using the apparatus recom m ended in R ecom m endation  V.52 
placed at points A and  A, (see Figure 1/V.51).

2.1.3 The duration  o f the m easurem ent should be 20 seconds.

2.2 M aintenance m ethod by measurement o f  the error rate

2.2.1 M easurem ents should be taken of the error rate on the bits and  the erro r rate on the blocks (or sequence); 
the m easurem ents should be m ade with the apparatus described in R ecom m endation V.52 using the pseudo
random  sequence at the appropria te  signalling rate. The apparatus should be placed at points A and  A, 
(see Figure 1/V.51).

2.2.2 The duration  o f the m easurem ents shall be 15 m inutes. Every m easurem ent shall be a gross m easurem ent, 
i.e. w ithout any deduction o f errors and w ithout stopping the m easurem ents if  there is, for any reason, a b rief 
period o f high error-rate. However, if an incident o f appreciable im portance (e.g. pro longed  in terrup tion  o f the 
circuit or loss o f synchronization  on several pseudo-random  sequences) upsets the m easurem ent, the m easurem ent 
should be started again.
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3 Telephone maintenance methods

3.1 Telephone m aintenance m ethods consist of:

a) m easurem ent o f the attenuation  at 800 Hz;

b) m easurem ent o f the attenuation  d istortion  as a function o f the frequency;

c) m easurem ent o f the delay /frequency  d istortion;

d) m easurem ent o f noise with the psophom eter;

e) m easurem ent o f im pulsive noise using the instrum ent described in R ecom m endation 0.71 [2].

3.2 Im pulsive noise levels should be expressed in dBmO because:

a) the difference between the various national transm ission plans is taken into account, and

b) the level value is related to the value o f data signal level to a close degree.

3.3 Bearing in m ind the follow ing two points:

— that R ecom m endation V.2 dem ands a m axim um  data signal level o f — lOdBmO for .a simplex
transm ission and —13 dBmO for duplex transm ission,

— that there has been considerable experience o f using the threshold —18 dBmO and —22 dBmO,

the threshold settings should be —18 dBmO and —21 dBmO respectively for the ordinary  and special quality 
circuits m entioned in R ecom m endation M.1020 [3], the standard  m easuring instrum ent being adjustable to 
thresholds 3 dB apart.

Owing to lack o f experience, no external filter should be used for present m aintenance purposes.

3.4 At the tim e o f m easurem ent the line should be term inated at both ends on im pedances o f 600 ohm s each.
The m odem  may be used for this purpose if it com plies with this im pedance.

4' M aintenance procedures

M aintenance procedures should be carried out as follows:

4.1 M aintenance m easurements before a leased circuit is pu t into service

Before a circuit is put into service the following m easurem ents should be m ade:

a) between points B and  5, (see Figure 1/V.51): 

telephone m easurem ents as specified in § 3 above;

b) between points A and A t (see Figure 1/V.51): 

telegraph m easurem ents as specified in 2.1;

c) as far as possible, these m easurem ents should be m ade at peak periods;

d) on the m odem s, m odem  test m easurem ents.

For this purpose the m odem s m ust be equipped, if possible, with looping devices on interface or line
sides, so that the loop test can be perform ed either from  the data  term inal equipm ent or from  a test
centre.

The design o f these loops and the texts to be m ade for modem checks cannot be specified for general 
app lica tion  since the deciding factors for these tests are the type o f m odem  and the type o f interface 
signal.

4.2 Routine maintenance o f  leased circuits

On a leased poin t-to -po in t connection, m aintenance o f the B-B, circuit is organized in the same way as 
prescribed for leased telephone circuits, which follows as closely as possible the organization prescribed for the 
m ain tenance o f circuits in the general te lephone service; on  each in ternational group o f circuits there is, in each
country , an international m aintenance centre (IM C ) and one o f them is the contro lling  centre. C ircuit inform ation
is kept in each IM C. An IM C has to inform  the contro lling  IM C of any in tervention or incident on the circuit.

4.3 Telegraph m easurem ents requiring restitution of the characteristic instants are practical only between the 
interfaces.
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On the o ther hand, by using a supplem entary telephone pair between B and C and between B, and  C ,, it 
m ight be possible to take “te lephone” m easurem ents from  the connecting centres, on the lines show n in 
F igure 2/V.51.

c Di
—o-

Ci
-o—

Bi

* )6 >
C C IT T -4 3 7 5 0

FIGURE 2/V.51

It is no t recom m ended tha t m easurem ents between M and M, be substituted for those to be m ade between 
B and B ,; however, this change in the m easuring po in t m ight be acceptable when the m easurem ents m ade from  M 
to M, can be regarded as representative o f the m easurem ents from  B to B,. This is a question o f  local 
circum stances.

4.4 M aintenance measurements before data transmission equipment fo r  use on the switched network is pu t into
service

It is recom m ended tha t data  test centres be set up  in one or m ore countries; each subscriber to the 
switched d a ta  service should com e under one o f these centres. Before pu tting  into service, this centre should be 
called and , once the connection has been set up, telegraph-type m easurem ents only should be taken  (d istortion , 
e rro r rate).

4.5 Routine maintenance measurements fo r  switched connections

Between C and C ,, the circuit should receive the routine m aintenance for telephone circuits, in accordance 
with relevant Recom m endations in Volume IV.

Since m eans are available to the users for checking the quality o f data  transm issions:

— it is unnecessary to arrange for routine telephone-type m ain tenance m easurem ents between B and  B,;

— it is unnecessary to arrange for routine telegraph-type m aintenance m easurem ents between A and  A,.

H owever, when there are signs o f developing trouble, preventive m aintenance m easurem ents should  be 
taken, but they will not be routine or systematic.

A dm inistrations should be in a position to carry out m odem  tests.

5 Fault location and clearance

Fault location and clearance should be effected as follows (see Figure 3/V .51)

In each country an international data coordinating centre (ID C C ) shall be set up.

This centre:

— shall keep a record o f in ternational data transm ission links (by leased circuit o r sw itching);

— shall direct operations for putting in ternational links for data transm ission into service;

— shall act as liaison point between countries for locating faults.

This centre is not a test centre, but it orders and coordinates the opera tion  o f test centres. It has no direct 
contact with users.
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FIG U R E  3/V.51

Figure 3/V.51 shows the links between the various services which may take part in locating and  clearing 
faults on an in ternational link.

The procedure for reporting  and clearing faults w ould thus be as follows:

a) the user tests the line by telephone with the user at the other end, if  the data transm ission system
perm its;

b) the user checks that the equipm ent for which he is responsible is in norm al w orking order;

c) the user reports the fault to his fault-reporting  poin t according to the instructions issued by his 
A dm inistration;

d) tests are m ade on the national netw ork with the intervention, if  necessary, o f the data test centre;

e) if  these tests are abortive, the ID C C  is inform ed; this ID C C  contacts the ID C C  in the other country;

f) the ID C Cs guide the .search  for the fault and, if necessary, call on the services o f the m aintenance
centres on the in ternational circuits involved.

If  there is no data test centre in a country, the data test centres o f a neighbouring country may be used 
w ith the consent o f the A dm inistrations concerned.

By agreem ent between the A dm inistrations concerned, a user in country A may carry out tests with the aid 
o f  a data  test centre in country B, and vice versa.
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Recommendation V.52

CHARACTERISTICS OF DISTORTION AND ERROR-RATE 
M EASURING APPARATUS FOR DATA TRANSM ISSIO N

(M ar del Plata, 1968; am ended at Geneva, 1972)

The C C IT T , 

considering

that distortion  and error-rate m easurem ents are o f interest in da ta  transm ission and  that m easuring 
instrum ents m ust have com patible characteristics for in ternational in ter-operation ,

unanimously declares the follow ing view:

1 M odulation rates

1.1 The nom inal modulation rates o f the m easuring apparatus to be used in the tests are: 50, 75, 100, 200, 600,
1200, 1800, 2000, 2400, 3000, 3600 and  4800 bauds.

1.2 The accuracy of these rates should in no case deviate from  the nom inal value by m ore than  ±  0.01%.

1.3 To obtain  these rates a tim e-base external to  the instrum ent may be used.

2 Emission of test signals

2.1 In order to  test circuits for da ta  transm ission on an in te rnational basis it is necessary to  standard ize the
test patterns to be used. Such a pattern  should be a pseudo-random  one having the follow ing characteristics:

— it should contain all or at least the m ajority o f eight-bit sequences likely to  be met in the transm ission  
o f  actual data;

— it should contain sequences o f zeros and  ones as long as possible com patib le with ease o f generation ;

— the pattern should be o f sufficient length such that at m odulation  rates higher than  1200 bauds its
duration  is significant com pared with line noise disturbances.

Accordingly a 511-bit test pattern is recom m ended. The pattern  m ay be generated in a nine-stage
shift-register whose fifth and  nin th  stage outputs are added together in a m odulo-tw o addition  stage, and  the result
is fed back to the input o f the first stage. The m odulo-tw o adder w ould be such tha t the ou tpu t produces a 0
ou tpu t when the two inputs are sim ilar and 1 ou tpu t when the two outputs are dissim ilar.

Table 1/V.52 shows the state o f each stage o f such register during the transm ission of the first 15 bits. The
pattern  over a longer period is as follows:

11111111100000111101111100010111001100, etc.

It is clear from  Table 1/V.52 that this pattern is the sequence o f bits in stage 9 o f the shift register but it
also represents the sequence in any other stage shifted in time. The choice o f  stage to be connected to the ou tpu t is
therefore a m atter o f circuit convenience.

2.2 O ther test signals recom m ended are: perm anent space, perm anent m ark, 1 : 1, 3 : 1, 1 : 3, 7 : 1 and  1 : 7, all
o f which may be sent over the line for an unlim ited time.

2.3 A tolerance o f ±  1% is the m axim um  perm issible for the transm itter d istortion  o f the test signals.

2.4 The form  of signals shall be as prescribed in R ecom m endation V.28.

3 Synchronization of transmitting with receiving apparatus

The receiving m easuring set shall be synchronized with the transitions o f the test signals received; these 
signals to be the recom m ended 511-bit sequence.
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TABLE 1/V.52

Shift register stages during pseudo-random pattern generation

1
1 2 3 4

+
5 6 7 8

i

9

k

Output

1 1 1 1 1 1 1 1 1 1

0 1 1 1 1 1 1 1 1 1

0 0 1 1 1 1 1 1 1 1

0 0 0 1 1 1 1 1 1 1

0 0 0 0 1 1 1 1 1 1

0 0 0 0 0 1 1 1 1 1

1 0 0 0 0 0 1 1 1 1

1' 1 0 0 0 0 0 1 1 1

1 1 1 0 0 0 0 0 1 1

1 1 1 1 0 0 0 0 0 0

0 1 1 1 1 0 0 0 0 0

1 0 1 1 1 1 0 0 0 0

1 1 0 1 1 1 1 0 0 0

1 1 1 0 1 1 1 1 0 0

1 1 1 1 0 1 1 1 1 1

4 Measurement of distortion

4.1 The apparatus should m easure the degrees o f early and  late individual distortion.

4.2 The receiver should m easure bias distortion  on reversals (1 : 1 signals), with a ±  2% m easurem ent 
accuracy.

4.3 The tolerance o f the m easurem ent o f the individual distortion  o f pseudo-random  signals shall be ±  3%.

4.4 The im pedence o f the receiving apparatus shall be as recom m ended in Recom m endation V.28.

4.5 Provisionally, the m argin o f the m easuring receiver should be m easured in term s of the “m argin of a
synchronous receiver” ([1]), under the follow ing m easurem ent conditions: the signals entering the receiving 
m easuring set shall be those defined in § 2 above, with the transitions in one direction only subject to a delay
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equal to A% o f the theoretical duration  o f a significant unit. The m odulation  rate m ay be fix ed  at the nom inal 
value, and  at a value in the range: nom inal value ±  0.01%. The receiving m easuring set should no t indicate any 
erro r after the synchronizing period  as long as A is less than 90%; this applies to both directions o f the transitions 
subject to the delay A. U nder these conditions the m argin o f the m easuring appara tu s  shall be said to be over 90%.

5 M easurement of error rate

Both bit error-rate and  block error-rate m easurem ents should be possible with the apparatus.

Inform ation  on the erro r rate for sequences o f 511 bits should be given in a form  sim ilar to  tha t for the bit 
erro r rate, the two m easurem ents being m ade sim ultaneously.

Reference

[1] C C IT T  D efinition: Margin o f  a synchronous receiver, Vol. X, Fascicle X .l (Term s and D efinitions).

Recommendation V.53

LIMITS FOR THE MAINTENANCE OF TELEPHONE-TYPE CIRCUITS 
USED FOR DATA TRANSM ISSION

(M ar del Plata, 1968)

For data  transm ission m aintenance purposes, the following lim its are recom m ended for the essential 
param eters indicating the quality o f a transm ission channel.

1 Telegraph distortion limits

Limits for the degree o f  distortion on a transmission channel between the interfaces (i.e. including the 
m odem s) vary with the data  transm ission system. The following values are recom m ended, these sam e limits
applying to the backw ard channel:

System with R ecom m endation V.21 m odem : 20-25%

Systems with R ecom m endation V.23 m odem :

600 bauds — leased circuits: 20-30%

1200 bauds — leased circuits: 25-35%

600 bauds — switched circuit: 25-30%

1200 bauds — switched circuit: 30-35%

(when this m ode o f operation  is possible).

These figures express provisionally m axim um  degrees o f individual distortion. They will be converted into 
degrees o f isochronous d istortion  once a m ethod for determ ining the reference ideal instant has been studied, 
specifying a synchronization procedure for the d istortion-m easuring receiver.

2 Limits for error rates

2.1 Bit error rate

The limits in Table 1/V.53 are recom m ended; when they are exceeded the m ain tenance services should  
consider the transm ission channel defective. The period o f m easurem ent is abou t 15 m inutes (m ore precisely, the 
period corresponding to the transm ission o f the total num ber o f sequences which is closest to 15 m inutes).
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TABLE 1/V.53

Modulation rate 
(bauds) Connection Maximum bit 

error rate

1200 switched 
(when possible)

10'3

1200 leased O
i

600 switched 10'3

600 leased 5 • 10~5

200 switched 10"4

200 leased 5 • 10~5

Note -  These values are not intended for use in planning circuits, but for the 
information of maintenance services.

2.2 Block error rate

Inform ation  on the error rate for sequences o f 511 bits would be given in a form  sim ilar to that for the bit 
erro r rate, the two m easurem ents being m ade sim ultaneously. However, no  lim it for the sequence error rate can be 
recom m ended for the tim e being.

N ote — To enable A dm inistrations to  appreciate the value o f sequence error-rate m easurem ent, 
T able 2 / V.53 shows the m axim um  and m inim um  theoretic values o f error rates for sequences o f 511 bits 
corresponding  to different values o f bit error rate.

These theoretic values do not depend on the m odulation rate. For the purposes o f this table, a m odulation  
rate  o f  1200 bauds has been taken as an exam ple.

M odulation rate:

Period o f m easurem ent:

N um ber o f bits transm itted: 

Length o f sequence:

N um ber o f sequences transm itted:

1200 bauds

15 m inutes =  900 seconds 

1 080 000 

511 bits 

2113

TABLE 2/V.53

Bit error rate Number of 
erroneous bits

Erroneous sequences

Maximum
num bera)

Maximum 
rate in %

Minimum
numberb)

Minimum 
rate in %

2 • KT3 2160 2113 100 5 0.24
KT3 c) 1080 1080 51.1 3 0.15

5 • 10~4 540 540 25.5 2 0.10
10'4 108 108 5.1 1 0.05

5 • 10'5 54 54 2.5 1 0.05

a) The maximum number of erroneous sequences corresponds to a uniform distribution of erroneous bits (one bit per 
sequence).

b) The minimum number of erroneous sequences corresponds to a grouped distribution of erroneous bits (sets of 511 bits 
affecting the sequences).

c) It will be seen that for a bit error rate of 10"3, the sequence error rate can vary between 0.15% and 51.1 %. (This shows the value 
of sequence error-rate measurement, not only for users, but also for Administrations, which can thus obtain useful 
information on the causes of bit and sequence error.)
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3 Limit of uniform-spectrum random noise

See R ecom m endation G.153 [1].

4 Limits for impulsive noise

4.1 Bearing in m ind the follow ing two points:

— that R ecom m endation V.2 dem ands a m axim um  data signal level o f — lOdBm O for a sim plex
transm ission and —13 dBmO for duplex transm ission,

— that there has been considerable experience o f using the threshold —18 dBmO and —22 dBmO,

the threshold settings should be —18 dBmO for telephone-type circuits and  —21 dBmO for the special quality 
circuits m entioned in R ecom m endation M.1020 [2], the standard  m easuring instrum ent (see R ecom m enda
tion 0 .71 , [3]) being adjustable to thresholds 3 dB apart (see N ote 1).

4.2 For counting the num ber o f im pulses, the instrum ent shall be used in the “fla t” bandw idth  condition  (see
N ote 2).

On a leased circuit, the adm issible lim it should be 70 im pulse counts per hour; but in realizing tha t error 
rate m easurem ents are conducted for periods o f 15 m inutes each, the recom m ended m aintenance lim it should  be 
18 counts in 15 m inutes for leased circuits (see N ote 3). The m easurem ents should  be m ade during peak hours.

At the tim e o f m easurem ent the line should be term inated at both  ends by im pedances o f 600 ohm s. The 
modem  may be used for this purpose if it com plies with this im pedance.

4.3 For the general switched telephone netw ork, there should be no recom m ended m aintenance lim its for
im pulse counts, but the instrum ent might be useful as a diagnostic aid at the discretion o f the A dm inistrations.
This is because the im pulse count results taken on any one connection vary considerably with tim e and  even
greater differences appear between various connections.

4.4 The correlation between the bit erro r rate and  the num ber o f im pulse counts thus determ ined has not yet
been established.

Note 1 — Levels should be expressed in dBmO, because

a), the difference between the various national transm ission p lans is taken in to  account, and

b) the level value is related to the value o f the data signal level to a close degree.

Note 2 — Owing to lack o f experience, no external filter should be used for present m aintenance
purposes. However, the study o f the use o f external Filters should continue. By m eans o f additional filters the
instrum ent may provide other optional bandw idths (see the R ecom m endation cited in [4]).

Note 3 — These values are given as an indication. The question o f the duration  o f the m easurem ent and 
perm issible m axim um  standards for im pulsive noise forms the subject o f future studies.
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Recommendation «V.54

LOOP TEST DEVICES FOR M O D E M S 1'

(Geneva, 1976; am ended at Geneva, 1980)

1 Introduction

The C C ITT,

considering

the increasing use being m ade o f  data transm ission systems, the volum e o f the inform ation circulating on 
d a ta  transm ission networks, the savings to be m ade by reducing in terrup tion  tim e on such links, the im portance of 
being able to determ ine responsibilities in m aintenance questions for networks, o f necessity involving several 
parties, and  the advantages o f standard ization  in this field,

unanim ously declares the following view:

The locating o f faults can be facilitated in m any cases by looping procedures in m odem s. These loops 
allow  local or rem ote m easurem ents, analogue or digital, to be carried out optionally  by the A dm inistrations 
a n d /o r  users concerned.

2 Definition of the loops

F our loops are defined (num bered 1 to 4) and their locations as seen from  DTE A are shown in 
Figure 1/V.54. A sym m etrical set o f four loops could exist as seen from D TE B.

i

DTE A DCE A

Maintenance
centre

DCE B DTE B

C C IT T -4 3 7 7 0

FIGURE 1/V.54

2.1 Loop 1

This loop is used as a basic test on the operation  o f the DTE, by returning transm itted  signals to the DTE 
for checking. The loop should be set up inside the D TE as close as possible to the interface.

W hile the D TE is in the loop 1 test condition:

— transm itted data (circuit 103) are connected to received data (circuit 104) within the D TE;

— circuit 108/1 or 108/2 must be in the same condition  as it was before the test;

— circuit 105 must be in the O F F  condition ;

— circuit 125 should continue to be m onitored  by the DTE so that an incom ing call can be given
priority over a routine loop test.

Interchange circuit 103 as presented to the D C E m ust be in the b inary  1 condition.

In this Recommendation the terms “data terminal equipment” and “data circuit-terminating equipment” are indicated by 
DTE and DCE respectively.
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The conditions o f  the o ther in terchange circuits are not specified but they should if  possible perm it norm al 
working. The transm itter tim ing in form ation, in particu lar if it comes from  the D CE, will continue to  be sent (see 
R ecom m endation V.24, § 4.6.2).

Note  — W hen circuits 108 and 105 are not used by the DTE (for certain  applications on leased lines, for 
exam ple) the D C E will not be inform ed o f the test condition. This is considered acceptable prov ided  tha t the 
rem ote station is not disturbed.

2.2 Loop 3

This is a local loop established in analogue m ode as close as possible to the line to check the satisfactory  
working o f the D CE. The loop should include the m axim um  num ber o f circuits used in norm al w orking (in 
particu lar the signal conversion function, if possible) which m ay in som e cases necessitate the inclusion o f devices 
for attenuating  signals, for exam ple.

The establishm ent o f the loop presents no difficulty when using a 4-wire line, except in certain  cases in 
which parts o f the line equalization system are rem oved from  service.

For certain 2-wire lines the loop may be ob tained by sim ple unbalance o f the hybrid transform er.

W hile the D C E is in the loop 3 test condition:

— the transm ission line is suitably term inated, as required by national regulations;

— all interchange circuits are operated  norm ally, except in the case o f 2-wire half-duplex  opera tion  
where the m andatory  clam ping involving circuits 105 and 109 (as specified in R ecom m endation  V.24, 
§ 4.3.2. a) is d isabled;

— circuit 125 should continue to be m onitored  by the D TE so that an incom ing call can be given 
priority  over a rou tine loop test, after abandon ing  the loop 3 condition ;

— no signal is transm itted  to line on the data channel.

Since m ost in terchange circuits operate norm ally, a diagram  o f in terchange circuit opera tion  sequence is 
no t presented.

N ote  — In certain switched networks the loop 3 procedure m ay clear the connection  due to national 
regulations. D uring the loop 3 condition, however, the D C E must no t be switched to the line, if  no t already 
connected.

2.3 Loop 2

Loop 2 is designed to perm it station A or the netw ork to  check the satisfactory w orking o f the line (or part 
o f the line) and o f the D C E B. It can only be used with a duplex D C E ; the application  to the backw ard  channel
is left for fu rther study. Pseudo loop 2 m ay be defined for a half-duplex D C E and  will be specified in the
R ecom m endation relating to the D C E concerned.

The establishm ent o f  the loop will be effective when the control is applied , regardless o f the condition  o f  
circuit 108 presented by the D TE associated with the D C E in which the loop is set up.

W hile the D C E B is in the loop 2 test condition:

— circuit 104 is connected internally  in the D C E circuit 103 (see N ote);

— circuit 104 to the D TE is m aintained in the binary  1 condition ;

— circuit 109 is connected internally  in the D C E  to circuit 105 (see N ote);

— circuit 109 to the D TE is m aintained in the O FF  condition ;

— circuit 106 to the D TE is m aintained in the O FF  condition ;

— circuit 107 to the D TE is m aintained in the O F F  condition;

— circuit 115 is connected internally  in the D C E to circuit 113 if provided (see N ote);

— circuit 115 and circuit 114, if provided, to the DTE continue to function.

Note  — For the internal D C E connections, the electrical signal characteristics may either be tha t o f the
in terchange circuits or that o f the logic level used inside the DCE.
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2.4 Loop 4

This loop arrangem ent is only considered in the case o f 4-wire lines. Loop 4 is designed fo r the 
m ain tenance o f lines by A dm inistrations using analogue-type m easurem ents. When receiving and transm itting  
pairs are connected in tandem , such a connection  cannot be m easured as a data  circuit (conform ity with a line 
characteristic curve, for example).

In the loop position the two pairs are disconnected from  the D C E and  are connected to each other 
th rough  a sym m etrical attenuato r designed to prevent any oscillation o f the circuit (the loop, therefore, does not 
include any o f the am plifiers a n d /o r  distortion  correctors used in the DCE). The value o f the a ttenuator will be 
fixed by each A dm inistration; however, the m inim um  attenuation  in the loop form ed by virtual switching 
po in t —subscriber —virtual switching p o in t2) should be o f the order o f 6 dB for stability reasons.

Loop 4 may be established inside the D C E  or in a separate unit.

W hen loop 4 is inside the D CE, and  while in the test condition , the D C E presents circuits 107 and  109 to 
the D TE in the O F F  condition and circuit 142 is in the ON condition. W hen loop 4 is in a separate unit, these 
conditions are desirable but not m andatory.

3 Loop control

Two (nonexclusive) types o f control m ight be possible on the D CE:

— m anual control by a switch on the equipm ent;

— autom atic control through the D C E -D T E  interface.

M anual contro l w ould always have priority  over au tom atic control and  in particu lar it should be capable 
o f  return ing  the D CE to the norm al operating condition.

Interchange circuit 142 shall be used to inform  the D TE o f a loop condition  in the local D CE, even in the 
case o f m anual control (but see N ote 3 to Table 1/V.54). To avoid am biguity in in terpretation  o f  circuit 142 only 
one loop should be established at any one tim e in .the DCE.

3.1 M anual control

TABLE 1/V.54 
Interface signalling for manual control of loops

Loop Control 
switch on

Signal to DTE A Signal to DTE B
Notes

Circuit 107 Circuit 142 Circuit 107 Circuit 142

2 DCE B *) *) OFF ON Note 1

3 DCE A ON ON *) *) Note 2

4 DCE B *) *) OFF ON Note 3

*)Not applicable.

Note 1 — Data station A is in the normal operating condition. The loop is established by a switch on DCE B.
Note 2 -  In DCE A, the condition of circuit 107 will be determined by the condition of circuit 108. When circuit 108 is not 
provided on the interface, circuit 107 is ON. The normal case is considered in the table.
Note 3 -  When loop 4 is in a unit separate from the DCE, the signals to DTE B are desirable but not mandatory due to 
the difficulty of implementation. When the loop is implemented within the DCE, loop establishment shall always be possible 
by a switch on the DCE.

The conditions represented by ON in Table 1/V.54 may also activate a visual ind icator on the DCE.

The virtual switching point is the reference point defined by Recommendation G . l l l  [1] and can be used for leased circuits 
as well.
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3.2 Autom atic control through the D T E /D C E  interface (see Table 2/V.54)

A utom atic control through the interface is achieved by using circuits 140, 141 and 142 as defined in 
R ecom m endation V.24. C ircuit 140 is used to control loop 2 and  circuit 141 is used to control loop 3. The turn ing  
O N  o f circuit 142 indicates the test m ode is established. If circuit 107 is O N , the associated term inal is concerned 
and  subsequent data transm itted  on circuit 103 will be looped back on circuit 104. If  circuit 107 is O FF , the 
associated term inal is not concerned.

Note 1 — A utom atic control o f loop 4 is considered o f no use either locally or in the rem ote station  and 
therefore is not provided.

Note 2 — As an alternative to activation o f loop 3 via circuit 141, it could be activated via the four-phase 
procedure defined in § 3.2 here.

TABLE 2/V.54 
Interface signalling for automatic control of loops

Loop

Control signals from 
DTE A Signals to DTE A Signals to DTE B

Notes

Circuit 140 Circuit 141 Circuit 107 Circuit 142 Circuit 107 Circuit 142

2 ON OFF ON ON OFF ON Notes 1 and 2

3 OFF ON- ON ON *) *) Note 2

*)Not applicable.

Note 1 -  There is a risk of head-on collision of controls from the two ends.
Note 2 -  In DCE A, the condition of circuit 107 will be determined by the condition of circuit 108. When circuit 108 is not 
provided on the interface, circuit 107 is ON. The normal case is considered in the table.

N orm ally circuit 103 can only be used to transm it data or the test sequence, so long as the conditions o f 
circuits 106, 140, 141 and 142 are as indicated in Table 3/V.54.

TABLE 3/V.54

Circuit 103 Circuit 106 Circuit 140 Circuit 141 Circuit 142

Data ON OFF OFF OFF

Loop 2 test sequence ON ON OFF ON

Loop 3 test sequence ON OFF ON ON

For poin t-to-point duplex and for sim ple m ultipoint circuits a four-phase ac tio n /reac tio n  sequence should 
be used. The state o f interchange circuits principally  involved during this sequence is shown in Figure 2/V.54.
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Phases Prepara tory A ddress /  Test Termination
com m and

Circuit 140
(Loopback/M aintenance tes t  to DCE)

Circuit 106
(Ready for sending from DCE) 

Circuit 103
(Transmitted data  to DCE)

Circuit 142
(Test indicator from DCE)

Circuit 142
(Test indicator from DCE)

Circuit 107
(Data se t  ready from DCE)

Circuit 106
(Ready for sending from DCE)

Circuit 109
(Data channel  received line signal 
de tec to r  from DCE)

Circuit 104
(Received da ta  from DCE)

(a)

(b)

(k)

(k)

( m )

( k )

(m)

*1. (k)

J (k)

Prepara tory
recognition

(c)

( d )

(e)

(9)

(f)

Test phase  
begins

■(h)

(i)

( I )

Hi

ID
■i-

m

( m )

( m )

*■ *-

id

Local
DTE/DCE
interface

Remote
DTE/DCE
interface

Termination rec
ognition and return 
to  normal m ode

C C IT T -2 8581
*) The DCE will ignore circuit 103 during preparatory and terminating phases.

Significant level 
reference

Binary 0 
Binary 1

ON
OFF

Note -  This sequence may be used for point-to-point duplex circuits. The address/command phase is not essential for 
point-to-point applications.

FIGURE 2/V.54

State of interchange circuits during the four-phase action/reaction sequence
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Explanation o f Figure 2! V.54

(a) Circuit 140 goes ON (to DCE), requesting a maintenance sequence.
(b) Circuit 106 goes OFF (from DCE), very shortly thereafter, if not already OFF.
(c) Circuit 106 goes ON (from DCE) after a delay, which signifies that the DCE can accept address/command information.
(d) Circuit 103 is active (to DCE), containing address/command information.
(e) Circuit 142 goes ON (from DCE), after a delay, signifying that the maintenance address/command has been acted upon and if a

loop establishment has been requested, circuit 103 may now be used for the test message.
(0 Circuit 103 is active (to DCE), containing a test message or any other data as required by the maintenance routinee being 

performed.
(g) Circuit 140 goes OFF (to DCE), requesting termination of the maintenance sequence and a return to normal operation.
(h) Circuit 106 goes OFF (from DCE), very shortly thereafter.
(i) Circuit 142 goes OFF (from DCE), after a delay, signifying that the terminating phase is complete and the system is returned to 

normal operation.
(j) Circuit 106 may be ON or OFF after the maintenance sequence.
During the maintenance the state of circuit 105 would be disregarded.

Remote Site:
(k) Circuit 142 goes ON (from DCE), indicating test mode to the remote DTE.

Circuit 107 goes OFF. Circuits 106 and 109 go OFF if not already OFF.
Circuit 104 is clamped to binary 1 condition. Before preparatory recognition spurious bits may appear on circuit 104.

(1) Circuit 142 is turned OFF, circuit 107 is turned ON, the clamping of circuit 104 by circuit 142 ON condition is removed, signifying
that determination recognition has taken place at the remote DCE, and that it has returned to the normal mode.

(m) Circuits 106 and 109 may be ON or OFF, prior to and after the maintenance sequence.

Central Site:

4 Inter-DCE signalling for simple multipoint circuits

Note 1 — M odem s in accordance with R ecom m endation V.22 are excluded from  this procedure.

Note 2 — C onsidering the fact that there already exist or will exist m odem s im plem enting other signalling 
techniques than the one defined in this R ecom m endation and  tha t these signalling techniques have been designed 
according to special conditions form ulated by A dm inistrations or users, this R ecom m endation does no t lim it the 
use o f such signalling techniques.

4.1 Preparatory phase

D uring the p reparatory  phase D CE A will transm it a pattern  o f 2048 bits produced by scram bling a 
b inary  0 with the polynom inal 1 +  jc-4 +  x ~ \  No particu lar starting pattern  is specified. T ransm ission will be at 
the norm al D CE data signalling rate. The pattern  will be transm itted as though it were in troduced  to the D C E  via 
circuit 103. Before transm itting  the preparatory  signal, D CE A has to establish a data channel, if no t already 
available.

The criteria for the recognition o f this pattern  by D C E B are no t part o f this R ecom m endation. The 
criteria tha t are im plem ented should offer a very high protection against false recognition due to sim ulation  by 
user data and  some protection against failure to recognize the prepara to ry  signal due to a high bit erro r rate. In 
o rder to provide protection for user H D LC  fram es, the seven consecutive b inary  1 bit sequence present in the 
p reparatory  signal m ust be included in the recognition criteria.

D C E B will start T im er T l (if im plem ented) upon recognition o f the p repara to ry  phase.

4.2 A ddress/com m and phase

4.2.1 A ddress/com m and signalling

The address/com m and  inform ation is structured in octets.

The precise form at o f the address/com m and  inform ation is subject to further study.

A m inim um  of 4 com m ands is needed and may be sufficient. A m axim um  of 32 com m ands is adequate. 
The m axim um  num ber of addresses may be 32 but the use o f four levels each having 128 addresses m ay be 
envisaged. Address extension will be possible.
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4.2.2 Acknowledgement signalling

D C E B, upon recognition o f the add ress/com m and  signal contain ing its address, will transm it a pattern  o f 
2048 bits produced by scram bling a binary  1 with the polynom ial 1 +  x ~ 4 + x ~ 7. No particu lar starting pattern
is specified. T ransm ission will be at the norm al D C E data signalling rate. The pattern will be transm itted  as
though it were introduced to the D C E via circuit 103.

Before transm itting the acknow ledgem ent signal, D C E B has to ensure that the data channel to D C E  A is 
available. In the case o f a loop 2 test in a synchronous D C E, D C E B will use its receiver elem ent tim ing for this 
d ata  channel.

The criteria for the recognition o f this pattern  by D C E A are not part o f this R ecom m endation. The 
criteria th a t are im plem ented should offer good protection against failure to recognize the acknow ledgem ent signal 
due to  a high bit error rate.

D C E B, after transm ission o f the acknow ledgem ent signal, will enter the test phase.

D C E A, upon recognition o f the acknow ledgem ent signal, will tim e out for a 2048 bit period and will then 
tu rn  ON circuit 142, thus entering the test phase.

D C E  A, upon recognition o f the acknow ledgem ent signal, will no t take any action if it is in the norm al
d a ta  mode.

4.3 Test phase

Signals transm itted  during the test phase are not part o f this R ecom m endation.

4.4 Termination phase

D uring the term ination  phase, D C E A will transm it a pattern  o f 8192 bits produced by scram bling a 
b inary  1 with the polynom ial 1 +  x -4 +  x -7 , followed by 64 binary  Is.

N o particular starting pattern  is specified. Transm ission will be at the norm al D CE data signalling rate. 
The pattern  will be transm itted  as though it were introduced to the D CE via circuit 103.

D C E  B will term inate the test m ode in any o f the follow ing situations:

— recognition o f the term ination  signal;

— carrier loss with a duration  longer than 1 second;

— expiration o f the optional T im er T l.

The criteria for the recognition o f this pattern  by D C E B are not part o f this Recom m endation. The 
criteria tha t are im plem ented should offer good protection against false recognition due to sim ulation by test data 
and  good protection against failure to recognize the term ination  signal due to a high bit error rate.

D C E  B will norm ally leave the term ination  phase during the reception o f the binary  1 pattern  that 
concludes the term ination  signal.

D C E  B upon recognition o f the term ination  signal will not take any action if it is in the norm al data
mode.

Note  — The length o f the tim e interval o f the optional T im er T l is not specified in this R ecom m endation.

5 Simplified inter-DCE signalling for use in point-to-point circuits

For po in t-to -po in t circuits which require control o f loop 2 only, the four-phase sequence may be sim plified
by deleting the address/com m and  signalling. The procedure is then as follows:

— Preparatory phase: in accordance with § 4.1.

— A ddress/com m and phase: A cknow ledgem ent signalling only in accordance with § 4.2.2 upon recogni
tion o f the preparatory  signal.

— Test phase: signals transm itted  during the test phase are not part o f this R ecom m endation.

— T erm ination phase: in accordance with § 4.4.

Reference

[1] C C IT T  Recom m endation Reference equivalents in an international connection, Vol. I l l ,  Fascicle III. 1,
Rec. G . l l l .
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Recommendation V.55

SPECIFICATION FOR AN IM PULSIVE NOISE M EASURING INSTRUM ENT  
FOR TELEPHONE-TYPE CIRCUITS

(For the text o f this R ecom m endation, see R ecom m endation 0 .71 , Volum e IV, Fascicle I V.4).

Recommendation V.56

COMPARATIVE TESTS OF M O D EM S FOR USE OVER 
TELEPHONE-TYPE CIRCUITS

(Geneva, 1972; am ended at Geneva, 1976 and 1980)

To facilitate the work o f A dm inistrations in m aking com parative tests o f m odem s for use over telephone- 
type circuits offered by d ifferent m anufacturers, it is recom m ended tha t the tests should be m ade in the labora to ry  
under the following operating  conditions:

1 List of test parameters (see Table 1/V.56)

TABLE 1/V.56 

Test parameters

Ref. No. Parameter
Four-wire 

point-to-point

Two-wire switched 
network

Serial
modems

Parallel
modems

1 Total attenuation or receiving signal level X X
2 Attenuation distortion X X
3 Envelope or group delay distortion X X
4 Frequency shift (or offset) X X
5 Sudden changes of attenuation X X
6 Interruptions X X
7 Phase hits X X
8 Phase jitter X X
9 Harmonic distortion X X X

10 Listener echo X
11 “White” noise X X
12 Impulsive noise X X
13 Single tone interference X

2 Block diagram for standard test measuring set-up

It is proposed that com parative tests be m ade using either all o r parts o f the m easuring set-up show n in 
Figure 1/V.56.
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Noise F ilter3' Attenuatorsource
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acteristics 
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Line char
acteristics 
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DEM

MOD
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channel

Measuring 
data sink3'

Data
source8

C C IT T -4 3 7 8 0

a) 511-b it pseudo random text.
b) 3 0 0 -3 4 0 0 -H z  band pass filter; the filter is left out if impulsive noise in the form of a square wave is used.
c) For bit and block error count, see Recommendation V.52.

FIGURE 1/V.56 

Measuring set-up for the standard tests of modems

3 T est param eters

3.1 Parameters o f  the line characteristics simulator

3.1.1 Sym m etric line distortion

See Tables 2/V .56 and 3/V.56. The tolerances for all values are ±  5%.

TABLE 2/V.56

Frequency
(Hz)

Attenuation 
distorsion (dB)

Mode 1 
(see Note 1)

Mode 2 
(see Note 2)

300 6 12
500 3 8
800 1 2a)

«  1600 0 0
2500 Unspecified 8
2800 3 Unspecified
3000 6 12

a) To be clarified. 
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TABLE 3/V.56

Frequency
(Hz)

Group-delay distorsion 
(ms)

Mode 1 
(see Note 1)

Mode 2 
(see Note 2)

500 3 4.5
600 1.5 3

1000 0.5 1.5
«  1800 0 0

2600 0.5 1.5
2800 3 3
2900 Unspecified 4

3.1.2 Asym m etric line distortion

See Tables 4/V .56 and 5/V.56. The tolerances for all values are ±  5%.

TABLE 4/V.56

Frequency
(Hz)

Attenuation distorsion 
(dB)

Mode 1 
(see Note 1)

Mode 2 
(see Note 2).

800 0 0
2000 0.75 Unspecified
2500 Unspecified 8
2800 3 Unspecified
3000 6 12

TABLE 5/V.56

Frequency
(Hz)

Group-delay distorsion 
(ms)

Mode 1 
(see Note 1)

Mode 2 
(see Note 2)

500 0 0
2600 0.5 1.5
2800 3 3
2900 Unspecified 4

3.1.3 Riple distortion

The ripple d istortion is w ithin the tolerance scheme o f R ecom m endation M.1020 [1]. See Tables 6 /V .56 and 
7/V.56. The tolerances for all values are ±  5% ±  0.1 ms.
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TABLE 6/V.56

Frequency
(Hz)

Group-delay distorsion 
(ms)

Mode 1

500 2.0
600 1.3

1000 0 (see Note 3)
1400 0.5 (see Note 4)
1800 0 (see Note 3)
2200 0.5 (see Note 4)
2600 0.3 (see Note 3)
2800 2.0

TABLE 7/V.56

Frequency
(Hz)

Group-delay distorsion 
(ms)

Mode 2

500 2.0
600 0.8
800 0.8 (see Note 4)

1000 0 (see Note 3)
1200 0.5 (see Note 4)
1400 0 (see Note 3)
1600 0.5 (see Note 4)
1800 0 (see Note 3)
2000 0.5 (see Note 4)
2200 0 (see Note 3)
2400 0.5 (see Note 4)
2600 0.3 (see Note 3)
2800 2.0

Notes to Tables 2 /V.56 to 7 /V.56

Note 1 -  Mode 1 is in conformity with Recommendation M.1020 [1].
Note 2 -  Mode 2 is in conformity with Recommendation M.1025 [2].
Note 3 -  Ripple valley values (minima).
Note 4 -  Ripple peak values (maxima).
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3.2 Parameters o f  the fa u lt simulator

a) Phase hits: with external control o f tim ing (e.g. 0.25; 1; 100 Hz) ad justab le continuously  or in steps up 
to 165 degrees.

b) Frequency shifts e.g. ±  5 Hz, ±  6 Hz or ±  10 Hz by m eans o f channel converters.

c) Peak-to-peak phase jitter from  0.2 degree to 30 degrees continuously  from  50 to  300 Hz, sinusoidal 
waveform .

d) Sudden changes o f attenuation : with external control o f tim ing (e.g. 0.1; 0.25; 1; 100 Hz) adjustable 
continuously or in steps up to total attenuation .

e) In terruptions: with fixed duration  o f 1 ms and  repetition period o f Is a n d /o r  with single in terrup tions 
with variable duration .

3.3 Noise sources (this subject needs further study)

a) W hite noise.

b) Im pulsive noise: with adjustable level and adjustable pulse d u ra tion  between 100 ps and  1 ms and  
with repetition period o f 1 second.

c) S tatistically d istributed noise by recording or by sim ulation which is in form ation  to assist in
standardizing a “ R andom  noise sim ulator” which would encourage the utilization  o f  block erro r
counts.

d) Single tone interference: with adjustable level o f an additional signal frequency, variable between 300 
and 3100 Hz.

e) H arm onic distortion:

i) using a calibrating  signal frequency o f 700 Hz with the sam e r.m.s. level as the da ta  signal and
with its adjustable harm onic levels: aH2, aH3 and  aH4, and

ii) using a calibrating  signal frequency o f 700 Hz with the sam e peak-to-peak level as the data 
signal and with its adjustable harm onic levels: aH2, am  and  a HA.

3.4 Listener echo

Listener echo: with the variable echo attenuation  between 0 and  20 dB and  variable echo tim e delay xE
between 0 and  20 ms (worst case relevant).

4 M easuring  procedure

4.1 M easurem ent o f  the bit error rate (ps) as a function  o f  the signal-to-noise ratio (S /N ) in the case o f  white
noise.

The receiving level at the sum m ation po in t should be —30 dBm  for sw itched line com parisons and  
— 20 dBm for leased line com parisons.

C L

10 log (S/N)

P s = f  (S/NJ = error bits 
transmitted bits

S  =  signal level 
N  = noise level

C C IT T -4 3 7 9 2

FIGURE 2/V.56 

Example of bit error rate as a function of the signal-to-noise ratio

For a com parison, the value o f S / N  ratio at defined ps values can be ascertained (e.g. 3 - 1 0  4 or  10 5).
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4.2 M easurem ent o f  the number o f  the bit error per second  (F /t)  as a function  o f  the different fa u lts  and noise 
param eters  (X)

The receiving level at the sum m ation po in t should be 
20 dBm for leased line com parisons.

30 dBm for switched line com parisons and

F lt= f ( X )

X  =  $>s ,<t>j,as, t i ,a p ,a t ,a H

<l>s =  / ( degree of the phase hits)
<ly = degree o f phase jitter
fly =  relative level of the sudden changes o f attenuation 
f/ =  duration o f interruptions 
flp =  impulsive noise level (dBm) 
at  =  single tone level (dBm)
aH  >aH  >aH  ~  level ° f  the harmonics below Hl (dB)

C C IT T -4 3 8 0 0

FIGURE 3/V.56

Example of bit error per second as a function of the value 
of different fault and noise parameters

F or a com parison, the value o f F /t  for d ifferent defined fault and noise param eters, or the value o f the 
d ifferen t param eters at the lim it o f the error-free region, can be ascertained.
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5 Comparative tests of modems (Table 8/V.56)

TABLE 8/V.56 

Eighteen selected tests according to §§ 1, 2, 3 and 4

Test Test parameters according 
to Table 1/V.56

Test parameters 
according to §

Measuring procedure 
according to §

A 11 3.3a) 4.1

B . 2, 3, 11 3.1.1 mode 1, 3.3a) 4.1

C 2, 3, 11 3.1.1 mode 2, 3.3a) 4.1

D 2, 3, 11 3.1.2 mode 1, 3.3a) 4.1

E 2, 3, 11 3.1.2 mode 2, 3.3a) 4.1

F 2, 3, 4, 11 3.1.1 mode 1, 3.2b) (± 6 Hz), 
3.3 a) 4.1

G 2, 3, 4, 11 3.1.1 mode 2, 3.2b) (± 10 Hz), 
3.3a) 4.1

H 2, 3, 7 3.1.1 mode 1, 3.2a) 4.2

J 2, 3, 7 3.1.1 mode 2, 3.2a) 4.2

K 8 3.2c) 4.2

L 2, 3, 5 3.1.1 mode 1, 3.2d) 4.2

M 2, 3 ,5 3.1.1 mode 2, 3.2d) 4.2

N 6 3.2e) 4.2

P 12 3.3b) 4.2

R 13 3.3d) 4.2

S 9 3.3e) ii) 4.1

T 10, 11 3.4, 3.3a) 4.1

U Statistic noise 3.3c) 4.1 (for bloc errors)

References

[1] C C IT T  Recom m endation Characteristics o f  special quality international leased circuits with special band
width conditioning, Vol. IV, Fascicle IV.2, Rec. M.1020.

[2] C C IT T  Recom m endation Characteristics o f  special quality international leased circuits with basic bandwidth  
conditioning, Vol. IV, Fascicle IV.2, Rec. M.1025:
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Recommendation V.57

COM PREHENSIVE DATA TEST SET FOR HIGH DATA SIGNALLING RATES

(Geneva, 1972; am ended at Geneva, 1980)

The C C ITT, 

considering

tha t the characteristics for m easuring instrum ents recom m ended in R ecom m endation V.52 are not suitable 
for use with m odem s conform ing to R ecom m endations for group band  m odem s and  that error rate m easurem ents, 
and  in som e cases distortion  m easurem ents, are o f interest in data transm ission when these m odem s are used.

unanim ously declares the view that

for tests at high data signalling rates the following provisions shall apply:

1 Data signalling rates

1.1 The nom inal data signalling rates o f the m easuring apparatus shall be 20 400, 24 000, 40 800, 48 000,
56 000, 64 000 and 72 000 b it/s .

1.2 The accuracy o f these rates shall be ±  0.002% if tim ing is not derived from the modem  under test or that 
recom m ended in the R ecom m endations for group band  m odem s if tim ing is derived from  the m odem  under test.

1.3 To obtain these rates a tim e-base external to the instrum ent may be used. To accom m odate higher rates, 
which m ay be standardized in the future, it should be possible for error m easurem ents to be m ade at rates up  to
2 M b it/s  using tim ing derived from  the system under test.

2 Emission of test signals

2.1 In order to test circuits for data  transm ission on an in ternational basis it is necessary to standardize the 
test patterns to be used. The test signals recom m ended are those recom m ended in R ecom m endation V.52 plus an 
add itional pseudo-random  pattern  which should have the follow ing characteristics:

— it contains the m ajority  o f bit sequences likely to be met in the transm ission o f actual data;

— it contains long sequences o f zeros and ones com patible with ease o f generation;

— it has the possibility o f generating the pattern as a line signal with the coder o f a g roup band  modem 
by applying a steady state, binary  1, to its input.

2.2 A tolerance o f ±  1% is the m axim um  perm issible for the “transm itter d isto rtion” [1] o f the test signals.

2.3 The form o f the signals shall be as prescribed in the R ecom m endations for group band  modems.

A ccordingly a 1 048 575-bit test pattern  is recom m ended. This pattern  may be generated in a 20-stage shift
register o f which the 20th and 3rd stage ou tputs are m odulo-tw o added together and fed back to the input o f the
first stage.

Note — For bit error rate m easurem ents on 64 k b it/s  digital circuits, an alternative test pattern o f length 
2 ” — 1 =  2047 bits may be used.

3 Synchronization of the receiving measuring apparatus

Tw o m odes shall be possible:

a) Synchronization by m eans o f a tim ing signal derived from  the modem  when the m odem  is w orking in 
the synchronous mode.

b) Synchronization from  the transitions o f the test signals received when the modem is operating in the 
nonsynchronous mode.
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4 Measurement of distortion

4.1 The apparatus should m easure the degrees o f early and  late individual d isto rtion  when operating  in the 
m ode in which its synchronizing is derived from  transitions in the received test signals.

4.2 The tolerance o f m easurem ent o f individual d istortion  o f pseudo-random  signals should  be ±  3%.

4.3 The apparatus should m easure bias distortion  o f received reversal ( 1 : 1 )  signals with ±  2% accuracy.

4.4 The characteristics o f the receiving circuit o f the apparatus shall be as prescribed in the R ecom m endations 
for group band  modems.

4.5 The m argin o f the apparatus should be m easured in term s o f the “m argin o f a synchronous receiver” [2],
under the follow ing m easurem ent conditions: The signals entering the receiving m easuring set should be those 
defined in § 2 above, with the transitions in one direction only subject to a delay equal to A% o f the theoretical 
duration  o f a significant interval. The m odulation  rate may be fixed at the nom inal value, and  a value in the 
range: nom inal value ±  0.002%. The receiving m easuring set should no t indicate any d a ta  erro r after the 
synchronizing period as long as A% is less than 90%; this applies to both  directions o f  the transitions subject to 
the delay A. U nder these conditions the m argin o f the m easuring apparatus shall be said to be over 90%.

5 M easurem ent of erro r rate

Both bit error-rate and  block error-rate m easurem ents should be possible with the appara tu s sim ultane
ously.

For the purpose o f block error m easurem ents a block length o f 32 768 (i.e. 215) should  be used.

Note — Designers o f testing apparatus may find it convenient also to  incorporate  m eans for using a block 
length equal to a full pseudo-random  pattern  o f 1 048 575 bits. This longer block length m ight be m ore suitable for 
testing systems operating  a higher data signalling rates than recom m ended in the group band  m odem  R ecom m en
dations.

References

[1] C C IT T  D efinition: Transmitter distortion, Vol. X, Fascicle XI (Term s and  D efinitions).

[2] C C IT T  D efinitions: Margin o f  a synchronous receiver, Vol. X, Fascicle XI (Term s and  D efinitions).
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SUPPLEM ENTS TO RECOM M ENDATIONS AND Q UESTIO NS CONCERNING  
DATA COM M UNICATION OVER THE TELEPHONE NETWORK

Sup p lem en t No.

1

2

Supplement No.

1. TC 95

R eference

ISO 2126-1975 

ISO 2257-1972 

ISO 2530-1975 

ISO 2775-1977

ISO 2784-1974 

ISO 3243-1975 

ISO 3244-1974 

ISO 3791-1976 

ISO 3866-1977

Source T itle  R em arks

ISO

M em bers o f Study 
G roup  XVII

B ibliography o f relevant ISO S tandards

List o f contributions on data transm ission 
tests reported during the Study 
Period 1977-1980

This supplem ent is also 
concerned with Series X 
R ecom m endations

BIBLIOGRAPHY OF RELEVANT ISO STANDARDS

(extract from  ISO C atalogue — 1980)

OFFICE M ACHINES

Ed C ode T itle

C Office m achines — Basic arrangem ent for the alphanum eric section
of keyboards operated  with both  hands

B Office m achines and p rin ting  m achines used for in form ation
processing — W idths o f fabric p rin ting  ribbons on spools

E K eyboard for in ternational in form ation  processing interchange using
the ISO 7-bit coded character set — A lphanum eric area

B Office m achines and prin ting  m achines used for in form ation
processing — W idths o f one-tim e paper or plastic p rin ting  ribbons 
and m arking to indicate the end o f ribbons

C C ontinuous form s used for in form ation  processing — Sizes and
sprocket feed holes

C K eyboards for countries whose languages have alphabetic  extenders
— G uidelines for harm onization

C Office m achines and data processing equipm ent — Principles
governing the positioning o f control keys on keyboards

C Office m achines and data  processing equipm ent — K eyboard  layouts
for num eric applications

B Office m achines and prin ting  m achines used for in form ation
processing — W idths o f fabric p rin ting  ribbons on spools exceeding 
19 mm

Fascicle VIII.l — Suppl. No. 1 245



R eference Ed C ode T itle

ISO 3883-1977 

ISO 4169-1979

ISO 4882-1979 

2. TC 97

ISO 646-1973 

ISO 962-1974

ISO 963-1973

ISO 1001-1979

ISO 1004-1977

ISO 1028-1973 

ISO 1073/1-1976

ISO 1073/2-1976

ISO 1113-1979

ISO 1154-1975

ISO 1155-1978

ISO 1177-1973

ISO 1539-1980 

IS O /T R  1672-1977

ISO 1679-1973

ISO 1681-1973 

ISO 1682-1973

ISO 1729-1973 

ISO 1745-1975
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F Office m achines — K eyboards — Key num bering system and layout
charts

B Office m achines and data processing equipm ent — Line spacings
and  character spacings

B Office machines — Line and character capacity o f address masters

C O M PU TE R S AND IN FO RM A TIO N  PR O C ESSIN G

U D C  681.3

G 7-bit coded character set for in form ation processing interchange

C Inform ation processing — Im plem entation o f the 7-bit coded char
acter set and its 7-bit and 8-bit extensions on 9-track 12.7 mm 
(0.5 in) m agnetic tape

E Inform ation  processing — G uide for the definition o f 4-bit character
sets derived from the 7-bit coded character set for inform ation
processing interchange

P Inform ation  processing — M agnetic tape labelling and  file structure
for inform ation interchange

U Inform ation  processing — M agnetic ink character recognition —
Print specifications

C Inform ation  processing — Flow chart symbols

N A lphanum eric character sets for optical recognition — Part I: C har
acter set O CR-A  — Shapes and dim ensions o f the printed image

T A lphanum eric character sets for optical recognition — Part II:
C haracter set O CR-B — Shapes and  dim ensions o f the prin ted  image

B Inform ation  processing — R epresentation o f the 7-bit coded char
acter set on punched tape

B Inform ation  processing — Punched paper tape — D im ensions and
location o f feed holes and code holes

B Inform ation  processing — Use o f longitudinal parity  to detect errors
in in form ation messages

B Inform ation  processing — C haracter structure for s ta rt/s to p  and
synchronous transm ission

B Program m ing language — FO R TR A N

F H ardw are representation o f A LG O L basic symbols in the ISO 7-bit
coded character set for in form ation processing interchange

C Inform ation  processing — R epresentation o f 7-bit coded character
set on 12-row punched cards

F Inform ation processing — U npunched paper cards — Specification

D Inform ation  processing — 80 C olum ns punched paper cards —
D im ensions and location o f rectangular punched holes

J Inform ation processing — U npunched paper tape — Specification

L Inform ation processing — Basic m ode control procedures for data
com m unication systems
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R eference Ed C ode T itle

IS O /R  1831-1971 P

ISO 1858-1977 C

ISO 1859-1973 B

ISO 1860-1978 2 C

ISO 1861-1975 E

ISO 1862-1975 E

ISO 1863-1976 E

ISO 1864-1975 E

ISO 1989-1978 B

ISO 2021-1975 C

ISO 2022-1973 M

ISO 2033-1972 E

ISO 2047-1975 D

ISO 2110-1980 2 F

ISO 2111-1972 B

ISO 2195-1972 B

ISO 2375-1980 2 B

ISO 2382/1-1974 M

ISO 2382/2-1976 Q

ISO 2382/3-1976 G

ISO 2382/4-1974 N

ISO 2382/5-1974 J

Printing specifications for optical character recognition

Inform ation processing — G eneral purpose hubs and  reels, with 
76 mm (3 in) centrehole, for m agnetic tape used in in terchange 
instrum entation  applications

Inform ation processing — U nrecorded m agnetic tapes for in te r
change instrum entation  applications — G eneral dim ensional require
ments

Inform ation processing — Precision reels for m agnetic tape used in 
in terchange instrum entation  applica tions

Inform ation processing — 7-track, 12.7 mm (0.5 in) wide m agnetic 
tape for in form ation interchange recorded at 8 rpm m  (200 rpi)

Inform ation processing — 9-track, 12.7 mm (0.5 in) wide m agnetic 
tape for in form ation interchange recorded at 8 rpm m  (200 rpi)

Inform ation processing — 9-track, 12.7 mm (0.5 in) wide m agnetic 
tape for in form ation interchange recorded at 32 rpm m  (800 rpi)

Inform ation processing — U nrecorded 12.7 mm (0.5 in) wide 
m agnetic tape for in form ation  in terchange — 8 and  32 rpm m  (200 
and 800 rpi), N R Z I, and 63 rpm m  (1 600 rpi), phase-encoded

Program m ing languages — CO B OL

Inform ation processing — R epresentation  o f  8-bit patterns on 12-row 
punched cards

Code extension techniques for use with the ISO 7-bit coded character 
set

C oding o f character sets for M I C R  and O C R

Inform ation processing — G raphical represen tations for the control 
characters o f the 7-bit coded character set

D ata com m unication  — D ata term inal and data  com m unication  
equipm ent — Interchange circuits — A ssignm ent o f  connector pin 
num bers

D ata com m unication  -  Basic m ode contro l procedures — C ode 
independent in form ation  transfer

D ata in terchange on ro lled-up punched paper tape — G eneral 
requirem ents

D ata processing — Procedure for registration o f escape sequences

D ata processing — V ocabulary — Section 01: Fundam ental term s

D ata processing — V ocabulary — Section 02: A rithm etic and  logic 
operations

D ata processing — V ocabulary — Section 03: Equipm ent technology 
(Selected term s)

D ata processing — V ocabulary — Section 04: O rganization  o f data

D ata processing — V ocabulary — Section 05: R epresentation  o f data
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R eferen ce Ed C ode T itle

ISO 2382/6-1974

ISO 2382/7-1977

ISO 2382/10-1979

ISO 2382/11-1976

ISO 2382/12-1978

ISO 2382/14-1978

ISO 2382/16-1978 

ISO 2382/19-1980 

ISO 2593-1973

ISO 2628-1973 

ISO 2629-1973

ISO 2636-1973

ISO 2690-1973

ISO 2711-1973

ISO 2864-1974

ISO 2955-1974

ISO 3275-1974

ISO 3307-1975 

ISO 3309-1979

ISO 3407-1976

ISO 3413-1975

ISO 3561-1976 

ISO 3562-1976

H D ata processing — V ocabulary — Section 06: Preparation  and
handling o f data

S D ata processing — V ocabulary — Section 07: Digital com puter
program m ing

J D ata processing — V ocabulary — Section 10: O perating techniques
and  facilities

J D ata processing — V ocabulary — Section 11: C ontrol, input-ou tpu t
and  arithm etic equipm ent

S D ata processing — V ocabulary — Section 12: D ata m edia, storage
and  related equipm ent

F D ata processing — V ocabulary — Section 14: Reliability, m ainte
nance and  availability

J D ata processing — V ocabulary — Section 16: In form ation theory

F D ata processing — V ocabulary — Section 19: A nalog com puting

C C onnector pin allocations for use with high-speed data  term inal
equipm ent

E Basic m ode control procedures — Com plem ents

B Basic m ode control procedures — C onversational in form ation
message transfer

D Inform ation processing — C onventions for incorporating  flow chart
symbols in flow charts

B U nrecorded m agnetic tapes for instrum entation  applications — Phys
ical properties and test m ethods

B Inform ation processing interchange — R epresentation o f ordinal
dates

P In terchangeable m agnetic six-disk pack — Physical and m agnetic
characteristics

C Inform ation processing — R epresentation  o f SI and other units for
use in systems with lim ited character sets

B Inform ation  processing — Im plem entation o f the 7-bit coded char
acter set and its 7-bit and  8-bit extensions on 3.81 mm m agnetic tape 
cassette for data interchange

B Inform ation interchange — R epresentations o f tim e o f the day

D D ata com m unication — High-level data link control procedures —
Fram e structure

M Inform ation processing — 3.81 mm (0.150 in) m agnetic tape cassette
for inform ation interchange. 32 bpm m  (800 bpi), phase encoded

F Inform ation processing — Recorded m agnetic tapes for in terchange
instrum entation  applications — S tandard  tape speeds and  track 
configurations

F Inform ation processing — Interchangeable magnetic six-disk pack —
Track form at

N Inform ation processing — Interchangeable m agnetic single-disk
cartridge (top loaded) — Physical and m agnetic characteristics
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ISO 3563-1976 

ISO 3564-1976 

ISO 3615-1976 

ISO 3692-1976 

ISO 3788-1976

ISO 3802-1976

ISO 4031-1978 

ISO 4057-1979

ISO 4335-1979

ISO 4337-1977

ISO 4341-1978

A M D  4873-1980

ISO 4903-1980

ISO 5218-1977 

ISO 6159-1980 

ISO 6160-1979

Supplem ent No. 2

C O M  XVII 
D ocu m en t No. 

(period  
1977 - 1980 )

2

15

R eference

75

Ed C ode T itle

F Inform ation  processing — Interchangeable m agnetic single-disk
cartridge (top loaded) — Track fo rm at

S Inform ation processing — In terchangeable m agnetic eleven-disk
pack — Physical and m agnetic characteristics

E M agnetic tape for instrum entation  applications — S tandard ization  o f
analogue m odes o f recording

C Inform ation processing — Reels and  cores for 25.4 mm (1 in) perfo r
ated paper tape for inform ation in terchange — D im ensions

J Inform ation processing — 9-track, 12.7 mm (0.5 in) wide m agnetic
tape for in form ation in terchange recorded at 63 rpm m  (1 600 rpi), 
phase encoded

C Inform ation processing — G eneral purpose reels with 8 mm
(5/16 in) centre hole for m agnetic tape for in terchange in strum en ta
tion  applications

B Inform ation interchange — R epresen tation  o f local tim e differentials

Q Inform ation processing — D ata  in terchange on 6.30 mm (0.25 in)
m agnetic tape cartridge, 63 bpm m  (1 600 bpi) phase-encoded

P D ata com m unication — High level data  link contro l procedures —
Elem ents o f procedures

D A ddendum  1-1979

S Inform ation processing -  In terchangeable m agnetic twelve-disk
pack (100 Mbytes)

G Inform ation  processing — M agnetic tape cassette and  cartridge
labelling and file structure for in form ation  in terchange

B Inform ation  processing — 8-bit coded character set for in form ation
interchange — A m endm ent 1

J D ata com m unication — 15-pin D T E /D C E  interface connector and
pin  assignm ents

B Inform ation interchange — R epresentation  o f hum an sexes

D D ata com m unication — H D LC  unbalanced  classes o f procedures

B Program m ing languages — PL/1

LIST OF CONTRIBUTIONS ON DATA TRANSM ISSION TESTS REPORTED  
DURING THE STUDY PERIOD 1977-1980

Source T itle

France

CO M SA T

Kalle Infotic U.K.

Subscriber-to-subscriber m easurem ents carried out on the 
switched telephone netw ork o f the French A dm inistra tion

E rror control on satellite established circuits using A RQ 
techniques

4800 b it/s  and 2400 b it/s  d a ta  transm ission tests over the 
in ternational general sw itched telephone netw ork in Europe

Fascicle V III.l -  Suppl. No. 2 249



C O M  XVII
D ocu m en t N o. Source T i(|e

(period  
1977 - 1980 )

1 1 0

111

117

153

189

206

210

245

C anada

C anada

A ustralia

Racal-M ilgo, Inc.

K D D

France

Plessey Telecom. Ltd.

C anada

Power levels for data transm ission over telephone-type 
circuits

High resolution m easurem ent and analysis o f some connec
tions on the general switched telephone netw ork in C anada

Subscriber-to-subscriber m easurem ents carried out on the 
A ustralian  switched telephone network

Test results for a m odem  which com plies with R ecom m enda
tion V.27 ter

A 12 000/12 800 b it/s  modem  for use on four-w ire tele
phone-type circuits — Characteristics and perform ance

Tests o f V.26 bis, V.22 (a and b), V.27 ter m odem s and  o f a 
m odem  with echo canceller on the French GSTN

16 000 b it/s  modem  for use on telephone-type leased circuits 
— Interim  report on perform ance tests and aspects affecting 
the d raft R ecom m endation

C haracteristics o f ta lker echo on switched telephone-type 
circuits from  C anada to A ustralia and  to the U nited 
K ingdom
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