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PRINCIPLES GOVERNING THE COLLABORATION BETWEEN THE CCITT
AND OTHER INTERNATIONAL ORGANIZATIONS IN THE STUDY
OF DATA COMMUNICATIONS

Recommendation A.20 published in Volume I is reproduced below
for the convenience of the reader

Recommendation A.20

COLLABORATION WITH OTHER INTERNATIONAL ORGANIZATIONS
OVER DATA TRANSMISSION

(Geneva, 1964; amended at Mar del Plata, 1968,
and at Geneva, 1972, 1976 and 1980)

The CCITT,

considering

(a) that, according to Article 1 of the agreement between the United Nations and the International
Telecommunication Union, the United Nations recognizes the International Telecommunication Union as the
specialized agency responsible for taking such action as may be appropriate under its basic instrument for the
accomplishment of the purposes set forth therein;

(b) that Article 4 of the International Telecommunication Convention (Malaga-Torremolinos, 1973) states
that the purposes of the Union are:

“a) to maintain and extend international cooperation for the improvement and rational use of telecommu-
nications of all kinds;

b) to promote the development of technical facilities and their most efficient operation with a view to
improving the efficiency of telecommunication services, increasing their usefulness and making them,
so far as possible, generally available to the public;

¢) to harmonize the actions of nations in the attainment of those ends;”

(c) that Article 40 of the Convention states that, in furtherance of complete international coordination on
matters affecting telecommunication, the Union shall cooperate with international organizations having related
interests and activities;

(d) that in the study of data transmission the CCITT has to collaborate with the organizations dealing
with data processing-and office equipment and particularly the International Organization for Standardization
(ISO) and the International Electrotechnical Commission (IEC);

(e) that this collaboration has to be organized in a manner that will avoid duplication of work and
decisions that would be contrary to the principles set out above;

unanimously declares the view

that international standards for data transmission should be established with the following considerations
in mind:

(1) Clearly it will be the responsibility of the CCITT to lay down standards for transmission channels,
i.e. aspects of data transmission which require a knowledge of telecommunication networks or affect performance
of these networks.
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(2) The standardization of signal conversion terminal equipment (modems) is the province of the CCITT;
the standardization of the junction (interface) between modem and the data terminal equipment is a matter of
agreement between the CCITT and the ISO or the IEC.

(3) Devices designed to detect and (or) correct errors must take account of:
— the error rate tolerable to the user;
— the line transmission conditions;

— the code, which has to meet the exigencies of the data alphabet and the requirements of error control
(this must be such as to give an output satisfactory to the user) together with the requisite signalling
(synchronism, repetition signals, etc.).

Standardization here may not come wholly within the CCITT’s province, but the CCITT has very
considerable interests at stake.

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

The CCITT and the ISO reached agreement on an alphabet for general (but not exclusive) use for data
and message transmission and have standardized a common alphabet which is known as International
Alphabet No. 5 (Recommendation V.3 [2]) (see also [3]).

Complementary study of some control characters of the alphabet should be effected cooperatively.

(5) Coding (definition given in [4]) is “a system of rules and conventions according to which the telegraph
signals forming a message or the data signals forming a block should be formed, transmitted, received and
processed”. Hence, it consists of a transformation of the format of the signals in the alphabet for taking account
of synchronous methods, and introduction of redundancy in accordance with the error control system. This is not
a field in which the CCITT alone may be able to decide; however, no decision should be taken without reference
to the Committee, because of the possible restrictions which transmission and switching peculiarities may impose
on coding.

When the general switched network is used (telephone or telex) and when the error control devices are
subject to restrictions (switching signals — reserved sequences), it is the CCITT which is in fact responsible for
any necessary standardization in conjunction with other bodies.

(6) The limits to be observed for transmission performance on the transmission path (modem included)
fall within the competence of the CCITT; the limits for the transmission performance of the sending equipment
and the margin of terminal data equipment (depending on the terminal apparatus and the transmission path
limits) should be fixed by agreement between the ISO and the CCITT.

(7) In all instances, the CCITT alone can lay down manual and automatic operating procedures for the
setting-up, holding and clearing of calls for data communications when the general switched networks are used,
including type and form of signals to be interchanged at the interface between data terminal equipment and data
circuit terminating equipment.

(8) When a public data network is involved, the CCITT has the responsibility to provide the
Recommendations which apply. Where these Recommendations have an impact on the basic design and features
of data processing systems and office equipment [normally the Data Terminal Equipment (DTE)], they shall be the
subject of consultation between CCITT and ISO and in some cases a mutual agreement may be desirable.
Likewise when the ISO is developing or changing standards that may affect compatibility with the public data
network there shall be consultation with the CCITT.

References
m CCITT Definition: Alphabet (telegraph or data), Vol. X, Fascicle X.1, (Terms and Definitions).
[2] CCITT Recommendation International Alphabet No. 5, Vol. VIII, Fascicle VIIIL.1, Rec. V.3.
[3] Seven-bit coded character set for information processing interchange, 1SO Standard No. 646-1973.

[4] CCITT Definition: Code (telegraph or data), Vol. X, Fascicle X.1, (Terms and Definitions).
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SECTION 1
GENERAL

Recommendation V.1-

EQUIVALENCE BETWEEN BINARY NOTATION SYMBOLS
AND THE SIGNIFICANT CONDITIONS OF A TWO-CONDITION CODE

(New Delhi, 1960; amended at Geneva, 1964 and 1972)

Binary numbering expresses numbers by means of two digits normally represented by the symbols 0 and 1.
Transmission channels are especially well suited to the transmission of signals by a modulation having two
significant conditions (two-condition modulation). These two significant conditions are sometimes called “space”
and “mark” or “start” and “stop”, or they may be called condition A or condition Z [1].

It is very useful to make the two conditions of a two-condition modulation correspond to the binary
digits 0 and 1. Such equivalence will facilitate the transmission of numbers resulting from binary calculation, the
conversion of codes for binary numbers and of codes for decimal numbers, maintenance operations and relations
between transmission personnel and the personnel in charge of data-processing machines.

At first sight, it does not seem to matter whether the symbol 0 corresponds in transmission to condition A
or condition Z, the symbol 1 then corresponding to condition Z or condition A or vice versa.

In telegraphy, however, when a telegraphic communication is set up and the sending of signals is stopped
(called the idle condition of the line), the signal sent over the line consists of condition Z throughout the
suspension of transmission.

It is logical (and for certain VF telegraph systems also essential) to use the same rule in data transmission.
During the “idle periods” of transmission, condition Z should be applied to the circuit input.

Data transmission on a circuit is often controlled by perforated tape. On perforated tapes used for
telegraphy, condition Z is represented by perforation. When binary numbers are represented by means of
perforations, it is customary to represent the symbol 1 by a perforation. It is therefore logical to make this
symbol 1 correspond to condition Z.

For these reasons, the CCITT

unanimously declares the following view :

1 In transmitting data by two-condition code, in which the digits are formed using binary notation, the
symbol 1 of the binary notation will be equivalent to condition Z of the modulation, and the symbol 0 of the
binary notation will be equivalent to condition A of the modulation.

2 During periods when there is no signal sent to the input of the circuit, the circuit input condition is
condition Z.
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3

4

If perforation is used, one perforation corresponds to one unit interval under condition Z.

In accordance with Recommendation R.31, the sending of symbol 1 (condition £) corresponds to the tone

being sent on a channel using amplitude modulation.

5

In accordance with Recommendation R.35, when frequency modulation is used, the sending of symbol 0

corresponds to the higher frequency, while the sending of symbol 1 corresponds to the lower frequency.

6

(1]

a) For phase modulation 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 two-phase modulation where the alternative phase changes are 0 degree or
180 degrees:

the symbol 1 corresponds to a phase inversion from the previous element;

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

A summary of equivalence is shown in Table 1/V.1.

TABLE 1/V.1

Summary of equivalence (sce Note 1) ¢

Digit0 Digit 1
“Start” signal in start-stop code - ”Stop” signal in start-stop code
Line available condition Line idle condition
in telex switching in telex switching (Note 2)
”Space” element of start-stop code ”Mark” element of start-stop code
Condition A Condition Z
Amplitude modulation Tone-off Tone-on

Frequency modulation High frequency Low frequency

Phase modulation with Opposite phase to the reference phase Reference phase
reference phase

Differential two-phase No phase inversion Inversion of the phase
-modulation where the
alternative phase changes
are 0 degree or 180 degrees

Perforations No perforation Perforation

Note I - The standardization described in this Recommendation is general, whether over telegraph-type circuits or over circuits of
the telephone type, making use of electromechanical or electronic devices.

Note 2 - It primarily applies to anisochronous use.

Reference

CCITT Definition: Position A; position Z, Vol. X, Fascicle X.1 (Terms and Definitions).
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Recommendation V.2 "

POWER LEVELS FOR DATA TRANSMISSION OVER TELEPHONE LINES

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

The objectives in specifying data signal levels are as follows:

a)

b)

<)

d)

To ensure satisfactory transmission and to permit coordination with devices such as signalling
receivers or echo suppressors, the data signal levels on international circuits should be controlled as
closely as possible,

To ensure correct performance of multichannel carrier systems from the point of view of loading and
noise, the mean power of data circuits should not differ much from the conventional value of channel
loading (—15 dBmO for each direction of transmission: see Note below). This conventional value
makes allowance for a reasonable proportion P (dependent on the transmission systems and probably
less than 50%; the value will have to be specified in subsequent studies) of the channels in a
multichannel system being used for nonspeech applications at fixed power levels at about —13 dBmo0
for each direction of transmission.

If the proportion of nonspeech applications (including data) does not exceed the above value P, the
mean power of —13 dBmO for each direction of transmission would be allowable for data transmis-
sion also.

However, assuming that the proportion of nonspeech circuits is appreciably higher than P (due to the
development of data transmission) on international carrier systems, a reduction of this power by 2 dB
might be reasonable (these values require further study).

Note — The distribution of long-term mean power among the channels in a multichannel carrier
telephone system (conventional mean value of —15 dBm0), probably has a standard deviation in the
neighbourhood of 4 dB (see [2]).

It is probable that Administrations will wish to fix specific values for the signal power level of data
modulators either at the subscriber’s line terminals or at the local exchanges. The relation between
these values and the power levels on international circuits depends on the particular national
transmission plan; in any case, a wide range of losses among the possible connections between the
subscriber and the input to international circuits must be expected.

Considerations a) to c¢) suggest that specification of the maximum data signal level only is not the
most useful form. One alternative proposal would be to specify the nominal power at the input to the
international circuit. The nominal power would be the statistically estimated mean power obtained
from measurement on many data transmission circuits.

For these reasons, the CCITT

unanimously declares the following view :

1 Data transmission over leased telephone circuits (private wires) set up on carrier syStems
1.1 The maximum power output of the subscriber’s equipment into the line shall not exceed 1 mW at any
frequency.

D Recommendation V.2 corresponds to Recommendation H.51 [1].
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1.2 For systems transmitting tones continuously, e.g., frequency-modulation systems, the maximum power level
at the zero relative level point shall be —13 dBm0. When transmission of data is discontinued for any appreciable
time, the power level should preferably be reduced to —20 dBmO or lower.

1.3 For systems not transmitting tones continuously, e.g., amplitude-modulation systems, the signal characteris-
tics should meet all of the following requirements:

i) The maximum value of the 1-minute mean power shall not exceed —13 dBm0.

ii) Provisionally, the maximum value of the instantaneous power shall not exceed a level corresponding
to that of a 0 dBm0 sine wave signal. This limit should be confirmed or amended after further study.

iti) Provisionally, the maximum signal power determined for a 10-Hz bandwidth centred at any frequency
shall not exceed — 10 dBmO0. This limit should be confirmed or amended after further study.

Note 1 — 1t is estimated that the proportion of international circuits which are carrying data transmis-
sions is approximately 20%. If the proportion should reach a high level (approximately 50% or even less in the
case of high-usage systems), the limits now proposed would need to be reconsidered.

Note 2 — Supplement No. 16 [3] of the Yellow Book, Volume III, gives information on the out-of-band
power of signals applied to leased telephone-type circuits.

2 Data transmission over the switched telephone system

2.1 The maximum power output of the subscriber’s equipment into the line shall not exceed 1 mW at any
frequency.

2.2 For systems transmitting tones continuously, such as frequency- or phase-modulation systems, the power

level of the subscriber’s equipment should be fixed at the time of installation to allow for loss between his
equipment and the point of entry to an international circuit, so that the corresponding nominal level of the signal
at the international circuit input shall not exceed —13 dBmO.

2.3 For systems not transmitting tones continously, e.g. amplitude-modulation systems, the signal characteris-
tics should meet all of the following requirements (see also Note 1 to § 1.3):

i) The maximum value of the 1-minute mean power shall not exceed —13 dBm0.

ii) Provisionally, the maximum value of the instantaneous power shall not exceed a level corresponding
to that of a 0 dBmO sine wave signal. This limit should be confirmed or amended after further study.

iii) Provisionally, the maximum signal power determined for a 10 Hz bandwidth centred at any frequency
shall not exceed — 10 dBm0. This limit should be confirmed or amended after further study.

Note 1 — In practice, it is no easy matter to assess the loss between a subscriber’s equipment and the
international circuit, so that § 2 of the present Recommendation should be taken as providing general planning
guidance.

Note 2 — In switched connections, the loss between subscribers’ telephones may be high: 30 to 40 dB.
The level of the signals received will then be very low, and these signals may suffer disturbance from the dialling
pulses sent over other circuits.

If there is likely to be a heavy demand for international connections for data transmission over the
switched network, some Administrations might want to provide special 4-wire subscriber lines. If so, the levels to
be used might be those proposed for leased circuits.

References

1] CCITT Recommendation Power levels for data transmission over telephone lines, Vol. 111, Fascicle 111.4,
Rec. H.51.

[2] Measurement of the load of telephone circuits, Green Book, Vol. Ill-2, Supplement No. 5, ITU,
Geneva, 1973. ’

[3] Out-of-band characteristics of signals -applied to leased telephone-type circuits, Vol. 111, Fascicle 111.4,
Supplement No. 16.
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Recommendation V.3

INTERNATIONAL ALPHABET No. §

(Mar del Plata, 1968; amended at Geneva, 1972)

Introduction

A seven-unit alphabet capable of meeting the requirements of private users on leased circuits and of users
of data transmission by means of connections set up by switching on the general telephone network or on
telegraph networks has been established jointly by the CCITT and the International Organization for Standardiza-
tion (ISO).

This alphabet — Alphabet No. 5 — is not intended to replace Alphabet No. 2. It is a supplementary
alphabet for the use of those who might not be satisfied with the more limited possibilities of Alphabet No. 2. In
such cases it is considered as the alphabet to be used as common basic language for data transmission and for
elaborated message systems.

Alphabet No. 5 does not exclude the use of any other alphabet that might be better adapted to special

needs.
1 Scope and field of application
1.1 This Recommendation contains a set of 128 characters (control characters and graphic characters such as

letters, digits and symbols) with their coded representation. Most of these characters are mandatory and
unchangeable, but provision is made for some flexibility to accommodate special national and other requirements.

1.2 The need for graphics and controls in data processing and in data transmission has been taken into
account in determining this character set.

1.3 This Recommendation consists of a general table with a number of options, notes, a legend and
explanatory notes. It also contains a specific International Reference Version, guidance on the exercise of the
options to define specific national versions and application oriented versions.

1.4 This character set is primarily intended for the interchange of information within message transmission
systems and between data processing systems and associated equipment.

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 particular
applications.
1.7 The definition of some control characters in this Recommendation assumes that data associated with them

is to be processed serially in a forward direction. Their effect when included in strings of data which are processed
other than serially in a forward direction or included in data formatted for fixed record processing may have
undesirable effects or may require additional special treatment to ensure that the control characters have their
desired effect.

2 Implementation

-]
21 This set should be regarded as a basic alphabet in an abstract sense. Its practical use requires definitions of
its implemertation in various media. For example, this could include punched tapes, punched cards, magnetic
tapes and transmission channels, thus permitting interchange of data to take place either indirectly by means of an
intermediate recording in a physical medium, or by local electrical connection of various units (such as input and
output devices and computers) or by means of data transmission equipment.

2.2 The implementation of this coded character set in physical media and for transmission, taking also into
account the need for error checking, is the subject of ISO publications.
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3 Basic code table

TABLE 1/V.3

Basic code
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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 of CARRIAGE RETURN 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 NEw LINE (symbol NL, equivalent to CR + LF) is required, FE, shall be
used to represent it. This substitution requires agreement between the sender and the recipient of the data.

The use of 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 3{
(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 XY do not designate the currency of a specific country.

Note 3 - National use positions. The allocation of characters to these positions lies within the responsibility of 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 UPWARD ARROW HEAD, GRAVE ACCENT and OVERLINE. However, these
positions may be used for other graphical characters when it is necessary to have 8, 9 or 10 positions for national use.

Note 5 ~ Position 7/14 is used for the graphic character ~ (OVERLINE), the graphical representation of which may vary according to national
use to represent ~ (TILDE) or another diacritical sign provided that there is no risk of confusion with another graphic character included in
the table.

Note 6 — The graphic characters in positions 2/2, 2/7, 2/12 and 5/14 have respectively the significance of QUOTATION MARK, APOSTROPHE,
coMMA and UPWARD ARROW HEAD:; however, these characters take on the significance of the diacritical signs DIAERESIS, ACUTE ACCENT,
CEDILLA and CIRCUMFLEX ACCENT when they are preceded or followed by the BACKSPACE character (0/8).

4 Legend
4.1 Control characters
. Note of . Position in the
Abbreviation Table 1/V.3 Meaning 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 1/0
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 of heading 0/1
Sp Space (see § 7.2) 2/0
STX Start of text. 0/2
SUB Substitute character 1/10
SYN Synchronous idle 1/6
TC ' Transmission control -
uUsS Unit separator 1/15
VT 1 Vertical tabulation 0/11

Fascicle VIII.1 — Rec. V.3 1



4.2 Graphic characters

. Notes of Position in the
Graphic Table 1/V.3 Name 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
X 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 of the positions in Table 1/V.3

Within any one character the bits are identified by b,, by ... b,, where b, 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 numerical
significance in the binary system, thus:

Bit identification: b, by, bs by, by b, b,
Significance: 64 32 16 8 4 2 1
In the table the columns and rows are identified by numbers written in binary and decimal notations.

Any one position in the table may be identified either by its bit pattern, or by its column and row
numbers. For instance, the position containing the digit 1 may be identified:

— by its bit pattern in order of decreasing significance, e.g. 011 0001 V;
— by its column and row numbers, e.g. 3/1.

The column number is derived from bits b,, b, and bs giving them weights of 4, 2 and 1 respectively. The
row number is derived from bits by, b;, b, and b, giving them weights of 8, 4, 2 and 1 respectively.

1} Order of transmitting bits is not necessarily the same as shown here. For the order of the transmission of bits, see I in

Recommendation V.4 or X.4 [1].
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5.2 Diacritical signs

In the character set, some printing symbols may be designed to permit their use for the composition of
accented letters when necessary for general interchange of information. A sequence of three characters, comprising
a letter, BACKSPACE and one of these symbols, is needed for this composition, and the symbol is then regarded
as a diacritical sign. It should be noted that these symbols take on their diacritical significance when they are
preceded or followed by one BACKSPACE character; for example, the symbol corresponding to the code
combination 2/7 normally has the significance of APOSTROPHE, but becomes the diacritical sign ACUTE
ACCENT when-it precedes or follows a BACKSPACE character.

In order to increase efficiency, it is possible to introduce accented letters (as single characters) in the
positions marked by Note 3 in Table 1/V.3. According to national requirements, these positions may contain
special diacritical signs.

53 Names, meanings and fonts of graphic characters

This Recommendation assigns at least one name to denote each of the graphic characters displayed in
Tables 1/V.3 and 2/V.3. The names chosen to denote graphic characters are intended to reflect their customary
meanings. However, this Recommendation does not define and does not restrict the meanings of graphic
characters. Nor does it specify a particular style or font design for the graphic characters.

Under the provision of Note 3 of Table 1/V.3, graphic characters which are different from the characters
of the international reference version may be assigned to the national use positions. When such assignments are
made, the graphic characters should have distinct forms and be given distinctive names which are not in conflict
with any of the forms or the names of any of the graphic characters in the international reference version.

54 Uniqueness of character allocation

A character allocated to a position in Table 1/V.3 may not be placed elsewhere in the table. For example,
in the case of position 2/3 the character not used cannot be placed elsewhere. In particular the POUND sign (£)
can never be represented by the bit combination of 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 information interchange, it is necessary to exercise the options left open,
i.e. those affected by Notes 2 to 5. A single character must be allocated to each of the positions for which this
freedom exists or it must be declared to be unused. A code table completed in this way is called a version.

6.1.2 The Notes to Table 1/V.3, the Explanatory Notes and the Legend apply in full to any version.

6.2 International reference version

This version is available for use when there is no requirement to use a national or an application-oriented
version. In international information processing interchange the international reference version (Table 2/V.3) is
assumed unless a particular agreement exists between sender and recipient of the data.
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The following characters are allocated to the optional positions of Table 1/V.3:

8 Number sign 2/3

jof Currency sign 2/4

@ Commercial at 4/0

[ Left square bracket 5/11
\ Reverse solidus 5/12
) Right square bracket 5/13
{ Left curly bracket 7/11
| Vertical line 7/12
} Right curly bracket 7/13

CCITT-43340

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

6.3 National versions

6.3.1 The responsibility for defining national versions lies with the national standardization bodies. These bodies
shall exercise the options available and make the required selection.

6.3.2 If so required, more than one national version can be defined within a country. The different versions
shall be separately identified. In particular when for a given national use position, e.g. 5/12 or 6/0, alternative
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 demand for specific characters, it is strongly recommended that the
characters of the international reference version be allocated to the same national use positions.

6.4 Application-oriented versions

Within national or international industries, organizations or professional groups, application-oriented
versions can be used. They require precise agreement among 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 terms and more explicit definitions of use may be
needed for specific implementation of the.code table on recording media or on transmission channels. These more
explicit definitions and the use of these characters are the subject of 1SO publications.

7.1 General designations and control characters

The general designation of control characters involves a specific class name followed by a subscript
number.

They are defined as follows:

TC —  Transmission control characters

Control characters intended to control or facilitate transmission of information over telecommunica-
tion networks.

The use of the TC characters on the general telecommunication networks is the subject of ISO
publications. ’

The transmission control characters are:

ACK, DLE, ENQ, EOT, ETB, ETX, NAK, SOH, STX and SYN.
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FE —  Format effectors
Control characters mainly intended for the control of the layout and positioning of information on
printing and/or display devices. In the definitions of specific format effectors, any reference to
printing devices should be interpreted as including display devices. The definitions of format effectors
use the following concept:
a) a page is composed of a number of lines of characters;
b) the characters forming a line occupy a number of positions called character positions;
¢) 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 normally advances one character position at a
time.

The format effector characters are:
BS, CR, FF, HT, LF and VT (see also Note 1 to Table 1/V.3).

DC —  Device control characters
Control characters for the control of a local or remote ancillary device (or devices) connected to a
data processing and/or telecommunication system. These control characters are not intended to
control telecommunication systems; this should be achieved by the use of TCs.
Certain preferred uses of the individual DCs are given in § 7.2 below.

IS — Information separators
Control characters that are used to separate and qualify data logically. There are four such characters.
They may be used either in hierarchical order or non-hierarchically; in the latter case their specific
meanings depend on their applications.
When they are used hierarchically, the ascending order is:
US, RS, GS, FS.
In this case data normally delimited by a particular separator cannot be split by a higher order
separator but will be considered as delimited by any higher order separator.

7.2 Specific control characters

Individual members of the classes of controls are sometimes referred to by their abbreviated class name
and a subscript number (e.g. TC;) and sometimes by a specific name indicative of their use (e.g. ENQ).

Different but related meanings may be associated with some of the control characters but in an
interchange of data this normally requires agreement between the sender and the recipient.

ACK -

BEL -

BS -

16

Acknowledge

A transmission control character transmitted by a receiver as an affirmative response to the sender.

Bell

A’ control character that is used when there is a need to call for attention; it may control alarm or
attention devices.

Backspace
A format effector which moves the active position one character position backwards on the same line.
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CAN

CR

Cancel

A character, or the first character of a sequence, indicating that the data preceding it is in error. As a
result this data is to be ignored. The specific meaning of this character must be defined for each
application and/or between sender and recipient.

Carriage return

A format effector which moves the active position to the first character position on the same line.

Device controls

DC1

DC2

DC3

DC4

DEL

A device control character which is primarily intended for turning on or starting an ancillary device.
If it is not required for this purpose, it may be used to restore a device to the basic mode of operation
(see also DC2 and DC3), or for any other device control function not provided by other DCs.

A device control character which is primarily intended for turning 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 mode of operation (in
which case DC1 is used to restore the device to the basic mode), or for any other device control
function not provided by other DCs.

A device control character which is primarily intended for turning off or stopping an ancillary device.
This function may be a secondary level stop, e.g. wait, pause, stand-by or halt (in which case DC1 is
used to restore normal operation). If it is not required for this purpose, it may be used for any other
device control function not provided by other DCs. )

A device control character which is primarily intended for turning off, stopping or interrupting an

ancillary device. If it is not required for this purpose, it may be used for any other device control
function not provided by other DCs.

Examples of use of the device controls :
1)  One switching
on — DC2 off — DC4

2)  Two independent switchings

First one on — DC2 off — DC4
Second one on — DCt off — DC3

3) Two dependent switchings

General on — DC2 off — DC4
Particular on — DC1 off — DC3

4) Input and output switching

Output on — DC2 off — DC4
Input on — DC1 off — DC3
Delete

A character used primarily to erase or obliterate an erroneous or unwanted character in punched tape.
DEL characters may also serve to accomplish media-fill or time-fill. They may be inserted into or
removed from a stream of data without affecting the information content of that stream, but then the
addition or removal of these characters may affect the information layout and/or the control of
equipment.
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DLE

EM

ENQ

EOT

ESC

ETB

ETX

FF

HT

18

Data link escape

A transmission control character which will change the meaning of a limited number of contiguously
following characters. It is used exclusively to provide supplementary data transmission control
functions. Only graphic characters and transmission control characters can be used in DLE sequences.

End of medium

A control character that may be used to identify the physical end of a medium, or the end of the used
portion of a medium, or the end of the wanted portion of data recorded on a medium. The position
of this character does not necessarily correspond to the physical end of the medium.

Enquiry

A transmission control character used as a request for a response from a remote station — the
response may include station identification and/or station status. When a “Who are you?” function is
required on the general switched transmission network, the first use of ENQ after the connection is
established shall have the meaning “Who are you?” (station identification). Subsequent use of ENQ
may, or may not, include the function “Who are you?”, as determined by agreement.

End of transmission

A transmission control character used to indicate the conclusion of the transmission of one or more
texts.

Escape
A control character which is used to provide an additional control function. It alters the meaning of a

limited number of contiguously following bit combinations which constitute the escape sequence.

Escape sequences are used to obtain additional control functions which may provide among other
things graphic sets outside the standard set. Such control functions must not be used as additional
transmission controls.

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

End of transmission block

A transmission control character used to indicate the end of a transmission block of data where data
is divided into such blocks for transmission purposes.

End of text

A transmission control character which terminates a text.

Form feed

A format effector which advances the active position to the same character position on a predeter-
mined line of the next form or page.

Horizontal tabulation

A format effector which advances the active position to the next predetermined character position on
the same line.
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Information separators

IS, (US)

IS, (RS)

IS, (GS)

IS, (FS)

LF -

NAK -

NUL -

SI -

SO -

SOH -

A control character used to separate and qualify data logically; its specific meaning has to be defined
for each application. If this character is used in hierarchical order as specified in the general
definition of IS, it delimits a data item called a UNIT.

A control character used to separate and qualify data logically; its specific meaning has to be defined
for each application. If this character is used in hierarchical order as specified in the general
definition of IS, it delimits a data item called a RECORD.

A control character used to separate and qualify data logically; its specific meaning has to be defined
for each application. If this character is used in hierarchical order as specified in the general
definition of IS, it delimits a data item called a GROUP.

A control character used to separate and qualify data logically; its specific meaning has to be defined
for each application. If this character is used in hierarchical order as specified in the general
definition of IS, it delimits a data item called a FILE.

Line feed

A format effector which advances the active position to the same character position of the next line.

Negative acknowledge

A transmission control character transmitted by a receiver as a negative response to the sender.

Null

A control character used to accomplish media-fill or time-fill. NUL characters may be inserted into or
removed from a stream of data without affecting the information content of that stream, but then the
addition or removal of these characters may affect the information layout and/or the control of
equipment.

Shift-in

A control character which is used in conjunction with SHIFT-OUT and ESCAPE to extend the
graphic character set of the code. It may reinstate the standard meanings of the bit combinations
which follow it. The effect of this character when using code extension techniques is described in an
ISO Standard.

Shift-out

A control character which is used in conjunction with SHIFT-IN and ESCAPE to extend the graphic
character set of the code. It may alter the meaning of the bit combinations of columns 2 to 7 which
follow it until a SHIFT-IN character is reached. However, the characters SPACE (2/0) and DELETE
(7/15) are unaffected by SHIFT-OUT. The effect of this character when using code extension
techniques is described in an I1SO Standard.

Start of heading

A transmission control character used as the first character of a heading of an information 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-printing graphic.

STX — Start of text

A transmission control character which precedes a text and which is used to terminate a heading.

SUB —  Substitute character

A control character used in the place of a character that has been found to be invalid or in efror.
SUB is intended to be introduced by automatic means.

SYN — Synchronous idle

A transmission control character used by a synchronous transmission system in the absence of any
other character (idle condition) to provide a signal from which synchronism may be achieved or
retained between data terminal equipment.

VT —  Vertical tabulation

A format effector which advances the active position to the same character position on the next
predetermined line.

Reference

[1] CCITT Recommendation General structure of signals of International Alphabet No. 5 code for data
transmission over public data networks, Vol. VII1, Fascicle VII1.2, Rec. X.4.

Recommendation V.4

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

(Mar del Plata, 1968, amended at Geneva, 1976 and 1980)

The CCITT,

I. considering, firstly,
the agreement between the International Organization for Standardization (ISO) and the CCITT on the

main characteristics of a seven-unit alphabet (International Alphabet No. 5) to be used for data transmission and
for telecommunications requirements that cannot be met by the existing five-unit International Alphabet No. 2;

the interest, both to the users and to the telecommunication services, of an agreement concerning the
chronological order of transmission of bits in serial working;

declares the view

that the agreed rank number of the unit in the alphabetical table of combinations should correspond to the
chronological order of transmission in serial working on telecommunication circuits;

D See Recommendation X.4 [1] for data transmission over public data networks.
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that, when this rank in the combination represents the order of the bit in binary numbering, the bits
should be transmitted in serial working with the tow order bit first;

that the numerical meaning corresponding to each information unit considered in isolation is that of the
digit:

0 for a unit corresponding to condition A (travail = space), and
1 for a unit corresponding to condition Z (repos = mark),

in accordance with the definitions of these conditions for a two-condition transmission system;

11 considering, moreover,

that it is often desirable, in data transmission, to add an extra “parity” unit to allow for the detection of
errors in received signals;

the possibility offered by this addition for the detection of faults in data terminal equipment;

the need to reserve the possibility of making this addition during the transmission itself, after the seven
information units proper have been sent;

declares the view

that signals of the International Alphabet No. 5 code for data transmission should, in general, include an
additional “parity” unit;

that the rank of this unit and, hence, the chronological order of the transmission in serial working should
be the eighth of the combination thus completed;

I11. considering

that, in start-stop systems working with electromechanical equipment, the margin of such equipment and
the reliability of the connection are considerably increased by the use of a stop element corresponding to the
duration of two unit intervals of the modulation;

that for transmissions over telephone circuits via modems installed on the user’s premises, the latter must
be able to use the connections at the highest possible practical rate in characters per second, and that in such a
case a single-unit stop element leads to a gain of about 10% as regards this practical rate;

that, however, it does not appear that the production of electronic devices capable of working at will with
start-stop signals having a stop element equal to one or two unit intervals should lead to costly complications and
that such an arrangement can have the advantage of appreciably limiting the error rate without greatly reducing
the practical efficiency of the connection;

declares the view

that in start-stop systems using combinations of the seven-unit alphabet normally followed by a parity
unit, the first information unit of the transmitted combination should be preceded by a start element corres-
ponding to condition A (space);

that the duration of this start element should be a one-unit interval for the modulation rate under
consideration, at transmitter output;

that the combination of seven information units, normally completed by its parity unit, should be followed
by a stop element corresponding to condition Z (mark);

that for start-stop systems using the seven-unit code on switched telephone networks, a two-unit stop
element should be used with electromechanical data terminal equipments operating at modulation rates up to and
including 200 bauds. In other cases, the use of a one-unit stop element is preferable. However, this is subject to a
mutual agreement between Administrations concerned;

that similar situations when a one-unit stop element can be used may apply to leased circuits;

that the start-stop receivers should be capable of correctly receiving start-stop signals comprising a
single-unit stop element, whose duration will be reduced by a time interval equal to the deviation corresponding
to the degree of gross start-stop distortion permitted at receiver input. However, for electromechanical equipment
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which must use a two-unit stop element (eleven-unit code signal) with a modulation rate of 200 bauds or less,
receivers should be capable of correctly receiving signals with a stop element reduced to one unit;

V. considering, finally,
that the direction of the parity unit can only-be that of the even parity on the perforated tapes, particularly
owing to the possibility of deletion (combination 7/15 of the alphabet) which causes a hole to appear in all tracks;

that, on the other hand, the odd parity is considered essential in the equipment which depends on
transitions in the signals to maintain synchronism [in cases where combination 1/6 (SYNC) of the alphabet does
not permit of an economical solution];

declares the view

that the parity unit of the signal should correspond to the even parity in links or connections operated on
the principle of the start-stop system;

that this parity should be odd on links or connections using end-to-end synchronous operation;

that arrangements should be made when necessary to reverse the direction of the parity unit at the input
and output of the synchronous equipment connected ecither to apparatus working on the start-stop principle or
receiving characters on perforated tape;

that the detection of a character out-of-parity may be represented by:

a) reverse question mark (§) graphic character or a representation of 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 difficult to achieve a legible
“SB” character from some matrix printers or displays where the characters are printed; or

b) a recording of the 1/10 (SUB) character on the tape or other storage medium, where provided

and that, where a SUB character occurs in a received transmission, or is presented to a DTE via a storage
medium, e.g. paper tape, then the reaction should be as in a) and b) above.

References

1] CCITT Recommendation General structure of signals of International Alphabet No. 5 code for data
transmission over public data networks, Vol. VIII, Fascicle VII1.2, Rec. X.4.

[2] Information processing — Graphical representations for the control characters of the 7-bit coded character set,
ISO Standard 2047, 1975.

Recommendation V.5

STANDARDIZATION OF DATA SIGNALLING RATES FOR
SYNCHRONOUS DATA TRANSMISSION IN THE GENERAL SWITCHED TELEPHONE NETWORK

(former Recommendation V.22, Geneva, 1964 ;
amended at Mar del Plata, 1968, at Geneva, 1972 and 1976)

1 Data transmission by international communications carried on the general switched telephone network
using a synchronous transmission procedure will be done with a specific mode of modulation, two- or
multi-condition, and serial transmission (see Note 1). For synchronous data transmission on leased telephone-type
circuits see Recommendation V.6.

2 The data signalling rates for synchronous transmission in the general switched telephone network will be:
600, 1200, 2400 or 4800 bits/s (see Note 2),

The users will choose among these rates, in accordance with their needs and the facilities afforded by the
connection.
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3 Data signalling rates should in no case deviate from the nominal value by more than + 0.01%.
Note 1 — The application of parallel data transmission is a subject of other Recommendations.

Note 2 — Modems for use in the general switched telephone network at these data signalling rates; see
Recommendations V.22, V.23, V.26 bis and V.27 ter respectively.

Note 3 — For data transmission at 300 bit/s, see Recommendation V.21.

Recommendation V.6

STANDARDIZATION OF DATA SIGNALLING RATES FOR
SYNCHRONOUS DATA TRANSMISSION ON LEASED TELEPHONE-TYPE CIRCUITS

(former Recommendation V.22 bis, Geneva, 1972; amended at Geneva, 1976)

1 Data transmission by international communications carried on leased telephone-type circuits (either normal
quality or special quality circuits) using a synchronous transmission procedure will be done with a specific mode
of modulation, two- or multi-condition, and serial transmission (see Note 1). For synchronous data transmission
in the general switched telephone network see Recommendation V.5.

2 It is recommended that for synchronous transmission the data signalling rates should be divided into two
distinct classes to be known as “preferred” and “supplementary”. The union of these classes is defined to be the
“permitted” data signalling rates.

a) Preferred range of data signalling rates (bits per second)

600 (see Note 2) 4800 (see Note 2)
1200 (see Note 2) 7200
2400 (see Note 2) ! 9600 (see Note 2)
3600

b) Supplementary range of data signalling rates (bits per second)

1800 6600
3000 7800
4200 8400
5400 9000
6000 10 200

‘ 10 800

¢) Permitted range of data signalling rates (bits per second)
The range is defined as 600 times “N” bits per second where 1 < N < 18 N: a positive integer.

This algorithm, with the addition of 2000 bits per second (see Note 3), yields the total range of data
signalling rates which is the union of the preferred and supplementary data signalling rates.

In determining the permitted range, the CCITT has in mind the need to restrict the number of data
signalling rates (and hence modem design required), yet at the same time to allow the best use to be made of
technical progress in both modem development and improvement in the telephone plant. It is considered that a
geometric progression in standard rates provides the most satisfactory basis of development.

3 Data signalling rates should in no case deviate from the nominal value by more than + 0.01%.
Note 1 — The application of parallel data transmission is a subject of other Recommendations.

Note 2 — Modems for use on leased telephone-type circuits at these data signalling rates; see Recommen-
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 of a 2000 bit/s data signalling rate in some
countries and that this usage will continue.

Fascicle VIII.1 — Rec. V.6 23



Recommendation V.7

DEFINITIONS OF TERMS CONCERNING DATA COMMUNICATION
OVER THE TELEPHONE NETWORK

( Genev;z, 1980)

Note — This Recommendation contains only new and amended definitions of terms concerning data
communication over the telephone network which were elaborated by Study Group XVII during the Study Period
1977-1980 and approved by the VIIth Plenary Assembly of the CCITT.

It should be noted that there exist a large number of relevant definitions in force which have been
published in the List of definitions of essential telecommunication terms, Part I (including its two Supplements),
Green Book, Volume VIII and Orange Book, Volume VIIL.2.

1 effective data transfer rate
F: Débit effectif du transfert des données

S : Velocidad real de transferencia de datos

The average number of bits, characters, or blocks per unit time transferred from a data source to a data
sink and accepted as valid. It is expressed in bits, characters, or blocks per second, minute, or hour.

2 error control
F: Contréle des erreurs

S : Control de errores

That part of a protocol controlling the detection and possibly the correction of transmission errors.

3 data concentrator
F: Concentrateur de données

S: Concentrador de datos

Equipment that permits a common transmission medium to serve more data sources than there are data
channels currently available within the transmission medium.

4 simple multipoint circuit
F: Circuit multipoint simple
S : Circuito multipunto simple
A multipoint circuit that does not contain more than two DCEs in series and that provides for centralized

multipoint operation.

5 inband signalling
F: Signalisation dans la bande

S Senalizacién dentro de banda

The exchange of control signals between interconnected DCEs using the DCE line signal band with which
data in the forward channel are transmitted. The transmission of DTE data, if any, is disrupted.
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6 out-of-band signalling
F: Signalisation hors bande
S : Senalizacion fuera de banda
The exchange of control signals between interconnected DCEs using signals other than those for the

transmission of data in the forward channel. The transmission of DTE data is not disrupted.

7 coded inband signalling
F: Signalisation dans la bande avec codage

S: Senalizacion codificada dentro de banda

Inband signalling by which control signals are exchanged via data in the forward channel.

8 half-duplex operation
F: Exploitation en semi-duplex

S: Explotacién (o funcionamiento) semiduplex

The exchange of data in either direction, one direction at a time.
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SECTION 2

INTERFACES AND VOICE-BAND MODEMS

Recommendation V.10

ELECTRICAL CHARACTERISTICS FOR UNBALANCED DOUBLE-CURRENT INTERCHANGE
CIRCUITS FOR GENERAL USE WITH INTEGRATED CIRCUIT EQUIPMENT
IN THE FIELD OF DATA COMMUNICATIONS !

(Geneva, 1976, amended Geneva, 1980)

1 Introduction
This Recommendation deals with the electrical characteristics of the generator, receiver and intercon-
necting leads of an unbalanced interchange circuit employing a differential receiver.

In the context of this Recommendation an unbalanced interchange circuit is defined as consisting of an
unbalanced generator connected to a receiver by an interconnecting lead and a common return lead.

Annexes and Appendices are provided to give guidance on a number of application aspects as follows:
Annex A Compatibility with other interfaces

Annex B Considerations for coaxial cable applications — V.10 COAXIAL

Appendix 1 Waveshaping

Appendix H Cable guidelines

Note — Generator and load devices meeting the electrical characteristics of this Recommendation need
not operate over the entire data signalling rate range specified. They may be designed to operate over narrower
ranges to satisfy specific requirements more economically, particularly at lower data signalling rates.

The interconnecting cable is normally not terminated, but the matter of terminating coaxial interconnecting
cable is dealt with in Annex B. Where the interchange circuit incorporates the special provisions for coaxial

applications with cable termination this shall be referred to as “complying with Recommendation V.10
(COAXIAL)”.

Reference measurements are described which may be used to verify certain of the recommended
parameters but it is a matter for individual manufacturers to decide what tests are necessary to ensure compliance
with the Recommendation.

D 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 Recommendation apply to interchange circuits operating with
data signalling rates up to 100 kbit/s 2, and are intended to be used primarily in Data Terminal Equipment (DTE)
and Data Circuit-terminating Equipment (DCE) implemented in integrated circuit technology.

This Recommendation is not intended to apply to equipment implemented in discrete component
technology, for which the electrical characteristics covered by Recommendation V.28 are more appropriate.

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

0y

DTE DTE

\K

Circuits to this Recommendation

DTE DCE

u CCiTT-43350

FIGURE 1/V.10

Typical applications of unbalanced interchange circuits

Whilst the unbalanced interchange circuit is primarily 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 proper unbalanced circuit operation;
2) where extraneous noise sources make unbalanced circuit operation impossible;
3) where it is necessary to minimize interference with other signals.

Whilst a restriction on maximum cable length is not specified, guidelines are given with respect to
conservative operating distance as a function of data signalling rates (see Appendix IT).

2 Signalling rates above the suggested 100 kbit/s may also be employed, but the maximum suggested operating distances

should be shortened accordingly (see Figure 11-1/V.10).
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3 Symbolic representation of an interchange circuit (Figure 2/V.10)

Interconnecting

Generator cable Load

»le

e

) 4

> & &

Cable |
termination

(see Note 3) Receiver

A | Signal conductor | A’

o

—TTT T T T T X

-+--%

vit

Load interchange point

Generator
— “interchange point

e

Signal

common return| B’
O

| ]
| Ve s

Al 4
| )

CCITT-43361

generator output voltage * This terminating resistor is only used
ground potential difference with “V.10-COAXIAL", see Annex B
generator active interchange point

generator common return point

load active interchange point

load common return point

receiver zero reference point

(2]
{1 | T R 1 |

Note I — 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 transmission applications, it is commonly accepted that the interface cabling is provided by the
DTE. This introduces the line of demarcation between the DTE plus cable and the DCE. This line is also called
the interchange point and physically implemented in the form of a connector. The applications also require
interchange circuits in both directions. This leads to an illustration as shown in Figure 3/V.10.
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(Connector)

: See Note 3

|

I Av

JA

Q

| R

&8

T

|

|

DTE common return :

|

]

I
A

R | o G
|
] DCE common return ic
i
|
Signal ground C‘lc'
] i ]
i I | CCITT-43370
’ !
@ See Note 2 I @ See Note 2
I .
DTE and cable | DCE
Line of

-demarcation

Note 1 — The zero volt reference interchange points C' may be interconnected via the signal ground conductor.
Note 2 — Signal ground may be further connected to external protective ground if national regulations require.

Note 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 terms of the voltage between output points A and
C shown in Figure 2/V.10.

When the signal condition 0 (space) for data circuits, or ON for control and timing circuits, is transmitted
the output point A is positive with respect to point C. When the signal condition 1 (mark) for data circuits, or
OFF for control and timing circuits, is transmitted the output point A is negative with respect to point C.

4.2 Receiver

The receiver significant levels are shown in Table 1/V.10, where V,. and V. are respectively the voltage at
points A’ and B’ relative to point C'.

TABLE 1/V.10

Receiver significant levels

Va'-Vp'<-03V Val-Vg' >+03V

Data circuits 1 0

Control and timing circuits OFF ON
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5 Generator

5.1 Output impedance
The total dynamic output impedance of the generator shall be equal to or less than 50 ohms.
5.2 Static reference measurements

The generator characteristics are specified in accordance with measurements 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 measurement is made with a 3900-ohm resistor connected between points A

and C. In both binary states, the magnitude of the signal voltage (V) 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]

With a test load of 450 ohms connected between output points A and C, the magnitude of the output
voltage (V,) in both binary states shall be equal to or greater than 0.9 of the magnitude of V.

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

With the output points A and C short-circuited the current (/,) flowing through point A in both binary
states shall not exceed 150 milliamperes.

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

Under power-off condition, with a voltage ranging between +0.25 volt and —0.25 volt applied between

the output point A and point C, the magnitude of the output leakage current (/.) shall not exceed 100 microam-
peres. :

a) Open-circuit measurement
4.0 volts < |V;| < 6.0 volts

b) Test termination measurement
Vel = 0.9* Vol Ry = 450* ohms

* For coaxial cable applications,
See Annex B

Steady-state logic input (1 or 0)

A
¢ ¢) Short-circuit measurement

Il < 150 mA

\ [of
—Oe
A
d) Power-off measurement
1025v Il <100pA
< 7

CCITT-5509-C

FIGURE 4/V.10

Generator parameter reference measurements

o
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53 Generator output rise-time measurement (Figure 5/V.10)

5.3.1  Waveform

The measurement will be made with a resistor of 450 ohms connected between points A and C. A test
signal, with a nominal signal element duration #, and composed of alternate ones and zeros, shall be applied to
the input. The change in amplitude of the output signal during transitions from one binary state to the other shall
be monotonic between 0.1 and 0.9 of V.

5.3.2  Waveshaping

Waveshaping of the generator output signal shall be employed to control the level of interference
(near-end crosstalk) which may be coupled to adjacent circuits in an interconnection. The rise time (¢,) of the
output signal shall be controlled to ensure the signal reaches 0.9 ¥V, between 0.1 and 0.3 of the duration of the unit
interval (7,) at signalling rates greater than 1 kbit/s, and between 100 and 300 microseconds at signalling rates of
1 kbit/s or less. The method of waveshaping is not specified but examples are given in Appendix I.

Input
Vs = Voltag¢ difference between steady
state signal conditions
tp
Steady =
state “0" —x N g I
*
a
R - - - -
Steady . 3
state ‘1"’ - -~ N S I
*
te. N t
< < > CCITT-43392
tp = nominal duration of the test signal element
100 us <t, <300 uswhentp = 1 ms
011t <t, <03t whentpy <1ms
" FIGURE 5/V.10
Generator output rise-time measurement
6 Load N
6.1 Characteristics .

The load consists of a receiver (R) as shown in Figure 2/V.10. The electrical characteristics of the receiver
are specified in terms of the measurements 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 requirements results in a differential receiver having a high input
impedance, a small input threshold transition region between —0.3 and + 0.3 volts differential, and allowance for
an internal bias voltage not to exceed 3 volts in magnitude.

The receiver is electrically identical to that specified for the balanced receiver in Recommendation V.11.
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6.2 Receiver input voltage — current measurements (Figure 6/V.10)

With the voltage 'V, (or V) ranging between — 10 volts and + 10 volts, while V, (or V,,) is held at 0 volt,
the resultant input current [, (or I;) shall remain within the shaded range shown in Figure 6/V.10. These
measurements apply with the power supply of the receiver in both the power-on and power-off conditions.

3B mA” CCITT-43400

FIGURE 6/V.10

Receiver input voltage-current measurements

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

Over the entire common-mode voltage (V) range of +7 volts to —7 volts, the receiver shall not require a
differential input voltage (¥;) of more than 300 millivolts to assume correctly the intended binary state. Reversing
the polarity of V; shall cause the receiver to assume the opposite binary state.

R Output
CCITT-43410
Applied voltages
PP ® Resulting Output
input binary Purpose of measurement
voltage state
Via Vo Vi .
-12vVv ov -12v
oV -12v +12V . To ensure no damage
+12V ov +12V {not specified) | 1 receiver inputs
ov +12vV -12v
+10V + 4V + 6V 0 To guarantee correct
+ 4V +10V -6V 1 operationat V; =6 V
-0V - -4V -6V 1 (maintain correct
-4V -10V + 6V 0 logic state)
300 mV threshold
measurement
+0.30 V 0 Vv +0.3V 0
0 v +0.30V 03V 1 } Vem =0V
+7.15V +6.85 V +0.3V 0
+6.85V +7.15V 03V 1 } Vem =+7V
-7.15V —-685V -03v 1 _
685V -7.15V +03V 0 } Vem =7V

FIGURE 7/V.10

Receiver input sensitivity measurement
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The maximum voltage (signal plus common-mode) present between either receiver input and receiver
ground shall not exceed 10 volts nor cause the receiver to malfunction. The receiver shall tolerate a maximum
differential voltage of 12 volts applied across its input terminals without being damaged.

In the presence of the combinations of input voltages V;, and Vj, specified in Figure 7/V.10, the receiver
shall maintain the specified output binary state and shall not be damaged.

Note — Designers of equipment should be aware that slow signal transitions with noise present may give
rise to instability or oscillatory conditions in the receiving equipment: therefore, appropriate techniques should be
implemented to prevent such behaviour. For example, adequate hysteresis may be incorporated in the receiver to
prevent such conditions.

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

The balance of the receiver input resistances and internal bias voltages shall be such that the receiver shall
remain in the intended binary state under the conditions shown in Figure 8/V.10 and described as follows:

a) with ¥V, = +720 millivolts and V,,, varied between —7 and +7 volts;

b) with ¥V, = —720 millivolts and V,,, varied between —7 and +7 volts;
c) with V; + 300 millivolts and ¥V, a 1.5 volt peak-to-peak square wave at the hlghest applicable data
signalling rate (this condition is provisional and subject to further study);

d) with V; = —300 millivolts and V,,, 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 of V; are provisional and are the subject of further study.

CCITT-43420

* matched

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 kbit/s, the following conditions apply:

1) The total peak differential noise measured between the points A’ and B’ at the load interchange point
(with the generator interchange point connected to a 50-ohm resistor substituted for the generator)
shall not exceed the expected amplitude of the received signal minus 0.3 volts (provisional value).

2) The worst-case combination of generator-receiver ground potential difference (V,, Figure 2/V.10) and
longitudinally induced peak random noise voltage measured between the receiver points A’ or B’ and
C’ with the generator ends of the cable A and C joined together shall not exceed 4 volts.

8 Circuit protection

Unbalanced generator and load devices complying with this Recommendation shall not be damaged under
the following conditions:

1) generator open circuit;

2) short-circuit between the conductors of 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 power dissipation in the interchange circuit devices to approach the
maximum power dissipation that may be tolerated by a typical integrated circuit (IC) package. The user is
therefore cautioned that where multiple generators and receivers are implemented in a single 1C package, only one
such fault per package might be tolerable at any one time without damage occurring.

The user is also cautioned that the generator and receiver devices complying with this Recommendation
might be damaged by spurious voltages applied between their input or output points 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 electromagnetic environment, protection should be employed.

9 Category 1 and category 2 receivers

In order to provide flexibility in the choice of generator (V.10 or V.11), two categories of receiver are
defined as follows:

Category 1 — Receivers shall have both input terminals A’ and B’ connected to individual terminals at the
load interchange point, independent of 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 terminal connection for each A’ input terminal at the load
interchange point, and all B’ input terminals shall be connected together within the DCE or DTE and
shall be brought to one common B’ input terminal as shown in Figure 10/V.10.

The specification of the category to be used in any application is part of the appropriate DCE
Recommendation, using this type of interface electrical characteristics.

Signal
. 1 conductor 1 ,
DTE A - . & A’ DCE
. 44—
| ,
| Signal { A
conductor
! L
[ D1
I
I I - oc
| I
| I
: -
Signal
A 1 conductor |
| | il
c | Circuit 102a \\L ] .
—— T Signal common T
hd | return |
| |
A : . | ) I /
| ignal conductor
J‘ff g Y| A G
B’ | Circuit 102b 1
Signal common T
| I c
return -
' |
' I
A_I | Signal | /
conductor A
S e
B’ | }
C
“-4—‘- I [
I Signal l 4
conductor
b B —
B’————¢——-<- I
I | CCITT-14911

FIGURE 9/V.10

Interconnection of signal common return for category 1 receivers
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| Signal conductor |
DTE A ¢ ignal conductor J‘r‘ A’ DCE
| | =:%
| i
A 1 Signal conductor 1 I
G Y I 4
| I B
I
c [
I I
I |
I |
| e
A Signal conductor I\ |
Y R
| | B’
C JL Circuit 102a )\ c
e T Signalcommon T
~ | return |
| [
e
Signal conductor | A /
R 0 G
B’ 4 Circuit 102b 1 .
T Signal common
I c
c | return I 1
I I
A
I [ Sianal conduct | A /
ignal conductor
R b & G
B | :
I
c I | 1
I I =
, | Signal conductor i
A ? Q A
B — | |
I ! CCITT-14920
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
of a signal conductor for each circuit and one signal common return for each direction as shown in
Figures 9/V.10 and 10/V.10. Signal common return may be implemented by more than one lead, where required
to accomplish interworking, as described in § A.2 and as shown in Figure A-1/V.10.

To minimize the effects of ground potential difference ¥, and longitudinally-coupled noise on the signal at
the load interchange point, the signal common return shall be connected to ground only at the C terminal of the
generator interchange point. For example, the B’ terminal of all the receivers in DTE which interconnect with
unbalanced generators in DCE shall connect to signal common return circuit 102b, which is connected to ground
only in DCE. Signal common return circuit 102a is used to interconnect terminal B’ of the receivers in DCE with
the grounded terminal C of the unbalanced generators in DTE, as in Figures 9/V.10 and 10/V.10.
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11 Detection of generator power-off or circuit failure

Certain applications require detection of various fault conditions in the interchange circuits, e.g.:

1)
2)
3)
4)
5)

generator power-off condition;

receiver not interconnected with a generator;
open-circuited interconnecting cable;
short-circuited interconnecting cable;

input signal to the load remaining within the transition region (2 300 millivolts) for an abnormal
period of time.

When detection of one or more fault conditions is required by specific applications, additional provisions
are required in the load and the following items must be determined:

a)
b)
<)

which interchange circuits require fault detection;
what faults must be detected;

what action must be taken when a fault is detected, e.g. which binary state must the receiver assume?

The interpretation of a fault condition by a receiver (or load) is application dependent. Each application
may use a combination of the following classification:

Type 0 — No interpretation. A receiver or load does not have fault detection capability.
Type 1 — Data circuits assume a binary 1 state. Control and timing circuits assume an OFF condition.
Type 2 — Data circuits assume binary 0 state. Control and timing circuits assume an ON condition.

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

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

The interchange circuits monitoring circuit fault conditions in the general telephone network interfaces are
indicated in Recommendation V.24.

The interchange circuits monitoring circuit fault conditions in data network interfaces are indicated in
Recommendation X.24 [2]. ‘

The receiver fault detection type required is specified in the relevant DCE Recommendations.

12 Measurements at the physical interchange point

The following information provides guidance for measurements when maintenance persons examine the
interface for proper operation at the interchange point.

121 Listing of essential measurements

open-circuit measurements;
test-termination measurement;
short-circuit measurement;
generator output rise time;

d.c. input sensitivity measurements.

12.2  Listing of optional measurements

the total generator resistance between points A and C shall be equal to or less than 50 ohms;
power-off measurements;

receiver input voltage espace-espace current measurements;
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— input balance test;
— check of the required circuit fault detection (§ 11).

The parameters defined in this Recommendation are not necessarily measurable at the physical interchange
point. This is for further study.

ANNEX A

(to Recommendation V.10)

Compatibility with other interfaces

Al Compatibility of Recommendation V.10 and Recommendation V.11 interchange circuits in the same interface

The electrical characteristics of Recommendation V.10 are designed to allow the use of balanced (see
Recommendation V.11) and unbalanced circuits within the same interface. For example, the balanced circuits may
be used for data and timing whilst the unbalanced circuits may be used for associated control circuit functions.

A2 Recommendation V.10 interworking with Recommendation V.11

The differential receiver specifications of Recommendations V.10 and V.11 are electrically identical. It is
therefore possible to interconnect an equipment using Recommendation V.10 receivers and generators on one side
of the interface with an equipment using Recommendation V.11 generators and receivers on the other side of the
interface. Such interconnection would result in interchange circuits according to Recommendation V.11 in one
direction and interchange circuits according to Recommendation V.10 in the other direction. Where such
interworking is contemplated, the following technical considerations must be taken into account.

A.2.1 Interconnecting cable lengths are limited by performance of the circuits working to the Recommenda-
tion V.10 side of the interface.

A.2.2 The optional cable termination resistance (Z,), if implemented, in the equipment using Recommenda-
tion V.11 must be removed.

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

A3 Recommendation V.10 interworking with Recommendation V.28

The unbalanced electrical characteristics of Recommendation V.10 have also been designed to permit
limited interworking, under certain conditions, with generators and receivers to Recommendation V.28. Where
such interworking is contemplated, the following technical limitations must be considered:

A.3.1 Separate DTE and DCE signal return paths will not be available at the Recommendation V.28 side of the
interface.

A.3.2 Data signalling-rate limitations according to Recommendation V.28 shall apply.
A.3.3 Interconnecting cable lengths are limited by the Recommendation V.28 performance restrictions.

A.3.4 Probability of satisfactory operation will be enhanced by providing the maximum generator voltage
possible on the Recommendation V.10 side of the interface within the limitations stipulated in Recommenda-
tion V.10.

A.3.5 Whilst Recommendation V.28 type generators may use potentials in excess of 12 volts, many existing
equipments are designed to operate with power supplies of 12 volts or less. Where this is the case, no further
protection of Recommendation V.10 receivers is required; however, in the general case, protection against
excessively high voltages from Recommendation V.28 generators must be provided for the Recommendation V.10
receivers.

A.3.6 Power-off detectors in Recommendation V.28 receivers may not necessarily work with Recommenda-
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

ANNEX B

(to Recommendation V.1 0)

Considerations for coaxial cable
applications — V.10 COAXIAL ¥

It is recognized that where coaxial cables are used for interconnecting purposes it may be desirable to
include a terminating resistance at the receiver end of the cable. This is considered to be a special case for which
special generator characteristics are required. The terminating resistance shall in no case be less than 50 ohms and
the reference measurements under §§ 5.2.2 and 5.3 shall be made with a 50-ohm test termination. Use of this
special application will require appropriate agreement with the proper authority.

3 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 of electrical characteristics applied in the coaxial cable case is the following:

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

With a test load (R,) of 50 ohms connected between output points A and C, the magnitude of the output
- voltage (V,) shall be equal to or greater than 0.5 of the magnitude of V.

5.3.1 bis Waveform (Figure 5/V.10)
The measurement will be made with a resistor of 50 ohms connected between points A and C. A test
signal, with a nominal signal element duration #, and composed of alternate ones and zeros, shall be applied to

the input. The change in amplitude of the output signal during transitions from one binary state to the other shall
be monotonic between 0.1 and 0.9 of V.

5.3.2 bis Waveshaping

Waveshaping is not normally required for coaxial cable applications.

10 bis  Signal common return

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

DTE ' !
| | K
f . [
| Signal conductor
: A = = = b2

G -O—t— — t R
| [ (1 | ’
[ i ! 2

| 1

c /<I‘r — T —

G ‘ ? — .

C

- - - -p

| | CCITT-43430

Z; = optional termination impedance

FIGURE B-1/V.10

Interconnection with coaxial cable
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APPENDIX 1

(to Recommendation V.10)

Waveshaping

The required waveshaping may be accomplished either by providing a slew-rate control in the generator or
by inserting an RC filter at the generator interchange point. A combination of these methods may also be
employed. An example of the RC filter method is shown in Figure I-1/V.10. Typical values of capacitance C,,
with the value of R, selected so that R,. + R, is approximately 50 ohms, are given for typical cable with an
interconductor shunt capacitance of approximately 0.05 microfarads per kilometre.

Inter-
connecting
cable

'

i

I

1

1
O
~

1

I
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|

|

|
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CCITT-43441

Rg = generator internal resistance
Rw = 50 ohms — Ry

Cw Data signalling rate
(microfarads) range (kbit/s)
1.0 0 - 25
0.47 . 25- 50
0.22 | 50- 10
0.1 10 - 25
0.047 25 - 50
0.022 50 -100

FIGUREI-1/V.10

Example method of waveshaping

APPENDIX 11

(to Recommendation V.10)

Cable Guidelines

No electrical characteristics of the interconnection cable are specified in this Recommendation. However,
guidance is given herein concerning operational constraints imposed by cable length and near-end crosstalk.

The maximum operating distance for the unbalanced interchange circuit is primarily a function of the
amount of interference (near-end crosstalk) coupled to adjacent circuits in the equipment interconnection.
Additionally the unbalanced circuit is susceptible to exposure to differential noise resulting from any imbalance
between the signal conductor and signal common return at the load interchange point. Increasing the physical
separation and interconnection cable length between the generator and load interchange points might increase the
exposure to common-mode noise and the degree of near-end crosstalk. Accordingly, users are advised to restrict
the cable length to a minimum consistent with the generator-load physical separation requirements.

The curve of cable length versus data signalling rate given in Figure 11-1/V.10 may be used as a
conservative guide. This curve is based upon calculations and empirical data using twisted-pair telephone cable
with a shunt capacitance of 0.052 microfarads per kilometre, a 50-ohm source impedance, a 6-volt source signal
and maximum near-end crosstalk of 1-volt peak. The rise time (#,) of the source signal at signalling rates below
1000 bit/s is 100 microseconds and above 1000 bit/s is 0.1 #, (see Figure 5/V.10).
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The user is cautioned that the curve given in Figure 11-1/V.10 does not account for common-mode noise
or near-end crosstalk levels beyond the limits specified, that may be introduced between the generator and load by
exceptionally long cables. On the other hand operation within the signalling-rate and distance bounds of
Figure 1I-1/V.10 will usually ensure that the distortion of the signal appearing at the receiver input will be
acceptable. Many applications, however, can tolerate greater levels of signal distortion, and correspondingly
greater cable lengths can be employed. The generation of near-end crosstalk can be reduced by increasing the

amount of waveshaping employed.

Experience has shown that in most practical cases the operating distance at the lower data signalling rates
may be extended to several kilometres.
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FIGUREII-1/V.10

Data signalling rate vs cable length for unbalanced interchange circuit
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Recommendation V.11

ELECTRICAL CHARACTERISTICS FOR BALANCED DOUBLE-CURRENT
INTERCHANGE CIRCUITS FOR GENERAL USE WITH INTEGRATED CIRCUIT
EQUIPMENT IN THE FIELD OF DATA COMMUNICATIONS "

(Geneva, 1976 ; amended Geneva, 1980)

1 Introduction

This Recommendation deals with the electrical characteristics of the generator, receiver and intercon-
necting leads of a differential signalling (balanced) interchange circuit with an optional d.c. offset voltage.

The balanced generator and load components are designed to cause minimum mutual interference with
adjacent balanced or unbalanced interchange circuits (see Recommendation V.10) provided that waveshaping is
employed on the unbalanced circuits.

In the context of this Recommendation, a balanced interchange circuit is defined as consisting of a
balanced generator connected by a balanced interconnecting pair to a balancéd receiver. For a balanced generator
the algebraic sum of both the outlet potentials, with respect to earth, shall be constant for all signals transmitted;
the impedances of the outlets with respect to earth shall be equal. The degree of balance and other essential
parameters of the interconnecting pair is a matter for further study.

An Annex and two Appendices are provided to give guidance on a number of application aspects as
follows: :

Annex A Compatibility with other interfaces.
Appendix 1 Cable and termination.
Appendix 1I  Multipoint operation.

Note — Generator and load devices meeting the electrical characteristics of this Recommendation need
not operate over the entire data signalling rate range specified. They may be designed to operate over narrower
ranges to satisfy requirements more economically, particularly at lower data signalling rates.

Reference measurements are described which may be used to verify certain of the recommended
parameters but it is a matter for individual manufacturers to decide what tests are necessary to ensure compliance
with the Recommendation.

2 Field of application

The electrical characteristics specified in this Recommendation apply to interchange circuits operating with
data signalling rates up to 10 Mbit/s, and are intended to be used primarily in Data Terminal Equipment (DTE)
and Data Circuit-terminating Equipment (DCE) implemented in integrated-circuit technology.

This Recommendation is not intended to apply to equipment implemented in discrete component
technology, for which the electrical characteristics covered by Recommendation V.28 are more appropriate.

Typical points of application are illustrated in Figure 1/V.11.

Whilst the balanced interchange circuit is primarily intended 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 proper unbalanced circuit operation;
2) where extraneous noise sources make unbalanced circuit operation impossible;

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

D This Recommendation is also designated as X.27 in the Series X Recommendations.
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FIGURE 1/V.11

Typical applications of balanced interchange circuits

3 Symbolic representation of interchange circuit (Figure 2/V.11)
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CCITT-43460

Vob = generator output voltage between points A and B
Vee = generator voltage between points C and A

Vo = generator voltage between points C and B

2 = cable termination impedance

Ve = ground potential difference

A,Band A', B' = interchange points

C, c = zero volt reference interchange points

Note | — 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 Cand C" may be interconnected and further connected to protective ground if required by national regulations.

FIGURE 2/V.11

Symbolic representation of a balanced interchange circuit
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The equipment at both sides of the interface may implement generators as well as receivers in any
combination. Consequently, the symbolic representation of the interchange circuit, Figure 2/V.11 above, defines a
generator interchange point as well as a load interchange point.

For data transmission applications, it is commonly accepted that the interface cabling will be provided by
the DTE. This introduces the line of demarcation between the DTE plus cable and the DCE. This line is also
called the interchange point and physically implemented in the form of a connector. The applications also require
interchange circuits in both directions. This leads to an illustration as shown in Figure 3/V.11.

{Connector) See Note 3

| DTE and Cable

@ See Note 2

N Line of demarcation

DCE |
CCITT-43470

' @ See Note 2

Note 1 — The zero volt reference interchange point C, C* may be interconnected via the signal ground conductor.
Note 2 - Signal ground may be further connected to external protective ground if national regulations require.

Note 3 — The type of connector with this electrical characteristic specification depends on the application. I1SO 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].
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FIGURE 3/V.11

Practical representation of the interface

4 Generator polarities and receiver significant levels

4.1 Generator

The signal conditions for the gene‘rator are specified in terms of the voltage between output points A and
B shown in Figure 2/V.11.

When the signal condition 0 (space) for data circuits or ON for control and timing circuits is transmitted,
the output point A is positive with respect to point B. When the signal condition 1 (mark) for data circuits or
OFF for control and timing circuits is transmitted, the output point A is negative with respect to point B.

4.2 Receiver

~ The receiver differential significant levels are shown in Table 1/V.11, where V. and Vy are respectively the
voltages at points A’ and B’ relative to point C'.
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TABLE 1/V.11

Receiver differential significant levels

VA'-VR' < -03V Va'-Vp' > +03V
Data circuits 1 0
Control and timing circuits OFF ON

5 Generator
5.1 Resistance 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 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 dynamically.)

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

5.2 Static reference measurements

The generator characteristics are specified in accordance with measurements illustrated in Figure 4/V.11
and described in §§ 5.2.1 to 5.2.4 below.

5.2.1  Open-circuit measurement [Figure 4a)/V.11]

The open-circuit voltage measurement is made with a 3900-ohm resistor connected between points A and
B. In both binary states, the magnitude of the differential voltage (¥;) shall not be more than 6.0 volts, nor shall
the magnitude of ¥V, and V,, be more than 6.0 volts.

5.2.2  Test-termination measurement [Figure 4b)/V.11]

With a test load of two resistors, each 50 ohms, connected in series between the output points A and B,
the differential voltage (V,) shall not be less than 2.0 volts or 50% of the magnitude of V¥, whichever is greater.
For the opposite binary state the polarity of V, shall be reversed (— V,). The difference in the magnitudes of V,
and — V, shall be less than 0.4 volt. The magnitude of the generator offset voltage V,, measured between the centre
of the test load and point C shall not be greater than 3.0 volts. The magnitude of the difference in the values
of V,, for one binary state and the opposite binary state shall be less than 0.4 volt.

Note — Under some conditions this measurement does not determine the degree of balance of the internal
generator impedances to point C. It is left for further study whether additional measurements are necessary to
ensure adequate balance in generator output impedances.

5.2.3  Short-circuit measurement [Figure 4c)/V.11]

With the output points A and B short-circuited to point C, the current flowing through each of the output
points A or B in both binary states shall not exceed 150 milliamperes.

5.2.4  Power-off measurements [Figure 4d)/V.11]

Under power-off condition with voltages ranging between +0.25 volt and —0.25 volt applied between
each output point and point C, as indicated in Figure 4d)/V.11, the magnitude of the output leakage currents
(I, and I) shall not exceed 100 microamperes.
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a) Open-circuit measurement

Vo 1<60V
Voa | <60V
Vob| <6.0V
=)
2
o A
‘5' . i b) Test-termination measurement
g 2V<|V|> 05V,
3 t [
o () () Vel — V1< 0.4 V
2 [Vas| 3.0V
e l [Vas (1) — Vos (01 < 0.4 V
8
”
>
]
&

* matched

c) Short-circuit measurement

lsp| < 150 mA
l/sp] < 150 mA

d) Power-off measurement

lxa| <100 A
Ixp! < 100 uA

CCITT-43481

FIGURE 4/V.11

Generator-parameter reference measurements

5.3 Dynamic voltage balance and rise time measurements (Figure 5/V.11)

With the measurement configuration shown in Figure 5/V.11, a test signal with a nominal signal element
duration ¢, and composed of alternate ones and zeros, shall be applied to the input. The change in amplitude of
the output signal during transitions from one binary state to the other shall be monotonic between 0.1 and 0.9 V,

within 0.1 of 1, or 20 nanoseconds, whichever is greater. Thereafter the signal voltage shall not vary more than
10% of V,, from the steady state value.

The resultant voltage due to imbalance (V;) shall not exceed 0.4 V peak-to-peak (the value of Vg is

provisional and is subject to further study to determine whether voltage peaks of very short duration should be
included).

6 Load

6.1 Characteristics

The load consists of a receiver (R) -and an optional cable termination resistance (Z,) as shown in
Figure 2/V.11. The electrical characteristics of the receiver are specified in terms of the measurements illustrated in
Figures 6/V.11, 7/V.11 and 8/V.11 and described in §§ 6.2, 6.3 and 6.4 below. A circuit meeting these
requirements results in a differential receiver having a high input impedance, a small input threshold transition

region between —0.3 and +0.3 volts differential, and allowance for an internal bias voltage not to exceed 3 volts
in magnitude.

The receiver is electrically identical to that specified for the unbalanced receiver in Recommendation V.10.
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6.2

48

Receiver input voltage — current measurements (Figure 6/V.11)

With the voltage V,, (or V;,) ranging between —10 volts and + 10 volts, while V}, (or V,,) is held at 0 volt,
the resultant input current I, (or I,) shall remain within the shaded range shown in Figure 6/V.11. These
measurements apply with the power supply of the receiver in both the power-on and power-off conditions.

Steady
state 0"’

Steady
state 1"

* matched

Ve < 0.4 V peak-to-peak (provisional)
Vss = Voltage difference between steady -
state signal conditions

ts
“w
"
N >
4 " -
o

V“

tp = nominal duration of the test signal element
forty >200ns,t, <0.1¢p
fortp <200 ns,t, <20 ns

Generator dynamic balance and rise-time measurements

tro

FIGURE 5/V.11
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Receiver input voltage-current measurements
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6.3 D.c. input sensitivity measurements (Figure 7/V.11)

Over the entire common mode voltage (V,,,) range of +7 volts to — 7 volts, the receiver shall not require a
differential input voltage (¥;) of more than 300 millivolts to assume correctly the intended binary state. Reversing
the polarity of ¥; shall cause the receiver to assume the opposite binary state.

The maximum voltage (signal plus common mode) present between either receiver input and receiver
ground shall not exceed 10 volts nor cause the receiver to malfunction. The receiver shall tolerate a maximum
differential voltage of 12 volts applied across its input terminals without being damaged.

In the presence of the combination of input voltages V,, and Vj, specified in Figure 7/V.11, the receiver

id

shall maintain the specified output binary state and shall not be damaged.

Note — Designers of equipment should be aware that slow signal transitions with noise present may give
rise to instability or oscillatory conditions in the receiving equipment; therefore, appropriate techniques should be
implemented to prevent such behaviour. For example, adequate hysteresis may be incorporated in the receiver to
prevent such conditions.

R Qutput
O]
CCITT-43410
Applied voltages Resulting Output
input binary Purpose of measurement
voltage state
Via Vip Vi
-12Vv ov -12v
ov -12vV +12V e To ensure no damage
+12V ov +12v (not specified) to receiver inputs
ov +12V -12v
+10V + 4V + 6V 0 To guarantee correct
+ 4V +10V -6V 1 operationat V; =6 V
-10Vv -4V -6V 1 {maintain correct
— 4V -10V + 6V 0 logic state)
300 mV threshold
measurement
+0.30V [V Y +03V 0 Vo =0V
0 Vv +0.30 V -03Vv 1 } em —
+7.15V +6.85 v +03V 0
+6.85V +715V -03vV 1 } Vem =47V
-7.15V —6.85V —-03vV 1 Voo =_7V
. -6.85V =715V +03V 0 } em — —

FIGURE 7/V.11

Receiver input sensitivity measurement
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6.4 Input balance test (Figure 8/V.11)
The balance of the receiver input resistance and internal bias voltages shall be such that the receiver shall
remain in the intended binary state under the conditions shown in Figure 8/V.11 and described as follows:

a) with V; = +720 millivolts and V,,, varied between —7 and +7 volts;

cm

I

b) with V; = —720 millivolts and V,,, varied between —7 and +7 volts;

. ¢) with ¥, = +300 millivolts and ¥V, a 1.5 volt peak-to-peak square wave at the highest apphcable data
signalling rate (this condition is provisional and subject to further study);

. @ 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 ¥; = —300 millivolts and V,

Note — The values of V; are provisional and are the subject of further study.

CCiTT-43420
* matched

FIGURE 8/V.11

Receiver input balance test

6.5 Terminator

The use of a cable terminating impedance (Z,) is optional depending upon the specific environment in
which the interchange circuit is employed (see Appendix I). In no case shall the total load resistance be less than
100 ohms. , o

7 Environmental constraints

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

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

2) Each interchange circuit must be appropriately terminated (see Appendix I).

3) The total common-mode voltage at the receiver must be less than 7 volts peak. This value is
provisional and is subject to further study.

The common mode voltage at the receiver is the worst case combination of:
a) generator-receiver ground-potential difference (V,, Figure 2/V.11);

b) longitudinally induced random noise voltage measured between the receiver points A’ or B’ and C’
with the generator ends of the cable A, B and C joined together; and

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

Unless the generator is of a type which generates no d.c. offset voltage, the sum of a) and b) above, which
is the element of the common mode voltage due to the environment of the interchange circuit, must be less than
4 volts peak.
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8 Circuit protection

Balanced generator and load devices complying with this Recommendation shall not be damaged under
the following conditions:

1) generator open circuit;

2) short-circuit between the conductors of the interconnecting cable;

3) short-circuit between either or both conductors and point C or C'.

The above faults 2) and 3) might cause power dissipation in the interchange circuit devices to approach the
maximum power dissipation that may be tolerable by a typical integrated circuit (IC) package. The user is
therefore cautioned that where multiple generators and receivers are implemented in a single IC package, only one
such fault per package might be tolerable at any one time without damage occurring.

The user is also cautioned that the generator and receiver devices complying with this Recommendation
might be damaged by spurious voltages applied between their input or output points and points C or C'
(Figure 2/V.11). In those applications where the interconnecting cable may be inadvertently connected to other
circuits, or where it may be exposed to a severe electromagnetic environment, protection should be employed.

9 Detection of generator power-off or circuit failure

Certain applications require detection of various fault conditions in the interchange circuits, e.g.:
1) generator power-off condition;

2) receiver not interconnected with a generator;

3) open-circuited interconnecting cable;

4) short-circuited interconnecting cable;

5) input signal to the load remaining within the transition region (£ 300 millivolts) for an abnormal
period of time. '

When detection of one or more fault conditions is required by specific applications, additional provisions
are required in the load and the following items must be determined:

a) which interchange circuits require fault detection;
b) what faults must be detected;
¢) what action must be taken when a fault is detected, e.g. which binary state must the receiver assume?

The interpretation of a fault condition by a receiver (or load) is application dependent. Each application
may use a combination of the following classification:

Type 0 No interpretation. A receiver or load does not have fault detection capability.

Type 1 Data circuits assume a binary 1 state. Control and timing circuits assume an OFF condition.
Type 2 — Data circuits assume binary 0 state. Control and timing circuits assume an ON condition.

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

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

The interchange circuits monitoring circuit fault conditions in the general telephone network interfaces are
indicated in Recommendation V.24.

The interchange circuits monitoring circuit fault conditions in public data network interfaces are indicated
in Recommendation X.24 [3].

The receiver fault detection type required is specified in the relevant DCE Recommendations.
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10 Measurements at the physical interchange point

The following information provides guidance for measurements when maintenance persons examine the
interface for proper operation at the interchange point.

10.1 Listing of essential measurements

— the magnitude of the generator d.c. offset voltage under all operating conditions;
— open-circuit measurements;

— test-termination measurement;

— short-circuit measurement;

— dynamic voltage balance and rise time;

~ d.c. input sensitivity measurements.

10.2  Listing of 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 dynamically);

— power-off measurements;

— receiver input voltage-current measurements;

— input balance test;

—~ check of the required circuit fault detection (§ 9).

The parameters defined in this Recommendation are not necessarily measurable at the physical interchange
point. This is for further study.

ANNEX A

(to Recommendation V.11)

Compatibility with other interfaces

Al Compatibility of Recommendation V.10 and Recommendation V.11 interchange circuits in the same interface

The electrical characteristics of Recommendation V.11 are designed to allow the use of unbalanced (see
Recommendation V.10) and balanced circuits within the same interface. For example, the balanced circuits may be
used for data and timing whilst the unbalanced circuits may be used for associated control circuit functions.

A2 Recommendation V.11 interworking with Recommendation V.10

The differential receiver specifications of Recommendations V.10 and V.11 are electrically identical. It is
therefore possible to interconnect an equipment using Recommendation V.10 receivers and generators on one side
of the interface with an equipment using Recommendation V.11 generators and receivers on the other side of the
interface. Such interconnection would result in the interchange circuits according to Recommendation V.11 in one
direction and interchange circuits according to Recommendation V.10 in the other direction. Where such
interworking is contemplated, the following technical considerations must be taken into account.

A.2.1 Interconnecting cable lengths are limited by performance of the circuits working to the Recommenda-
tion V.10 side of the interface.

A.2.2 The optional cable termination resistance (Z,), if implemented, in the equipment using Recommenda-
tion V.11 must be removed.

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

A3 Recommendation V.11 interworking with Recommendation V.35
Equipment having interchange circuits according to Recommendation V.11 is not capable of interworking

with equipment having balanced interchange circuits according to the electrical characteristics of Recommenda-
tion V.35.
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APPENDIX |

(to Recommendation V.11)

Cable and termination

No electrical characteristics of the interconnecting cable are specified in this Recommendation. Guidance
is given herein concerning operational constraints imposed by the length, balance and terminating resistance of

the cable.

1.1 Cable

Over the length of the cable, the two conductors should have essentially the same values of:

1) capacitance to ground;
2) longitudinal resistance and inductance;

3) coupling to adjacent cables and circuits.

1.2 Cable length

The maximum permissible length of cable separating the generator and the load in a point-to-point
application is a function of the data signalling rate. It is further influenced by the tolerable signal distortion and
the environmental constraints such as ground potential difference and longitudinal noise. Increasing the distance
between generator and load might increase the exposure to ground potential difference. '

As an illustration of the above conditions, the curves of cable length versus data signalling rate in
Figure I-1/V.11 may be used for guidance.
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Curve 1: terminated interchange circuit
Curve 2: unterminated interchange circuit

FIGUREI-1/V.11

Data signalling rate vs cable length for balanced interchange circuit
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These curves are based upon empirical data using twisted pair telephone cable (0.51-mm wire diameter)
both unterminated and terminated in a 100-ohm resistive load. The cable length restrictions shown by the curves
are based upon the following assumed signal quality requirements at the load:

1) signal rise and fall time equal to, or less than, one-half the duration of the signal element;
2) a maximum voltage loss between generator and load of 6 dB.

At the higher data signalling rates (see Figure I-1/V.11) the sloping portion of the curves shows the cable.
length limitation established by the assumed signal rise and fall time requirements. The cable length has been
arbitrarily limited to 1000 metres by the assumed maximum allowable loss of 6 dB.

These curves assume that the environmental limits specified in this Recommendation have been achieved.
At the higher data signalling rates these conditions are more difficult to attain due to cable imperfections and
common-mode noise. Operation within the data signalling rate and distance bounds of Figure I-1/V.11 will
usually ensure that distortion of the signal appearing at the receiver input will be acceptable. Many applications,
however, can tolerate much greater levels of signal distortion and in these cases correspondingly greater cable
lengths may be employed.

Experience has shown that in many practical cases the operating distance at lower signalling rates may
extend to several kilometres.

For synchronous transmission where the data and signal element timing are transmitted in opposite
directions, the phase relationship between the two may need to bé adjusted to ensure conformity with the relevant
requirements of signal quality at the interchange point.

1.3 Cable termination

The use of a cable termination resistance (Z,) is optional and dependent on the specific application. At the
higher data signalling rates (above 200 kbit/s) or at any data signalling rate where the cable propagation delay is
of the order of half the signal element duration a termination should be used to preserve the signal rise time and
minimize reflections. The terminating impedance should match as closely as possible the cable characteristic
impedance in the signal spectrum.

Generally, a resistance in the range of 100 to 150 ohms will be satisfactory, the higher values leading to
lower power dissipation. '

At the lower data signalling rates, where distortion and rise-time are not critical, it may be desirable to
omit the termination in order to minimize power dissipation in the generator.

APPENDIX 11

(to Recommendation V.11)

Multipoint operation

It is considered that further study is required before parameters for this application can be defined and
this Appendix, giving provisional figures, is intended as a guideline for this study, which is intended to lead to the
development of a new Recommendation.

I1.1 General

The point-to-point interchange circuit arrangement of one generator and one load might be expanded to a
multipoint arrangement by adding generators, receivers or both, at interchange points along the interconnecting
cable.

Only one generator at a given time would present its differential voltage at its interchange point. All other
generators would be isolated by an appropriate control, and assume the high impedance state defined below. All
receivers would be continuously in an operating condition.

Terminating impedances may be necessary at more than one point of the multipoint interconnection, but
their specification is not included in this Recommendation. The combined load impedance presented to any active
generator by other generators, receivers, cable and terminators must not be less than 100 ohms.
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The operation of a multipoint arrangement must not be perturbed by any of its components when they are
either in a high impedance state or a power-off state 2. The generators and receivers must tolerate without damage
the transmitted signals with their maximum amplitude within the specified limits.

Generators on the same multipoint line must have the same nominal d.c. offset voltage in order to operate
correctly. However, generators with different d.c. offsets could be used on the same line provided that these
differences were compensated at the common reference point.

The controlling data transfer protocol must insure that only one generator is active at one instant in time
in order to avoid contention. In the contention case the generator devices can be damaged if three or more are
active simultaneously.

11.2 High impedance state

[1.2.1  Static measurements

When in the high impedance state and with test loads of 50 ohms connected between each generator
output point and point C, the magnitude of the voltage V, measured between points A and B shall not exceed
4 mV whatever the logical condition of the generator input data lead (Figure I1-1/V.11).

When the generator is in the high impedance state, with voltages ranging between —6V and +6V
applied between each output point and point C, as indicated in Figure 11-2/V.11, the magnitude of the output
leakage currents I, and I, shall not exceed 150 pA.

The same situation applies in the power-off condition.

11.2.2  Dynamic measurements

During transitions of the generator output between the low impedance state and the high impedance state,
the differential signal measured across a 100-ohm test load connected between the generator points A and B shall
be such that the amplitude changes from 10% to 90% of the steady state voltage in less than 10 ps.

A
Rl |soa+
G Vhi<4mV
R| |00+
a8
&
* matched o CCITT-43510
FIGUREII-1/V.11
High impedance state static measurement _
lIxa | < 150 uA
Wxp| < 150 uA
CCITT-43520
FIGURE1I-2/V.11
Generator output leakage current measurement
References
M Data communication — 37-pin and 9-pin DTE/DCE interface connectors and pin assignments, 1SO Standard
4902-1980.

[2] Data communication — 15-pin DTE/DCE interface connector and pin assignments, 1ISO Standard 4903-1980.

[3] CCITT Recommendation List of definitions for interchange circuits between data terminal equipment (DTE)
and data circuit terminating equipment (DCE) on public data networks, Vol. V111, Fascicle VIIL.2, Rec. X.24.

2} 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 TRANSMISSION

(Geneva, 1972)

The CCITT,

considering

that there is a wide variety of telephone instruments in existence and that the acoustic path involved in the
use of any coupling device cannot be accurately prescribed for all cases, and hence it will be difficult to ensure
satisfactory transmission in all situations,

recommends

that acoustic coupling of data transmission equipment via telephone instruments to the telephone
transmission network should not be used for permanent installations.

It is, however, recognized that there may be a need for a means to provide temporary connection of
portable data transmission equipment to the network in circumstances where it may not be possible to obtain
convenient access to the subscriber’s line terminals.

The use of acoustic coupling for temporary communications is subject to the agreement of the Administra-
tion in charge of the telephone network to which the equipment will be connected.

If an Administration decides to permit acoustic coupling for temporary data transmission stations, the
acoustic coupling equipment conforms to the following:

1) The maximum power output of the subscriber’s equipment into the line shall not exceed 1 mW at any
frequency. ’

The mean permitted telephone line signal power shall not exceed —13 dBmO0 for duplex operation and
—10 dBmO for simplex operation when integrated over any period of approximately 3 seconds. [See
b) and ¢) of the introduction of Recommendation V.2.]

2) If pis the signal power in the frequency band 0-4 kHz, the signal power outside this band shall not
exceed the following values when integrated over any period of approximately 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 emitted by the transducer shall be such as not to interfere with national and
international telephone signalling systems and pilot signals involved in the telephone connection
envisaged. :

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

5) 1t shall not be possible to cause acoustic shock to telephone users under any normal condition or
when the acoustic coupler develops any single fault.

6) The mechanical arrangements of the transducer shall not cause mechanical damage to the telephone
instrument.

7) In addition to the contents of this Recommendation, the regulations of the national Administration
must also be complied with.
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Recommendation V.16

MEDICAL ANALOGUE DATA TRANSMISSION MODEMS

(Geneva, 1976)

The CCITT,

considering that :

(a) computer-aided automatic ECG (electro-cardiogram) interpretation is being made available by special
diagnostic centres to general practitioners and hospitals at remote places and suitable transmission equipment is
necessary for this reason;

(b) such a service can be implemented to advantage in a special data collection system using simple
remote stations and a high-quality central unit;

(c) for such applications particularly suitable and compatible transmission facilities are necessary which
must not interfere with other telephone services;

-(d) analogue as well as digitalized transmission of the analogue data (e.g. ECG records) are in principle
possible;

(e) in most cases, however, on-line transmission with analogue transmission methods can be implemented
more easily and economically;

(f) in practice, analogue transmission generally promises a sufficient degree of quality;

(g) in cases of emergency and monitoring of implanted pacemakers, very simple, acoustically coupled
equipment may be of great assistance to the persons concerned;

unanimously declares the following view :

'.p' .

1 Analogue transmission of medical analogue data, e.g. ECGs, should be permitted in the public telephone
network. Reliable, sufficiently interference-free transmission cannot be taken for granted 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 different transmission devices (modems):

1) transmission equipment for simultaneous transmission of three ECG signals on a telephone channel
from a remote station to the central station, preferably for direct galvanic coupling to the telephone
channel;

2) transmission equipment, preferably for emergency use and for monitoring of implanted pacemakers,
to simultaneously transmit-only one ECG signal from a remote station to a central station with
acoustic or galvanic coupling to a telephone channel.

The ECG station usually consists of an ECG recorder, including separating amplifier, data input/output
device and the modem specified in this Recommendation (see Figure 1/V.16).

The central station usually comprises the central modem specified herein and the interpretation system for
ECGs (e.g. a computer programmed for ECG interpretation).

This Recommendation covers the modems, the desired transmission characteristics of the ECG transmis-
sion channel as well as the necessary interchange circuits and the method of transmitting the digital data
associated with the ECG (e.g. patients’ identification codes, control signals in both transmission directions and the
interpretation record).
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FIGURE 1/V.16
Example of analogue transmission of medical analogue data

3 Modems for simultaneous analogue transmission of three ECG records

3.1 Basic characteristics of the analogue channels

The equipment specified below is mainly intended for operation with direct galvanic coupling to telephone
lines.

3.1.1  Baseband signal

Baseband signal requirements at the modem input:

— number of simultaneously transmitted ECG

records 3
— frequency response of the separating amplifier flat
— signal-to-noise ratio with 10 Hz square wave > 50 dB
signals £ 1V (unweighted)
— full scale limit (see Note 1) +25V
— linearity deviation of an ECG channel related to
full scale and the optimum straight line 1%
— permissible group delay distortion of the input from 3 to 60 Hz
signal at the modulator input (including channel At < 2 ms, outside this range
filter in the baseband) (see Figure 2/V.16)

— spectrum: if a.c. coupling is applied, a time
constant of t = 3.2 s, corresponding to a lower
cut-off frequency of 0.5 Hz, should be used.

— baseband pre-emphasis (see Note 2) (between rise of 6 dB/octave cut-off frequency:
separating amplifier and modem) 15 Hz
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Note 1 — Existing instruments (ECG recorders, etc.) are designed for £+ 2.5 V full scale. If, however, the
International Electrotechnical Commission specifies = 1 V or + 1.25 V as the full scale limit, this value should be
adopted. The slope of the modulator characteristic (see § 3.1.2 below) must then be adjusted accordingly.

Note 2 — This value will require further study if, at a later date, amplitude compandors are used to
improve the signal-to-noise ratio.

I I 1T
I, with a.c. coupling

8 L,

%
‘V@L /
7

AMAN
SSOSASS

Group delay (A7)
o
N

” with d.c. coupling Y //
75417777, VL vaddds e v
0
1 3 6 10 30 60 100 Hz

Frequency (f) CCITT-43540

FIGURE 2/V.16
Permissible group-delay distortion in the baseband

3.1.2  Requirements for the transmission equipment (modems)

The modem should be capable of transmitting baseband signals with a bandwidth of up to approximately
100 Hz. The transmission equipment (modems) should not deteriorate the performance of the baseband signal as
specified under § 3.1.1 above by more than 10%. The exact value of the admissible deterioration needs further
study.

Since the centre channel of the transmission equipment will in future be used for digital transmission of
ECG-associatéd digital data and other biological data, it must be capable of transmitting d.c. components. The
same should apply to the other channels. ’

— line signals for transmitting the ECG: signals as specified under § 3.1.1 above.
— modulation method: frequency modulation

— subcarrier frequencies f, and associated maximum
transmission levels p, :

fi = 950 Hz + 6 Hz . p = 7dB lower than the resulting

£, = 1400 Hz = 15 Hz (see Note 1) p, = 5dB level p, as specified in

f; = 2100 Hz + 15 Hz p; = 3dB Recommendation V.2
— resulting maximum level: P, as specified in Recommendation V.2

— simultaneous transmission of all three subcarriers
is mandatory, if subcarriers f; and/or f; are used.

— maximum frequency deviation per channel in the
case of linear operation: Af = = 100 Hz

— slope of the modulator characteristic (subcarrier
deviation sensitivity): 40 Hz/V (see Note 2)

— a positive signal should cause a rise in the
subcarrier frequency

— FM channel bandwidth (3 dB points): < 350 Hz
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— resulting level accepted by receiver — 6 dBm to

(upper threshold-level): —43 dBm
— lower threshold level: ' —46 dBm
Note 1 — This frequency selection makes allowance for the following boundary conditions:

a) best possible decoupling between the three ECG channels. Nonlinear distortion may cause a small
degree of cross-talk;

b) CCITT standardized subcarrier frequencics (2100 Hz and 1400 1Hz) should be used as far as possible;
¢) no interference to existing CCITT signalling systems by simulation of switching signals.

Some of the existing ECG transmission systems use subcarrier frequencies f; = 1075 Hz, f; = 1935 Hz,
J; = 2365 Hz. Due to the relatively slow modulation by ECGs, the modulated subcarrier frequencies £, and f; may
simulate signals of CCITT Signalling Systems No. 2 and No. 4. This would cause interference to the ordinary
telephone service. Where this kind of interference is not to be expected, use of the subcarrier frequencies
concerned should be allowed over a transition period covering two CCITT study periods. Thereafter, the
aforementioned frequencies (950 Hz, 1400 Hz and 2100 Hz) only should be used in the interest of mutual
compatibility of the ECG transmission systems from different suppliers.

Note 2 — This value should be changed to 100 Hz/V, or 80 Hz/V if the full-scale voltage of = 1V or
+ 1.25 V (see § 3.1.1 above) is applied.

3.2 Forward digital data transmission from the remote station fto the central station

The analogue centre channel with a subcarrier frequency £, = 1400 Hz should be used for transmission of
ECG-associated digital data. Channel characteristics are:

— centre frequency: £, = 1400 Hz (see Note)
symbol 1, (mark): f-=/,,— 80 Hz
symbol 0, (space): f. =/, + 80 Hz
— coding: International Alphabet No. 5 as indicated in
: Recommendations V.3 and V.4, with start/stop
transmission
— nominal modulation rate: 100 bauds
— power level: ' ' P, < —11 dBm

Note — In addition to the aforementioned signalling system, the following systems for forward digital
data transmission are also in use: .

a) tri-level code, derived from frequencies f,; and f,,; *+ approximately 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 Recommendation Q.23 (1].

These variants should be allowed to remain in use for a transition period of two study periods. Afterwards,
only the above recommended version should be used in order to obtain mutual technical compatibility of the
instruments. This should also apply to future developments. ’

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

In order to send back interpretation results, control signals, etc., a digital backward channel with the
following parameters should be provided:

— modulation by frequency shift keying with the following frequencies:

symbol 1 (mark): /. = 390 Hz (see Note)
symbol 0 (space): f, = 570 Hz
— nominal modulation rate: 200 bauds
— coding: International Alphabet No. 5 as indicated in
Recommendations V.3 and V.4, with start/stop
transmission
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— transmission level: as specified in Recommendation V.2

— idle condition: . symbol 1 (mark), 390 Hz
— level accepted by receiver: — 6 dBm to —40 dBm
— lower threshold level: —46 dBm.

Note — f. = 390 Hz is in accordance with Recommendation V.23. For single tone signalling, f = 389 Hz
(EIA standard for tone signalling) should be allowed for a transition period of two study periods. Afterwards, the
above CCITT standard should be applied.

34 Calibration signal

At the beginning of the ECG 1:cording a standardized calibration signal can be transmitted from the ECG
recorder. By transmitting the combination ENQ (0/5) of International Alphabet No. 5 to the remote station (ECG
recorder) the central station should call up and repeat this calibration signal whenever desired.

35 Quality control

In order to monitor the transmission quality and eliminate those parts of the transmitted ECG which
contain interference pulses, suitable monitoring measures should be provided in the central modem. If a part of
the transmitted ECG is disturbed, the central unit should send the signal DEL to the remote station.

A 40-dB signal-to-noise ratio in the baseband ECG channel is provisionally recommended as threshold
level. The exact value needs further study. :

3.6 Interchange circuits

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

3.6.1 Interchange circuits between recording system and remote station modem

If interchange circuits are necessary between the recorder and the modem, their functions should be in
accordance with Recommendation V.24, and their electrical values in accordance with Recommendation V.28
or V.31, except circuits carrying analogue signals.

3.6.2 Interchange circuits between the central modem and the interpretation system

If these interchange circuits are necessary, they should also be in accordance with Recommendations V.24
and V.28.

The choice of the required interchange circuits needs further study.

3.7 Procedures

The required procedures also need further study with respect to mutual compatibility, echo suppressor
disabling, answering tones, etc.

Note — A frequency scheme of subcarrier frequen01es and associated digital channels is given in
Figure 3/V.16.

4 Modem for simultaneous analogue transmission of one ECG record

4.1 General

This specification enables single channel equipment for direct galvanic coupling or acoustic coupling to be
designed which is compatible with the centre channel of the three-channel transmission equipment described in § 3
above.

4.2 Baseband signal when transmitting from the remote station to the central unit as specified in § 3.1.1 above
but with the following amendments to be made to the parameters of the line signals:

— frequency: f, = 1400 Hz;

— power level: p, < —6 dBm.
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FIGURE 3/V.16

Frequency scheme of subcarrier frequencies and associated digital channels

In the case of acoustic coupling the above power level should not be exceeded at the output of the
telephone set. The full scale limit may be extended to + 5 mV. Linear operation is required up to + 2.5 mV in
this case. The slope of the modulator characteristic should be 40 Hz/mV for linear operation. These parameters
are related to the patient’s cable.

43 Digital transmission in the forward direction

Due to the limited number of possible applications, the use of the digital forward transmission channel
should be optional. If provided, it should be in accordance with the digital transmission method described under
§ 3.2 above.

44 Digital transmission in the backward direction

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

4.5 Single channel central modem

If required, a single channel central modem for direct galvanic coupling to the telephone line can also be
designed with the parameters of the centre channel. The maximum deviation may be extended to 200 Hz. Here, all
means for transmission of ECG-associated digital data are optional. If provided, they should be in accordance
with the digital transmission method described under §§ 3.2 and 3.3 above.

Reference

1 CCITT Recommendation Technical features of push-button telephone sets, Vol. VI, Fascicle V1.1, Rec. Q.23.

62 Fascicle VIII.1 — Rec. V.16



Recommendation V.19

MODEMS FOR PARALLEL DATA TRANSMISSION
USING TELEPHONE SIGNALLING FREQUENCIES

(Geneva, 1976)

Systems for parallel data transmission can be used economically when the transmitting sets (outstations)
use the signalling frequencies of push-button telephone sets to transmit data to a central receiving set (instation)
via the switched telephone network.

1 Scope

In many networks, the introduction of keyboard telephone sets allows simple, one-way data transmission
at speeds up to about 10 characters per second to be made from a large number of push-button telephone sets
serving as outstations to a common instation, via the general switched telephone network. Transmissions in the
instation-to-outstation direction are generally confined to simple acoustic signals and voice replies.

The CCITT therefore

unanimously recommends

that the modems to be used for stations operating in the general switched telephone network should meet
the specifications shown below.

2 General characteristics

21 Data channel

The transmission system uses two sets of frequencies in accordance with Recommendation Q.23 [1]. Each
character is transmitted in the form of two simultaneously transmitted frequencies. These two frequencies belong
to two separate sub-assemblies. Each of these two assemblies consists of four frequencies [“2 (1/4)” code]. This
coding can thus be used to transmit 16 different character combinations and perhaps more (see Note).

The actual transmission consists in sending a frequency pair for a time greater than 30 ms, followed by a
silence period of not less than 25 ms.

Note — In order to stretch the set of characters, several frequency pairs may be transmitted before the
silence period. It should be noted that in this case character coding and decoding will not be effected by the DCE
but by the DTE.

2.2 Backward channel

The following possibilities might be considered:

a) a telephone channel not simultaneous with data transmission in the forward direction;
b) a backward channel for audible signalling;

¢) a backward channel for electrical signalling.

Possibilities b) and c¢) are provided on a basis of non-simultaneity or, optionally, simultaneity with the
data transmission channels in the forward direction. '

A loudspeaker will be built into the outstation modem. Optionally, a continuous signalling output may be
provided. If the national regulations permit, an output for response to the channel may also be provided as an
option.
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3 Frequency assignments

3.1 Data transmission channel

The 2 groups of 4 frequencies specified in Recommendation 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 different digits as shown in Table 1/V.19.

TABLE 1/V.19

B; = 1209 Hz B, = 1336 Hz B3 = 1477 Hz B4 = 1633 Hz
A; =697 Hz 1 2 3 A
A, =770 Hz 4 5 6 B
A3 =852 Hz 7 8 9 c
Aq =941 Hz * 0 # D

3.2 Backward channel

For audible signals and electrical signalling, the backward channel frequency will be 420 Hz. This
frequency may be amplitude-modulated at a rate of up to 5 bauds.

Use may also be made of an FM backward channel similar to that of the Recommendation V.23 type
modem, or of the No. 2 transmission channel of a Recommendation V.21 type modem (if the frequency 1633 Hz
is not used). These two types of backward channel may be used at the same time as the data frequencies in the
forward direction; the use of these backward channels is optional.

4 Tolerances

4.1 Data frequency tolerances

The data frequency tolerances are defined in Recommendation Q.23 [1]; the difference between each
frequency and its nominal frequency must not exceed + 1.8% of the nominal frequency. Apart from this tolerance
of + 1.8% on transmission, the instation receiver should be able to accept a difference of + 6 Hz due to the
carrier systems.

4.2 Frequency tolerance on backward channel

The tolerance of 420 Hz on the backward channel should be #+ 4 Hz; the receiver of the outstation should
also be able to accept a difference of + 6 Hz due to the carrier systems.

5 Line power levels

On the basis of Recommendation V.2, the following maximum power levels are recommended for each
frequency transmitted, measured at the relative zero point:

— 13 dBmO for the data transmission channel without the simultaneous backward channel;
— 16 dBmO for the data transmission channel with the simultaneous backward channel;
—10 dBmO for the non-simultaneous backward channel;

—16 dBmO for the simultaneous backward channel.
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) Power levels on reception

In view of the provision of Recommendation V.2 and the statistical values of the maximum transmission
loss between subscribers, it is recommended that the instation receiver should be able to detect frequency pairs
received at —45 dBm.

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

7 Character reception

A character will be detected and delivered to the DTE 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 DTE interface if no frequency belonging to the code
appears for at least 10 ms.

Note — During silent periods, the microphone of the telephone set is connected to the telephone line, so
that interfering signals (ambient noise, speech) may be received. The receiver must be fitted with devices capable
of distinguishing between these interfering signals and data signals (speech protection). It would be advisable to
study further the method of assessing receiver response to the simulation of data signals by interfering signals. A
reproducible test signal should be defined, so that comparable measurements can be made.

8 Detection of line signal received on the data channel

Circuit 109 must be in the ON position when a character is recetved; the circuit may be switched from ON
to OFF:

1) on detection of the silent period;

2) after a time-out of 60 = 10 ms following detection of the silent period.

9 Timing for characters received

By its very principle, the system is asynchronous; however, it may be useful to provide the DTE, on an
optional basis, with a signal which indicates the sampling times of the data wires. In this case, it is advisable to
use circuit 131, which will switch from OFF to ON when the character reaches the interface, and then back to
OFF after a time T. This time will be chosen in such a way that the data are stable at the DTE interface.

The value T = 15 ms may be recommended by way of example.

This clock may optionally be disabled on reception of a silent period.

10 Interface of instation modem

The functional characteristics of the interchange circuits concerned are as defined in Recommenda-
tion V.24 (see Note 1).

List of interchange circuits concerned

102 Signal ground or common return

104 Received data [8 circuits. These circuits are designated A,, A, ... B, according to their correspon-
deqce with the relevant frequency in Table 1/V.19 (see Note 2 below)]

105 Request to send (see Note 3 below)

107 Data set ready

108/1 Connect data set to line (see Note 4 below)

108/2 Data terminal ready (see Note 4 below)

109 Data channel received line signal detector
125 Calling indicator

130 Transmit backward tone

191 Transmitted voice answer (see Note 3 below)
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The following interchange circuits are optional:
110 Data signal quality detector
131 Received character timing

Note 1 — Manufacturers who marketed a modem of this type prior to the publication of this Recommen-
dation may regard the interface defined in this paragraph as optional.

Note 2 — To make the interface compatible with the relevant specifications of Recommendation V.20, the
combination A,, B, may be transmitted on circuit 104 instecad of a pause (“1” on all circuits), provided circuit {07
is in the ON position and circuit 105 is in the OFF position. This simulated idle combination is optional.

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

Note 4 — Circuit 108 must be available either as circuit 108/1 — Connect data set to line, or as
circuit 108/2 — Data terminal ready. For automatic calling, this circuit is used exclusively as circuit 108/2.

The electrical characteristics of these interchange circuits are as defined in Recommendation V.28, using
the 25-pint connector and the pin arrangement defined in [2]. Data circuits: when the frequency corresponding to a
circuit is emitted, the corresponding interchange circuit will be negative. When the frequency is interrupted, the
corresponding interchange circuit will be positive.

11 Interface of outstation modems

In view of the purpose of these modems, which are or will be more or less integrated in economic
terminals, the specification of the interface is liable to result in a much higher equipment cost. Hence no interface
is recommended.

References
[1] CCITT Recommendation Technical features of push-button telephone sets, Vol. V1, Fascicle V1.1, Rec. Q.23.

[2] Data communication — 25-pin DTE/DCE interface connector and pin assignments, 1ISO Standard 2110-1980,
column D.

Recommendation V.20

PARALLEL DATA TRANSMISSION MODEMS STANDARDIZED FOR
UNIVERSAL USE IN THE GENERAL SWITCHED TELEPHONE NETWORK

(former Recommendation V.30, Mar del Plata, 1968;
amended at Geneva, 1972 and 1980)

There is a need for one-way data transmission systems where a large number of low-cost sending stations
(outstations) transmit to a central receiving station (instation) over the switched telephone network.

The following systems are desired:

a) transmitting 16-character combinations;
b) transmitting 64-character combinations;
¢) transmitting 256-character combinations.

In most cases a character signalling rate of 20 characters per second will be sufficient; 40 characters per
second may be required for some applications of the 16-character combination system.

The transmission from the instation to the outstations is limited either to simple acknowledgement signals
(data collection systems) or to analogue signals (voice-answering systems).

The use of normal push-button telephone sets in the outstation for some of these applications may be of
advantage for the user. However, it is recognized that for the time being on some telephone systems there exist
certain limitations in the frequency band 600 to 900 Hz. This is due to the characteristics of the telecommunication
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path, such as signalling frequencies and metering pulses. Therefore, for a universal system the frequency band of
the data channel is 900 to 2000 Hz, which excludes the use of the normal push-button telephone set.

A so-called parallel data-transmission system using two or three times one out of four frequencies can
fulfil the above requirements.

For these reasons, the CCITT

unanimously declares the following view :

1 Parallel data-transmission systems can be used economically when a large number of low-cost sending
stations (outstations) wish to transmit to a central receiving station (instation) over the switched telephone network
(or on leased telephone circuits).

Apart from the possibility of the use, on a restricted scale, of a system that is compatible with
multifrequency push-button telephone signalling devices, the following system is recommended as a universally
applicable system for the switched telephone circuits.

2 Facilities

2.1 Data channel

The basic system has a maximum of 16-character combinations and a modulation rate of up to 40 bauds.
This permits a character signalling rate of up to 20 characters per second when an inter-character rest condition is
used, or up to 40 characters per second with the use of a binary timing channel. This basic system consists of two
groups of four frequencies, one frequency from each group being transmitted simultaneously (two times one out
of four).

The basic system includes provision for expansion up to 64-character combinations by the addition of a
third four-frequency group (three times one out of four). No use is foreseen for the system with 64-character
combinations at character signalling rates above 20 characters per second, within this class of inexpensive parallel
transmission equipment.

An expansion of the basic system to cater for 256 characters (up to 20 characters per second) is achieved
by using only two groups for the conveyance of data, each character being transmitted in two sequential parts.
The two half characters are positively identified by the two different conditions of a binary channel. The timing
channel mentioned above is recommended to be used for this purpose.

Where an inter-character rest condition is required the full number of frequency combmatlons in the
modem will not be available to the user as character combinations:

a) with the 16-frequency combination system, only 15 characters will be available unless a timing
channel is used from frequency group B;

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

These recommended systems have an inherent transmission error-detecting capability.

2.2 Backward channel

Provision is made for the following facilities:

a) a speech channel non-simultaneous with forward data;
b) a backward channel for audible signalling;

¢) a backward channel for electrical signalling purposes.

Facilities b) and c) are provided, either non-simultaneous or optionally simultaneous with the forward data
channels.

A loudspeaker will be provided in the outstation modem. On an optional basis a d.c. signalling output will
be provided. If national regulations permit, a voice-answering output will also be provided on an optional basis.
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3 Frequency allocations

3.1 Data channels

Frequency allocations and designations as shown in Table 1/V.20 are recommended.

TABLE 1/V.20

Channel No.
1 2 3 4
Group
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 time no input data circuits are operated, rest
frequencies are sent to line. The highest frequency in each group is recommended to be the rest frequency.

32 Timing channel

If a timing channel is provided in the 16-character system this should consist of a selected pair of group B
frequencies. The recommended frequencies are F;, = 1400 Hz and Fy; = 1480 Hz

In the case where this timing channel will be used to identify the two halves of the character in the
256-character system, the higher frequency is transmitted simultaneously with the first half of the character.

No timing channel is provided in the 64-character combination system.

33 Backward channel

The frequency of the backward channel for audible and electrical signalling shall be 420 Hz. This tone
may be amplitude modulated at rates up to, say, 5 bauds.

A frequency modulated backward channel which is similar to that of a Recommendation V.23 modem can
also be used simultaneously with the forward data frequencies, use of this channel being optional.

34 Tolerances

The tolerances on both data and backward frequencies should be + 4 Hz.

The receiver should cater for + 6 Hz difference due to carrier systems in addition to the transmitter
tolerance of + 4 Hz.

4 Power levels

Based on Recommendation V.2 the following maximum power levels measured at the zero relative level
point are recommended for each transmitted frequency:

4.1 Data and timing channels

4.1.1  16-character system without timing channel and with a non-simultaneous backward channel: —13 dBmO0.

4.1.2  All other cases: —16 dBmO.
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4.2 Backward channel

42.1 Non-simultaneous: —10 dBm0.
4.2.2 Simultaneous: — 16 dBmO.

In systems where either the simultaneous or the non-simultaneous backward channel is used, all power
levels should be — 16 dBmO.

The maximum difference between any data tone at the transmitter terminal should be 1 dB.

5 Threshold levels of the data channel received signal detector
When the level of the received signal in group C exceeds —49 dBm, circuit 109 shall be ON. When the
level of this received signal is less than —54 dBm, circuit 109 shall be OFF. The detector circuit which causes

circuit 109 to turn ON or OFF shall exhibit hysteresis action such that the level at which the OFF to ON
transition occurs shall be at least 2 dB greater than that for the ON to OFF transition.

Group C was chosen for this purpose because it is the most critical from a received level point of view.

6 Minimum level of received signal on the backward channel

The expected minimum level is —45 dBm for the 420-Hz tone. This information is provided to assist
equipment manufacturers.
7 Instation modem interface

The functional characteristics of interchange circuits comply with Recommendation V.24,

7.1 List of essential interchange circuits:
102 Signal ground or common return
104 Received data [12 or 8 circuits depending on whether Group B is provided or not. These received
data circuits are designated Al, A2 ... C4, each corresponding to its relevant frequency (see
Table 1/V.20)]
105 Request to send (see Note 2)
107 Data set ready

108/1 Connect data set to line (see Note 1)

108/2 Data terminal ready (see Note 1)

109 Data channel received line signal detector
125 Calling indicator

130 Transmit backward tone

191 Transmitted voice answer (see Note 2)

The following optional interchange circuits may be provided:

110 Data signal quality detector

124 Select frequency groups

131 Received character timing

Note 1 — This circuit shall be capable of use as circuit 108/1 — Cc}nnect data set to line or

circuit 108/2 — Data terminal ready, depending upon its use. For automatic calling it shall be used as 108/2 only.

Note 2 — These circuits are required if the speech channel facility is provided in the modem. The
electrical characteristics of interchange circuits 191 and 192 are left for further study.

7.2 The electrical characteristics of the'interchange circuits comply with Recommendation V.28.

Data circuits: when the frequency corresponding to the circuit is ON, the appropriate interchange circuit
will be negative. When the frequency in this channel is OFF, the interchange circuit will be positive.
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8.1

8.2

8.3

For timing purposes in the 256-character system, a single interchange circuit is selected from Group B so
that positive polarity indicates the first half of the character period and a negative polarity indicates the second
half of the character.

Outstation modem interface

The functional characteristics of interchange circuits comply with Recommendation V.24.

List of essential interchange circuits :

102
103

105
129

Signal ground or common return (see Note 2)
Transmitted data (nine or six circuits depending on whether Group B is provided or not)

These circuits are designated A1, A2 ... C3, each corresponding to its relevant frequency (see
Table 1/V.20)

Request to send

Request to receive

The following optional interchange circuits may be provided:

107
108/1
108/2
119
125
192

Data set ready

Connect data set to line

Data terminal ready

Received backward channel data
Calling indicator

Received voice answer (see Note 1)

When the optional timing channel is used then the appropriate data circuits are operated.

Note 1 — See § 7.1, Note 2 above.

Note 2 — The transmitted data circuits (103) will all use the same common return (102). The control
circuits may operate each on their own return circuit.

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 of interchange circuits comply with
Recommendation V.31.

70

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

TABLE 2/V.20

At outstation Number of the channel At instation negative
closing of circuit on line polarity on circuit
1 1 1
2 2 2
3 3 3
None 4 4

Not more than one circuit per group may be closed at a time.
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10 Character set

This Recommendation includes the allocation of transmission frequencies to the interchange circuits.

The allocation of interchange circuits to the code combinations to be transmitted, i.e. definition of a
character set, must conform to the conditions defined in this Recommendation and must take into account the
application requirements and the type of input media (paper tape, punched cards, keyboards, etc.).

For this reason the recommendation for a character set is primarily for ISO in collaboration with CCITT.

Note — Examples of alphabets and coding methods are given in references [1], [2], [3] and [4].

References
[11 Coding methods for parallel transmission, White Book, Vol. VIII, Supplement 20, ITU, Geneva, 1969.
[2] Proposals of coding for parallel transmission, White Book, Vol. VIII, Supplement 21, ITU, Geneva, 1969.

[3] Parallel transmission on switched telephone circuits, Blue Book, Vol. VIII, Supplement 56, ITU,
Geneva, 1964.

4 Low-speed parallel data sets, Blue Book, Vol. VIII, Supplement 57, ITU, Geneva, 1964.

Recommendation V.21

300 BITS PER SECOND DUPLEX MODEM STANDARDIZED FOR USE
IN THE GENERAL SWITCHED TELEPHONE NETWORK "

(Geneva, 1964, amended at Mar del Plata, 1968,
and at Geneva, 1972, 1976 and 1980)

Note — The modem, designed for use on connections set up by switching in the general telephone
network, can obviously be used on leased lines.

A system of data transmission at a low data signalling rate, such that data could be transmitted over a
telephone circuit operated alternatively for telephone calls and data transmissions, using simple input/output
equipment and easy operating procedures, would be economical.

The data signalling rate must be such as to allow the use of current types of data sources and sinks,
especially electromechanical devices.

The system for data transmission will be duplex, either for simultaneous two-way data transmission or for
the transmission of signals sent in the backward direction for error-control purposes. The transmission must be
such that use can be made of normal telephone circuits, and this applies both to the bandwidth available and to
the restrictions imposed by signalling in the telephone networks.

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

a) manually by agreement between the operators, or

b) automatically.

For these reasons, the CCITT

unanimously declares the following view :

1 Data transmission may take place at low data signalling rates on telephone calls set up on switched
telephone circuits (or on leased telephone circuits).

1) See Note under § 2 of this Recommendation.
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2 The communication circuit for data transmission is a duplex circuit whereby data transmission in both
directions simultaneously is possible at 300 bit/s or less.

The modulation is a binary modulation obtained by frequency shift, resulting in a modulation rate being
equal to the data signalling rate.

Note — Attention is drawn to the fact that there may be in operation some old-type V.21 modems for
which the maximum data signalling rate is 200 bit/s.

3 For channel No. 1, the nominal mean frequency is 1080 Hz.
For channel No. 2, it is 1750 Hz.

The frequency deviation is 3 100 Hz. In each channel, the higher characteristic frequency (F,) corres-
ponds to a binary 0.

The characteristic frequencies 2 as measured at the modulator output must not differ by more than + 6 Hz
from the nominal figures.

A maximum drift frequency of *+ 6 Hz is assumed for the line. Hence the demodulation equipment must
tolerate drifts of =+ 12 Hz between the frequencies received and their nominal values.

4 Data may be transmitted by synchronous or asynchronous procedures. With synchronous operation, the
modem will not have to provide the signals which would be necessary to maintain synchronism when transmission
is not proceeding.

5 It will be for the user to decide whether, in view of the connections he makes with this system, he will
have to request that the data circuit-terminating equipment be equipped with facilities for disabling echo
suppressors. The international characteristics of the echo suppressor tone disabler have been standardized by the
CCITT (Recommendation G.164 [1]) and the disabling tone should have the following characteristics:

— disabling tone transmitted: 2100 + 15 Hz at a level of —12 = 6 dBmO;
— the disabling tone to last at least 400 ms.

Note 1 — The tone disabler will hold in the disabled mode for any single-frequency sinusoid in the band
from 390-700 Hz having a level of —27 dBmO or greater, and from 700-3000 Hz having a level of —31 dBmO or
greater. The tone disabler will release for any signal in the band from 200-3400 Hz having a level of —36 dBm0
or less.

Note 2 — The tone disabler will not release if the data signal is interrupted for less than 100 ms.

6 The maximum power output of the modem into the line shall not exceed 1 mW.

The power level of the modem should be adjusted to make allowance for loss between this equipment and
the point of entry to an international circuit, so that the corresponding nominal level of the signal at the
international circuit input shall not exceed — 13 dBm0 (see Recommendation V.2, § 2).

7 a) When both channels are used for simultaneous both-way data transmission, channel No. 1 is used for
transmission of the caller’s data (i.e. the person making the telephone call) towards the called station, while
channel No. 2 is used for transmission in the other direction.

b) When one channel is used for data transmission and the other is used for transmission of check
signals, service signals, etc., only, it is channel No. 1 which is used for transmission from the calling to the called
station regardless of the direction in which the data are transmitted.

¢) The procedure for the assignment of the channels described under a) and b) above applies in the case
of the general service of data transmission, making it possible to transmit data or check signal, service signal, etc.,
bilaterally between any two subscribers. In special cases which do not come under this rule, the procedure of
assignment of the channels is determined by the prior agreement between the correspondents, bearing in mind the
' requirement proper to each service. '

2} The nominal characteristic frequencies:

channel No. 1 (F, = 1180 Hz and F. = 980 Hz);
channel No. 2 (F; = 1850 Hz and F. = 1650 Hz).
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8 Interchange circuits

8.1 List of interchange circuits essential for the modems when used on the general switched telephone network or
non-switched leased telephone circuits (see Table 1/V.21)

The configurations of interchange circuits are those essential for the particular switched network or leased
circuit requirement indicated. Where one or more of such requirements are provided in a modem, then all of the!
appropriate interchange circuit facilities should be provided.

TABLE 1/V.21

General switched Non-switched leased
Interchange circuit telephone network including telephone circuits
terminals equipped for (Note 1)
manual calling,
manual answering,
automatic calling,
Number Designation automatic answering Point-to-point Multipoint
(Note 1)
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

Note 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).

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

4 9
Note 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.

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

Note 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 of circuits 106 and 109

8.2.1  Definitions

8.2.1.1 Circuit 109 response times are the times that elapse between the connection or removal of a tone to or
from the modem receive line terminals and the appearance of the corresponding ON or OFF condition on

circuit 109.

The test tone should have a frequency corresponding to the characteristic frequency of binary 1 and be
derived from a source with an impedance equal to the nominal input impedance of the modem under test.

The level of the test tone should fall into the level range between 1 dB above the actual threshold of the
received line signal detector and the maximum admissible level of the received signal. At all levels within this
range the measured response times shall be within the specified limits.

8.2.1.2 Circuit 106 response times are the times from the connection of an ON or OFF condition on:

— circuit 105 (where it is provided) to the appearance of the corresponding OFF or ON condition on
circuit 106;

— circuit 109 (where circuit 105 is not provided) to the appearance of the corresponding ON or OFF
condition on circuit 106.

8.2.2  Response times

TABLE 2/V.21
Circuit 106
OFF to ON 20-50 ms (see Note 1) 400-1000 ms (see Note 2)
ON to OFF < 2ms
Circuit 109
OFF to ON < 20 ms (see Note 1) 300-700 ms (see Note 2)
ON to OFF 20-80 ms

Note 1 — These times are used on leased point-to-point networks without alternate voice-data facilities and on leased multipoint

facilities.

Note 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 of data channel received line signal detector

Level of received line signal at received line signal terminals of modem for all types of connection, i.e.
general switched telephone network or non-switched leased telephone circuit:

greater than —43 dBm circuit 109 ON
less than —48 dBm circuit 109 OFF

The condition of 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 OFF to ON transition occurs shall
be at least 2 dB greater than for the ON to OFF transition.

Where transmission conditions are known on switched or leased circuits, Administrations should be
permitted at the time of modem installation to change these response levels of the received line signal detector to
less sensitive values (e.g. —33 dBm and — 38 dBm respectively).
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8.4 Fault condition of interchange circuits

(See Recommendations V,10, § 11, and V.11, § 9 and Recommendation V.28, § 7 for association of the
receiver failure detection types).

8.4.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

8.4.2 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF condition using failure
detection type 1.

8.4.3  All other circuits not referred to above may use failure detection type 0 or 1.

9 Electrical characteristics of interchange circuits

9.1 Use of electrical characteristics conforming to Recommendation V.28 is recommended together with-the
connector pin assignment plan specified by ISO 2110 [2].

9.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by 1SO 4902 [3].

i} Concerning circuits 103, 104, 105 (where used), 106, 107, 108 and 109, the receivers shall be in
accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1. Either V.10
or V.11 generators may be utilized.

ii) Where circuits 125 and/or 126 are used, Recommendation V.10 applies with receivers configured as
specified by Recommendation V.10 for category 2.

iii) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation to
V.28 equipment rests solely with the alternative V.10/V.11 equipment.

Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative given in § 9.2 above utilizing the V.11
electrical characteristics.

10 The following information is provided to assist equipment manufacturers:

a) The nominal range of attenuations in subscriber-to-subscriber connections is from 5 to 30 dB at the
reference frequency (800 or 1000 Hz), assuming up to 35 dB attenuation at the frequency 1750 Hz.

b) The data modem should have no adjustment for send level or receive sensitivity under the control of
the operator.

References

1 CCITT Recommendation Echo suppressors, Vol. 111, Fascicle 111.1, Rec. G.164.
[2] Data communication — 25-pin DTE/DCE interface connector and pin assignments, 1SO Standard 2110-1980.

[3] Data communication — 37-pin and 9-pin DTE/DCE interface connectors and pin assignments, ISO Standard
4902-1980.
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Recommendation V.22

1200 BITS PER SECOND DUPLEX MODEM STANDARDIZED FOR USE ON THE
GENERAL SWITCHED TELEPHONE NETWORK AND ON LEASED CIRCUITS

(Geneva, 1980)

1 Introduction

1.1 This modem is intended for use on connections on General Switched Telephone Networks (GSTN), and
on pomt -to-point circuits when suitably conditioned.

The pr1nc1pal characteristics of this modem are as follows:
a) duplex operation on 2-wire GSTN and point-to-point leased circuits,
b) channel separation by frequency division,

¢) differential phase shift modulation for each channel with synchronous line transmission at 600 bauds
(nominal),

d) inclusion of a scrambier,
e) inclusion of test facilities.

1.2 Recognizing the wide range of application, this Recommendation provides for three alternative configura-
tions. The choice of alternative is a matter for the Administration concerned. The facilities given by the
alternatives are:

Alternative A

1200 bit/s synchronous
600 bit/s synchronous (optional)

Alternative B

1200 bit/s synchronous
600 bit/s synchronous (optional)

1200 bit/s start-stop
600 bit/s start-stop (optional)

as in Alternative A

Alternative C

1200 bit/s synchronous

600 bit/s synchronous (optional)
1200 bit/s start-stop

600 bit/s start-stop (optional)

as in Alternative B

An asynchronous mode having capability of handling 1200 bit/s start-stop and anisochronous data at up
to 300 bit/s.

The selection of the asynchronous mode is made during the handshakmg sequence (see § 6). This gives
compatibility between Alternative B and Alternative C.

Note — The possibility of transmitting low speed anisochronous data in Alternatives A and B is left for
further 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 of 1800 Hz + 20 Hz shall be transmitted at all times when the modem is transmitting in the high
channel. The guard tone shall not be transmitted when the modem is transmitting in the low channel. As a
national option an additional guard tone may be transmitted at 550 Hz (nominal). The tolerance on the 550-Hz
guard tone frequency is for further study.
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2.2 Data and guard tone line signal levels

The 1800-Hz guard tone shall be at a level of 6 = 1 dB below the level of the data power in the high
channel. The tevel of the optional 550 Hz tone is for further study. The total power transmitted to line shall be in
accordance with Recommendation V.2 and shall be the same for transmission in either channel. Because of the
1800-Hz guard tone, the power level of data signals in the high channel will be approximately 1 dB lower than
data signals in the low channel.

23 Fixed compromise equalizer

Fixed compromise equalization shall be incorporated in the modem. Such equalization shall be equally
shared between transmitter and receiver. The characteristics of the equalizer shall be the responsibility of each
Administration to recommend nationally. The possibility of producing compromise characteristics for international
implementation is for further study.

24 Spectrum and group-delay characteristic

After making allowance for the nominal specified compromise equalizer characteristic, the transmitted line
signal shall have a frequency spectrum equivalent to the square root of a raised cosine shaping with a 75% roll-off
and within the limits of Figure 1/V.22. Similarly, the group delay of the transmitter output shall be within
+ 100 microseconds over the frequency range 800 Hz- 1600 Hz (low channel) and 2000 Hz-2800 Hz (high
channel). These figures are provisional.
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FIGURE 1/V.22
Amplitude limits for transmitted line signal (unequalized)

2.5 Modulation

2.5.1  Data signalling rates

Alternatives A and B: The data signalling rate transmitted to line shall be 1200 bit/s or 600 bit/s + 0.01%
with a modulation rate of 600 baud + 0.01%.

Alternative C: In Modes 1), ii), iii) and iv) (§ 4) the data signalling rates are as in Alternatives A and B. In
Mode v), the data signalling rate transmitted to line shall be 1205 % 1 bit/s with a modulation rate of
602.5 + 0.5 baud. Optionally in Mode v), the line rate shall be 1223 * 2 bit/s with a modulation rate of
611.5 + 1 baud.
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2.5.2  Encoding of data bits

2.5.2.1 1200 bits per second

The data stream to be transmitted shall be divided into groups of 2 consecutive bits (dibits). Each dibit
shall be encoded as a phase change relative to the phase of the preceding signal element (see Table 1/V.22). At the
receiver, the dibits shall be decoded and the bits reassembled in correct order. The left-hand digit of the dibit is
the one occurring first in the data stream as it enters the modulator portion of 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 of the preceding signal element (see

Table 1/V.22).

TABLE 1/V.22

Dibit values Bit values Phase change Phase change
(1200 bit/s) (600 bit/sy (Modes i, ii, iii, iv) (Mode v)
00 0 + 90° +270°
01 - 0° +180°
11 1 +270° + 90°
10 - + 180° 0°

Note — 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.

2.6 Received signal frequency tolerance

Noting that the frequency tolerance of the transmitter carriers is + 1 Hz or less, and assuming a maximum
shift of = 6 Hz in the connection, the receiver shall be able to accept errors of at least + 7 Hz in the received

frequencies.

3 Interchange circuits

3.1 Table of interchange circuits (Note 1 of Table 2/\/.22)

Essential and optional interchange circuits are listed in Tablei 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 §
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

Note 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 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).

Note 2 — Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10
are used.

Note 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.

Note 4 — This circuit shall be capable of operation as circuit 108/1 or 108/2 depending on its use. For automatic calling, it shall
be used as 108/2 only.

Note 5 — This circuit is optional.

Note 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.

Note 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.

Note 8 — This circuit is for use with the general switched telephone network only.
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3.2 Circuits 106 and 109 response times (see Table 3/V.22) .

Circuit 106 response times are from the application of an ON or OFF condition on circuit 105. See also
§ 6 for operating sequences.

TABLE 3/V.22

Constant Controlled
carrier carrier
Circuit 106
OFF to ON < 2ms 210to 275 ms
ON to OFF <2ms <2ms
Circuit 109
OFF to ON 105 to 205 ms 105 to 205 ms
ON to OFF 10to 24 ms 10to 24 ms
3.3 Circuit 109 thresholds
High channel threshold:
greater than —43 dBm circuit 109 ON
less than —48 dBm circuit 109 OFF
Low channel threshold:
greater than —43 dBm circuit 109 ON
less than —48 dBm circuit 109 OFF

The condition of circuit 109 between the ON and OFF levels is not specified, except that the signal
detector shall exhibit a hysteresis action such that the level at which the OFF to ON transition occurs shall be at
least 2 dB greater than for the ON to OFF transition.

Circuit 109 thresholds are specified at the input to the modem excluding the effects of the compromise
equalizer.

Circuit 109 shall not respond to the 1800-Hz or 550-Hz guard tones, or the 2100-Hz (nominal) answer tone
during the handshake sequence.

Administrations are permitted to change these thresholds where transmission conditions are known.

3.4 Circuit 111 and data rate control

Data rate selection may be by switch (or similar means) or by circuit 111 or a combination of both.

The ON condition on circuit 111, where provided, shall select 1200 bit/s operation and the OFF condition
shall select 600 bit/s operation.

3.5 Electrical characteristics of interchange circuits

3.5.1 Use of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector and pin assignment plan specified by 1SO 2110 [1].
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3.5.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connector and pin assignment plan specified by 1SO 4902 [2].

a) Concerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in
accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1. Either V.10
or V.11 generators may be utilized.

b) In the case of all other circuits, Recommendation V.10 applies with receivers configured as specified
by Recommendation V.10 for category 2.

¢) Interworking between equipment applying Recommendations V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation to
V.28 equipment rests solely with the alternative V.10/V.11 equipment.

Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and that Study Group XVII has agreed that the work shall proceed to develop
a more efficient, all-balanced, interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given above utilizing the
V.11 electrical characteristics,

3.6 Fault condition of interchange circuits
(See Recommendations V.10, § 11 and V.11, § 9 and V.28, § 7 for association of the receiver failure
detection types.)

3.6.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

3.6.2 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF 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 Modes of operation over the DTE/DCE interface

4.1 Alternative A

The modem can be configured for the following modes of operation:
Mode i) 1200 bit/s = 0.01% synchronous
Mode iii) 600 bit/s = 0.01% synchronous (optional).

In these modes of operation, the modem shall accept synchronous data from the DTE on circuit 103 under
control of circuit 113 or circuit 114. The data shall then be scrambled in accordance with § 5 and then passed to
the modulator for encoding in accordance with § 2.5.2.

In addition to standard V.24 transmitter timing arrangements, the modem shall provide capabilities to
derive transmit.signal element timing from receiver signal element timing.

4.2 Alternative B

The modem can be configured for the following modes of operation:
Mode i) 1200 bit/s + 0.01% synchronous
Mode ii) 1200 bit/s start-stop 8, 9, 10 or 11 bits per character

Mode iii) 600 bit/s + 0.01% synchronous

Mode-iv) 600 bit/s start-stop 8, 9, 10 or 11 bits per character optional

The synchronous modes are as given in Alternative A.

421  Transmitter
In the start-stop modes, the modem shall accept a data stream of start-stop characters from the DTE at a

nominal rate of 1200 or 600 bits per second. The start-stop data shall be converted to a form suitable for
transmission synchronously at 1200 or 600 bits per second =+ 0.01%, then scrambled in accordance with § 5 and
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then passed to the modulator for encoding in accordance with § 2.5.2. The modem shall derive its line signal clock
from internal clock circuits or, alternatively, from receiver signal element timing, as an installation option.

It shall be possible to condition the converter to accept the following character formats; viz:

a) a one-unit start element, followed by seven data units, and a stop element of one unit in length (9-bit
characters),

b) a one-unit start element, followed by eight data units, and a stop element of one unit in length (10-bit
characters),

¢) a one-unit start element, followed by nine data units, and a stop element of one unit in length (11-bit
characters).

The converter may also accept characters consisting of

d) a one-unit start element, followed by six data units, and a stop element of one unit in length (8-bit
characters).

Note that character formats ¢) and d) do not conform to International Alphabet No. 5.

The character format selected shall be the same for both transmitter and receiver. The characters shall be
in accordance with Recommendation V.4. It shall be possible to transmit characters contiguously or with any
additional continuous stop element of arbitrary length between characters.

Note — 1In each of the four formats, data units can be replaced by additional stop units. For example,
format ¢) will allow 11 bit characters consisting of a one-unit start element, followed by eight data units and a
stop element of two units to be handled.

4.2.1.1 Basic signalling rate range

The intracharacter signalling rate (signalling rate of the start bit and information bits within each
character) provided by the DTE on circuit 103 must be 1200 or 600 bit/s + 1%, —2.5%. In Mode ii), the character
rate (the reciprocal of the time interval between successive start bits) provided by the DTE over circuit 103 must
not exceed:

151.5 characters per second for 8-bit ch.aracters

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

When 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 transmitter shall as often as is necessary delete the stop bits
of the incoming characters. No more than one stop bit shall be deleted for any eight consecutive characters.

When 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 transmitting more bits per second than are provided by
the DTE. The converter shall therefore insert extra stop bits in between the transmitted characters.

In Mode iv) the character rates are half those for Mode ii).

4.2.1.2 Extended signalling rate range (optional)
Certain DTEs and multiplexers are not within the +1% overspeed limit. Facilities may therefore be

provided to enable the modem to accept data from a DTE having an intracharacter signalling rate of 1200 or
600 bit/s +2.3%, —2.5%, with 8, 9, 10 or 11 bits per character by deletion of up to one stop bit in any four
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consecutive characters. A modem transmitter set to work with 2.3% maximum overspeed can handle data received
from a DTE in accordance with § 4.2.1.1.

4.2.1.3 Break signal

If the converter detects M to 2M + 3 bits, all of “start” polarity, where M is the number of bits per
character in the selected format, the converter shall transmit 2M + 3 bits of “start” polarity. If the converter
detects more than 2M + 3 bits all of “start” polarity the converter shall transmit all these bits as “start” polarity.

Note — The DTE must transmit on circuit 103 at least 2M bits of “stop” polarity after the “start” polarity
break signal before sending further data characters. This ensures the receiving modem can regain character
synchronism.

4.2.2  Receiver

The intracharacter signalling rate provided to the DTE over circuit 104 shall be in the range 1200 to
1221 bit/s. The nominal length of the start and data elements for all characters shall be the same. The length of
the stop element shall not be reduced by more than 12%% for the basic signalling rate range (or 25% for the
optional extended signalling rate range) to allow for overspeed in the transmitting terminal.

The use of the basic signalling rate range is preferred since it results in lower distortion. The choice of
range shall be made at the time of installation, and shall be the same for both transmitter and receiver. It is not
intended to be under customer control.

4.2.2.1 Break signal

The 2M + 3 or more bits of “start” polarity received from the transmitting modem shall be output on
circuit 104. The modem shall then regain character synchronism from the following “stop” to “start” transition.

43 Alternative C

The modem can be configured for the following modes of operation.
Mode i) 1200 bit/s x 0.01% synchronous
Mode ii) 1200 bit/s start-stop 8§, 9, 10 or 11 bits per character

Mode iii) 600 bit/s £ 0.01% synchronous

i i : ti 1
Mode iv) 600 bit/s start-stop 8, 9, 10 or 11 bits per character optiona

Mode v) An asynchronous mode having capability of handling 1200 bit/s start-stop and anisochronous
data at up to 300 bit/s.

Modes 1) to iv) are as given in Alternative B.

43.1  Basic modes

In Alternative C, the modem shall incorporate Modes i), ii), iii) and iv) given in Alternative B, plus
Mode v), in which the modem transmitter sends data at a rate always greater than the input data rate, and thus
disables the receiver buffer. The GSTN handshaking sequence allows automatic selection of Modes ii) or v).
Modes 1), iii) and iv) must be selected at installation. On leased circuits there is no automatic mode selection. The
line encoding for specific dibit values is described in Table 1/V.22.

4.3.2  Transmitter

In Mode v), the modem shall accept a data stream of start-stop characters from the DTE at a nominal rate
of a 0 to 300 bit/s or 1200 bit/s automatically. The transmitter buffer that converts incoming data to a
synchronous data stream at 1205 bit/s or 1223 bit/s shall:

a) start its asynchronous bit counter on either data transition,
b) always transmit the last bit received over circuit 103 after the bit counter has elapsed,

¢) sample incoming data during the bit count at 1205 Hz or 1223 Hz depending upon line rate.
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This will assure that incoming data at 0 to 300 bit/s shall pass through the buffer with a maximum
introduced distortion of 25% at 300 bit/s (and 12.5% at 150 bit/s), and that break signals pass through the buffer
unchanged.

The length and structure of incoming characters shall be the same as given in Alternative B. Within
Mode v) at 1200 bit/s asynchronous, two adjacent character formats, e.g. 9- and 10-bit character, can be handled
automatically. As in Alternative B, the modem shall derive its line signal clock from internal clock circuits, or
alternatively, from receiver signal element timing, as an installation option.

4.3.3  Basic signalling rate range

In Mode v), the intracharacter signalling rate provided by the DTE on circuit 103 must be:
1205 bit/s line rate 0 to 301 bit/s and 1170 to 1204 bit/s
1223 bit/s line rate 0 to 305 bit/s and 1190 to 1221 bit/s

Selection of line rate is made in the transmitter by installer option and automatically detected in the
receiver.

5 Scrambler and descrambler

5.1 Scrambler

A self synchronizing scrambler having the generating polynomial 1 + x~' 4+ x~'7 shall be included in the
modem transmitter. The message data sequence applied to the scrambler shall be effectively divided by the
generating polynomial. The coefficients of the quotients of this division, taken in descending order, form the data
sequence which shall appear at the output of the scrambler. The scrambler output data sequence

D,=D,®D, - x-"“®p, . x
where
D is the data sequence at the output of the scrambler
is the data sequence applied to the scrambler
® denotes modulo 2 addition
denotes binary multiplication
Figure 2/V.22 shows a suitable implementation.

To prevent occasional inadvertent instigation of remote loop 2 caused by scrambler lockup, circuitry shall
be included to detect a sequence of 64 consecutive ones at the scrambler output (D,) and, if detected, invert the
next input to the scrambter, D;. This circuitry will not operate during handshaking or during the instigation of
remote loop 2. ‘

Ds ¢ 3 3 OH o E--H4 O O

| Detector I Os-x'%

Input See
data | Note 2 BI’ @ @ Ds-x""7

D = 0; ® Dg x* ® D5 x" CCiTT28332

i Note 1 — Marks (binary 1) and spaces (binary 0) at the V.24 interface correspond to ones and zeros, respectively, in this logic
iagram.

Note 2 — Circuitry shall be included to detect a sequence of 64 consecutive binary ones at the scrambl i
detected, invert the next input to the scrambler (D;). Y s er output (Dg) and, if

FIGURE 2/V.22

Scrambler
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5.2 Descrambler

A self synchronizing descrambler having the polynomial 1 + x~'* + x~'7 shall be provided in the modem
receiver. The message data sequence produced after demodulation shall be effectively multiplied by the generating
polynomial 1 + x~' 4+ x~!7 to form the descrambled message. The coefficients of the recovered message
sequence taken in descending order form the output data sequence D,, which is given by

Dy=D,(1 ®@x"@x")

Figure 3/V.22 shows a suitable implementation.

Dg > 3 "4 ' F--4 17 xH x7? — x!
I Detector I Dy - x%
Output See
data ¥ |Note 2 LD— @ : @ D,-x"7
Do= 0 = D (1 O x* O x") cciTr-28342

Note 1 — Marks (binary 1) and spaces (binary 0) at the V.24 interface correspond to ones and zeros, respectively, in this
logic diagram.

Note 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 handsfnaking
sequence is complete. If this circuitry is included, detection of the initiation signal described in §7.1.1 (unscrambled binary ones)
should be performed at the point Dy.

FIGURE 3/v.22

Descrambler

6 Operating sequences

6.1 Channel and operating mode selection

On the general switched telephone network, the modem at the calling data station shall transmit in the low
channel and receive in the high channel (call mode). The modem at the answering data station shall receive in the
low channel and transmit in the high channel (answer mode).

Where calls are established on the GSTN by operators, bilateral agreement between users on channel
allocation will be necessary. On point-to- point leased circuits, channel allocation will be by bilateral agreement
between Administrations or users. In these cases the method of selection of call or answer mode is a national
matter.

On point-to-point leased circuits, selection of Modes i) to v) will be by bilateral agreement between
Administrations or users. The method of selection is a national matter.
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6.2

V.25 automatic answering sequence

The V.25 automatic answering sequence shall be transmitted from the answer mode modem on interna-
tional GSTN connections. The transmission of the sequence may be omitted on point-to-point leased circuits or
on national connections on the GSTN, where permitted by the Administration.

6.3

6.3.1

GSTN - constant carrier

Operating sequences for Alternatives A and B

The means of achieving initial synchronism between the call mode modem and the answer mode modem

on international GSTN connections is shown in Figure 4/V.22. The alternative handshake without V.25 automatic
answering is shown in Figure 5/V.22.

Call mode modem

Transmitted line signal

Answer mode modem

Silence

2150
350 ms

Transmitted line signal

I

Connect to line

2) Assumes circuit 105 has been turned on .

Wait 456 + 10 m
l Silence Scrambled Data
I > 400 ms binary 1
T e ] J .
. Detect unscrambled Detect ) Wait
Connect to line binary 1in 155 + 50 ms scrambled 765 + 10 ms
binary 1
in 270 + 40 m|
107 109 1063
Clamped to  |Bina-
104 |binary 1 er 1| Dot
2100 Hz Unscrambled binary 1 Scrambled binary 1 |
3300 + 700 ms and 1800 Hz and 1800 Hz Data and 1800 Hz
—’ ” > ”i
75 + 20 ms Detect Wait 765 + 10 ms
scrambied
binary 1 or
binary 0 in
107 270 + 40 ms 1062
Note — Binary 0 —r
comes from 109
Alternative C E——
104 clamped to binary 1 Binary 1 Data
CCITT-34630

FIGURE 4/v.22

Handshake sequence for Alternatives A and B (with V.25 auto-answering)
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Call mode modem
Wait 456 + 10 ms
Transmitted line signal
Scrambled
binary 1 Data
4
Connect to line <
Detect unscrambled Detect scrambled Wait 765 + 10 ms
binary 1 in 155 + 50 ms binary 1
in 270 £ 40 ms
107 109 1062
. Clamped to| ..
104 binary 1 Binary 1 } Data
Answer mode modem
. . . Unscrambled binary 1 Scrambled binary 1
Transmitted line signal and 1800 Hz and 1800 Hz Data and 1800 Hz
4

Detect scrambled Wait 765 + 10 ms

Connect to line binary 1 or
binary 0 in
270 £+ 40 ms

107 1063)

Note — Binary 0
| comes from

Alternative C

109

104 clamped to binary 1 Binary 1 Data

) Assumes circuit 105 has been turned on .

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 mode modem 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 Recommendation V.25. The modem
shall remain silent until unscrambled binary 1 is detected for 155 + 50 ms, and after waiting for 456 = 10 ms
shall transmit scrambled binary 1 in the low channel. Upon detecting scrambled binary 1 in the high channel in
270 + 40 ms, the modem shall turn circuit 109 ON, then wait a further 765 x 10 ms. Circuit 106 shall then
respond to the condition of circuit 105 according to Table 3/V.22 constant carrier mode. When circuit 106 is OFF,
circuit 103 shall be clamped to the binary 1 condition.

Note — Manufacturers may wish to note that in certain countries, for national purposes, modems are in
service which emit an answering tone of 2225 Hz instead of unscrambled binary 1.

6.3.1.2 Answer mode modem

Once the answer mode modem has connected to line and immediately following the V.25 answer sequence,
the modem shall be conditioned to receive signals in the low channel. It shall then apply an ON condition to
circuit 107 and transmit unscrambled binary 1. Upon detecting scrambled binary 1 or 0 in the low channel in
270 + 40 ms, the modem shall transmit scrambled binary 1 in the high channel, and after waiting for
765 + 10 ms, apply an ON condition to circuit 109. Circuit 106 shall then respond to the condition of circuit 105
according to Table 3/V.22, constant carrier mode. When circuit 106 is OFF, circuit 103 shall be clamped to the
binary 1 condition.
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Where both modems are manually connected to line this sequence will apply irrespective of whether the
call or answer mode modem is connected to line first.

After completion of the handshake sequence, any inadvertent loss and reappearance of the received line
signal should not cause another handshake sequence to be generated. Circuit 109 should respond with the response
times given in Table 3/V.22.

6.3.2  GSTN and point-to-point leased circuits - controlled carrier

Once an ON condition has been applied to circuit 105 by the DTE, the modem shall transmit a
synchronizing signal corresponding to binary 1 applied to circuit 103. The ON condition shall be applied to
circuit 106, 210 to 275 ms after starting to transmit the synchronizing signal. The receiving modem shall establish
timing and descrambler synchronization and then turn circuit 109 ON in 105 to 205 ms.

Each direction of transmission shall be independently controlled.

Note — Controlled carrier operation on GSTN is optional. For circuits with echo suppressors, controlled
carrier working is not recommended.

6.4 Operating sequence for Alternative C

Refer to Figure 6/V.22.

6.4.1 GSTN - constant carrier

6.4.1.1 Call mode modem

If configured for Modes i), iii), or iv), the handshake sequence proceeds as for Alternative B. If configured
for Mode v), the handshaking sequence shall automatically select Mode ii) or v). This sequence shall be as
follows: .

Once the call mode modem 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 Recommendation V.25, The modem
shall remain silent until unscrambled binary 1 [Mode ii)] is detected for 155 + 50 ms and after waiting for
456 + 10 ms shall transmit scrambled binary 0 [Mode ii)] in the low channel. Upon detecting scrambled binary 1
[Mode ii)] in the high channel within 270 * 40 ms, the modem shall turn circuit 109 ON, enter Mode ii), then
wait a further 765 = 10 ms. Upon detecting scrambled binary 1 [Mode v)] in the high channel in 270 £ 40 ms,
the modem shall turn ON circuit 109, enter Mode v), then wait a further 765 * 10 ms. Circuit 106 shall then
respond to the condition of circuit 105 according to Table 3/V.22 constant carrier mode. When circuit 106 is OFF,
circuit 103 shall be clamped to the binary 1 condition.

See also the note in § 6.3.1.1.

6.4.1.2 Answer mode modem, Mode v)

Once the answer mode modem has connected to line and immediately following the V.25 answer sequence,
the modem shall be conditioned to receive signals in the low channel. It shall then apply an ON condition to
circuit 107 and transmit unscrambled binary 1 [Mode ii)).

If scrambled binary 0 [Mode ii)] is detected in the low channel for 270 + 40 ms, the modem shall enter
Mode v), transmit scrambled binary 1 [Mode v)] in the high channel and after waiting for 765 + 10 ms apply an
ON condition to circuit 109.

If scrambled binary 1 [Mode ii)] is detected in the low channel for 270 = 40 ms, the modem shall enter
Mode ii), transmit scrambled binary 1 [Mode ii)] in the high channel and after waiting for 765 = 10 ms apply an
ON condition to circuit 109.

Circuit 106 shall respond to the condition of circuit 105 according to Table 3/V.22 constant carrier mode.
When circuit 106 is OFF circuit 103 shall be clamped to the binary 1 condition.

6.4.2 GSTN and point-to-point leased circuits

Controlled carrier operation as in § 6.3.2.
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Call mode modem

Detect scrambled
binary 1 [mode
i)} from Alter-

native B modem Scramb.l.ed binary 1 Data
in 270 £ 40 ms [mode ii}] [mode ii)]
Transmitted line signal’ Wait enter mode i)
456 + 10 ms
Scrambled binary 0 Wait 765 + 10 ms
[mode ii)] ~ d
Iy
Connect to line | Detect Detect scrambled
unscrambled binary 1 [mode v)]
binary 1 from Alternative C
[mode ii}] modem -
in 1565 % 50 ms W .| Scrambled binary 1 Data
T In270 = 40ms |_Lmode V] [mode v)]
enter mode v)
107 109 [1069)
104 Clamped to |Bina-
104 binary 1 ry 1 Data
Answer mode modem

Detect scrambled binary 1

[mode ii}]

from Alternative B modem

Transmitted line signal

In 270 £ 40 ms
enter
mode ii)

Scrambled binary 1
[mode ii}] and 1800 Hz

Data {mode ii)]
and 1800 Hz

Unscrambled binary 1 [mode ii}]
and 1800 Hz

Wait 765+ 10ms "

Connect to line

—

) Assumes circuit 105 has been turned on.

107

Detect scrambled
binary 0 [mode
ii)] from Alterna-
tive C modem

In 270 £+ 40 ms
enter mode v)

Scrambled binary 1

Data [mode v)] and

[mode v)] and 1800 Hz 1800 Hz
I
10623)
109
104 Clamped to binary 1 Binary 1 Data
CCITT - 34651
FIGURE 6/vV.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 remote) and 3 as defined in Recommendation V.54 shall be provided. Interface
operation shall be as defined in Recommendation V.54. Instigation and termination sequences are not compatible
with Recommendation V.54.

7.1.1  Instigation of remote loop 2

Signals controlling the application of remote loop 2 may only be transmitted after the synchronizing
handshake has been completed.

As in Recommendation V.54, the modems are referred to as modem A and modem B.

When modem A is instructed to instigate a remote loop 2, the modem shall transmit an initiation signal of
unscrambled binary 1.

Modem B shall detect 154-231 ms of the initiation signal, and then transmit to modem A scrambled
alternate binary ones and zeros (reversals) at 1200 bit/s (or 600 bit/s).

Modem A shall detect 231-308 ms of scrambled reversals, cease transmission of the initiation signal, and
then transmit scrambled binary 1 at 1200 bit/s (or 600 bit/s).

Modem B shall detect the loss of initiation signal and activate loop 2 within modem B.

Modem A, upon receiving 231-308 ms of scrambled binary 1 shall indicate to the DTE that it may begin
sending test messages.

7.1.2  Termination of remote loop 2
When modem A is instructed to terminate a remote loop 2, the line signal shall be suppressed for a period
of 77 = 10 ms, after which transmission shall be restored.

Modem B detects the loss of line signal in 17 £ 7 ms and detects the reappearance of the signal within
155 + 50 ms, after which it returns to normal operation.

7.2 Self tests

7.2.1  Self test end-to-end

Upon activation of the self-test switch an internally generated data pattern of alternate binary ones and
zeros (reversals) at the selected bit rate shall be applied to the scrambler. An error detector, capable of identifying
errors in a stream of reversals shall be connected to the output of the descrambler. The presence of errors shall be
indicated by a visual indicator. All. generating interchange circuits except 114 (if used), 115 and 142 shali be
clamped to the binary 1 or OFF condition. If circuit 113 is used, the DCE shall disregard this interchange circuit
and use its internal clock.

7.2.2  Self test with loop 3

Loop 3 shall be applied to the modem as defined in Recommendation V.54. The self-test switch shall be
activated and DCE operation shall be as in § 7.2.1.

7.2.3  Self test with remote loop 2

The modem shall be conditioned to instigate a loop 2 at the remote modem as specified in § 7.1. The
self-test switch shall be activated and DCE 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 without the DTE connected
to the modem. These tests employ an internally generated data pattern that is controlled by a switch on the DCE.

7.2.4 During any self-test mode, interchange circuits 103, 105 and 108 will be ignored. Note that self tests do not
test asynchronous-to-synchronous converter circuits in either the transmitter or receiver.

References
1] Data communication - 25-pin DTE/DCE interface connector and pin assignments, 1SO Standard 2110-1980.

2] Data communication — 37-pin and 9-pin DTE/DCE interface connectors and pin assignments, 1SO Standard
4902-1980.
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Recommendation V.23

600/1200-BAUD MODEM STANDARDIZED
FOR USE IN THE GENERAL SWITCHED TELEPHONE NETWORK

(Geneva, 1964 ; amended at Mar del Plata, 1968,
and at Geneva, 1972, 1976 and 1980)

Note — The modem, designed for use on connections set up by switching in the general telephone
network, can obviously be used on leased lines.

1 The principal characteristics recommended for a modem to transmit data at medium speed in the general
switched telephone network are as follows:

— use of modulation rates up to 600/1200 bauds on the communication channel (see Recommenda-
tion V.5);

— frequency modulation with synchronous or asynchronous mode of operation;

— inclusion of a backward channel at modulation rates up to 75 bauds for error control, use of this
channel being optional.

2 Modulation rates and characteristic frequencies for the forward data-transmission channel
) Fz Fy
(symbol 1, symbol 0,
mark) space)
Mode 1: up to 600 bauds 1500 Hz 1300 Hz 1700 Hz
Mode 2: up to 1200 bauds 1700 Hz 1300 Hz 2100 Hz

It is understood that the modem would be used in mode 1 when the presence of long loaded cables and/or
the presence on some connections of signalling receivers operating close to 2000 Hz would prevent satisfactory
transmission in mode 2. The modem could be used in mode 2 on suitable connections.

3 Tolerances on the characteristic frequencies for the forward channel

It should be possible with all rates of modulation to permit a tolerance, at the transmitter, of = 10 Hz on
both the F, and F, frequencies. This tolerance should be considered as a limit.

Acceptance of these tolerances would give a tolerance of 4+ 10 Hz for the mean-frequency
Fy, = (F, + F)/2.

The tolerance on the frequency difference F, — F, with regard to the nominal value would be + 20 Hz.

A maximum frequency drift of = 6 Hz has been assumed in the connection between the modems which
might consist of several carrier circuits connected in tandem. This would make the tolerances on the mark and
space frequencies at the receiving modem + 16 Hz.

4 Modulation rate and characteristic frequencies for the backward channel

The modulation rate and characteristic frequencies for the backward channel are as follows:

£, Fy

(symbol 1, (symbol 0,

mark) space)
Modulation rate up to 75 bauds 390 Hz 450 Hz

In the absence of any signal on the backward channel interface, the condition Z signal is to be
transmitted.

5 Tolerances on the characteristic frequencies of the backward channel
As the backward channel is a VF telegraph-type channel, the frequency tolerances should be as

recommended in Recommendation R.35 [1] for frequency-shift voice-frequency telegraphy.
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The + 6-Hz frequency drift in the connection between the modems postulated in § 3 above would produce
additional distortion in the backward channel. This should be taken into account in the design.

6 Division of power between the forward and backward channels

Considering the following table which shows the levels of power for total power remaining equal to

1 mW:
Forward channel level Backward channel level
(dBm) (dBm)
0 — oo
-1 -1
-2 —4
-3 -3

equal division of power between the forward and backward channels could be recommended provisionally.

7 The following information is provided to assist equipment manufacturers:

a) The nominal range of attenuations in subscriber-to-subscriber connections is from 5 to 30 dB at the
reference frequency (800 or 1000 Hz), assuming up to 35-dB attenuation at the recommended mean
frequency (F;) of the forward channel.

b) A convenient range of sensitivity at the mean frequency F, for data receivers has been found to be
—40 to 0 dBm for the forward channel at the subscribers’ terminals.

¢) The data modem should have no adjustment for send level or receive sensitivity under the control of
the operator.

8 Interchange circuits

The configurations of interchange circuits are those essential for the particular switched network or leased
circuit requirement as indicated in Tables 1/V.23 and 2/V.23. Where one or more of such requirements are
provided in a modem, then all the appropriate interchange circuits should be provided.

8.1 List of interchange circuits essential for the modems when used on the general switched telephone network,
including terminals equipped for manual calling or answering or automatic calling or answering (see
Table 1/V.23).

8.2 List of interchange circuits essential for the modems when used on non-switched leased telephone circuits (see
Table 2/V.23)

8.3 Response times of circuits 106 and 109, 121 and 122

8.3.1  Definitions

8.3.1.1 Circuits 109 and 122 response times are the times that elapse between the connection or removal of a tone
to or from the modem receive line terminals and the appearance of the corresponding ON or OFF condition on
circuits 109 and 122. '

The test tone should have a frequency corresponding to the characteristic frequency of binary 1 and be
derived from a source with an impedance equal to the nominal input impedance of the modem.

The level of the test tone should fall within the level range between 3 dB above the actual threshold of the
received line signal detector and the maximum admissible level of the received signal. At all levels within this
range the measured response times shall be within the specified limits.
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TABLE 1/V.23

Forward (data) channel Forward (data) channel
Interchange circuit one-way system either way system
(Note 1) (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 retum X X X X X X
102a DTE common return X X X X X X
(Note 4) P
102b DCE common return 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
108/1 or| Connect data set to line
108/2 Data terminal ready
(Note 2)
109 Data channel received line
signal detector - X - X . X X
111 . Data signalling rate selector
(DTE) X X X
114 Transmitter signal element
(Note 3) timing (DCE) X — —
115 Receiver signal element timing
(Note 3) (DCE) - X - X
118 - Transmitted backward channel data - - - X - X
119 Received backward channel data - - X — - X
120 Transmit backward channel
-line signal - - - — -
121 Backward channel ready - - - X - X
122 Backward channel received
line signal detector - - X - - X
125 Calling indicator X X X X X X

Note I — 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).

Note 2 — 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.

Note 3 — These circuits are required when the optional clock is implemented in the modem.

Note 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

Forward (data)
Forward (data) channel channel either
Interchange circuit one-way system way or both ways
(Note 1) 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
(Note 4)
102b DCE common return 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 - -
111 Data signalling rate selector
(DTE) X X X X
114 Transmitter signal element
(Note 3) timing (DCE) — X _
115 Receiver signal element timing
(Note 3) (DCE) : - 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 —
122 Backward channel received
line signal detector - - X - - X

Note 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).

Note 2 — 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.

Note 3 — These circuits are required when the optional clock is implemented in the modem.

Note 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 Circuit 106 response times are from the connection of an ON or OFF condition on:

— circuit 105 (where it is provided) to the appearance of the corresponding ON or OFF condition on
circuit 106;

— circuit 122 (where circuit 105 is not provided) to the appearance of the corresponding ON or OFF
condition on circuit 106 in a configuration having a single data channel together with a single
backward channel only.

— circuit 107 (where circuits 105 and 122 are not provided) to the appearance of the corresponding ON
or OFF condition on circuit 106;
8.3.1.3 Circuit 121 response times are from the connection of an ON or OFF condition on:

— circuit 120 (where it is provided) to the appearance of the corresponding ON or OFF condition on
circuit 121;

— circuit 109 (where circuit 120 is not provided) to the appearance of the corresponding ON or OFF
condition on circuit 121.

8.3.2  Response times

TABLE 3/V.23

Circuit 106
OFF to ON 750 ms to 1400 ms (see Note 1) a) 20msto 40 ms (see Note 2)
b) 200 ms to 275 ms (see Note 2)
ON to OFF <2ms
Circuit 109
OFF to ON 300 ms to 700 ms (see Note 1) 10 ms to 20 ms (see Note 1)
ON to OFF 5msto15ms
Circuit 121
OFF to ON 80 ms to 160 ms
ON to OFF <2ms
Circuit 122
OFF to ON < 80 ms
ON to OFF 15 ms to 80 ms

Note 1 — For automatic calling and answering, the longer response times of circuits 106 and 109 are to be used during call
establishment only.

Note 2 — The choice of response times depends upon the system application:
a) no protection given against line echoes;
b) protection given against line echoes.

Note 3 — The above parameters are provisional and are the subject of further study.

8.4 Threshold of data channel and backward channel received line signal detectors

Level of received line signal at receive line terminals of modem for all types of connections, i.e. general
switched telephone network or non-switched leased telephone circuits:

greater than —43 dBm circuits 109/122 ON
less than —48 dBm circuits 109/122 OFF
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The condition of circuits 109 and 122 for levels between —43 dBm and —48 dBm is not specified except
that the signal detectors shal! exhibit a hysteresis action such that the level at which the OFF to ON transition
occurs is at least 2 dB greater than that for the ON to OFF transition.

Where transmission conditions are known on switched or leased circuits, Administrations should be
permitted at the time of modem installation to change these response levels of 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 mode on a 2-wire line, shall hold, where implemented:

i}  circuit 104 in the binary 1 condition and circuit 109 in the OFF 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
milliseconds following the ON to OFF transition on circuit 105, the use of this additional delay is
optional, based on system considerations;

it) circuit 119 in the binary 1 condition and circuit 122 in the OFF condition when circuit 120 is in the
ON condition and, where required to protect circuit 119 from false signals, for a time interval
following the ON to OFF transition on circuit 120. The specific duration of this time interval is left
for further study. The additional delay is optional, based on system considerations.

8.6 Fault condition of interchange circuits
(See Recommendations V.10, § 11 and V.11, §9 and V.28, § 7 for association of the receiver failure
detection types).

8.6.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

8.6.2 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF 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 of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector pin assignment plan specified by ISO 2110 [2].

9.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by 1SO 4902 [3].

i) Concerning circuits 103, 104, 105 (where used), 106, 107, 108, 109, and where the optional clock is
implemented in the modem, circuits 114 and 115, the receivers shall be in accordance with Recom-
mendation V.11 or alternatively Recommendation V.10, category 1. Either V.10 or V.11 generators
may be utilized.

if) In the case of circuits 111, 118, 119, 120, 121, 122 and 125, Recommendation V.10 applies with
receivers configured as specified by Recommendation V.10 for category 2.

iit) It is preferred that backward channel circuits appear on a separate connector ‘and comprise
circuits 118, 119, 120, 121, 122 (Category 2) and 102, 102a and 102b.

iv) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation
to V.28 equipment rests solely with the alternative V.10/V.11 equipment.

Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 9.2) above
utilizing the V.11 electrical characteristics. '
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10 Equipment for the disablement of echo suppressors

(See § 5 of Recommendation V.21.)

11 Inclusion of a clock in the modem

A clock is not an essential item in the standardized modem. However, the modem may conveniently
include a clock when used primarily for synchronous transmission.

If such a clock is included in the modem, a synchronizing pattern consisting of alternate binary 0 and
binary 1 at clock rate should be transmitted for the whole interval between the OFF to ON transitions of
interchange circuits 105 and 106. Users should note that part of this synchronizing pattern may appear at the
distant receiver on circuit 104 after the OFF to ON transition of circuit 109. The data terminal equipment should
make provision to differentiate between these false signals and true data.

References

1 CCITT Recommendation Standardization of FMVFT systems for a modulation rate of 50 bauds, Vol. VII,
Fascicle VII.1, Rec. R.35.

f2] Data communication — 25-pin DTE/DCE interface connector and pin assignments, 1SO Standard 2110-1980.

[3] Data communication — 37-pin and 9-pin DTE/DCE interface connectors and pin assignments, 1ISO Standard
4902-1980.

Recommendation V.24

LIST OF DEFINITIONS FOR INTERCHANGE CIRCUITS BETWEEN
DATA TERMINAL EQUIPMENT AND DATA CIRCUIT-TERMINATING EQUIPMENT !

(Geneva, 1964, amended at Mar del Plata, 1968,
and at Geneva, 1972, 1976 and 1980)

1 Scope

1.1 This Recommendation applies to the interconnecting circuits being called interchange circuits at the
interface between DTE and DCE for the transfer of binary data, control and timing signals and analogue signals
as appropriate. This Recommendation also applies to both sides of separate intermediate equipment, which may
be inserted between these two classes of equipment (see Figure 1/V.24).

Electrical characteristics for interchange circuits are detailed in appropriate Recommendations for electrical
characteristics, or in certain special cases, in Recommendations for DCE.

In any type of practical equipment a selection will be made from the range of interchange circuits defined
in this Recommendation, as appropriate.

The actual interchange circuits to be used in a particular DCE are those indicated in the appropriate
Recommendation.

The usage and operational requirements of the interchange circuits and the interaction between them are
recommended in § 4. For proper operation of the DCE it is important that the guidelines in § 4 are observed.

1.2 The DCE may include signal converters, timing generators, pulse regenerators, and control circuitry,
together with equipment to provide other functions such as error control, automatic calling and automatic
answering. Some of this equipment may be separate intermediate equipment or it may be located in the DTE.

D In this Recommendation the terms “data terminal equipment” and “data circuit-terminating equipment” are indicated by
DTE and DCE respectively.
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Without intermediate equipment the selections A and B are identical.
Selection C may be a selection specifically for automatic calling.

FIGURE 1/V.24

Illustration of general layout of equipment

1.3 The range of interchange circuits defined in this Recommendation is applicable, for example:
a) to synchronous and asynchronous data communications;

b) to data transmission on leased line service, either 2-wire or 4-wire, either point-to-point or multipoint
operation;

¢) to data transmission on switched network service, either 2-wire or 4-wire;

d) where short interconnecting cables are used between DTE and DCE. An explanation of short cables is
given in § 2 below.

14 A DTE interface conforming to this Recommendation may also be used for attachment to a Public Data
Network (PDN). For these cases, additional information on interchange circuit implementation and operational
requirements may be recorded in Series X Recommendations.

2 Line of demarcation

The interface between DTE and DCE is located at a connector, which is the interchange point between
these two classes of equipment. Separate connectors may be provided for the interchange circuits associated with
the signal-conversion or similar equipment and those associated with the Automatic Calling Equipment (ACE).
For mechanical characteristics of the interface refer to ISO 2110 [1] or ISO 4902 [2] as appropriate.

The connector(s) will not necessarily be physically attached to the DCE and may be mounted in a fixed
position near the DTE.

An interconnecting cable or cables will normally be provided with the DTE. The use of short cables is
recommended. Their length should be limited solely by the load capacitance and other electrical characteristics
specified in the relevant Recommendation on electrical characteristics.

3 Definitions of interchange circuits

3.1 100 series — General application

A list of these interchange circuits is presented in tabular form in Table 1/V.24.
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TABLE 1/V.24

100-series interchange circuits by category

Interchange Data Control Timing
circuit Interchange circuit name Ground
number From To From To From To
DCE DCE DCE DCE DCE DCE
1 2 3 4 S 6 7 8 9

102 Signal ground or commonreturn. ............c....... X
102a DTE COMMON TELUTN . .o\ i vt ettt e eie e aaeennn X
102b DCE commoOn TetUIM. ... vvivt et eieeee e ieenennn X
102c COMMONTELUITE . . ..ottt ettt et eiee e iie e
103 Transmitteddata-............. ... ... .. X
104 Receiveddata.................iiiiinininnnnn.. X
105 Requesttosend ...............coiiiuiiiiiinnenn.. X
106 Readyforsending ..............cvvvunviinnennnn. X
107 Datasetready ...........coiiiiiiniiiiiiiinaan, X
108/1 | Connectdatasettoline............................ X
108/2 Dataterminalready............. ... .. X
109 Data channel received line signal detector ............ X
110 Data signal quality detector ........................ X
111 Data signal rate selector (DTE) ..................... X
112 Data signal rate selector (DCE) ..................... .
113 Transmitter signal element timing (DTE) ............. X
114 Transmitter signal element timing (DCE) ............. X
115 Receiver signal element timing (DCE) . ............... X
116 Selectstandby .......... ... i X
117 Standby indicator ........... ... ... il X
118 Transmitted backward channeldata . ................ X
119 Received backward channeldata .................... X
120 Transmit backward channel linesignal .. ............. X
121 Backward channelready........................... X
122 Backward channel received line signal detector ........ X
123 Backward channel signal quality detector............. X
124 Select frequency roups ...........c.ooveeeinuunnn..n X
125 Callingindicator ........... ... it X
126 Select transmit frequency ..........c.ooiviiniaan. X
127 Select receive frequency ............ .o, X
128 Receiver signal element timing (DTE) . ............... X
129 Requesttoreceive ... X
130 Transmit backwardtone........................... X
131 Received character timing. .. ....................... X
132 Returntonon-datamode .......................... X
133 Ready forreceiving ......... ... .o, X
134 Received datapresent ...............ovveeeeennnn.. X
136 Newsignal ....... ... it X
140 Loopback / Maintenancetest ...................... X
141 Localloopback .......... .. ... .. oo, X
142 Testindicator . ......... ... ... ... .l
191 Transmitted voice answer ...........c...oovveenn.... X
192 Received voice answer . ........cvveevnniinnnnnn..

Circuit 102 — Signal ground or common return

This conductor establishes the signal common return for unbalanced interchange circuits with electrical
characteristics according to Recommendation V.28 and the d.c. reference potential for interchange circuits
according to Recommendations V.10, V.11 and V.35.
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Within the DCE, this circuit shall be brought to one point, and it shall be possible to connect this point to
protective ground or earth by means of a metallic strap within the equipment. This metallic strap can be
connected or removed at installation, as may be required to meet applicable safety regulations or to minimize the
introduction. of noise into electronic circuitry. Caution should be exercised to prevent the establishment of ground
loops carrying high currents.

Circuit 102a — DTE common return

This conductor is connected to the DTE circuit common return and is used as the reference potential for
the unbalanced Recommendation V.10-type interchange circuit receivers within the DCE.

Circuit 102b — DCE common return

This conductor is connected to the DCE circuit common return and is used as the reference potential for
the unbalanced Recommendation V.10-type interchange circuit receivers within the DTE.

Note — Where a mixture of Recommendation V.10 and V.11 circuits- is used in the same interface,
separate provision must be made for the Recommendation V.10 common return circuits 102a and 102b, and for a
d.c. reference potential conductor circuit 102, or protective ground connection, as required.

Circuit 102¢ — Common return

This conductor establishes the signal common return for single-current interchange circuits controlled by
contact closure with electrical characteristics according to Recommendation V.31, in cases where a common return
is used.

Within the- equipment containing the signal source of the interchange circuit, this conductor must be
isolated from signal ground and protective ground, irrespective of whether it is located within the DCE or within
the DTE.

Circuit 103 — Transmitted data

Direction: To DCE

The data signals originated by the DTE, to be transmitted via a data channel to one or more remote data
stations, or to be passed to the DCE for maintenance test purposes under control of the DTE, are transferred on
this circuit to the DCE.

Circuit 104 — Received data

Direction: From DCE

The data signals generated by the DCE, in response to data channel line signals received from a remote
data station, or in response to the DTE maintenance test signals, are transferred on this circuit to the DTE.

Note — The reception conditions for maintenance test signals are specified with circuit 107.

Circuit 105 — Request to send

Direction: To DCE
Signals on this circuit control the data channel transmit function of the DCE.
The ON condition causes the DCE to assume the data channel transmit mode.

The OFF condition causes the DCE to assume the data channel non-transmit mode, when all data
transferred on circuit 103 have been transmitted.

Circuit 106 — Ready for sending

Direction: From DCE

Signals on this circuit indicate whether the DCE is prepared to accept data signals for transmission on the
data channel or for maintenance test purposes under control of the DTE.

The ON condition indicates that the DCE is prepared to accept data signals from the DTE.
The OFF condition indicates that the DCE is not prepared to accept data signals from the DTE.
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Circuit 107 — Data set ready

Direction: From. DCE -
Signals on this circuit indicate whether the DCE is ready to operate.

The ON condition, where circuit 142 is OFF or is not implemented, indicates that the signal converter or
similar equipment is connected to the line and that the DCE is ready to exchange further control signals with the
DTE to initiate transfer of data.

The ON condition, in conjunction with the ON condition of circuit 142, indicates that the DCE is
prepared to exchange data signals with the DTE for maintenance test purposes.

The OFF condition indicates that the DCE is not ready to operate.

Circuit 108/1 — Connect data set to line

Direction: To DCE
Signals on this circuit control switching of the signal-conversion or similar equipment to or from the line.
The ON condition causes the DCE to connect the signal-conversion or similar equipment to the line.

The OFF condition causes the DCE to remove the signal-conversion or similar equipment from the line,
when the transmission to line of all data previously transferred on circuit 103 and/or circuit 118 has been
completed.

Circuit 108/2 — Data terminal ready

Direction: To DCE
Signals on this circuit control switching of the signal-conversion or similar equipment to or from the line.

The ON condition, indicating that the DTE is ready to operate, prepares the DCE to connect the
signal-conversion or similar equipment to the line and maintains this connection after it has been established by
supplementary means.

The DTE is permitted to present the ON condition on circuit 108/2 whenever it is ready to transmit or
receive data.

The OFF condition causes the DCE to remove the signal-conversion or similar equipment from the line,
when the transmission to line of all data previously transferred on circuit 103 and/or circuit 118 has been
completed.

Circuit 109 — Data channel received line signal detector

Direction: From DCE

Signals on this circuit indicate whether the received data channel line signal is within appropriate limits, as
specified in the relevant Recommendation for DCE.

The ON condition indicates that the received signal is within appropriate limits.

The OFF condition indicates that the received signal is not within appropriate limits.

Circuit 110 — Data signal quality detector

Direction: From DCE

Signals on this circuit indicate whether there is a reasonable probability of an error in the data received on
the data channel. The signal quality indicated conforms to the relevant DCE Recommendation.

The ON condition indicates that there is no reason to believe that an error has occurred.

The OFF condition indicates that there is a reasonable probability of an error.

Circuit 111 — Data signalling rate selector (DTE source)

Direction: To DCE

Signals on this circuit are used to select one of the two data signalling rates of a dual rate synchronous
DCE, or to select one of the two ranges of data signalling rates of a dual range asynchronous DCE.

The ON condition selects the higher rate or range of rates.

The OFF condition selects the lower rate or range of rates.
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Circuit 112 — Data signalling rate selector (DCE source)

Direction: From DCE

Signals on this circuit are used to select one of the two data signalling rates or ranges of rates in the DTE
to coincide with the data signalling rate or range of rates in use in a dual rate synchronous or dual range
asynchronous DCE.

The ON condition selects the higher rate or range of rates.

The OFF condition selects the lower rate or range of rates.

Circuit 113 — Transmitter signal element timing (DTE source)

Direction: To DCE
Signals on this circuit provide the DCE with signal element timing information.

The condition on this circuit shall be ON and OFF for nominally equal periods of time and the transition
from ON to OFF condition shall nominally indicate the centre of each signal element on circuit 103.

Circuit 114 — Transmitter signal element timing (DCE source)

Direction: From DCE
Signals on this circuit provide the DTE with signal element timing information.

The condition on this circuit shall be ON and OFF for nominally equal periods of time. The DTE shall
present a data signal on circuit 103 in which the transitions between signal elements nominally occur at the time
of the transitions from OFF to ON condition of circuit 114.

Circuit 115 — Receiver signal element timing (DCE source)

Direction: From DCE
Signals on this circuit provide the DTE with signal element timing information.

The condition of this circuit shall be ON and OFF for nominally equal periods of time, and a transition
from ON to OFF condition shall nominally indicate the centre of each signal element on circuit 104.

Circuit 116 — Select standby

Direction: To DCE

Signals on this circuit are used to select the normal or standby facilities, such as signal converters and data
channels.

The ON condition selects the standby mode of operation, causing the DCE to replace predetermined
facilities by their reserves.

The OFF condition causes the DCE to replace the standby facilities by the normal. The OFF condition on
this circuit shall be maintained whenever the standby facilities are not required for use.

Circuit 117 — Standby indicator

Direction: From DCE

Signals on this circuit indicate whether the DCE is conditioned to operate in its standby mode with the
predetermined facilities replaced by their reserves.

The ON condition indicates that the DCE is conditioned to operate in its standby mode.

The OFF condition indicates that the DCE is conditioned to operate in its normal mode.

Circuit 118 — Transmitted backward channel data

Direction: To DCE

This circuit is equivalent to circuit 103, except that it is used to transmit data via the backward channel.
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Circuit 119 — Received backward channel data

Direction: From DCE
This circuit is equivalent to circuit 104, except that it is used for data received on the backward channel.

Circuit 120 — Transmit backward channel line signal

Direction: To DCE

This circuit is equivalent to circuit 105, except that it is used to control the backward channel transmit
function of the DCE.

The ON condition causes the DCE to assume the backward channel transmit mode.

The OFF condition causes the DCE to assume the backward channel non-transmit mode, when all data
transferred on circuit 118 have been transmitted to line.

Circuit 121 — Backward channel ready

Direction: From DCE

This circuit is equivalent to circuit 106, except that it is used to indicate whether the DCE is conditioned to
transmit data on the backward channel.

The ON condition indicates that the DCE is conditioned to transmit data on the backward channel.

The OFF condition indicates that the DCE is not conditioned to transmit data on the backward channel.

Circuit 122 — Backward channel received line signal detector

Direction: From DCE

This circuit is equivalent to circuit 109, except that it is used to indicate whether the received backward
channel line signal is within appropriate limits, as specified in the relevant Recommendation for DCE.

Circuit 123 — Backward channel signal quality detector

Direction: From DCE
This circuit is equivalent to circuit 110, except that it is used to indicate the signal quality of the received
backward channel line signal.

Circuit 124 — Select frequency groups
Direction: To DCE
Signals on this circuit are used to select the desired frequency groups available in the DCE.
The ON condition causes the DCE to use all frequency groups to represent data signals.

The OFF condition causes the DCE to use a specified reduced number of frequency groups to represent
data signals.

Circuit 125 — Calling indicator
Direction: From DCE
Signals on this circuit indicate whether a calling signal is being received by the DCE.

The ON condition indicates that a calling signal is being received.

The OFF condition indicates that no calling signal is being received, and this condition may also appear
during interruptions of a pulse-modulated calling signal.

Circuit 126 — Select transmit frequency

Direction: To DCE
Signals on this circuit are used to select the required transmit frequency of the DCE.
The ON condition selects the higher transmit frequency.

The OFF condition selects the lower transmit frequency.
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Circuit 127 — Select receive frequency

Direction: To DCE
Signals on this circuit are used to select the required receive frequency of the DCE.
The ON condition selects the lower receive frequency.

The OFF condition selects the higher receive frequency.

Circuit 128 — Receiver signal element timing (DTE source)

Direction: To DCE
Signals on this circuit provide the DCE with signal element timing information.

The condition on this circuit shall be ON and OFF for nominally equal periods of time, The DCE shall
present a data signal on circuit 104 in which the transitions between signal elements nominally occur at the time
of the transitions from OFF to ON condition of the signal on circuit 128.

Circuit 129 — Request to receive

Direction: To DCE
Signals on this circuit are used to control the receive function of the DCE.
The ON condition causes the DCE to assume the receive mode.

The OFF condition causes the DCE to assume the non-receive mode.

Circuit 130 — Transmit backward tone

Direction: To DCE
Signals on this circuit control the transmission of a backward channel tone.
The ON condition causes the DCE to transmit a backward channel tone.

The OFF condition causes the DCE to stop the transmission of a backward channel tone.

Circuit 131 — Received character timing

Direction: From DCE

Signals on this circuit provide the DTE with character timing information, as specified in the relevant
Recommendation for DCE.

Circuit 132 — Return to non-data mode

Direction: To DCE

Signals on this circuit are used to restore the non-data mode provided with the DCE, without releasing the
line connection to the remote station.

The ON condition causes the DCE to restore the non-data mode. When the non-data mode has been
established, this circuit must be turned OFF.

Circuit 133 — Ready for receiving

Direction: To DCE

Signals on this circuit control the transfer of data on circuit 104, indicating whether the DTE is capable of
accepting a given amount of data (e.g. a block of data), specified in the appropriate Recommendation for
intermediate equipment, for example, error control equipment.

The ON condition must be maintained whenever the DTE is capable of accepting data, and causes the
intermediate equipment to transfer the received data to the DTE.

The OFF condition indicates that the DTE is not able to accept data, and causes the intermediate
equipment to retain the data.
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Circuit 134 — Received data present

Direction: From DCE

Signals on this circuit are used to separate information messages from supervisory messages, transferred on
circuit 104, as specified in the appropriate Recommendation for intermediate equipment, e.g. error control
equipment.

The ON condition indicates the data which represent information messages.

The OFF condition shall be maintained at all other times.

Circuit 136 — New signal

Direction: To DCE
Signals on this circuit are used to control the response times of the DCE receiver.

The ON condition of circuit 136 instructs the DCE receiver to prepare itself to detect rapidly the
disappearance of the line signal (e.g., by disabling the response time circuitry associated with circuit 109). After
the received line signal falls below the threshold of the received line signal detector, the DCE will:

1) turn OFF circuit 109, and

2) prepare itself to detect rapidly the appearance of a new line signal (e.g., by resetting the receiver
timing recovery circuitry).

Once turned ON, circuit 136 may be turned OFF after one unit interval and must be turned OFF after
circuit 109 is turned OFF. Circuit 136 shall be OFF at all other times.

Circuit 140 — Loopback/Maintenance test

Direction: To DCE

Signals on this circuit are used to initiate and release loopback or other maintenance test conditions
in DCEs.

The ON condition causes initiation of the maintenance test condition.

The OFF condition causes release of the maintenance test condition.

Circuit 141 — Local loopback

Direction: To DCE
Signals on this circuit are used to control the loop 3 test condition in the local DCE.
‘The ON condition of circuit 141 causes the establishment of the loop 3 test condition in the local DCE.

The OFF condition of circuit 141 causes the release of the loop 3 test condition in the local DCE.

Circuit 142 — Test indicator

Direction: From DCE
Signals on this circuit indicate whether a maintenance condition exists.

The ON condition indicates that a maintenance condition exists in the DCE, precluding reception or
transmission of data signals from or to a remote DTE.

The OFF condition indicates that the DCE is not in a maintenance test condition.

Circuit 191 — Transmitted voice answer

Direction: To DCE
Signals generated by a voice answer unit in the DTE are transferred on this circuit to the DCE.

The electrical characteristics of this analogue interchange circuit are part of the appropriate DCE
Recommendation.
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Circuit 192 — Received voice answer

Direction: From DCE

Received voice signals, generated by a voice answering unit at the remote DTE, are transferred on this
circuit to the DTE.

The electrical characteristics of this analogue interchange circuit are part of the appropriate DCE
Recommendation.

3.2 200-series — Specifically for automatic calling

A list of these interchange circuits is presented in tabular form in Table 2/V.24.

For automatic calling procedures, refer to Recommendation V.25 for the general switched telephone
network and Recommendation S.16 {3] for the telex network.

TABLE 2/V.24

200-series interchange circuits specifically for automatic calling

ci{'léxtxeiicr]:j:lgbeer Interchange circuit name l;‘)rgr}]al D’];ZOE

201 Signal ground or commonreturn . ........ ... X X
202 Call Tequest . . ..o X
203 Datalineoccupied ........... ..ot . X

204 Distant stationconnected ......... ... ... i i, X

205 Abandoncall ....... .. ... X

206 Digitsignal (20) .. ..ottt e X
207 Digitsignal (21) . ..o X
208 Digitsignal (22) .. ..ottt e X
209 Digitsignal (23) . ...t e X
210 Present next digit ........ ..ottt X

211 Digit Present ... ...ttt e X
213 Powerindication. . ...........iuriin it

Circuit 201 — Signal ground or common return

This conductor establishes the signal common reference potential for all 200-series interchange circuits.
Within the automatic calling equipment this circuit shall be brought to one point, and it shall be possible to
connect this point to protective ground or earth by means of a metallic strap within the equipment. This metallic
strap can be connected or removed at installation as may be required to meet applicable regulations or to
minimize the introduction of noise into electronic circuitry. Caution should be exercised to prevent the
establishment of ground loops carrying high currents.

Circuit 202 — Call request

Direction: To DCE

Signals on this circuit are used to condition the automatic calling equipment to originate a call and to
switch the automatic calling equipment to or from the line.

The ON condition causes the DCE to condition the automatic calling equipment to originate a call and to
connect this equipment to the line.

The OFF condition causes the automatic calling equipment to be removed from the line and indicates that
the DTE has released the automatic calling equipment.

Circuit 203 — Data line occupied

Direction: From DCE

Signals on this circuit indicate whether or not the associated line is in use (e.g. for automatic calling, data
transmission or voice communication, test procedures).

The ON condition indicates that the line is in use.

The OFF condition indicates that the line is not in use, and that the DTE may originate a call.
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Circuit 204 — Distant station connected

Direction: From DCE

Signals on this circuit indicate whether a connection has been established to a remote data station (or telex
station).

The ON condition indicates the receipt of a signal from a remote DCE signalling that a connection to that
equipment has been established.

The OFF condition shall be maintained at all other times.

Circuit 205 — Abandon call

Direction: From DCE

Signals on this circuit indicate whether a preset time has elapsed between successive events in the calling
procedure.

The ON condition indicates that the call should be abandoned.

The OFF condition indicates that call origination can proceed.

Digit signal circuits :

Circuit 206 — Digit signal (2°)

Circuit 207 — Digit signal (2')
Circuit 208 — Digit signal (2?)
Circuit 209 — Digit signal (2°)
Direction: To DCE

On these circuits the DTE presents the code combinations shown in Table 3/V.24, being the dlglts of the
data station (or telex station) to be called and the delimiting 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 § 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 of number) causes the DCE to take appropriate action to await an
answer from the called data station.

The control character SEP (separation) indicates the need for a pause between successive digits or in front
of the digit series, and causes the automatic calling equipment to insert the appropriate time interval.

The code combinations listed above are intended to apply only to equipment using Recommendations V.25
and S.16 [3].
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Circuit 210 — Present next digit

Direction: From DCE

Signals on this circuit indicate whether the automatic calling equipment is ready to accept the next code
combination.

The ON condition indicates that the automatic calling equipment is ready to accept the next code
combination.

The OFF condition indicates that the automatic calling equipment is not ready to accept signals on the
digit signal circuits.

Circuit 211 — Digit present

Direction: To DCE
Signals on this circuit control the reading of the code combination presented on the digit signal circuits.

The ON condition causes the automatic calling equipment to read the code combination presented on the
digit signal circuits.

The OFF condition on this circuit prevents the automatic calling equipment from reading a code
combination on the digit signal circuits.

Circuit 213 — Power indication

Direction: From DCE
Signals on this circuit indicate whether power is available within the automatic calling equipment.
The ON condition indicates that power is available within the automatic calling equipment.

The OFF condition indicates that power is not available within the automatic calling equipment.

33 Circuit failures (electrical)

The following interchange circuits, where implemented, shall be used to detect either a power-off condition
in the equipment connected through the interface or the disconnection of the interconnecting cable:

Circuit 105 — Request to send

Circuit 107 — Data set ready

Circuit 108/1 — Connect data set to line

Circuit 108/2 — Data terminal ready

Circuit 120 — Transmit backward channel line signal
Circuit 202 — Call request

Circuit 213 — Power indication

The criteria used to determine a failure condition shall be specified in the appropriate Recommendation
for electrical characteristics.

The receiver for these circuits shall interpret the power-off condition or the disconnection of the
interconnecting cable as an OFF condition on these circuits.

34 Termination of interchange circuits

With the definition of new interchange circuits and the listing of nonessential (i.e., optional) circuits in
addition to the essential circuits in Series V Recommendations pertaining to DCE, receiver circuits may be
provided in the DTE or DCE for which no generator is provided in the complementary equipment. Therefore, in
cases where receivers are not connected to generators, means shall be provided in the equipment where the
receivers are located to inhibit or disregard any possible false triggering of the receivers.

4 Operational requirements

In the following, ‘operational requirements are given for the usage of interchange circuits. It also explains
in further detail the required correlation between interchange circuits, where implemented.
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4.1 Data circuits

It is evident that proper data transmission may be impaired when the required condition is not present on
an implemented control interchange circuit. Therefore, the DTE shall not transfer data on circuit. 103 unless an
ON condition is present on all of the following four circuits, where implemented: circuit 105, circuit 106,
circuit 107 and circuit 108/1 or 108/2.

All data transferred on circuit 103 during the time an ON condition is present on all of the above four
circuits, where implemented, shall be transmitted 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 of the following
four circuits, where implemented: circuit 120, circuit 121, circuit 107 and circuit 108/1 or 108/2.

All data transferred on circuit 118 during the time an ON condition is present on all of the above four
circuits, where implemented, shall be transmitted by the DCE.

4.2 Idle periods

During intervals when circuit 105 and circuit 106 are in the ON condition and no data are available for
transmission, the DTE may transmit binary 1 condition, reversals or other sequences to maintain timing
synchronizing, e.g. SYN coded characters, idle characters according to the data link control procedure used, etc.

Specific requirements, where applicable, are stated in the appropriate DCE Recommendations.

43 Clamping

4.3.1 In all applications the DCE shall hold, where implemented:
a) circuit 104 in the binary 1 condition when circuit 109 is in the OFF condition, and

b) circuit 119 in the binary 1 condition when circuit 122 is in the OFF condition.

432 In addition a DCE constrained to half-duplex operation on a 2-wire line shall also hold, where
implemented:

a) circuit 104 in the binary 1 condition and circuit 109 in the OFF condition when circuit 105 is in the
ON condition, and for a short time interval (to be specified in Recommendations for DCE) following
the ON to OFF transition on circuit 105; and

b) circuit 119 in the binary 1 condition and circuit 122 in the OFF condition, when circuit 120 is in the
ON condition, and for a short time interval (to be specified in Recommendations for DCE) following
the ON to OFF transition on circuit 120.

4.4 Operation of circuits 107, 108/1 and 108/2

Signals on circuit 107 are to be considered as responses to signals which initiate connection to line, e.g.
circuit 108/1. However, the conditioning of a data channel, such as equalization and clamp removal, cannot be
expected to occur before circuit 107 is turned ON.

When circuit 108/1 or 108/2 is turned OFF, it shall not be turned ON again until circuit 107 is turned
OFF by the DCE.

A wiring option shall be provided within the DCE to select either circuit 108/1 or circuit 108/2 operation.

When the DCE is conditioned for automatic answering of calls, connection to the line occurs only in
response to a combination of the calling signal and an ON condition on circuit 108/2.

In certain leased line applications, circuit 108 might not be implemented, in which case the condition on
this circuit is assumed to be permanently ON.

Under certain test conditions, both the DTE and the DCE may exercise some of the interchange circuits. It
is then to be understood that when circuit 107 is OFF, the DTE is to ignore the conditions on any interchange
circuit from the DCE except those on circuit 125 and the timing circuits. Additionally, when circuit 108/1 or
108/2 is OFF the DCE 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 DCE or DTE respectively, other than circuit 125. The OFF condition on
circuit 108/1 or 108/2 shall not disable the operation of circuit 125.
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Under the loop test conditions defined in Recommendation V.54, circuit 107 shall be in the OFF condition
and not respond to circuit 108/1 or 108/2 when the DTE is not involved with maintenance testing. Circuit 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
maintenance testing with the local or remote DCE.

4.5 Interrelationship of circuits 103, 105 and 106

The DTE signals its intent to transmit data by turning ON circuit 105. It is then the responsibility of the
DCE to enter the transmit mode, i.e. be prepared to transmit data, and also to alert the remote DCE and
condition it to receive data. The means by which a DCE enters the transmit mode and alerts and conditions the
remote DCE are described in the appropriate DCE Recommendation.

When the transmitting DCE turns circuit 106 ON, the DTE is permitted to transfer data across the
interface on circuit 103. By turning ON circuit 106 it is implied that all data transferred across the interface prior
to the time that any one of the four circuits: 105, 106, 107 and 108/1 or 108/2 is again turned OFF, will be
transferred to the line; however, the ON condition of circuit 106 is not necessarily a guarantee that the remote
DCE is in the receive mode. (Depending on the complexity and sophistication of the transmitting signal converter,
there may be a delay ranging from less than a millisecond up to several seconds between the time a bit is
transferred across the interface until the time a signal element representing this bit is transmitted on the line.)

The DTE shall not turn circuit 105 OFF before the end of the last bit (data bit or stop element) transferred
across the interface on circuit 103. Similarly, in certain full-duplex switched network applications where circuit 105
is not implemented (see specific DCE Recommendations), this requirement applies equally when circuit 108/1
or 108/2 is turned OFF to terminate a switched network call.

Where circuit 105 is provided, the ON and OFF conditions on circuit 106 shall be responses to the ON
and OFF conditions on circuit 105. For the appropriate response times of circuit 106, and for the operation of
circuit 106 when circuit 105 is not provided, refer to the relevant Recommendation for DCE.

When circuit 105 and circuit 106 are both OFF, the DTE shall maintain a binary 1 condition on
circuit 103. When circuit 105 is turned OFF it shall not be turned ON again until circuit 106 is turned OFF by the
DCE.

Note — These conditions also apply to the relationship between circuits 120, 121 and 118.

4.6 Timing circuits

It is desirable that the transfer of timing information across the interface shall not be restricted to periods
when actual transmission of data is in progress; however, during intervals when timing information is not
transferred across the interface, the circuit involved should be held in the OFF condition. The following
conditions apply:

4.6.1  Circuit 113 — Transmitter signal element timing (DTE source)

Where circuit 113 is used, the DTE shall transfer timing information across the interface on this circuit at
all times that the timing source in the DTE is capable of generating this information, e.g. when the DTE is in a
power-on condition.

4.6.2  Circuit 114 — Transmitter signal element timing (DCE source)

Where circuit 114 is used, the DCE shall transfer timing information across the interface on this circuit at
all times that the timing source in the DCE is capable of generating this information, e.g. when the DCE is in a
power-on condition. It is recognized that a DCE which derives power from the central office battery over the local
telephone loop is in a power-off condition when disconnected from the loop, i.e. on-hook.

4.6.3  Circuit 115 — Receiver signal element timing (DCE source)

Where circuit 115 is used, the DCE shall transfer timing information across the interface on this circuit at
all times that the timing source is capable of generating this information.

It is recognized that a DCE which derives power from the serving central office via the local telephone
loop, is in a power-off condition with timing sources stopped, when the DCE is disconnected from the line. It is
also recognized that some timing sources will not continue to run indefinitely without a driving (external
synchronization) signal.
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Accuracy and stability of this signal as defined in the DCE Recommendations are required only when
circuit 109 is ON. Drift during the OFF condition of circuit 109 is acceptable; however, resynchronization of the
signal on circuit 115 must be accomplished as rapidly as possible following the turning ON of circuit 109 for the
next transmission as indicated in the relevant DCE Recommendation.

4.7 Circuit 125 — Calling indicator

The operation of circuit 125 shall not be impaired or disabled by any condition on any other interchange
circuit. :

4.8 Usage of circuits 126 and 127

Originally, these circuits were defined for operational control of a 2-wire, frequency-divided duplex DCE,
such as the Recommendation V.21-type modem. Transmitter and receiver control were separated, so that local
testing of both data channels might be performed as national Administrations required.

The modem according to Recommendation V.21 does not require separate operational control by the DTE
of circuits 126 and 127 since it selects the transmit and receive frequencies according to the condition of
circuit 125 in switched network operation.

However, the use of circuits 126 and 127 may become necessary in certain types of non-centralized
multipoint operation.

4.9 Circuit 140 — Loopback/Maintenance Test

49.1  Usage of circuit 140

Circuit 140 can be used in conjunction with coded commands on circuit 103 in accordance with the
provisions of Recommendation V.54.

In systems not including the use of circuit 103, i.e., no coded commands, circuit 140 controls only the
remote loopback (loop 2).

In systems that involve the use of circuit 103, additional maintenance applications of circuit 140 are
possible. These additional applications remain for further study.

4.9.2  Interrelationship of circuits 105, 106 and 140

For automatic control of loop 2 test, circuit 106 is under the control of circuit 140 and circuit 105 is
disregarded by the DCE.

4.10  Interrelationship of circuits 202 to 211

Circuit 202

Circuit 202 must be turned OFF between calls or call attempts and shall not be turned ON before
circuit 203 is turned OFF.

Circuit 204

The ON condition of this circuit must be maintained until the DTE has released the automatic calling
equipment, i.e. until circuit 202 is turned OFF.

Circuit 205

The OFF condition shall be maintained on this circuit after circuit 204 comes ON.

The initial time interval starts when circuit 202 comes ON. Subsequent time intervals start each time
circuit 210 is turned 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

When circuit 210 is turned OFF, it shall not be turned ON again before circuit 211 is turned OFF.

Circuit 211

Circuit 211 shall neither be turned ON when circuit 210 is in the OFF condition, nor until after the DTE
has presented the required code combination on the digit signal circuits. .

Circuit 211 shall not be turned OFF before circuit 210 is turned OFF.
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Recommendation V.25

AUTOMATIC CALLING AND/OR ANSWERING EQUIPMENT ON THE GENERAL
SWITCHED TELEPHONE NETWORK, INCLUDING DISABLING OF ECHO
SUPPRESSORS ON MANUALLY ESTABLISHED CALLS

(Mar del Plata, 1968, amended at Geneva, 1972 and 1976)

1 Scope

1.1 This Recommendation is concerned with the setting-up of a data connection when automatic calling
and/or answering equipment is used over international circuits.

Automatic calling and answering equipment used within any single Administration’s area or between two
Administrations by bilateral agreement is not necessarily constrained by these proposals. In particular, the use of
2100-Hz answering tone, as described in this Recommendation, could be substituted by another tone when the
equipment is used over circuits not equipped with echo suppressors. Similarly, the calling tone could be omitted
by bilateral agreements but attention is drawn to §§ 7 and 8 below.

1.2 This Recommendation describes the sequences of events involved in establishing a connection between an
automatic calling data station " and an automatic answering data station for Series V Recommendations modems
specified for general switched network operations. The system configuration proposed is shown in Figure 1/V.25.

Consideration is given only to:

a) the events which affect the interfaces between the data terminal equipment and the data circuit-termi-
nating equipment, and

b) the events on the line during establishment of a data call.

Interactions within the data circuit-terminating equipment are not considered, since such consideration is
unnecessary for purposes of international standardization.

D In this Recommendation the term *“data station™ is used as synonymous with the term “terminal installation for data
transmission” [1].
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1.3

1.4

The proposed procedures are intended to be suitable for the four types of calls, namely:

a) automatic calling data station to automatic answering data station;

b) manual data station to automatic answering data station;

¢) automatic calling data station to manual data station;

d) disabling of echo suppressors in the case of manual data stations.

The data terminal equipment is responsible for:

a) during call establishment:

i)
ii)

ii)

ensuring that the data circuit-terminating equipment is available for operation,
providing the telephone number,

deciding to abandon the call if it is unsuccessfully completed;

b) after call is established:

i)
ii)

iii)

establishing identities,
exchanging such traffic as is appropriate,

initiating disconnect at calling and answering data station.

Automatic calling data station

Interface
Automatic answering data station
Interface
N
Data
cli)rituait Line circuit
reuit terminating Data
Data t:éﬁ‘imgz? equipment terminal
: includin .
terminal 201 including g equipment
equipment ¢ automatic
202 | automatic answering
206 | calling equipment
207 equipment
208
209
211
a0
[ 205
204
203
213
CCITT-43581

Refer to Recommendation V.24

FIGURE 1/V.25

System configuration

Abbreviations and definitions

The following abbreviations are used in this Recommendation:

CT 104
CT 105

Circuit 104 — Received data

Circuit 105 — Request to send

Fascicle VIIL.L1 — Rec. V.25

113



CT 106 = Circuit 106 — Ready for sending
CT 107 = Circuit 107 — Data set ready

CT 108/1 = Circuit 108/1
CT 108/2 = Circuit 108/2

Connect data set to line

Data terminal ready.

CT 109 = Circuit 109 — Data channel received line signal detector
CT 119 = Circuit 119 — Received backward channel data

CT 120 = Circuit 120 — Transmit backward channel line signal
CT 121 = Circuit 121 — Backward channel ready

CT 122 = Circuit 122 — Backward channel received line signal detector
CT 125 = Circuit 125 — Calling indicator

CT 201 = Circuit 201 — Signal ground or common return

CT 202 = Circuit 202 — Call request

CT 203 = Circuit 203 — Data line occupied

CT 204 = Circuit 204 — Distant station connected

CT 205 = Circuit 205 — Abandon call

CT 206 = Circuit 206  — Digit signal (2°)

CT 207 = Circuit 207 — Digit signal (2')

CT 208 = Circuit 208 — Digit signal (2%)

CT 209 = Circuit 209  — Digit signal (2°)

CT 210 = Circuit 210 — Present next digit

CT 211 = Circuit 211 — Digit present

CT 213 = Circuit 213 — Power indication

DCE = Data circuit-terminating equipment

DTE = Data terminal equipment

EON = End-of-number control character

SEP = Separation control character

The following definitions apply to this Recommendation:

Calling tone: the tone transmitted from the calling end. This may be 1300 Hz or any tone corres-
ponding to binary 1 of the DCE in use.

Answering tone: the tone transmitted from the called end.

Starting signal: binary 1, synchronizing signal or equalizer training signal, as appropriate.

3 Interface procedures at call-originating data station
Event

3.1 DTE checks if CT 213 ON, and the following circuits OFF: CT 202, CT 210, CT 205, CT 204, CT 203.
3.2 DTE puts CT 202 ON.

33 DTE puts CT 108/2 ON (CT 108/2 can be placed in the ON condition at any time up to and including
event 3.16).

3.4 For half-duplex modems, DTE puts CT 105 ON if the calling end wishes to transmit first. CT 105 can be
placed ON at any time up to and including event 3.20.

35 Line goes “off hook”.
3.6 DCE puts CT 203 ON.
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3.7 Telephone system puts dial tone on line ?.

3.8 DCE puts CT 210 ON.

39 DTE presents the first or appropriate digit on CT 206, CT 207, CT 208 and CT 209.
3.10  DTE puts CT 211 ON after digit signals have been presented.

3.1 DCE dials first digit; then takes CT 210 OFF.

312 DTE takes CT 211 OFF.

3.13  Events 3.8 to 3.12 are repeated (but this process may be interrupted 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 CT 206, CT 207, CT 208 and CT 209; it then puts CT 211 ON.
3.15 DCE takes CT 210 OFF.
3.16 DTE takes CT 211 OFF and puts CT 108/2 ON, if not previously ON.

3.17  The interrupted calling tone, as shown in Figure 2/V.25, is transmitted to line from the calling DCE.

Callin
toneg DCE under
05-07 15- 5-0, control of the
S e 2s e 075 DTE, CT 107 ON _1
N
[ ] [ ]
s e on s of
L I | 33207s N
Answering tone
2100 Hz
04s 09s 0,45-06s Tolerance 75¢20 ms
” » ” Bl S
T < I pre T e 'rT &
Not sufficient to
su(:)l;?':slz oer:hnoor Network inter- 2100 Hz Ga{’thl' l'gcofg:rl‘zmg
P action time detection time e enc of the
or 2100 Hz 2100 Hz answering tone
detection

CCITT-43591
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 cailing DCE. Echo
suppressors are disabled during coincidence of a silent period in the interrupted calling tone (event
3.17) with 2100-Hz answering tone. The 2100-Hz answering tone must not activate CT 104 and
CT 109.

b) If the call is not answered, or is answered by a non-data station, then no 2100Hz is received at the
calling data station. If no answering tone is received after an elapsed time, CT 205 comes ON. This
time is measured from event 3.15 and selectable in the range of 10-40 seconds. The DTE must respond
by turning CT 202 OFF.

3.19  When 2100Hz has been recognized by the DCE for a period of 450 to 600 ms, the interrupted calling tone
is discontinued by the DCE as shown in Figure 2/V.25. The DCE transfers control of the connection to the
telephone line from CT 202 to CT 108/2.

2} Some countries apply the second dial tone to the line after the initial digit is transferred.
pply g
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320 The DCE examines the line to determine the end of the 2100-Hz answering tone. The DCE detects an
absence of the 2100-Hz tone for 75 + 20 ms, and then puts CT 107 ON:

i) If CT 105 is ON, the starting signal is put on the line. After its delay as specified in the appropriate
Series V Recommendation, CT 106 comes ON and the DTE can then transmit data.

ii) If CT 105 is OFF, the incoming starting signal is recognized and after its delay -as specified in the
appropriate Series V Recommendation, the DCE puts CT 109 ON to allow the examination of CT
104 by the DTE.

iii) For the duplex modem case, where CT 105 is not used, the starting signal is put on the line after
CT 107 is put ON. The DCE then puts ON CT 109 and CT 106 after a delay as specified in the
appropriate Series V Recommendation.

Note — There may be an interim period during which certain existing V.21 modems may not be able to
provide the silent period between the end of the answering tone and the application of the starting signal. In this
case, the use of a selective answering tone detector (see § 11 below) will be essential.

3.21  The DCE turns ON CT 204. The DTE then may turn OFF CT 202 without disconnecting the call.

Note 1 — After event 3.19, both CT 202 and CT 108/2 must be turned OFF to disconnect. The ON of
CT 205 is an indication to DTE disconnect.

Note 2 — Where CT 105 or CT 120 is not implemented, the timing of CT 106 or CT 121 shall be related
to CT 107 and CT 109 respectively.

4 Interface procedure at called data station
Event

4.1 Ringing received on line. DCE puts CT 125 ON.
4.2 a) If CT 108/2 is ON, DCE goes “off hook™.

b) If CT 108/1 or CT 108/2 is OFF, the DCE waits for CT 108/1 or CT 108/2 to come ON, and then
goes “off hook”. If CT 108/1 or CT 108/2 does not turn ON, then the call is not answered.

4.3 The DCE goes “off hook”, maintains silence on the line for a period between 1.8 and 2.5 seconds, then
transmits 2100Hz ¥ for a period, as shown in Figure 2/V.25.

4.4 At the end of the 2100-Hz transmission, the DCE puts CT 107 ON after a silent period of 75 £ 20 ms
(s§e/E1g{re 2/V.25).

i) ~1f CT 105 is ON, the DCE transmits the starting signal. After its delay as specified in the appropriate
Series V Recommendation, the DCE puts CT 106 ON. The DTE can then transmit data.

i) If CT 105 is OFF, the DCE receives the starting signal and after its delay as specified in the
appropriate Series V Recommendation, puts CT 109 ON in expectation of receiving data.

i) As § 3.20 iii).

5 Proposed line procedures

The line procedures outlined consider the half-duplex case of the Series V Recommendations modems. For
reasons of simplicity, the same timing of line signals will be used for duplex modems (including modems with
backward channel). :

Systems which operate in the half-duplex mode and which employ automatic calling equipment shall
determine by prearrangement which of the two data stations — calling or answering — shall first transmit to the
other upon the establishment of the data connection. As indicated in § 3 above, the DTE at the data station which
is to transmit first must put CT 105 ON, at the appropriate point in the call establishment sequence. For correct
operation, it is necessary that the longer response times of CT 106 and CT 109 as specified in the appropriate
Series V Recommendation are used during call establishment.

¥ The 2100-Hz tolerance will be + 15Hz in accordance with Recommendation G.164 [2].
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Figure 2/V.25 shows the timings of line signals when automatic calling and automatic answering are
employed. The sequence of operation is as follows:

After the DCE has dialled the digits of the directory number for the automatic answering data station,
followed by the EON character, the DCE sends the calling tone to the answering data station. The calling tone
consists of a series of interrupted bursts of binary 1 signal or 1300Hz ON for a duration of not less than
0.5 second and not more than 0.7 second and OFF for a duration of not less than 1.5 second and not more 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 CT 108 are ON), it
sends a continuous 2100-Hz answering tone for a duration of not less than 2.6 seconds and not more than
4.0 seconds.

The answering tone propagates towards the calling data station and, during the course of one or two
interruptions between bursts of calling tone, causes any echo suppressors in the circuit to disable. The answering
tone is recognized by the calling data station for a period of between 0.45 and 0.60 second after its arrival. The
calling data station terminates the calling tone burst sequence and recognizes the end of the answering tone for a
period of 75 = 20 ms after its arrival at the calling data station. At the end of this delay, the DCE puts CT 107
ON. Similarly, the answering data station delays for a period of 75 + 20 ms after terminating the answering tone
before putting CT 107 ON.

To keep the echo suppressors disabled, it is necessary to ensure that following the 75 + 20 ms silent
period after the transmission of the 2100-Hz answering tone from the called data station, which serves to disable
the echo suppressor during the silent period in the calling tone, energy is maintained as specified in Recommenda-
tion G.164 [2].

The DCE at the data station at which CT 105 has been turned ON (by prearrangement) commences to
send the starting signal. Data communication can commence after CT 106 is put ON at that data station.

During the automatic calling and answering procedures, the echo suppressors will be disabled. If signal
gaps exceed 100 ms at any time, e.g. during modem turn-around, they may become re-enabled.

6 Manual data station calling automatic answering data station

The procedure for establishment of a call from a manual data station to an automatic answering data
station is similar to that from an automatic calling data station, except that no tone is transmitted from the calling
data station until the called data station has answered. The manual operator dials the required number, hears
2100Hz returned from the automatic answering data station and then presses his data button to connect the data
circuit-terminating equipment to the line during the period that 2100Hz is being received. CT 107 comes ON at
the time specified in event 3.20.

Satisfactory disabling of echo suppressors by the answering tone, however, will require that no speech
signals from the microphone at the calling data station enter the telecommunications circuit for a period of at
least 400 ms during the receipt of answering tone. This may be accomplished by a handset switch or other
appropriate means.

7 Automatic calling data station calling manual data station

An operator answering a call from an automatic calling equipment hears an interrupted calling tone of 0.5
to 0.7 second ON and 1.5 to 2.0 seconds OFF. The data button must be depressed to connect the modem to line.
A period of about 2.6 to 4.0 seconds of 2100-Hz tone is transmitted to the calling data station to disable echo
suppressors and notify the calling data station that the connection is being established. This sequence is followed
by data transmission, 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 manually operated data stations, can
obviously be used for disabling echo suppressors when manual switching from voice conversation to data is
required, which is the preferred principle of operation. Considering the type of DCE designed to be used in
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conjunction with manual connection set-up, it will be necessary to equip the DCE with a 2100-Hz answering tone
generator. To avoid modifying existing equipment at the data station which receives the answering tone, the
following procedure may replace the operation principle of § 6 above. The manual operator operates his data key
after the end of the 2100-Hz answering tone. The data station which is to transmit the answering tone is to be
agreed between the operators while still in the voice mode.

Care must be exercised in cases of half-duplex modems where transmission of data is started from the data
station which transmits the answering tone, to avoid mutilation of the initial data.

Note — Where disabling of echo sﬁppressors is not required in the half-duplex modem case, the 2100-Hz
answering tone need not be transmitted. However, the delay between CT 105 to CT 106 ON conditions should be
longer than 100 ms in consideration of the echo suppressor suppression hangover time.

9 Protection of ordinary telephone users

As both automatic calling and automatic answering data stations transmit tones to line during call
establishment, a normal telephone user who becomes inadvertently connected to one will receive tone signals for a
period of 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, means should be provided to allow the operator to select between
automatic and manual answering of calls. If a call is manually answered, voice mode shall be established.
Subsequent switching to the data mode shall be performed by the procedure as specified in § 7 above.

Selection of manual or automatic answering of subsequent calls shall be possible after entering the data
mode. As an option, automatic answering may be arranged for all subsequent incoming calls. In this case, manual
answering may still be achieved by keeping CT 108/2 OFF to cause an audible signal to occur at the telephone
instrument.

The DCE shall be disconnected from the line whenever CT 108/1 or CT 108/2 is turned OFF, irrespective
of the means employed in establishing the connection.

Procedures for switching to the voice mode between data transmission within the same call shall ensure
that CT 107 is turned OFF 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
interrupted calling tone, the detector should be inhibited during the ON periods of the calling tone.

Additionally, in cases where automatic calling equipment is used to set up the call, the 2100-Hz detector
must not respond to spurious tones which may arise from speech or service signals during call establishment. It is
suggested that the answering tone detection be prevented when the 2100-Hz signal is accompanied by any other
signal of comparable level within the ranges 350Hz to 1800Hz and 2500Hz to 3400Hz.

Note — The relative inhibiting signal levels recommended for the echo suppressor disabling tone detector
of Recommendation G.164 [2] are a useful guide for 2100-Hz tone detector inhibiting levels.

References

[1 CCITT Definition: Terminal installation for data transmission, Vol. X, Fascicle X.1 (Terms and Defini-
tions).

2] CCITT Recommendation Echo suppressors, Vol. 111, Fascicle 111.1, Rec. G.164.
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Recommendation V.26

2400 BITS PER SECOND MODEM STANDARDIZED FOR USE ON 4-WIRE
LEASED TELEPHONE-TYPE CIRCUITS

(Mar del Plata, 1968; amended at Geneva, 1972, 1976 and 1980)

On leased circuits, considering that there exist and will come into being many modems with features
designed to meet the requirements of the Administrations and users, this Recommendation in no way restricts the
use of any other modems.

1 The principal characteristics for this recommended modem for transmitting data at 2400 bits per second on
4-wire leased point-to-point and multipoint circuits conforming to Recommendation M.1020 [1] are as follows:

a) it is capable of operating in a full-duplex mode;
b) four-phase modulation with synchronous mode of operation;

¢) inclusion of a backward (supervisory) channel at modulation rates up to 75 bauds in each direction of
transmission, the use of these channels being optional.

2 Line signals

2.1 The carrier frequency is to be 1800 = 1 Hz. No separate pilot frequencies are provided. The power levels
used will conform to Recommendation V.2.

2.2 Division of power between the forward and backward channels

If simultaneous transmission of the forward and backward channels occurs in the same direction, a
backward channel shall be 6 dB lower in power level than the data channel.

2.3 The data stream to be transmitted is divided into pairs of consecutive bits (dibits). Each dibit is encoded as
a phase change relative to the phase of the immediately preceding signal element. At the receiver the dibits are
decoded and the bits are reassembled in correct order. Two alternative arrangements of coding are listed in
Table 1/V.26. The left-hand digit of the dibit is the one occurring first in the data stream.

TABLE 1/V.26

_Phase change (see Note)
Dibit
Alternative A Alternative B
00 0° +45°
01 +90° +135°
11 +180° +225°
10 +270° +315°

Note — 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.

The meaning of phase change for alternatives A and B is illustrated by the line signal diagram in
Figure 1/V.26.

2.4 Synchronizing signal
For the whole duration of the interval between the OFF to ON transitions of circuits 105 and 106, the line

signal shall be that corresponding to the continuous transmission of dibit 11. This shall be known as the
synchronizing signal.
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FIGURE 1/V.26

Note — Owing to several causes, the stability of timing recovery at the receiver is liable to be data-pattern
sensitive. The presence of dibit 11 provides a stabilizing influence irrespective of the cause of lack of stability.
Users are advised to include sufficient binary 1s in the data which will ensure that the dibit 11 will occur
frequently. In certain cases, the use of a scrambling method may also facilitate timing recovery problems.
However, prior agreement is required between users of a circuit.

3 Data signalling and modulation rates
The data signalling rate shall be 2400 bits per second + 0.01%, i.e. the modulation rate is
1200 bauds = 0.01%.

4 Received signal frequency tolerance

Noting that the carrier frequency tolerance allowance at the transmitter is. £ 1 Hz and assuming a
maximum frequency drift of £ 6 Hz in the connection between the modems, then the receiver must be able to
accept errors of at least + 7 Hz in the received frequencies.

5 Backward channel

The modulation rate, characteristic frequencies, tolerances, etc., to be as recommended for backward
channel in Recommendation V.23.

6 Interchange circuits
6.1 List of interchange circuits concerned (see Table 2/V.26)
6.2 Threshold and response times of circuit 109

A fall in level of the incoming line signal to —31 dBm or lower for more than 10 + 5 ms will cause
circuit 109 to be turned OFF. An increase in level to —26 dBm or higher will, within 10.+ 5 ms, turn this circuit
ON. The condition of 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 OFF to ON transition occurs
is at least 2 dB greater than that for the ON to OFF transition. These values shall be measured when the
synchronizing signal as defined in § 2.4 above is being transmitted. It should be noted that the aforementioned
times relate only to the defined function of circuit 109 and do not necessarily include the time for the modem to
achieve bit synchronism.

Note — The signal levels specified above shall apply unless completion of Recommendation M.1020 [1]
indicates otherwise.
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TABLE 2/V.26

Forward (data) channel
Interchange circuit half-duplex or full-duplex
(see Note 1)
No. Designation Without backward With backward
channel channel
102 Signal ground Or COMMON TELUTN . ... ovvnt i eniaeannnenn.. X X
102a DTE COMMON TELUIT . . ottt tte e et et ie et iie e ee e ieeernnns X X
(see Note 2)
102b DCE cOMMmMON TELUIN .. vttt ettt e et iie e eie e eiieeanns X X
(see Note 2)

103 Transmitteddata ........... ... ... it X X
104 Receiveddata ........... .o X X
105 Requesttosend ...........c..oiiiinnininii i, X X
106 Readyforsending...........c.couiruiininniiiiiinnn.. X X
107 Datasetready .. ......oiuniiii i s X X
108/1 Connectdatasettoline ...............oviiiiiiiiniiiinnn., X X
109 Data channel received line signal detector ...................... X X

113 Transmitter signal element timing
(DTE SOUICE) . . o .ottt ittt et e e e et et cie i i X X

114 Transmitter signal element timing
(DCE SOUICE) . « v v ettt tteee ettt ieee et iiieeaan e X X

115 Receiver signal element timing

(DCE SOUICE) . « v v vttt ettt ettt e e et ie e ie e eieens X X
118 Transmitted backward channeldata .......................... - X
119 Received backward channeldata .................... P - X
120 Transmit backward channel linesignal ........................ - X
121 Backwardchannelready ........... ... .. ... i, - X
122 Backward channel received line signal detector.................. - X

Note I — 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).

Note 2 — Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10

are used.

6.3 Response times of 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)

< 2ms

Circuit 121

OFF to ON 80 ms to 160 ms
ON to OFF < 2ms
Circuit 122

OFF to ON < 80 ms
ON to OFF 15 ms to 80 ms

Note 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.

Note 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 of circuit 122

— greater than —34 dBm: circuit 122 ON
— less than —39 dBm: circuit 122 OFF

The condition of circuit 122 for levels between —34 dBm and —39 dBm is not specified except that the
signal detector shall exhibit a hysteresis action such that the level at which the OFF to ON transition occurs is at
least 2 dB greater than that for the ON to OFF transition.

6.5 Fault condition of interchange ciruits

(See Recommendations V.10, § 11 and V.11, § 9 and V.28, § 7 for association of the receiver failure
detection types.)

6.5.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

6.5.2 The DCE should interpret a fault condition on circuits 105 and 108 as an° OFF condition using failure
detection type 1.

6.5.3  All other circuits not referred to above may use failure detection types 0 or 1.

7 Timing arrangements

Clocks should be included in the modem to provide the data terminal equipment with transmitter signal
element timing, circuit 114 and receiver signal element timing, circuit 115. Alternatively, the transmitter signal
element timing may be originated in the data terminal equipment instead of in the data circuit-terminating
equipment and be transferred to the modem via circuit 113.

8 Electrical characteristics of interchange circuits

8.1 Use of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector pin assignment plan specified by 1SO 2110 [2].

8.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by 1SO 4902 [3].

i)  Concerning circuits 103, 104, 105 (where used), 106, 107, 108, 109, 113, 114 and 115, the receivers
shall be in accordance with Recommendation V.11 or alternatively Recommendation V.10, Category 1.
Either V.10 or V.11 generators may be utilized.

ii) In the case of circuits 118, 119, 120, 121 and 122, Recommendation V.10 applies with receivers
configured as specified by Recommendation V.10 for Category 2.

iii) It is preferred that backward channel circuits appear on a separate connector and comprise circuits
118, 119, 120, 121, 122 (Category 2) and 102, 102a and 102b.

iv) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation to
V.28 equipment rests solely with the alternative V.10/V.11 equipment.

Note — Manufacturers may wish to note that the long —term objective is to replace electrical characteris-
tics specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop
a more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 8.2 above
utilizing the V.11 electrical characteristics.

9 The following information is provided to assist equipment manufacturers:

The data modem should have no adjustment for send level or receive sensitivity under the control of the
operator.
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Recommendation V.26 bis

2400/1200 BITS PER SECOND MODEM STANDARDIZED FOR USE IN THE
GENERAL SWITCHED TELEPHONE NETWORK

(Geneva, 1972 ; amended at Geneva, 1976 and 1980)

The CCITT,

considering

(a) that there is a demand for data transmission at 2400 bit/s over the general switched telephone
network;

(b) that a majority of connections over the general switched telephone network within some countries are
capable of carrying data at 2400 bit/s;

(¢) that a much lower proportion of international connections in the general switched telephone service
are capable of carrying data at 2400 bit/s;

unanimously declares the view

(1) that transmission at 2400 bit/s should be allowed on the general switched telephone network. Reliable
transmission cannot be guaranteed on every connection or routing and tests should be made between the most
probable terminal points before a service is provided.

The CCITT expects that developments during the next few years in modern technology will bring about
modems of more advanced design enabling reliable transmission to be given on a much higher proportion of
connections.

Note — The provisions of this Recommendation are to be regarded as provisional in order to provide
service where it is urgently required and between locations where it is expected that a reasonably satisfactory
service can be given. The study of improved methods of transmission at 2400 bits/s or above over the general
switched telephone network will be urgently continued with the aim of recommending a method of transmission
which will enable a more reliable service to be given over a high proportion of the connections encountered in
normal service.

(2) that the characteristics of the modems for this service shall provisionally be the following:

1 Principal characteristics

a) Use of a data signalling rate of 2400 bit/s with carrier frequency, modulation and coding according to
Recommendation V.26, Alternative B (see Note below) on the communication channel. Administra-
tions and users should note that the performance of this modem on international connections may not
always be suitable for this service without prior testing and conditioning if required.

b) Reduced rate capability at 1200 bit/s.

¢) Inclusion of a backward channel at modulation rates up to 75 bauds, use of this channel being
optional.

Note — Attention is drawn to the fact that there are some old-type modems currently in operation for
which the coding method in accordance with Recommendation V.26, Alternative A, is used.
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2 Line signals at 2400 and 1200 bit/s

2.1 The carrier frequency is to be 1800 = 1 Hz. No separate pilot frequencies are provided. The power levels
used will conform to Recommendation V.2.

2.2 Phase distortion limits

The transmitted line signal spectrum should have linear phase characteristics (to be obtained by means of
filters or equalizers or digital means). The deviation of the phase distortion characteristic should not exceed the

limits specified in Figure 1/V.26 bis.
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FIGURE 1/V.26 bis
Tolerance limit for phase distortion of the signal transmitted to the line
2.3 Division of power between forward and backward channels

Equal division of power between the forward and backward channels is recommended provisionally.

2.4 Operation at 2400 bit/s

2.4.1  The data stream to be transmitted is divided into pairs of consecutive bits (dibits). Each dibit is encoded as
a phase change relative to the phase of the immediately preceding signal element (see Table 1/V.26 bis). At the
receiver the dibits are decoded and the bits are reassembled in correct order. The left-hand digit of the dibit is the

one occurring first in the data stream.

The meaning of 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 of the interval between the OFF to ON transitions of circuits 105 or 107 and 106,
the line signal shall be that corresponding to the continuous transmission of dibit 11. This shall be known as the
synchronizing signal (see § 5.2.2 below).
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TABLE 1/V.26 bis

Dibit Phase change (see Note)
00 +45°
01 +135°
11 +225°
10 +315°

Note — 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‘ ‘
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FIGURE 2/V.26 bis

Note — Owing to several ‘causes the stability of timing recovery at the receiver is liable to be data-pattern
sensitive. The presence of dibit 11 provides a stabilizing influence irrespective of the cause of lack of stability.
Users are advised to include sufficient binary s in the data which will ensure that the dibit 11 will occur
frequently.

2.4.3  Data signalling and modulation rates

The data signalling rate shall be 2400 bit/s = 0.01%, i.e. the modulation rate is 1200 bauds + 0.01%.

2.5 Operation at 1200 bit/s

'

2.5.1 Coding and modulation used are 2-phase differential modulation with binary 0 for +90° and binary 1 for
+270°.

2.5.2 The data signalling rate shall be 1200 bit/s + 0.01%, the modulation rate remains at 1200 bauds + 0.01%.

3 Received signal frequency tolerance
Noting that the carrier frequency tolerance allowance at the transmitter is = 1 Hz and assuming a

maximum frequency drift of + 6 Hz in the connection between the modems, then the receiver must be able to
accept errors of at least = 7 Hz in the received frequencies.

4 Backward channel

4.1 Modulation rate and characteristic frequencies for the backward channel

The modulation rate and characteristic frequencies for the backward channel are as follows:

F, Fy

(symbol 1, (symbol 0,

mark) space)
Modulation rate up to 75 bauds 390 Hz 450 Hz

In the absence of any signal on the backward channel interface, the condition Z signal is to be
transmitted.
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4.2 Tolerances on the characteristic frequencies of the backward channel

As the backward channel is a VF telegraph-type channel, the frequency tolerances should be as
recommended in Recommendation R.35 [1] for frequency-shift voice-frequency telegraphy.

The = 6 Hz frequency drift in the connection between the modems postulated in § 3 above would produce
additional distortion in the backward channel. This should be taken into account in the design.

5 Interchange circuits

5.1 List of essential interchange circuits

The list of interchange circuits essential for the modems when used on the general switched telephone
network, including terminals equipped for manual calling or answering or automatic calling or answering is given
in Table 2/V.26 bis.

5.2 Response times of circuits 106, 109, 121 and 122 (see Table 3/V.26 bis).

5.2.1 Circuit 109 response times are the times that elapse between the connection. or removal of the test
synchronizing signal to or from the modem receive line terminals and the appearance of the corresponding ON
and OFF condition on circuit 109.

The level of the test synchronizing signal should fall within the level range between 3 dB above the actual
OFF to ON threshold of the received line signal detector and the maximum admissible level of the received signal.
At all levels within this range, the measured response times shall be within the specified limits.

5.2.2 Circuit 106 response times are from the connection to an ON or OFF condition on:
— circuit 105 to the appearance of the corresponding ON or OFF condition on circuit 106; or

— circuit 107 (where circuit 105 is not required to initiate the synchronizing signal) to the appearance of
the corresponding ON or OFF condition on circuit 106.

5.3 Threshold of data channel and backward channel received line signal detectors

Level of received line signal at receive line terminals of modem for all types of connections, i.e. general
switched telephone network or non-switched leased telephone circuits:

— greater than —43 dBm: circuits 109/122 ON

— less than —48 dBm: circuits 109/122 OFF

The condition of 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 OFF to ON transition
occurs is at least 2 dB greater than that for the ON to OFF transition.

Where transmission conditions are known and allowed, it may be desirable at the time of modem
installation to change these response levels of the received line signal detector to less sensitive values (e.g.
—33 dBm and —38 dBm respectively).

5.4 Clamping in half-duplex mode

The DCE, when operating in half-duplex mode on a 2-wire line, shall hold, where implemented:

a) circuit 104 in the binary 1 condition and circuit 109 in the OFF condition when circuit 05 is in the
ON condition and, where required to protect circuit 104 from false signals, for a period of 150 + 25
ms following the ON to OFF transition on circuit 105; the use of this additional delay is optional,
based on system considerations;
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TABLE 2/V.26 bis

Forward (data)
Forward (data) channel channel
Interchange circuit one-way system either-way
(see Note 1) 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 commonreturn ............. X X X X X X
102a DTE commonreturn .............c.ooveuun... X X X X X
(see Note 2)
102b DCEcommonreturn .........c.ooovuuneunnn.. X X X X X
(see Note 2)
103 Transmitteddata .......................... X X X X
104 Receiveddata ..............ccoiveiviennnn. X X X X
105 Requesttosend............................ X X X X
106 Readyforsending.......................... X X X X
107 Datasetready ................ciiiiiinn...
108/1 or Connect datasettoline .....................
108/2 Dataterminalready ........................
(see Note 3)
109 Data channel received line signal detector ...... 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 channeldata ............. X X
120 Transmit backward channel line signal ........ ’ X
121 Backward channelready .................... X X
122 Backward channel received line signal detector X X
125 Callingindicator ...............coiiienn... X X X X - X X

Note 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).

Note 2 — Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10

are used.

Note 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.26 bis

Response times

Circuit 106

OFF to ON 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)

ON to OFF < 2ms

Circuit 109

OFF to ON 300 ms to 700 ms (see Note 1) 5 ms to 15 ms (see Note 1)

ON to OFF S ms to 15 ms

Circuit 121 )

OFF to ON 80 ms to 160 ms

ON to OFF ’ < 2ms

Circuit 122

OFF to ON ) < 80 ms

ON to OFF 15 ms to 80 ms

Note 1 — For automatic calling and answering, the longer response times of circuits 106 and 109 are to be used during call
establishment only.

Note 2 — The choice of response times depends upon the system application: a) limited protection given against line echoes;
b) protection given against line echaes.

Note 3 — The above parameters and procedures, particularly in the case of automatic calling and answering are provisional
and are the subject of 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 binary 1 condition and circuit 122 in the OFF condition when circuit 120 is in the
ON condition and, where required to protect circuit 119 from false signals, for a time interval
following the ON to OFF transition on circuit 120. The specific duration of this time interval is left
for further study. The additional delay is optional, based on system considerations.

5.5 Fault condition of interchange circuits

(See Recommendations V.10, § 11 and V.11, § 9 and V.28, § 7 for association of the receiver failure
detection types.)

5.5.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1. ’

5.5.2 The DCE should intepret a fault condition on circuits 105 and 108 as an OFF 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 terminal equipment with transmitter signal
element timing, circuit 114 and receiver signal element timing, circuit 115. Alternatively, the transmitter signal
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element timing may be originated in the data terminal equipment instead of in the data circuit-terminating
equipment and be transferred to the modem via circuit 113.

7 Electrical characteristics of interchange circuits

71 Use of electrical characteristics conforming to Recommendations V.28 is recommended together with the
connector pin assignment plan specified by ISO 2110 [2].

7.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by 1SO 4902 [3].

i) Concerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in
accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1. Either V.10
or V.11 generators may be utilized.

i) In the case of circuits 111, 118, 119, 120, 121, 122 and 125, Recommendation V.10 applies with
receivers configured as specified by Recommendation V.10 for category 2.

iii) It is preferred that backward channel circuits appear on a separate connector and comprise circuits
118, 119, 120, 121, 122 (category 2) and 102, 102a and 102b.

iv) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation to
V.28 equipment rests solely with the alternative V.10/V.11 equipment.

Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 7.2 above
utilizing the V.11 electrical characteristics.

8 The following information is provided to assist equipment manufacturers:

The data modem should have no adjustment for send level or receive sensitivity under the control of the
operator.

9 It will be for the user to decide whether, in view of the connections he makes with this system, he will
have to request that the data circuit-terminating equipment be equipped with facilities for disabling echo
suppressors. The international characteristics of the echo suppressor tone disabler have been standardized by the
CCITT (Recommendation G.164 [4]) and the disabling tone should have the following characteristics:

— disabling tone transmitted: 2100 = 15 Hz at a level of —12 = 6 dBm0,

— the disabling tone to last at least 400 ms, the tone disabler should hold in the disabled mode for any
single-frequency sinusoid in the band from 390-700 Hz having a level of —27 dBm0 or greater, and
from 700-3000 Hz having a level of —31 dBmO or greater. The tone disabler should release for any
signal in the band from 200-3400 Hz having a level of —36 dBmO or less,

— the tolerable interruptions by the data signal to last not more than 100 ms.

10 Fixed compromise equalizer

A fixed compromise equalizer shall be incorporated into the receiver. The characteristics of this equalizer
may be selected by Administrations but this should be the matter for further study.

References

M CCITT Recommendation Standardization of FMVFT systems for a modulation rate of 50 bauds, Vol. V1],
Fascicle VII.1, Rec. R.35.

[2] Data communication — 25-pin DTE/DCE interface connector and pin assignments, 1SO Standard 2110-1980.

{31 Data communication — 37-pin and 9-pin DTE/DCE interface connectors and pin assignments, 1SO Standard
4902-1980.

[4] CCITT Recommendation Echo suppressors, Vol. 111, Fascicle 111.1, Rec. G.164.
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Recommendation V.27

4800 BITS PER SECOND MODEM WITH MANUAL EQUALIZER
STANDARDIZED FOR USE ON LEASED TELEPHONE-TYPE CIRCUITS

(Geneva, 1972; amended at Geneva. 1976 and 1980)

1 Introduction
This modem is intended to be used primarily on Recommendation M.1020 [1] circuits but this does not
preclude the use of this modem over circuits of lower quality at the discretion of the Administration concerned.

On leased circuits, considering that there exist and will come into being many modems with features
designed to meet the requirements of the Administrations and users, this Recommendation in no way restricts the
use of any other modems.

The principal characteristics for this recommended modem for transmitting data at 4800 bits per second on
leased circuits are as follows:

a) it is capable of operating in a full-duplex mode or half-duplex mode;
b) differential eight-phase modulation with synchronous mode of operation;

¢) possibility of a backward (supervisory) channel at modulation rates up to 75 bauds in each direction
of transmission, the use of these channels being optional;

d) inclusion of a manually adjustable equalizer.

2 Line signals

2.1 The carrier frequency is to be 1800 + 1 Hz. No separate pilot frequencies are provided. The power levels
used will conform to Recommendation V.2.

2.2 Division of power between the forward and backward channels

If simultaneous transmission of the forward and backward channels occurs in the same direction, a
backward channel should be 6 dB lower in power level than the forward (data) channel.

23 The data stream to be transmitted is divided into groups of three consecutive bits (tribits). Each tribit is
encoded as a phase change relative to the phase of the immediately preceding signal element (see Table 1/V.27).
At the receiver the tribits are decoded and the bits are reassembled in correct order. The left-hand digit of the
tribit is the one occurring first in the data stream as it enters the modulator portion of the modem after the
scrambler.

TABLE 1/V.27

Tribit values Pl(lsa:: ri:]}(l)a:;l)ge
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°

Note — 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.
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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 modulation rate is
1600 bauds + 0.01%.

4 Received signal frequency tolerance
The carrier frequency tolerance allowance at the transmitter is + 1 Hz and assuming a maximum

frequency drift of = 6 Hz in the connection between the modems, then the receiver must be able to accept errors
of at least = 7 Hz in the received frequencies.

5 Backward channel

The modulation rate, characteristic frequencies, tolerances, etc. to be as recommended for backward
channel in Recommendation V.23. This does not preclude the use of a higher speed backward channel with

operational capability of 75 bauds or higher, bearing the same characteristic frequencies as the V.23 backward
channel.

6 Interchange circuits

6.1 List of essentialﬁﬁfe?&zange circuits (see Table 2/V.27)

TABLE 2/V.27

Forward (data) channel
Interchange circuit half-duplex or full-duplex
(see Note 1)
. . Without backward With backward
No. Designation channel channel
102 Signal ground Or COMMONTELUIN . ....\vtvunninneniennnennnnn. X X
102a DTE COMMONTELUIN . v\ vt vvteeteeie et tneeeaneenenenas X X
(see Note 2)
102b DCE COMMON TELUITE . ottt te e ittee it e eeeinereeaneenenannns X X
(see Note 2) .
103 Transmitteddata ..........c.ouiriiiiiiiii i i X X
104 Receiveddata .............cccoiiiiiinnn. e X X
105 Requesttosend ........ ..ot X X
(see Note 3)
106 Readyforsending.............cooiiiiiiiiiiiiiieneennn.. X X
107 Dataset TeadY . ..o vt ee ettt e e e X X
108/1 Connectdatasettoline ..........covueiiiiniiinneeeneennnnn, X X
109 Data channel received line signal detector ...................... X X
113 Transmitter signal element timing
(DTE SOUICE) . . ..ot te e eee et e e eia et X X
114 Transmitter signal element timing
(DCE SOUICE) . . .ttt i iee e ittt iine i eeiiaeaennenann X X
115 Receiver signal element timing i
(DCESOUICE). . .t vetietee e ttiiinen et iiiiiiaaeeineaennnnn X X
118 Transmitted backward channeldata .......................... X
119 Received backward channeldata ............................. X
120 Transmit backward channel linesignal ........................ X
121 Backwardchannelready ............ciuiinnneeniinnnnnn. X
122 Backward channel received line signal detector. . ................ X

Note 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).

Note 2 — Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10
are used.

Note 3 — No essential for 4-wire full-duplex continuous carrier operation.
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6.2 Threshold and response times of circuit 109

A fall in level of the incoming line signal to —31 dBm or lower for more than 10 = 5 ms will cause
circuit 109 to be turned OFF. 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 of the delay for slow operation depends upon the application. Delays within the range of b) may
be provided for 4-wire full-duplex continuous carrier operation. '

6.3 Response time for circuit 106

The time between the OFF to ON transition of circuit 105 and the OFF to ON transition of circuit 106
shall be optionally 20 £ 3 ms or 50 £ 20 ms.

6.4 Clamping in half-duplex mode

The DCE, when operating in half-duplex mode on a 2-wire line shall hold, where implemented:

a) circuit 104 in the binary 1 condition and circuit 109 in the OFF 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 following the ON to OFF transition on circuit 105; the use of this additional delay is
optional, based on system considerations;

b) circuit 119 in the binary 1 condition and circuit 122 in the OFF condition when circuit 120 is in the
ON condition and, where required to protect circuit 119 from false signals, for a time interval
following the ON to OFF transition on circuit 120. The specific duration of this time interval is left
for further study. The additional delay is optional, based on system considerations.

6.5 Fault condition of interchange circuits
(See Recommendations V.10. § 11 and V.11, § 9 and V.28, § 7 for association of the receiver failure
detection types.)

6.5.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

6.5.2 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF condition using failure
detection type 1.

6.5.3  All other circuits not referred to above may use failure detection type 0 or 1.
6.6 Electrical characteristics of interchange circuits

6.6.1 Use of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector pin assignment plan specified by ISO 2110 [2].

6.6.2  Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by ISO 4902 [3].

i) Concerning circuits 103, 104, 105 (where used), 106, 107, 108, 109, 113, 114 and 115, the receivers
shall be in accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1.
Either V.10 or V.11 generators may be utilized.

it) In the case of circuits 118, 119, 120, 121 and 122, Recommendation V.10 applies with receivers
configured as specified by Recommendation V.10 for category 2.

iti) It is preferred that backward channel circuits appear on a separate connector and comprise
circuits 118, 119, 120, 121, 122 (category 2) and 102, 102a and 102b.

iv) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation
to V.28 equipment rests solely with the alternative V.10/V.11 equipment.
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Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 6.6.2 above
utilizing the V.11 electrical characteristics. :

7 Timing arrangements

Clocks should be included in the modem to provide the data terminal equipment with transmitter signal
element timing, circuit 114 and receiver signal element timing, circuit 115. Alternatively, the transmitter signal
element timing may be originated in the data terminal equipment and be transferred to the modem via circuit 113.

8 Synchronizing signal

During the interval between the OFF to ON transition of circuit 105 and the OFF to ON transition of
circuit 106, synchronizing signals for properly conditioning the receiving modem must be generated by the
transmitting modem. These signals are defined as:

a) signals to establish basic demodulator requirements;
b) signals to establish scrambler synchronization.

The actual composition of the synchronization signals is continuous 180 degrees phase reversals on line for
9 £ 1 ms followed by continuous 1Is at the input to the transmit scrambler for b). Condition b) shall be sustamed
until the OFF to ON transition of circuit 106.

9 Line signal characteristics

A 50% raised cosine energy spectrum shaping is equally divided between the receiver and transmitter.

10 Scrambler

A self-synchronizing scrambler/descrambler having the generating polynomial:
14+ x4+ x77

with additional guards against repeating patterns of 1, 2, 3, 4, 6, 9 and 12 bits, shall be included in the modem.
Appendix I shows a suitable logical arrangement.

At the transmitter the scrambler shall effectively divide the message polynomial, of which the input data
sequence represents the coefficients in descending order, by the scrambler generating polynomial, to generate the
transmitted sequence, and at the receiver the received polynomial, of which the received data sequence represents
the coefficients in descending order, shall be multiplied by the scrambler generating polynomial to recover the
message sequence.

The detailed scrambling and descrambling processes are described in Appendix 1.

11 Equalizer

A manually adjustable equalizer with the capability of compensating for the amplitude and group delay
distortion within the limits of Recommendation M.1020 [1] shall be provided in the receiver. The transmitter shall
be able to send an equalization pattern while the receiver shall incorporate a means of indicating correct
adjustment of the equalizer controls. The equalizer pattern is generated by applying continuous 1s to the input of
the transmitter scrambler defined above.

12 Alternative equalization and scrambler techniques

This Recommendation does not preclude the use of alternative equalization techniques, for example
manually adjustable transmit equalizers for use in multipoint polled networks and for point-to-point networks
with an unattended location.

These techniques, and their incorporation in the modem, and a new scrambler, should be the subject of
further study.

Note — For modems with automatic adaptive equalizers, see Recommendation V.27 bis.
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13 The following information is provided to assist equipment manufacturers:

— the data modem should have no adjustment for send level or receive sensitivity under the control of
the operator;

— no fall-back rate has been included because the convenient rate would be 3200 bit/s, not a permitted
rate;

— circuit 108/2 has not been included in the list of interchange circuits because it was considered that
the modem would not be suitable for switched network use until an automatic equalizer had been
recommended.

APPENDIX 1

(to Recommendation V.27)

Detailed scrambling and descrambling processes

I.1 Scrambling

The message polynomial is divided by the generating polynomial 1 + x~® + x~7. (See Figure 1-1/V.27)
The coefficients of the quotient of this division are taken in descending order from the data sequence to be
transmitted.

The transmitted bit sequence is continuously searched over a span of 45 bits for sequences of the form

=% ax
p(x)= 2z ax

where

ag=1or0and a;=aj4 ¢ Oraj+ g

If such a sequence occurs, the bit immediately following the sequence is inverted before transmission.

D, @ x! x! x! x! x! x! Os .x" x!
Dgx7
D, n Dyx6 + Dyx7 +
Dy = D, +Dsx8 + Dy x7? CCITT-43620

D; = 0, (1+x6¢x7)

FIGURE 1-1/V.27

1.2 Descrambling

At the receiver the incoming bit sequence is continuously searched over a span of 45 bits for sequences of
the form p(x). If such a sequence occurs, the bit immediately following the sequence is inverted. The polynomial
represented by the resultant sequence is then multiplied by the generating polynomial 1 + x=° + x~7 to form the
recovered message polynomial. The coefficients of the recovered polynomial, taken in descending order, form the
output data sequence.
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1.3 Elements of scrambling process

The factor 1 + x~% + x~7 randomizes the transmitted data over a sequence length of 127 bits.

: The equality a; = a,, in the guard polynomial p(x) prevents repeated patterns of 1, 3 and 9 bits from
occurring for more than 42 successive bits.

The equality a; = a,,, in p(x) prevents repeated patterns of 2, 4, 6 and 12 bits from occurring for more
than 45 successive bits.

1.4 Figure 1-2/V.27 is given as an indication only, since with another technique this logical arrangement might
take another form.

Descramble l

—O bit 0 Shift register
bit6 bit7 bit9 bit 12

Data output €¢—— Scramble

Data input >———J

Invert one
data bit
J Q
K @
@ Reset [7‘1
| LS
Symbois Truth tables
3
sl albsl]s2fs3
g ) SR I
. tjogrjtrio ta H '”.‘
h:!):>—sz t t11folals ]
- "
a i—x a— ojoprjofo K.3|%"?
a2t JU UL

CCITT-43630

Note 1 — @ represents the clock signal. The negative going transition is the active transition.

Note 2 — There is a delay time, due to physical circuits, between a negative going transition of @ and the end of the “0” state
represented by f7 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.

Note 3 — The same voltage convention is used for data signals and logical circuits in the diagram.

FIGURE 1-2/V.27

An example of scrambler and descrambler circuitry
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Recommendation V.27 bis

4800/2400 BITS PER SECOND MODEM WITH AUTOMATIC EQUALIZER
STANDARDIZED FOR USE ON LEASED TELEPHONE-TYPE CIRCUITS

(Geneva, 1976 ; amended at Geneva, 1980)

Introduction

This modem is intended to be used over any general leased circuits not necessarily conforming to
Recommendation M.1020 [1]. A provision for a fast start-up sequence is made to allow the use of this modem for
multipoint polling applications if the circuits used conform to Recommendation M.1020.

On leased circuits, considering that there exist and will come into being many modems with features
designed to meet the requirements of the Administrations and users, this Recommendation in no way restricts the
use of any other modems. This Recommendation does not eliminate the need for manually equalized modems
according to Recommendation V.27 or application of other automatically equalized 4800 bits per second modems.

* The provisions of this Recommendation are to be regarded as provisional in order to provide service
where it is urgently required and between locations where it is expected that a reasonably satisfactory service can
be given.

1 Principal characteristics

The principal characteristics for this recommended modem are very similar to the characteristics of a
modem conforming to Recommendation V.27 with the exception of the equalizer used and these characteristics are
as follows:

a) operates in a full-duplex or half-duplex mode over 4-wire leased circuits or in a half-duplex mode
over 2-wire leased circuits;

b) at 4800 bits per second operation, modulation is 8-phase differentially encoded as described in
Recommendation V.27,

¢) reduced rate capability at 2400 bits per second with 4-phase differentially encoded modulation scheme
as described in Recommendation V.26, Alternative A;

d) possibility of a backward (supervisory) channel at modulation rates up to 75 bauds in each direction
of transmission, the provision and the use of these channels being optional;

e) inclusion of an automatic adaptive equalizer with a specific start-up sequence for Recommenda-
tion M.1020 [1] lines and an alternate start-up sequence for much 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 power levels used
will conform to Recommendation V.2.

2.1.1  Spectrum at 4800 bits per second
A 50% raised cosine energy spectrum shaping is equally divided between the receiver and transmitter. 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.

2.1.2  Spectrum at 2400 bits per second
A minimum of 50% raised cosine energy spectrum shaping is equally divided between the receiver and

transmitter. The energy density at 1200 Hz and 2400 Hz shall be attenuated 3.0 dB = 2.0 dB with respect to the
maximum energy density between 1200 Hz and 2400 Hz.
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2.2 Division of power between the forward and backward channel
If simultaneous transmission of the forward and backward channels occurs in the same direction, a

backward channel should be 6 dB lower in power level than the forward (data) channel.

23 Operation at 4800 bits per second

2.3.1 Data signalling and modulation rate

The data signalling rate shall be 4800 bits per second = 0.01%, i.e. the modulation rate is
1600 bauds + 0.01%.

2.3.2  Encoding data bits

The data stream to be transmitted is divided into groups of three consecutive bits (tribits). Each tribit is
encoded as a phase change relative to the phase of the preceding signal element (see Table 1/V.27 bis). At the
receiver, the tribits are decoded and the bits are reassembled in correct order. The left-hand digit of the tribit is the
one occurring first in the data stream as it enters the modulator portion of the modem after the scrambler.

TABLE 1/V.27 bis

Tribit values Pl(lsaesee I?::g)ge
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°

Note — 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.

24 Operation at 2400 bits per second

2.4.1  Data signalling and modulation rate

The data signalling rate shall be 2400 bits per second x 0.01%, i.e. the modulation rate is
1200 bauds + 0.01%.

2.4.2  Encoding data bits

At 2400 bits per second the data stream is divided into groups of two bits (dibits). Each dibit is encoded as
a phase change relative to the phase of the immediately preceding signal element (see Table 2/V.27 bis). At the
receiver, the dibits are decoded and reassembled in the correct order. The left-hand digit of the dibit is the one
occurring first in the data stream as it enters the modulator portion of the modem after the scrambler.

2.5 Operating sequences

251  “Turn-ON’ sequence

During the interval between the OFF to ON transition of circuit 105 and the OFF to ON transition of
circuit 106, synchronizing signals for proper conditioning of the receiving modem must be generated by the
transmitting modem. These are signals to establish carrier detection, AGC if required, timing synchronization,
equalizer convergence and descrambler synchronization.
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TABLE 2/V.27 bis

Dibit
values Phase change (see Note)
00 0°
01 90°
11 180°
10 270°

Note — 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.

Two sequences are defined, i.e.:
a) a short one for 4-wire circuits conforming to Recommendation M.1020 [1] operation,

b) a long one for 4-wire circuits which are much worse than Recommendation 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.217bis

Segment 1 Segment 2 Segment 3 Total of Segments 1, 2 and 3
0°-180° Total “Turn-ON”
Continuous 2-phase Continuous sequence time
Type of line signal 180° phase equalizer scrambled
reversals conditioning ONEs
pattern 4800 bit/s 2400 bit/s
‘Number of symbol a) 14 SI a) 588SI ‘ 8 sl a) 50 ms a) 67 ms
intervals (SI) @ b) 50 SI b) 1074 SI b) 708 ms b) 943 ms

) SI = symbol intervals. The durations of Segments 1, 2 and 3 are expressed in number ‘of symbol intervals, these numbers being
the same in fallback operation.

2.5.1.1 The composition of Segment 1 is continuous 180° phase reversals on line for 14 symbol intervals in the
case of sequence a), for 30 symbol intervals in the case of sequence b).

2.5.1.2 Segment 2 is composed of an equalizer conditioning pattern which is derived from a pseudo-random
sequence generated by the polynomial:

1+ x76 4+ x77

2.5.1.2.1 For operation at 4800 bit/s the equalizer conditioning pattern is derived by using every third bit of the
pseudo-random sequence defined in § 2.5.1.2. When the derived pattern contains a ZERO, 0° phase change is
transmitted; when it contains a ONE, 180° phase change is transmitted. 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 of
sequence a) and for 1074 symbol intervals in the case of sequence b). An example of the detailed sequence
generation is described in Appendix I.

2.5.1.2.2 On leased circuits, considering that there exist modems which comply with § 2.5.1.2.1 at 4800 bit/s, but
which differ in their “Turn-ON” sequences at 2400 bit/s, the following 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.

138 Fascicle VIII.1 — Rec. V.27 bis



ii)

In the second alternative, the equalizer conditioning pattern is derived by using every second bit of

the pseudo-random pattern defined in § 2.5.1.2. When the derived sequence contains a ZERO,
0° phase change is transmitted; when it contains a ONE, 180° phase change is transmitted. Segment 2

begins with 0°,

180°, 0°

, 180°, 180°, 0°, 180°,

. according to the derived pattern and continues for

58 symbol intervals in the case of sequence a) and for 1074 symbol intervals in the case of

sequence b).

2.5.1.3 Segment 3 commences transmission according to the encoding described in §§ 2.3 and 2.4 above with
continuous data ONEs applied to the input of the data scrambler. Segment 3 is 8 symbol intervals. At the end of
Segment 3, circuit 106 is turned ON and user data are applied to the input of the data scrambler.

2.5.1.4 The phase change sequences for Segments 2 and 3 for 4800 bit/s and 2400 bit/s are shown in Table 4/

V.27 bis.
TABLE 4/V.27bis
Data speed Segment 2 Segment 3
4800 bit/s Phase change 0°  180° 180° 180° 180° 180° 0° ............ 180° 180° 0° 0° | 270° 225° 315° 90° 45° 45° 180° 180°
PRSP 011 101 101 100 100 101 001............ 110 100 010 001 100 110 101 010 000 000 111 111
2400 bit/s Phase change 0°  130° 180° 180° 180° 180° 0° ............ 180° 180° 0° 0° | 270° 90° 270° 270° 270° 270° 0° 0°
alternative 1) PRS® o011 10t 101 100 100 101 001............ 110 100 010 001 10 01 10 10 10 10 00 00
2400 bit/s Phase change 0°  180° 0°  180° 180° 0° 180°...180° 0° 180° 180° 180° 0° | 0° 90° 90° 180° 270° 0°  180° 270°
alternative ii) PRSY o1 11 01 10 11 00 10 ...10 00 10 10 11 00 00 01 01 11 10 00 11 10
Duration +————— 58 or 1074 symbol intervals 8 symbol intervals ————

(Beginning and ending PRS and symbol sequences are
the same for both durations)

2.5.2

3 For a description of how the alternative sequences for Segments 2 and 3 may be generated, refer to the Note at the end of Appendix I.

b PRS is the pseudo-random sequence defined in § 2.5.1.2. The underlined bits determine the phase changes.

“Turn-OFF” sequence

The line signal emitted after the ON to OFF transition of circuit 105 is divided into two segments as
shown in Table 5/V.27 bis.

TABLE 5/V.27 bis

Segment A Segment B

Total of Segments
A and B

Type of line signal

Remaining data
followed by continuous
scrambled ONEs

No transmitted
energy

Total
“Turn-OFF” time

Duration

5to 10 ms 20 ms

25 to 30 ms

If an OFF to ON transition of circuit 105 occurs during the Turn-OFF sequence, it will not be taken into
account until the end of the Turn-OFF sequence.
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In addition, in the case of half-duplex operation on two wires, if circuit 105 goes ON during the reception
of the Segment A of the Turn-OFF sequence, optionally the transmission of the Turn-ON sequence shall be
started within a time period of less than 20 ms after the ehd of reception of Segment A.

3 Received signal frequency tolerance

Noting that the carrier frequency tolerance allowance of the transmitter is *+ 1 Hz and assuming a
maximum drift of + 6 Hz in the connection between the modems, then the receiver must be able to accept errors
of at least + 7 Hz in the received frequencies.

4 Backward channel

The modulation rate, characteristic frequencies, tolerances, etc. to be as recommended for the backward

channel in Recommendation V.23. This does not preclude the use of a higher speed backward channel with

operational capability of 75 bauds or higher, bearing the same characteristic frequencies as the V.23 backward
channel.

5 Interchange circuits

5.1 List of essential interchange circuits (Table 6/V.27 bis)

TABLE 6/V.27 bis

Forward (data) channel
Interchange circuit half-duplex or full-duplex
(see Note 1)
No. Designation Without backward With backward
channel channel
102 Signal ground or cOMmMON TEtUIN .. ...ovvienneinrnenenennenns X . X
102a DTE COMMONTELUIN . ...ttt tin et iin e eeeenennnns X X
(see Note 2)
102b DCE COMMON TELUIN . vttt ettt iiee e ee e e iieeiaeeanennnnns X X
(see Note 2)
103 Transmitteddata ......... ... ... i X X
104 Receiveddata ........ ... ittt X X
105 Requesttosend ...........iitiiiimiiiiie e eiiiaanneenn X X
106 Readyforsending........ ..ottt iriiiniiiiniiinnnenn. X X
107 Dataset ready . .. ..ottt e e X X
108/1 Connectdatasettoline .............ccoiiiiiieieinnneenn. X X
109 Data channel received line signal detector ...................... X X
111 Data signal rate selector (DTEsource) ...........cuveeunvenn... X X
113 Transmitter signal element timing
(DTE SOUICE) . . .ottt et e e ee e eae e X X
114 Transmitter signal element timing
(DCE SOUICE) . . .ottt ittt it e e X X
115 Receiver signal element timing
(DCE SOUICE) . . .ttt e ettt tiee ittt ie e iie e eneeannn X X
118 Transmitted backward channeldata .......................... X
119 Received backward channeldata ............................. X
120 Transmit backward channel linesignal ........................ X
121 Backwardchannelready .............. ... . ... i .. X
122 Backward channel received line signal detector .. ................ X

Note 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).

Note 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 of circuits 106, 109, 121 and 122 (Table 7/V.27 bis)

TABLE 7/V.27bis

Response times

Circuit 106 4800 bits per second 2400 bits per second

OFF to ON a) 50 ms a) 67 ms
b) 708 ms b) 944 ms

ON to OFF < 2ms

Circuit 109

OFF to ON See § 5.2.1

ON to OFF 5to 15 ms

Circuit 121

OFF to ON 80 to 160 ms

ON to OFF < 2ms

Circuit 122

OFF to ON < 80 ms

ON to OFF 15 to 80 ms

Note — a) and b) refer to sequence a) and sequence b) as defined in § 2.5.1.

5.2.1 Circuit 109

Circuit 109 must turn ON after synchronizing is completed and prior to user data appearing

circuit 104.

5.2.2  Circuit 106

on

Circuit 106 response times are from the connection of an ON or OFF condition on circuit 105 to the
appearance of the corresponding ON or OFF condition on circuit 106.

5.3 Threshold of data channel and backward channel received line signal detectors

Levels of received line signal at receiver line terminals:

—  For use over ordinary quality leased circuits (ref. Recommendation M.1040 [2])

Thresh‘old for circuits 109/122:

greater than —43 dBm: OFF to ON

less than —48 dBm: ON to OFF
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—  For use over special quality leased circuits (ref. Recommendation M.1020 [1])
Threshold for circuit 109:
—  greater than —26 dBm: OFF to ON
— less than —31 dBm: ON to OFF
Threshold for circuit 122:
—  greater than —34 dBm: OFF to ON
—  less than —39 dBm: ON to OFF

The condition of 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 OFF to ON transition occurs is at
least 2 dB greater than that for the ON to OFF transition.

5.4 Clamping in half-duplex mode

The DCE, when operating in half-duplex mode on a 2-wire line, shall hold, where implemented:

a) circuit 104 in the binary 1 condition and circuit 109 in the OFF 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 following the ON to OFF transition on circuit 105; the use of this additional delay is optional,
based on system considerations;

b) circuit 119 in the binary 1 condition and circuit 122 in the OFF condition when circuit 120 is in the
ON condition and, where required to protect circuit 119 from false signals, for a time interval
following the ON to OFF transition on circuit 120. The specific duration of this time interval is left
for further study. The additional delay is optional, based on system considerations.

5.5 Fault condition of interchange circuits
(See Recommendations V.10, § 11 and V.11, § 9 and V.28, § 7 for association of the receiver failure
detection types.)

5.5.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

5.5.2 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF 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 Electrical characteristics of interchange circuits

6.1 Use of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector pin assignment plan specified by ISO 2110 {3].

6.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by ISO 4902 [4].

i)  Concerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in
accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1. Either V.10
or V.11 generators may be utilized.

ii) In the case of circuits 111, 118, 119, 120, 121 and 122, Recommendation V.10 applies with receivers
configured as specified by Recommendation V.10 for category 2.

iti) It is preferred that backward channel circuits appear on a separate connector and comprise
circuits 118, 119, 120, 121, 122 (category 2) and 102, 102a and 102b. )

iv) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation to
V.28 equipment rests solely with the alternative V.10/V.11 equipment.
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Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 6.2 above
utilizing the V.11 electrical characteristics.

7 Timing arrangement

Clocks should be included in the modem to provide the data terminal equipment with transmitter element
timing, circuit 114 and receiver signal element timing, circuit 115. The transmitter element timing may be
originated in the data terminal equipment and be transferred to the modem via circuit 113.

8 Scrambler

A self-synchronizing scrambler/descrambler having the generating polynomial:
T+ x4+ x77

with additional guards against repeating patterns of 1, 2, 3, 4, 6, 8, 9 and 12 bits, shall be included in this modem.
In Appendix I, Figure 1-2/V.27 bis shows a suitable logical arrangement (see Note). The scrambler/descrambler is
the same as that in Recommendation V.27 with the addition of circuitry to guard against repeating patterns of
8 bits.

Note — Figures 1-1/V.27 bis and 1-2/V.27 bis in Appendix I are given as an indication only, since with
another technique these logical arrangements might take another form.

At the transmitter the scrambler shall effectively divide the message polynomial, of which the input data
sequence represents the coefficients in descending order, by the scrambler generating polynomial to generate the
transmitted sequence, and at the receiver the received polynomial, of which the received data sequence represents
the coefficients in descending order, shall be multiplied by the scrambler generating polynomial to recover the
message sequence.

9 Equalizer

An automatic adaptive equalizer shall be provided in the receiver. The receiver shall incorporate a means
of detecting loss of equalization and be able to recover equalization from the normal data-modulated received line
signal without initiating a new synchronizing signal from the distant transmitter.

10 Options

Since this modem is equipped with an automatic adaptive equalizer, and can operate on 2-wire lines,
operation over the general switched network is possible. Thus, in the event of failure of the leased line, the general
switched network may serve as a stand-by facility.

Options can be added to this modem in order to allow the use of the general switched network when the
leased line fails. These options can also be added for use on 2-wire leased lines where echo protection is required.

Additional information for these options can be found in Recommendation V.27 ter.

11 The following information is provided to assist equipment manufacturers:

The data modem should have no adjustment for send level or receive sensitivity under the control of the
operator.

At 4800 bits per second operation, the transmitter energy spectrum shall be shaped in such a way that
when continuous data ONEs are applied to the input of the scrambler, the resulting transmitted spectrum shall
have a substantially linear phase characteristic over the band of 1100 Hz to 2500 Hz.

At 2400 bits per second operation, the transmitter energy spectrum shall be shaped in such a way that
when continuous data ONEs are applied to the input of the scrambler, the resulting transmitted spectrum shall
have a substantially linear phase characteristic over the band of 1300 Hz to 2300 Hz.
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APPENDIX 1

(to Recommendation V.27 bis)

A two phase equalizer training generator for 4800 bit/s

Rapid convergence for the equalizer with the least amount of circuitry is more readily accomplished by
sending only an in-phase or out-of-phase carrier during training. This implies that the only tribits sent to the
modulator will be 001 (0° phase) or 111 (180° phase). Refer to Figure 1-1/V.27 bis for circuitry to generate the
sequence and Figure 1-3/V.27 bis for timing the sequence.

Let T1 be a timing 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 of T1.

During T1 select the input to the scrambler, during T2 select the first stage of the scrambler. During the
period when T2 is high, C forces the output high. This may be accomplished by circuitry shown in Figure 1-2/
V.27 bis.

If T1 is forced continually high and T2 is forced continually low, normal operation is restored.

In order to ensure consistent training, the same pattern should always be sent. To accomplish this, the data
input to the scrambler should be in mark hold during the training, and the first seven stages of the scrambler
should be loaded with 0011110 (right-hand-most first in time) on the first coincidence on T1 and the signal that
will cause the mute should be removed from the transmitter output. [Generally this signal will be. Request To Send
(RTS)]. .

This particular starting point was chosen in order to ensure a pattern that has continuous 180° phase
reversals at the beginning in'order to ensure rapid clock acquisition, followed by a pattern that will ensure rapid
equalizer convergence.

Within eight symbol intervals prior to the ON condition of Ready For Sending (RFS), the scrambler
should be switched to normal operation, keeping the scrambler in mark hold until RFS, to synchronize the
descrambler.

Note - At 2400 bits per second, a similar technique may be used with appropriate cliocking changes, as
shown in Table 1-1/V.27 bis.

TABLE 1-1/V.27 bis

Segment 2 Segment 3
i) 3600 Hz 2400 Hz
Clock @
ii) 2400 Hz 2400 Hz
i) 1200 Hz 1200 Hz
Clock (M)
ii) 1200 Hz 1200 Hz
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Long equalize

Short equalize

o e O P
®

RTS

Sequencer

RFS

T2

Scrambled i
data out ( ‘LC n

Load
enable

Parallel load

(o — — — — — — — — —— —— e — s — — | — ] c— | ——— | —— ] —— —e— —— —

Shift register
(V.27 data out) - _ — »| Bit Bits Bits

1 6 7 8 9 12

Data input {data mark = true) | _G(‘—G(;

CCITT-26745
Note 1 — The dotted line encloses the V.27 scrambler.

Note 2 — Shaded rectangle is for guarding against 8-bit repeating pattern.

Note 3 — @ is 3 times baud rate clock.

Note 4 — @ is baud rate clock (1600 Hz).

Note 5 — Diagrams shown with positive logic.

Note 6 — Signals @ and @ are identified only to correlate with Figure I-3/V.27 bis.

FIGURE I-1/V.27 bis

An example of sequence generator and scrambler circuitry for 4800 bit/s
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?

Bit 0 Shift register
Bits
6 7 8 9 12

) J a
—ol +32 L—O -2 O
K Q@
Reset t

Data out —€¢—

Data in e (—___

. Invert one
data bit

CCITT-28380

Symbols

a

=
alb|st{s2|s3|ss

3 s2 a—{s Q}— I

b 1joftr{ofo th bty

t 1|1flo]of1]o

a - Jaa

b:Dv-s3ina-— o{ofr]|ofofr .3/9"3
[ERE EEEREEER]

Note 1 — Shaded rectangle is for guarding against 8-bit repeating pattern.
Note 2 — @ represents clock signal. The negative going transition is the active transition.

Note 3 — There is a delay time due to physical circuits between a negative going transition of @ and the end of the “0” state
represented by fy7 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 bis

An example of descrambler circuitry
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Bit rate clock @ -'IJ_U—I_I—U—‘_ o o o o _I_U_L.’_U— ¢ o o o
Baud rate clock ® _r_—l J—I l_[ [_1 ﬁ.:d—-l___r

Tribit frame l I l I (d l

m I PR
© L 1]

Release
Preset v
Load enable and hold >
Sync. signal Continuous 180° Scrambler Scrambled
sequence i phase reversals A Two phase . | A | user data
I’ K Ed
RTS l
RFS ]
=
® . T
CCITT-28390
FIGURE 1-3/V.27bis
Synchronizing signal sequence for 4800 bit/s (see Figure I-1/V.27 bis)
'
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Recommendation V.27 rer

4800/2400 BITS PER SECOND MODEM STANDARDIZED
FOR USE IN THE GENERAL SWITCHED TELEPHONE NETWORK

(Geneva, 1976; amended at Geneva, 1980)

The CCITT,

considering
(a) that there is a demand for data transmission at 4800 bits per second over the general switched
telephone network;

(b) that a majority of connections over the general switched telephone network within some countries are
capable of carrying data at 4800 bits per second;

(c) that a lower proportion of international connections in the general switched telephone network are
capable of carrying data at 4800 bits per second;

(d) that other international connections in the general switched telephone network may still support
operations at 2400 bits per second using a built-in fallback capability;

unanimously declares the view

that transmission at 4800 bits per second should be allowed on the general switched telephone network.
Reliable transmission cannot be guaranteed on every connection or routing and tests should be made between the
most probable terminal points before a service is provided. The CCITT expects that developments during the next
few years in modern technology will bring about modems of more advanced design enabling reliable transmission
to be given on a much higher proportion of connections. The provisions of this Recommendation are to be
regarded as provisional in order 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 of the modem for transmission at 4800 bits per second over the general switched
telephone network shall provisionally be the following:

1 Principal characteristics

a) Use of data signalling rate of 4800 bits per second with 8-phase differentially encoded modulation as
described in Recommendation V.27.

b) Reduced rate capability at 2400 bits per second with 4-phase differentially encoded modulation as
described in Recommendation V.26, Alternative A.

c) Provision for a backward channel at modulation rates up to 75 bauds, use of this channel being
optional.

d) Inclusion of an automatic 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. No separate pilot tones are provided. The power levels used
will conform to Recommendation 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 transmitter.

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 minimum of 50% raised cosine energy spectrum shaping is equally divided between the receiver and
transmitter. The energy density at 1200 Hz and 2400 Hz shall be attenuated 3.0 dB + 2.0 dB with respect to the
maximum energy density between 1200 Hz and 2400 Hz.

22 Division of power between the forward and backward channel

Equal division between the forward and backward channels is recommended (if provided).

23 Operation at 4800 bits per second

2.3.1  Data signalling and modulation rate

The data signalling rate shall be 4800 bits per second = 0.01%, i.e. the modulation rate is
1600 bauds + 0.01%.

2.3.2  Encoding data bits

The data stream to be transmitted is divided into groups of three consecutive bits (tribits). Each tribit is
encoded as a phase change relative to the phase of the preceding signal element (see Table 1/V.27 ter). At the
receiver, the tribits are decoded and the bits are reassembled in correct order. The left-hand digit of the tribit is the
one occurring first in the data stream as it enters the modulator portion of the modem after the scrambler.

TABLE 1/V.27ter

s Phase change
Tribit values (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°
! 0 0 270°
1 0 1 315°

Note — 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.

24 Operation at 2400 bits per second

2.4.1  Data signalling and modulation rate

The data signalling rate shall be 2400 bits per second = 0.01% ie. the modulation rate is
1200 bauds + 0.01%.

2.4.2  Encoding data bits

At 2400 bits per second the data stream is divided into groups of two bits (dibits). Each dibit is encoded as
a phase change relative to the phase of the immediately preceding signal element (see Table 2/V.27 ter). At the
receiver, the dibits are decoded and reassembled in the correct order. The left-hand digit of the dibit is the one
occurring first in the data stream as it enters the modulator portion of the modem after the scrambler.
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TABLE 2/V.27 ter

Dibit Phase change (see Note)
values

00 : 0°

01 : 90°

11 180°

10 270°

Note — 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-ON sequence

During the interval between the OFF to ON transition of circuit 105 and the OFF to ON transition of
circuit 106, synchronizing signals for proper conditioning of the receiving modem must be generated by the
transmitting modem. These are signals to establish carrier detect, AGC if required, timing synchronization,
equalizer convergence and descrambler synchronization.

The synchronizing signals are defined in two separate sequences with the long sequence used once at the
beginning of the established connection and the short sequence used for subsequent turn-around in which the
equalizer training pattern is used to update and refine equalizer convergence.

Two sequences are defined, i.e.:
a) a short one for turn-around operation,
b) a longer one for initial establishment of connection.

The sequence b) is only used after the first OFF to ON transition of circuit 105 following the OFF to ON
transition of circuit 107, or at the OFF to ON transition of circuit 107 if the circuit 105 is already ON After every
subsequent OFF to ON transition of circuit 105, the sequence a) is used.

The sequences, for both data rates, are divided into five segments as in Table 3/V.27 rer.
LY

2.5.1.1 The composition of Segment 3 is continuous 180° phase reversals on line for 14 symbol intervals in the
case of sequence a), for 50 symbol intervals in the case of sequence b).

2.5.1.2 Segment 4 is composed of an equalizer conditioning pattern which is derived from a pseudo-random
sequence generated by the polynomial:

1+ x76 4+ x7

For operation at both 4800 bit/s and 2400 bit/s, the equalizer conditioning pattern is derived by using
every third bit of the pseudo-random sequence defined by the polynomial. When the derived pattern contains
a ZERO, 0° phase change is transmitted; when it contains a ONE, 180° phase change is transmitted. 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 of sequence a) and for 1074 symbol intervals in the case of sequence b). An example of the
detailed sequence generation is described in Appendix 1.

2.5.1.3 Segment 5 commences transmission according to the encoding described in §§ 2.3 and 2.4 above with
continuous data ONEs applied to the input of the data scrambler. Segment 5 is 8 symbol intervals. At the end of
Segment 5, circuit 106 is turned ON and user data are applied to the input of the data scrambler.

2.5.1.4 The phase change sequences for Segments 4 and 5 for 4800 bit/s and 2400 bit/s are shown in Table 4/
V.27 ter.
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TABLE 3/V.27ter

! Total of Segments

Segment 1 Segment 2 Segment 3 Segment 4 Segment 5 1,2,3,4and 5

0°- 180° Nominal total
. - No trans- Continuous 2-phase Continuous | “Turn-ON”’ sequence time

Type of line Unmodulated | “piteq 180° phase | equalizer | scrambled
& energy reversals® | conditioning ONEs
pattern 4800 bit/s 2400 bit/s
Protection 185 ms 20 ms a) 14 SI a) 58SI a) 265 ms a) 281 ms
against to to 8 SI

talker echo 200 ms 25 ms b) 50 SI b) 1074 SI b) 923 ms b) 1158 ms
Without any a) 14 SI a) 58SI a) 50 ms a) 66 ms
protection 0 ms 0 ms b) S0SI | b) 1074 SI 8 SI b) 708 ms | b) 943 ms

SI = symbol intervals. The durations of Segments 3, 4 and 5 are expressed in number of symbol intervals, these numbers being
the same in the fallback operation.

TABLE 4/V.27ter ?

Data speed Segment 4 Segment 5

4800 bit/s Phase change 0°  180° 180° 180° 180° 180° 0° ............ 180° 180° 0° 0° | 270° 225° 315° 90° 45° 45° 180° 180°
PRSP 011 101 101 100 100 101 001............ 110 100 010 001 100 110 101 010 000 000 111 111

2400 bit/s Phase change 0°  180° 180° 180° 180° 180° 0° ............ 180° 180° 0° 0° | 270° 90° 270° 270° 270° 270° 0° 0°
PRSY 01l 101 101 100 100 101 001............ 110 100 010 001 10 01 10 10 10 10 00 00
Duration «~—— 58 or 1074 symbol intervals 8 symbol intervals —

(Beginning and ending PRS. and symbol sequences are
the same for both lengths.)

a) For a description of how the alternative sequences for Segments 4 and 5 may be generated, refer to the Note at the end of Appendix I.

b) PRS is the pseudo-random sequence defined in § 2.5.1.2. The underlined bits determine the phase changes.

252

Turn-OFF sequence

The line signal emitted after the ON to OFF transition of circuit 105 is divided into two segments as in

Table 5/V.27 ter.

TABLE 5/V.27ter

Segment A Segment B

Total
Turn-OFF time

Type of line signals

Remaining data
followed by continuous
scrambied ONEs

No transmitted
energy

Total of Segments A and B

With or without protection

against talker echo

5 to 10 ms 20 ms

25 to 30 ms
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If an OFF to ON transition of circuit 105 occurs during the Turn-OFF sequence, it will not be taken into
account until the end of the Turn-OFF sequence.

In addition, if circuit 105 goes ON during the reception of the Segment A of the Turn-OFF sequence,
optionally the transmission of the Turn-ON sequence shall be started within a time period of less than 20 ms after
the end of reception of Segment A.

3 Received signal frequency tolerance

Noting that the carrier frequency tolerance allowance of the transmitter is * 1 Hz and assuming a
maximum drift of + 6 Hz in the connection between the modems, then the receiver must be able to accept errors
of at least + 7 Hz in the received frequencies.

4 Backward channel

The modulation rate, characteristic frequencies, tolerances, etc. to be as recommended for backward
channel in Recommendation V.23. This does not preclude the use of a higher speed backward channel with
operational capability of 75 bauds or higher, bearing the same characteristic frequencies as the V.23 backward
channel.

5 Interchange circuits

5.1 List of interchange circuits

Interchange circuits essential for the modem when used on the general switched telephone network,
including terminals equipped for manual calling or automatic calling or answering are as in Table 6/V.27 ter.

5.2 Response times of circuits 106, 109, 121 and 122 (see Tables 7/V.27 ter and 8/V.27 ter)

5.2.1  Circuit 109

Circuit 109 must turn ON after synchronizing is completed and prior to user data appearing on
circuit 104. Circuit 109 is prevented from turning ON during reception of unmodulated carrier when the optional
protection against talker, echo is used.

5.2.2  Circuit 106

Circuit 106 response times are from the connection of an ON or OFF condition on:
—  circuit 105 to the appearance of the corresponding ON or OFF condition on circuit 106; or,

— circuit 107 (where circuit 105 is already ON) to the appearance of the corresponding ON or OFF
condition on circuit 106.

53 Threshold of data channel and backward channel received line signal detectors

Level of received line signal at the receive line terminals of the modem for all types of connections, i.e. the
general switched telephone network or non-switched 2-wire leased telephone circuits:

— greater than —43 dBm: circuits 109/122 ON

— less than —48 dBm: circuits 109/122 OFF

The condition of 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 OFF to ON transition
occurs is at least 2 dB greater than that for the ON to OFF transition.

Where transmission conditions are known and allowed, it may be desirable at the time of modem
installation to change these response levels of 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

Forward (data)
Forward (data) channel channel
Interchange circuit one-way system either-way
(see Note 1) 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 ..........coveeeunnnn.. X X X X X
(see Note 2)
102b DCEcommonreturn ...........ooveuunnnn.. X X X
(see Note 2)
103 Transmitteddata .......................... X X X
104 Receiveddata ................. ... ... ... X X X X
105 Requesttosend ............coviiiiiiinnnn.. X X X X
106 Readyforsending.......................... X X X X
107 Datasetready .............c.ccoiiiiernnn...
108/1 or Connect datasettoline .....................
108/2 Data terminalready ........................
(see Note 3)
109 Data channel received line signal detector . .. ... X X
111 Data signalling rate selector (DTE source). . .... 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
115 Receiver signal element timing (DCE source) X X X X
118 Transmitted backward channel data .......... X X
119 Received backward channeldata ............. X X
120 Transmit backward channel line signal ........ X
121 Backward channelready .................... X X
122 Backward channel received line signal detector X X
125 Callingindicator . ................ ...t X X X X X X

Note I — 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).

Note 2 — Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10

are used.

Note 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 7/V.27ter

Response times for operation at 4800 bits per second

Circuit 106 With protection against Without protection against
talker echo talker echo

OFF to ON a) 215 = 10 ms + 50 ms a) 50 ms
b) 215 + 10 ms + 708 ms b) 708 ms

ON to OFF < 2ms <L 2ms

Circuit 109

OFF to ON See § 5.2.1 See § 5.2.1

ON to OFF S5to 15 ms Sto 15 ms

Circuit 121

OFF to ON 80 to 160 ms 80 to 160 ms

ON to OFF < 2ms < 2ms

Circuit 122

OFF to ON < 80 ms < 80 ms

ON to OFF 15 to 80 ms 15 to 80 ms

TABLE 8/V.27ter

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 < 2ms < 2ms
Circuit 109
OFF to ON See § 5.2.1 See § 5.2.1
ON to OFF 5to 15 ms 5to 15 ms

Note 1 — a) and b) refer to sequence a) and sequence b) as defined to § 2.5.1.

Note 2 — The parameters and procedures, particularly in the case of automatic calling

the subject of further study.
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5.4 Clamping in half-duplex mode

The DCE, when operating in half-duplex mode on a 2-wire line, shall hold, where implemented:

a) circuit 104 in the binary 1 condition and circuit 109 in the OFF 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 following the ON to OFF transition on circuit 105; the use of this additional delay is optional,
based on system considerations;

b) circuit 119 in the binary 1 condition and circuit 122 in the OFF condition when circuit 120 is in the
ON condition and, where required to protect circuit 119 from false signals, for a time interval
following the ON to OFF transition on circuit 120. The specific duration of this time interval is left
for further study. The additional delay is optional, based on system considerations.

5.5 Fault condition of interchange circuits

(See Recommendations V.10, § 11 and V.11, § 9 and V.28,‘ § 7 for association of the receiver failure
detection types.)

5.5.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

5.52 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF 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 Electrical characteristics of interchange circuits

6.1 Use of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector pin assignment plan specified by ISO 2110 [1].

6.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by ISO 4902 [2).

i) Concerning circuits 103, 104, 105, 106, 107, 108, 109, 113, 114 and 115, the receivers shall be in
accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1. Either V.10
or V.11 generators may be utilized.

ii) In the case of circuits 111, 118, 119, 120, 121, 122 and 125, Recommendation V.10 applies with
receivers configured as specified by Recommendation V.10 for category 2.

iii) It is preferred that backward channel circuits appear on a separate connector and comprise circuits
118, 119, 120, 121, 122 (category 2) and 102, 102a and 102b.

iv) Interworking between equipment applying Recommendation V.10 and/or V.11 and equipment
applying Recommendation V.28 is allowed on a non-interference basis. The onus for adaptation to
V.28 equipment rests solely with the alternative V.10/V.11 equipment.

Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 6.2 above
utilizing the V.11 electrical characteristics.

7 Timing arrangement

Clocks should be included in the modem to provide the data terminal equipment with transmitter element
timing, circuit 114 and receiver signal element timing, circuit 115. The transmitter element timing may be
originated in the data terminal equipment and be transferred to the modem via circuit 113.

8 Equalizer

An automatic adaptive equalizer shall be provided in the receiver.
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9 Scrambler

A self—éynchronizing scrambler/descrambler having the generating polynomial:
1 + x ¢ 4+ x7

with  additional guards against repeating patterns of 1, 2, 3, 4, 6, 8, 9 and 12 bits, shall be included in this modem.
Figure 1-2/V.27 ter shows a suitable logical arrangement (see Note). The scrambler/descrambler is the same as that
in Recommendation V.27 with the addition of circuitry to guard against repeating patterns of 8 bits.

Note — Figures 1-1/V.27 ter and 1-2/V.27 ter are given as an indication only, since with another technique
these logical arrangements might take another form.

At the transmitter the scrambler shall effectively divide the message polynomial, of which the input data
sequence represents the coefficients in descending order, by the scrambler generating polynomial to generate the
transmitted sequence, and at the receiver the received polynomial, of which the received data sequence represents
the coefficients in descending order, shall be multiplied by the scrambler generating polynomial to recover the
message sequence.

10 It will be up to the user to decide whether, in view of the connection he makes with this system, he will
have to request that the data circuits-terminating equipment be equipped with facilities for disabling echo
suppressors. The international characteristics of the echo suppressor tone disabler have been standardized by the
CCITT (Recommendation G.164 [3]) and the disabling tone should have the following characteristics:

— disabling tone transmitted: 2100 £ 15 Hz at a level of —12 = 6 dBm0;

— the disabling tone to last at least 400 ms; the tone disabler should hold in the disabled mode for any
signal frequency sinusoid in the band from 390-700 Hz having a level of —27 dBm0 or greater, and
from the band 700-3000 Hz having a level of —31 dBmO or greater; the tone disabler should release
for any signal in the band from 200-3400 Hz having a level of —36 dBmO or less;

— the tolerable interruptions by the data signal to last not more than 100 ms.

11~ The following information is provided to assist equipment manufacturers:

The data modem should have no adjustment for send level or receive sensitivity under the control of the
operator.

At 4800 bits per second operation, the transmitter energy spectrum shall be shaped in such a way that
when continuous data ONEs are applied to the input of the scrambler, the resulting transmitted spectrum shall
have a substantially linear phase characteristic over the band of 1100 Hz to 2500 Hz.

At 2400 bits per second operation, the transmitter energy spectrum shall be shaped in such a way that
when continuous data ONEs are applied to the input of the scrambler, the resulting transmitted spectrum shall
have a substantially linear phase characteristic over the band of 1300 Hz to 2300 Hz.

APPENDIX 1

(to Recommendation V.27 ter)

A two-phase equalizer training generator for 4800 bit/s

Rapid convergence for the equalizer with the least amount of circuitry is more readily accomplished by
sending only an in-phase or out-of-phase carrier during training. This implies that the only tribits sent to the
modulator 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 1-3/V.27 ter for timing the sequence.
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Let T1 be a timing 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 of T1.

During T1, select the input to the scrambler, during T2 select the first stage of the scrambler. During the
period when T2 is high, C forces the output high. This may be accomplished by circuitry shown in Figure 1-2/
V.27 ter.

If T1 is forced continually high and T2 is forced continually low, normal operation is restored.

In order to ensure consistent training, the same pattern should always be sent. To accomplish this, the data
input to the scrambler should be in mark hold during the training, and the first seven stages of the scrambler
should be loaded with 0011110 (right-hand-most first in time) on the-first coincidence on T1 and the signal that
will cause the mute should be removed from the transmitter output. [Generally this signal will be Request To Send
(RTS)]

This particular starting point was chosen in order to ensure a pattern that has continuous 180° phase
reversals at the beginning in order to ensure rapid clock acquisition, followed by a pattern that will ensure rapid
equalizer convergence.

.

Within eight symbol intervals prior to the ON condition of Ready For Sending (RFS), the scrambler
should be switched to normal operation, keeping the scrambler in mark hold until RFS to synchronize the
descrambler.

Note — At 2400 bits per second, a similar technique may be used with appropriate clocking changes, as
shown in Table I-1/V.27 ter.

TABLE I-1/V.27ter

Segment 4 Segment 5
Clock (H) 3600 Hz 2400 Hz
Clock (M) 1200 Hz 1200 Hz
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Long equalize

Short equalize

S5 o et
D>

RTS
——»] Sequencer

RFS

<%

12

Scrambled l :
Tt
data out C_LC

| Load
enable Parallel load
0 0 1 1 1 1 0
r———-'—————-——‘———"——"——'—————'—-——————1
Shift register
(V.27 data out) — - — Bit ) Bits Bits
1 6 7 8 9 12

Data input (data mark = true) | l

»-
»

32 _1—0 12 —a

CCITT-26745

Note I — The dotted line encloses the V.27 scrambler.

Note 2 — Shaded rectangle is for guarding against 8-bit repeating pattern.

Note 3 — @ is 3 times baud rate clock.

Note 4 — @ is baud rate clock (1600 Hz).

Note 5 ~ Diagrams shown with positive logic.

Note 6 — Signals ©and©are identified only to correlate with Figure 1-3/V.27 ter.

FIGURE 1-1/V.27 ter

An example of sequence generator and scrambler circuitry for 4800 bit/s
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Bit 0

?

Shift register

CCITT-28380

Bits
Data out 4———& 6 7 8 S
Invert one
data bit
L——La J
—o 2 2 —al
K
Reset t
d
®
Symbols
a
a|b|lst|s2|s3|sé
2 s2 a—{ o}— JLI
b 1(ofj1j1(0f0 th ¢ the
t
a ' _ t{1fofof1]o s
b 3 34k af}— ojoff1|o]oj1 .5/%"2
oj1ff1 o]t

Note 1 — Shaded rectangle is for guarding against 8-bit repeating pattern.

Note 2 — @ represents clock signal. The negative going transition is the active transition.

FIGURE 1-2/V.27ter

An example of descrambler circuitry

Fascicle VIIIL.1
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Note 3 — There is a delay time due to physical circuits between a negative going transition of a @ and the end of the “0” state
represented by /g on the non-reset wire; therefore the first coinciderice between bit 0 and bit 8 or bit 9 or bit 12 is not taken into
account by the counter.
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swwecosk @ LML eee e LML, cee-
Baud rate clock @ I I I I I I I I i I I I

Tribit frame l I I I Jc l

T L L I
T2 ]'_—l___["_[
© I e B

Release
Preset v
Load enable and hold ————»]
Sync. signal Continuous 180° Scrambler Scrambled
sequence l phaji reversals A Two phase . A syne. Scramblec
I i § —C A

RTS B
RFS ’ J

@ | = L

CCITT-28390
FIGURE 1-3/V.27 ter
Synchronizing signal sequence for 4800 bit/s (see Figure I-1/V.27 ter)
References
(1] Data communication — 25-pin DTE/DCE interface connector and pin assignments, 1SO Standard 2110—
1980.
[2] Data communication — 37-pin and 9-pin DTE/DCE interface connectors and pin assignments, 1SO Standard
4902-1980.

(3] CCITT Recommendation Echo suppressors, Vol. 111, Fascicle I11.1, Rec. G.164.
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Recommendation V.28

ELECTRICAL CHARACTERISTICS FOR UNBALANCED
DOUBLE-CURRENT INTERCHANGE CIRCUITS

(Geneva, 1972 ; amended at Geneva, 1980)

1 Scope

The electrical characteristics specified in this Recommendation apply generally to interchange circuits
operating with data signalling rates below the limit of 20 000 bits per second.

2 Interchange equivalent circuit

Figure 1/V.28 shows the interchange equivalent circuit with the electrical parameters, which are defined
below. ' '

This equivalent circuit is independent of whether the generator is located in the data circuit-terminating
equipment and the load in the data terminal equipment or vice versa.

Interchange point
- Generator ,,L

|
Interchange circuit

L A SR

Load o

v

® o

Line of demarcation
1
[z}
s

T

Signal ground
or common return
(Circuit 102 or 201 ) CCITT-43641

Vo is the open-circuit generator voltage.

Ry is the total effective d.c. resistance associated with the generator, measured at the interchange point.
Cy 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.

Cy is the total effective capacitance associated with the load, measured at the interchange point.

R is the total effective d.c. resistance associated with the load, measured at the interchange point.

E; is the open-circuit load voltage (bias).

FIGURE 1/V.28

Interchange equivalent circuit

The impedance associated with the generator (load) includes any cable impedance on the generator (load)
side of the interchange point.

The equipment at both sides of the interface may implement generators as well as receivers in any
combination.

For data transmission applications, it is commonly accepted that the interface cabling is provided by the
DTE. This introduces the line of demarcation between the DTE plus cable and the DCE. This line is also called
the interchange point and is physically implemented in the form of a connector. The applications also require
interchange circuits in both directions. This leads to an illustration as shown in Figure 2/V.28.
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(Connector)

See Note 2

é .
|
! R
| L
(%) -l- l G

|
I
|
| 4
|
| Ro
|
|

ft !

@ | © (9
[
|
Signal! ground |
l g ~ - . I
] DTE plus cable l‘ DCE {
See Note 1 Line of See Note 1
demarcation

CCITT-43650

Note 1 — Signal ground may be further connected to external protective ground if national regulations require.

Note 2 — For c?a]ta 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 measuring the load impedance are shown in Figure 3/V.28.

The impedance on the load side of an interchange circuit shall have a d.c. resistance (R, ) neither less than
3000 ohms nor more than 7000 ohms. With an applied voltage (E,), 3 to 15 volts in magnitude, the measured
input current (/) shall be within the following limits:

Em iEL max.

T =
Ly max. ‘RL max., min.

The open-circuit load voltage (E; ) shall not exceed 2 volts.
Interchange point

Test set Load

[

Iroun Interchange circuit

lmax

I
©

t CCITT-43661
Common return

* Note — The internal resistance of the ammeter shall be much less than the load resistance (RL).

FIGURE 3/V.28

Equivalent test circuit
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The effective shunt capacitance (C,) of the load, measured at the interchange point, shall not exceed
2500 picofarads.

To avoid inducing voltage surges on interchange circuits the reactive component of the load impedance
shall not be inductive.

Note — This is subject to further study.

The load on an interchange circuit shall not prejudice continuous operation with any input signals within
the voltage limits specified in § 4. below.

4 Generator

The generator on an interchange circuit shall withstand an open circuit and a short circuit between itself
and any other interchange circuit (including generators and loads) without sustaining damage to itself or its
associated equipment.

The open circuit generator voltage (¥;) on any interchange circuit shall not exceed 25 volts in magnitude.
The impedance (R, and () on the generator side of an interchange circuit is not specified; however, the
combination of ¥, and R, shall be selected so that a short circuit between any two interchange circuits shall not
result in any case in a current in excess of one-half ampere.

Additionally, when the load open-circuit voltage (E,) is zero, the voltage (V;) at the interchange point
shall not be less than 5 volts and not more than 15 volts in magnitude (either positive or negative polarity), for
any load resistance (R, ) in the range between 3000 ohms and 7000 ohms.

The effective shunt capacitance () at the generator side of an interchange circuit is not specified.
However, in addition to any load resistance (R, ) the generator shall be capable of driving all of the capacitance
at the generator side (), plus a load capacitance (C, ) of 2500 picofarads.

Note — Relay or switch contacts may be used to generate signals on an interchange circuit, with
appropriate measures to ensure that signals so generated comply with the applicable clauses of § 6 below.

5 Significant levels (V))

For data interchange circuits, the signal shall be considered in the binary 1 condition when the voltage (V;)
on the interchange circuit measured at the interchange point is more negative than minus 3 volts. The signal shall
be considered in the binary 0 condition when the voltage ( ¥;) is more positive than plus 3 volts.

For control and timing interchange circuits, the circuit shall be considered ON when the voltage (¥;) on
the interchange circuit is more positive than plus 3 volts, and shall be considered OFF when the voltage (V) is
more negative than minus 3 volts (see Table 1/V.28).

TABLE 1/V.28

Correlation table

V1 < -3 volts Vi > + 3 volts
1 0
OFF ON
Note — In certain countries, in the case of 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 minus 3 volts is defined as the transition region. For an exception to
this, see § 7 below.
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6 Signal characteristics

The following limitations to the characteristics of signals transmitted across the interchange point,
exclusive of external interference, shall be met at the interchange point when the interchange circuit is loaded with
any receiving circuit which meets the characteristics specified in § 3 above.

These limitations apply to all (data, control and timing) interchange signals unless otherwise 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 of signal
condition, except as indicated in 6) below.

2) There shall be no reversal of the direction of voltage change while the signal is in the transition
region, except as indicated in 6) below.

3) For control interchange circuits, the time required for the signal to pass through the transition region
during a change in state shall not exceed one millisecond.

4) For data and timing interchange circuits, the time required for the signal to pass through the
transition region during a change in state shall not exceed 1 millisecond or 3 per cent of the nominal
element period on the interchange circuit, whichever is the less.

5) To reduce crosstalk between interchange circuits the maximum instantaneous rate of voltage change
will be limited. A provisional limit will be 30 volts per microsecond. ’

6) When electromechanical devices are used on interchange circuits, points 1) and 2) above do not apply
to data interchange circuits.

7 Detection of generator power-off or circuit failure

Certain applications require detection of various fault conditions in the interchange circuits, e.g.:
1) generator power-off conditiqn;

2) receiver not interconnected with a generator;

3) open~(;ircuited interconnecting cable;

4) short-circuited interconnecting cable.

The power-off impedance of the generator side of these circuits shall not be less than 300 ohms when
measured with an applied voltage (either positive or negative polarity) not greater than 2 volts in magnitude
referenced to signal ground or common return.

The interpretation of a fault condition by a receiver (or load) is application dependent. Each application
may use a combination of the following classification:

Type 0: No interpretation. A receiver or load does not have detection capability.
Type 1: Data circuits assume a binary 1 state. Control and timing circuits assume an OFF condition.

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

The interchange circuits monitoring circuit fault conditions in the general telephone network interfaces are
indicated in Recommendation V.24, ‘

Reference

[1] Data communication — 25-pin DTE/DCE interface connector and pin assignments, 1SO Standard 2110-1980.
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Recommendation V.29

9600 BITS PER SECOND MODEM STANDARDIZED FOR USE ON
POINT-TO-POINT 4-WIRE LEASED TELEPHONE-TYPE CIRCUITS

(Geneva, 1976, amended at Geneva, 1980)

1 Introduction

This modem is intended to be used primarily on special quality leased circuits, e.g. Recommenda-
tion M.1020 [1] or M.1025 [2] circuits but this does not preclude the use .of this modem over circuits of lower
quality at the discretion of the Administration concerned (see Notes 1 and 2).

On leased circuits, considering that there exist and will come into being many modems with features
designed to meet the requirements of the Administrations and users, this Recommendation in no way restricts the °
use of any other modems.

The principal characteristics of this recommended modem for transmitting data at 9600 bits per second on
leased circuits are as follows:

a) fallback rates of 7200 and 4800 bits per second;

b) capable of operating in a duplex or half-duplex mode with continuous or controlled carrier;
¢) combined amplitude and phase modulation with synchronous mode of operation;

d) inclusion of an automatic adaptive equalizer;

e) optional inclusion of a multiplexer for combining data rates of 7200, 4800 and 2400 bits per second
(see Note 3).

Note 1 — The principal use of this recommended modem is on 4-wire leased circuits. Other applications,
such as stand-by operation on the switched network, should be points for further study.

The types of special quality circuits, e.g. M.1020 [1] or M.1025 [2] should be studied.

Note 2 — The values of some circuit characteristics, for example, noise and nonlinear distortion, are
subject to further study.

Note 3 — When the multiplexer option is installed, provisions in § 12 may supersede provisions given in
other sections.

2 Line signals

21 The carrier frequency is to be 1700 £ 1 Hz. No separate pilot frequencies are provided. The power levels
used will conform to Recommendation V.2.

2.2 Signal space coding

2.2.1 At 9600 bits per second, the scrambled data stream to be transmitted is divided into groups of four
consecutive data bits (quadbits). The first bit (Q1) in time of each quadbit is used to determine the signal element
amplitude to be transmitted. The second (Q2), third (Q3) and fourth (Q4) bits are encoded as a phase change
relative to the phase of the immediately preceding element (see Table 1/V.29). The phase encoding is identical to
Recommendation V.27.

The relative amplitude of the transmitted signal element is determined by the first bit (Q1) of the quadbit
and the absolute phase of the signal element (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 transmitted signal elements at 9600 bits per second.

At the receiver the quadbits are decoded and the data bits are reassembled in correct order.
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TABLE 1/V.29

Phase change
Q2 Q3 Q4 (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°

Note — 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

Q1 Relative signal

Absolute phase element amplitude

0°, 90°, 180°, 270° 0 3
1 5
45°, 135°, 225°, 315° 0 V 2

135° 45°

180° —»

e 0° Absolute

225 se
4
270°

CCITT-34500

FIGURE 1/V.29

Signal space diagram at 9600 bit/s
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2.2.2 At the fallback rate of 7200 bits per second, the scrambled data stream to be transmitted is divided into
groups of three consecutive data bits. The first data bit in time determines Q2 of the modulator quadbit. The
second and third data bits determine Q3 and Q4 respectively of the modulator quadbit. Q1 of the modulator
quadbit is a data ZERO for each signal element. Signal elements are determined in accordance with § 2.2.1 above.
Figure 2/V.29 shows the absolute phase diagram of the transmitted signal elements at 7200 bits per second.

90°

135° 45°

180° 0° Absolute

225° 315°

270° CCITT-34510

FIGURE 2/V.29

Signal space diagram at 7200 bit/s

2.2.3 At the fallback rate of 4800 bits per second (see Table 3/V.29), the scrambled data stream to be
transmitted is divided into groups of two consecutive data bits. The first data bit in time determines Q2 of the
modulator quadbit and the second data bit determines Q3 of the modulator quadbit. Q1 of the modulator quadbit
is a data ZERO for each signal element. Q4 is determined by inverting the modulo 2 sum of Q2 + Q3. The signal
element is then determined in accordance with § 2.2.1 above. Figure 3/V.29 shows the absolute phase diagram of
transmitted signal elements at 4800 bits per second.

The phase changes are identical with Recommendation V.26 (alternative A) and the amplitude is constant
with a relative value of 3.

TABLE 3/V.29

Quabits
Data bits QI Q2 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 .0 0 1 0 0 270°
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90°

180° - 0° Absoiute

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 modulation rate is
2400 bauds = 0.01%. :
4 Received signal frequency tolerance

The carrier frequency tolerance allowance at the transmitter is + 1 Hz. Assuming a maximum frequency
drift of + 6 Hz in the connection between the modems, then the receiver must be able to accept errors of at least
+ 7 Hz in the received signal frequency.

5 Interchange circuits

5.1 List of interchange circuits (Table 4/V.29)

5.2 Threshold and response times of circuit 109

5.2.1 Threshold

— greater than —26 dBm: circuit 109 ON.
— less than —31 dBm: circuit 109 OFF.

The condition of circuit 109 for levels between —26 dBm and —31 dBm is not specified except that the
signal detector shall exhibit a hysteresis action, such that the level at which the OFF to ON transition occurs is at
least 2 dB greater than that for the ON to OFF transition.

5.2.2  Response times

— ON to OFF: 30 = 9 ms;
— OFF to ON:

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
102 Signal ground or common return
102a DTE common return
(see Note 2)
102b 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
‘111 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

Note I — 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 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).

Note 2 ~ Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10

are used.

Note 3 — Not essential for continuous carrier operation.

Note 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 of circuit 111 selects the lower data signalling rate.

Note 5 — Interchange circuits 140 and 141 are optional.

2) for re-equalization during data transfer, circuit 109 will be maintained in the ON condition;
during this period, circuit 104 may be clamped to the binary 1 condition;

3) after a line signal interruption that lasts more than the ON to OFF response time:

a) when no new equalization is needed, 15 = 10 ms,

b) when a new equalization is needed, circuit 109 must be ON prior to user data appearing on
circuit 104.

Response times of circuit 109 are the times that elapse between the connection or removal of a line signal
to or from the modem receive line terminals and the appearance of the corresponding ON or OFF condition on

circuit 109.

Note — Circuit 109 ON to OFF response time should be suitably chosen within the specified limits to

ensure that all valid data bits have appeared on circuit 104.

5.3 Response time for circuit 106

The time between the OFF to ON transition of circuit 105 and the OFF to ON transition of ci‘rcuit 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 transmitter carrier. The long delay is used
when circuit 105 controls transmitter carrier and a synchronizing signal is initiated by the OFF to ON transition
of circuit 105.

The time between the ON to OFF transition of circuit 105 and the ON to OFF transition of circuit 106
shall be suitably chosen to ensure that all valid signal elements have been transmitted.

5.4 Fault condition of interchange circuits

(See Recommendations V.10, § 11 and V.11, § 9 and V.28, § 7 for association of the receiver failure
detection types.) .

5.4.1 The DTE should interpret a fault condition on circuit 107 as an OFF condition using failure detection
type 1.

5.4.2 The DCE should interpret a fault condition on circuits 105 and 108 as an OFF 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 of electrical characteristics conforming to Recommendation V.28 is recommended together with the
connector pin assignment plan specified by ISO 2110 [3].

6.2 Application of electrical characteristics conforming to Recommendations V.10 and V.11 is recognized as an
alternative together with the use of the connectors and pin assignment plan specified by ISO 4902 [4].

i)  Concerning circuits 103, 104, 105 (where used), 106, 107, 109, 113, 114 and 115, the receivers shall be
in accordance with Recommendation V.11 or alternatively Recommendation V.10, category 1. Either
V.10 or V.11 generators may be utilized.

ii) In the case of circuits 111, 140, 141 and 142, Recommendation V.10 applies with receivers configured
as specified by Recommendation V.10 for category 2.

iii) Interworking between equipment applying Recommendation V.10 and equipment applying Recom-
mendation V.28 is allowed on a non-interference basis. The onus for adaptation to V.28 equipment
rests solely with the alternative V.10 equipment.

Note — Manufacturers may wish to note that the long-term objective is to replace electrical characteristics
specified in Recommendation V.28, and Study Group XVII has agreed that the work shall proceed to develop a
more efficient all balanced interface for the V-Series application which minimizes the number of interchange
circuits. It is expected that this work would be based upon the alternative application given in § 6.2 above
utilizing the V.11 electrical characteristics.

7 Timing arrangements

Clocks should be included in the modem to provide the data terminal equipment with transmitter signal
element timing, circuit 114, and receiver signal element timing, circuit 115, In this arrangement, the transmitter
may either run as an independent timing source or with loopback timing (transmit timing slaved to receive
timing). Loopback timing may be desirable in some network applications. Alternatively, the transmitter signal
element timing may be originated in the data terminal equipment and be transferred to the modem via interchange
circuit 113.

8 Synchronizing signals

Transmission of synchronizing signals may be initiated by the modem or by the associated data terminal
equipment. When circuit 105 is used to control the transmitter carrier the synchronizing signals are generated
during the interval between the OFF to ON transition of circuit 105 and the OFF to ON transition of circuit 106.
When the receiving modem detects a circuit condition which requires resynchronizing, it shall turn circuit 106
OFF 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

Total of
Segment 1 Segment 2 Segment 3 Segment 4 Segments
1,2, 3 and 4
No itted Equalizer Scrambled Total
Type of line signal O trarsmitte Alternations conditioning all binary synchronizing
energy pattern ONEs signal
Number of 48 128 384 a8 608
symbol intervals
Approximate 20 53 160 20 253
time in ms

3 Approximate times are provided for information only. The segment duration is determined by the exact number of symbol intervals.’

8.1 Segment 2 of the synchronizing signal consists of alterations between two signal elements. The first signal
element (A) transmitted has a relative amplitude of 3 and defines the absolute phase reference of 180°. The second
signal element (B) transmitted depends on the data signalling rate. Figure 4/V.29 shows the B signal element at
each of the data signalling rates. Segment 2 alternates ABAB...ABAB for 128 symbol intervals.

4
D(9600)  |D(4800)
° )
D(7200) .
- - o-(0° Absolute
A c
¢ *8(7200)
8(4800)  B(9600)
[ ] L)
[ CCITT-34530

FIGURE 4/V.29

Signal space diagram showing synchronizing signal points

8.2 Segment 3 of the synchronizing signals transmits two signal elements according to an equalizer condition
pattern. The first signal element (C) has a relative amplitude of 3 and absolute phase of 0°. The second signal
element (D) transmitted depends on the data signalling rate. Figure 4/V.29 shows the D signal element at each of
the data signalling rates. The equalizer conditioning pattern is a' pseudo-random sequence generated by the
polynomial:

T+ x7% + x 7.
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Each time the pseudo-random sequence contains a ZERO, point C is transmitted. Each time the
pseudo-random sequence contains a ONE, the point D is transmitted. Segment 3 begins with the
sequence CDCDCDC.... according to the pseudo-random sequence and continues for 384 symbol intervals. The
detailed pseudo-random sequence generation is described in Appendix I.

8.3 Segment 4 commences transmission according to the encoding described in § 2.2 above with continuous
binary ONEs applied to the input of the data scrambler. Segment 4 duration is 48 symbol intervals. At the end of
Segment 4, circuit 106 is turned ON and user data are applied to the input of the data scrambler.

9 Scrambler

A self-synchronizing scrambler/descrambler having the generating polynomial 1 + x~'® + x~23, shall be
included in the modem.

At the transmitter the scrambler shall effectively divide the message polynomial, of which the input data
sequence represents the coefficients in descending order, by the scrambler generating polynomial to generate the
transmitted sequence. At the receiver the received polynomial, of which the received data sequence represents the
coefficients in descending order, shall be multiplied by the scrambler generating polynomial to recover the
message sequence.

The detailed scrambling and descrambling processes are described in Appendix II.

10 Equalizer

An automatic adaptive equalizer shall be provided in the receiver.

The receiver shall incorporate a means of detecting loss of equalization and initiating a synchronizing
signal sequence in its associated local transmitter.

The receiver shall incorporate a means of detecting a synchronizing signal sequence from the remote
transmitter and initiating a synchronizing signal sequence in its associated local transmitter, which may be
initiated at any time during the reception of the synchronizing signal sequence, regardless of the state of
circuit 105.

Either modem can initiate the synchronizing signal sequence. The synchronizing signal is initiated when
the receiver has detected a loss of equalization or when circuit 105 OFF to ON transition occurs in the carrier
controlled mode, as described in § 5.3. above. Having initiated a synchronizing signal, the modem expects a
synchronizing signal from the remote transmitter.

If the modem does not receive a synchronizing signal from the remote transmitter within a time interval
equal to the maximum expected two-way propagation delay, it transmits another synchronizing signal. A time
interval of 1.2 seconds is recommended.

If the modem fails to synchronize on the received signal sequence, it transmits another 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 information is provided to assist equipment manufacturers:

— The data modem should have no adjustment for send level or receive sensitivity under the control of
the operator.

— The transmitter energy spectrum shall be shaped in such a way that with continuous binary ONEs
applied to the input of the scrambler the resulting transmitted spectrum shall have a substantially
linear phase characteristic over the band of 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 maximum energy density between
500 Hz and 2900 Hz.
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4

12 Multiplexing (See Table 6/V.29)

A multiplexing option may be included to combine 7200, 4800 and 2400 bits per second data subchannels
into a single aggregate bit stream for transmission. Identification of the individual data subchannels is accom-
plished by assignment to the modulator quadbit as defined in § 2.2 above.

TABLE 6/V.29

Modulator bits

Aggregate Multiplex ! Sub-channel Multiplex
data rate configuration data rate channel
Q1 Q2 Q3 Q4
9600 bit/s 1 9600 A X X X X
5 7200 A X X X
2400 B X
3 4800 A X - X
4800 B X X
4800 A X X
4 2400 B X
2400 C X
2400 A X
5 2400 B X
2400 C X
2400 D X
7200 bit/s 6 7200 A X X X
7 4800 A X X
2400 B X
2400 A X
8 2400 B X
2400 C X
4800 bit/s 9 4800 A X X
10 2400 A X
2400 B X

Note — 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 (Q1) of the modulator.
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12.1  List of interchange circuits concerned with multiplexer ports
TABLE 7/V.29
Interchange circuits (see Note 1)
Port A Ports B, C, D

No. Designation
102 Signal ground or cOmmONTEtUrn . .......c.oovvuurunnnnenen... X X X
102a DTE COMMONTEUIT . ..ottt tie i iie e eiee e neeennnnns X X

(see Note 2) (see Note 2)
102b DCE COMMONTEIUIT . .\ttt s tteeee et tiiiaeeeeeenianneanns X X

. (see Note 2) (see Note 2)

103 Transmitteddata .......... .. ... ittt X X
104 Receiveddata ........ ... ... X X
105 Request tosend ......covviniinit ittt X X

(see Note 3) (see Note 3)
106 Readyforsending........ .. ... i iiiiiieniiiiiaaa.., X X

(see Note 4 (see Note 4)
107 Datasetready .....covviiiiiiii i e e e X - X
109 Data channel received line signal detector ...................... X X
111 Data signalling rate selector (DTEsource). ...............ouu... 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 (DCEsource) ................... X X
140 Loopback / Maintenancetest ...............oierinennnennnn. X X

(see Note 6) (see Note 6)
141 Localloopback .. ....iiiiie it i i i e i e e X

. (see Notes 6 and 7)

142 Testindicator .. ......iiinti it X X

(see Note 8) (see Note 8)

12.2

Note 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).

Note 2 — Interchange circuits 102a and 102b are required where the electrical characteristics defined in Recommendation V.10
are used.

Note 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.

Note 4 — During the synchronization process of the main DCE the OFF condition of circuit 106 is signalled at all port interfaces.

Note 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.

Note 6 — Circuits 140 and 141 are optional.

Note 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.

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 DCE tests.

Transmit buffers

In the transmitter of each multiplexer port, there shall be a data buffer of suitable capacity. In this way,

both-phase variations and, within certain limits, frequency deviations are absorbed. The buffer shall be initialized
when the OFF to ON transition of circuit 105 ~ccurs and may be repositioned in the event of the buffer overflow.
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Note — The buffer may be initialized upon the DCE sending a synchronizing signal.

12.3 Transmit port timing arrangements

Table 8/V.29 shows all possible combinations of port and main DCE transmit timing clock arrangements.

TABLE 8/V.29

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

114 (DCE source)

Internal -
(Independent timing

Not required

External @
(Circuit 113 of selected port)

Not required

Receiver timing
(Loopback timing)

Not required

113 (DTE @ source)

Internal
(Independent timing)

Required

External @
(Circuit 113 of selected port)

Required for all ports except port

supplying circuit 113 to DCE

Receiver timing
(Loopback timing)

Required

2 In these applications a source could also be another DCE.

12.4  Port simulated circuit 105 to circuit 109 operation (optional)

When implemented, simulated circuit 105 to circuit 109 operation shall be provided on an individual port
basis, non-interruptive to other ports. This operation shall communicate circuit 105 status at the transmitter to
circuit 109 status at the receiver as may be required in some applications. The entire DCE shall operate in a
continuous carrier mode in this case. Accomplishment of this operation shall be by means of in-data signalling
techniques, of which details are subject to future study.

12.5  Response times for circuit 106

Circuit 105 to circuit 106 delays on individual ports of the multiplexer are not necessarily those specified
in § 5.3. Other suitable delays may be needed to handle simulated circuit 105 to circuit 109 operations. The delays
required in these cases are subject to further study.

APPENDIX 1

(to Recommendation V.29)

Details of the pseudo-random sequence generator

“The equalizer conditioning pattern is determined by a pseudo-random sequence generated by the

polynomial 1 + x~¢ + x~". Figure I-1/V.29 shows a suitable implementation.
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@

Pseudo-
random
CCITT-34541 sequence

FIGURE I-1/V.29

The initial condition of the generator is 0101010. The generator clock is at the symbol rate (2400 symbols
per second). The first four conditions of the generator are:

— initial condition: 0101010
— after first shift: 1010101
— after second shift: 1101010
— after third shift: 1110101

APPENDIX 11

(to Recommendation V.29)

Detailed scrambling and descrambling process

11.1 Scrambling

The message polynomial is divided by the generating polynomial 1 + x~'¥ 4+ x~23 (see Figure 11-1/V.29).
The coefficients of the quotient of this division taken in descending order form the data sequence to be
transmitted. In order to ensure that proper starting sequence is generated, the shift register is fed with “0” during
segments 1, 2 and 3. During segment 4 and normal data transmission it is fed with scrambled data D, (input
data D, being “1” during segment 4).

D, = D, + Dx~"® 4 Dx~%

nge
So—p] I U A b----- o

CCITT-34550 M

FIGURE 1I-1/V.29
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11.2 Descrambling

The polynomial represented by the received sequence is multiplied by the generating polynomial
(Figure 11-2/V.29) to form the recovered message polynomial. The coefficients of the recovered polynomial, taken
in descending order, form the output data sequence D,,.

Dy=D;=D;(1 + x " + x %)

D¢ 'y o F----¥ o I et »

Ds x—1.

DS x-23
% — D &

FIGURE II-2/V.29

CCITT-34560

I1.3 Elements of the scrambling process

The polynomial 1 + x='8 4+ x~23 generates a pseudo-random sequence of length 22 — 1 = 8,388,607.
This long sequence does not require the use of a guard polynomial to prevent the occurrence of repeat patterns
and is particularly simple to implement 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 Recommendation apply to interchange circuits
operating at data signalling rates up to 75 bit/s.

Each interchange circuit consists of two conductors (go and return leads) which are electrically insulated
from each other and from all other interchange circuits. A common return lead can be assigned to several
interchange circuits of 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
down in this Recommendation. Some electrical characteristics vary depending upon whether the signal receive side
is located in the data circuit-terminating equipment or in the data terminal equipment. This fact is specially
referred to below.

Interchange point

Signal source Signal receive side

I
i :"1. go lead
* CE L J RE l ls
| e
i I\
\ 4
Ry Rg | Re
Cg | o= Cr
i Tv,
T T
| |
!
-,_- Ce 1 IR ' return lead
| |
! 1
~ ~ I CCITT-43682
R, = intemal resistance of the signal source in the closed contact condition
R, = internal resistance of the signal source in the open contact condition
C, = capacitance of signal source
C{ = capacitance of signal receive side
V, = open circuit voltage of signal receive side
I; = current in interchange circuit
R, = internal resistance of signal receive side
Rp = 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 must be isolated from ground or earth irrespective of whether it is located within the
data circuit-terminating equipment or within the data terminal equipment.

If the signal receive side is in the data circuit-terminating equipment, the open-contact insulation resistance
measured from either leg to ground or to any other interchange circuit shall not fall below 5 megohms and the
capacitance measured between the same points shall not exceed 1000 picofardas.

Irrespective of the above, the following specifications apply to the signal source.

3.1 Internal resistance of signal source R,, R,

The d.c. resistance of the closed contact R,, including the resistance of the interface cable, measured at the
interface (see Figure 1/V.31), should not exceed 10 ohms within the current and voltage ranges of the signal
receive side.

The d.c. resistance of the open contact R, including the insulation resistance of the interface cable should

not fall below 250 kilohms when measured at the interface (see Figure 1/V.31) within the voltage range of the
signal receive side.
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32 Capacitance of signal source C,

The capacitance of the signal source C, including that of the interface cable, measured at the interface (see
Figure 1/V.31), should not exceed 2500 picofards.

4 Signal receive side

-

4.1 Signal receive side in the data circuit-terminating equipment

The signal receive side in the data circuit-terminating equipment can be floating or connected to ground at
any single point.

4.1.1  Open circuit voltage of the signal receive side V,

The open circuit voltage V, on the signal receive side of the data-circuit terminating equipment, measured
at the interface (see Figure 1/V.31), shouid not fall below 3 volts and should not exceed 12 volts.

4.1.2  Current at interface I,

The current I, supplied by the signal receive side in the data circuit-terminating equipment should not fall
below 0.1 milliamp and should not exceed 15 milliamps, when measured at the interface (see Figure 1/V.31) in the
closed contact condition, i.e. with an internal resistance of the signal source of R, < 10 ohms.

Note — Irrespective of the current I in the closed contact conditions, i.e. with an internal resistance of the
signal source of R, < 10 ohms, the voltage at the interface should not exceed 150 millivolts, when measured
between go and return leads.

4.1.3  Internal resistance of signal receive side R,

The internal resistance R, of the signal receive side of the data circuit-terminating equipment results from
the limits for the open circuit voltage V, of the signal receive side and the current I at the interface, which are
specified under §§ 4.1.1 and 4.1.2 above.

Even if R, has an inductive component, the voltage at the interface should not exceed the maximum of
12 volts specified under § 4.1.1 above.

Note — This item is subject to further study.

4.1.4  Capacitance of signal receive side C,

The capacitance of C, of the signal receive side in the data circuit-terminating equipment, including the
capacitance of the cable up to the interface (see Figure 1/V.31), is not specified. It is only necessary to ensure that
the signal receive side works satisfactorily, allowing for the capacitance of the signal source C,.

4.2 Signal receive side in the data terminal equipment

The signal receive side in the data terminal equipment can be connected to ground at any single point.

4.2.1  Open circuit voltage of the signal receive side V,

¥

The open circuit voltage V, of the signal receive side of the data terminal equipment, measured at the
interface (see Figure 1/V.31), should not fall below 3 volts and should not exceed 52.8 volts.

4.2.2  Current at the interface I,

The current I, supplied by the signal receive side in the data terminal equipment, should not fall below
10 milliamps and not exceed 50 milliamps, when measured at the interface (see Figure 1/V.31) in the closed
contact condition, i.e. with an internal resistance of the signal source of R; < 10 ohms.
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4.2.3  Internal resistance of signal receive side R,

The internal resistance R, of the signal receive side in the data terminal equipment is obtained from the
limits for the open circuit voltage V, of the signal receive side and the current I, at the interface, which are
specified under §§ 4.2.1 and 4.2.2 above.

Even if R, has an inductive component, the voltage at the interface should not exceed the maximum of
52.8 volts, specified under § 4.2.1.

Note — This item is subject to further study.
4.2.4  Capacitance of signal receive side C,

The capacitance of C, of the signal receive side in the data terminal equipment including the capacitance of
the cable is not specified. It is only necessary to ensure that the signal receive side works satisfactorily, allowing
for the capacitance of the signal source C,.

5 Signal allocation

Table 1/V.31 shows allocations of digital signals for data, control and timing circuits.

TABLE 1/V.31

Closed contact Open contact

R < 100 Ry = 250 kQ

Data circuits “1” condition “0” condition
Control and timing circuits ON condition OFF condition

180 Fascicle VIII.1 — Rec. V.31



SECTION 3
WIDEBAND MODEMS

Recommendation V.35

DATA TRANSMISSION AT 48 KILOBITS PER SECOND
USING 60-108 kHz GROUP BAND CIRCUITS

(Mar del Plata, 1968 ; amended at Geneva, 1972 and 1976)

On leased circuits, considering that there exist and will come into being other modems with features
designed to meet the requirements of the Administrations and users, this Recommendation in no way restricts the
use of any other modems.

This is a particular system using a group reference pilot at 104.08 kHz.

Principal recommended characteristics to be used for simultaneous both-way operation are the following:

1 Input/output

Rectangular polar serial binary data.

2 Transmission rates

Preferred mode is synchronous at 48 000 + 1 bit/s, with the following exceptions permissible:
a) Synchronous at 40 800 + 1 bit/s when it is an operational necessity, or

b) Non-synchronous transmission of essentially random binary facsimile with element durations in the
range 21 microseconds to 200 milliseconds.

Note — Operation at half data signalling rate shall be possible when the line characteristics do not permit
the above data signalling rates.

3 Scrambler/descrambler

Synchronous data should be scrambled to avoid restrictions on the data input format. Such restrictions
would be imposed by the need to have sufficient transitions for receiver clock stability, without short repetitive
sequences of data signals which would result in high level discrete frequency components in the line signal.
Synchronous data should be scrambled and descrambled by means of the logical arrangements described in
Appendix L .

4 Modulation technique

The baseband signal (see § 5 below) should be translated to the 60—104 kHz band as an asymmetric
sideband suppressed carrier AM signal with a carrier frequency of 100 kHz. A pilot carrier will be necessary to
permit homochronous demodulation. To simplify the problem of recovery of the pilot carrier for demodulation
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the serial binary data signal should be modified as stated in § 5 below. The transmitted signal should correspond
with the following:

a) The data carrier frequency should be 100 000 + 2 Hz.

b) The nominal level of a frequency translated suppressed carrier 48 kbit/s encoded data baseband signal
in the 60-104 kHz band should be equivalent to —5 dBmO.

¢) A pilot carrier at —9 *+ 0.5 dB relative to the nominal level of the signal in b) should be added such
that the pilot carrier would be in phase, to within + 0.04 radian, with a frequency translated
continuous binary 1 input to the modulator.

d) The modulator should be linear, and the characteristics of the transmit bandpass filter should be such
that the relative attenuation distortion and the relative envelope delay distortion in the range 64 to
101.5 kHz are less than 0.2 dB and 4 microseconds respectively.

5 Baseband signal

5.1 The scrambled synchronous or random non-synchronous serial binary data signal should be modified by
the following transform:

pTh

—~t—— to remove the low-frequency components,
T+ pTh q y p ‘

where
p is the complex frequency operator, and
T is 25/2n times the minimum binary element duration, i.e. 83 microseconds.
The value of T, shall have an accuracy of *+ 2%.
In this form the signal is referred to as the baseband signal.
5.2 The baseband signal resulting from the transformation should not suffer impairment greater than that

resulting from relative attenuation distortion or relative envelope delay distortion of 1.5 dB or 4 microseconds
respectively, and :

i)  distortion due to modification of the baseband signal by the transform

rT»
1+ pT)

where T, is 3.18 milliseconds; or

ii) distortion due to modification of the baseband signal by the transform
T |
1+ pTs

5.3 The frequency range for §§ 5.1 and 5.2 is 0 to 36 kHz.

where T; is 6.36 milliseconds.

6 Voice channel

A service speech channel provided as an integral part of this system should correspond to channel 1 of a
12-channel system, i.e. as a lower sideband SSB signal in the 104 —108 kHz band.

a) The characteristics of this channel may be less stringent than those of a telephone circuit in
accordance with Recommendation G.232 [1].

b) This voice channel is optional.
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7 Group reference pilots

7.1 Provision should be made for facilitating the injection of a group reference pilot of 104.08 kHz from a
source external to the modem. .

7.2 The protection of the group reference pilot should conform to Recommendation H.52 [2].

8 Adjacent channel interference

8.1 When transmitting scrambled synchronous serial binary data at 48 kbit/s on the data channel, the

out-of-band energy in a 3-kHz band centered at any frequency in the range 1.5 to 58.5 kHz or 105.5 to 178.5 kHz
should not exceed —60 dBmO.

8.2 . When a signal at 0 dBmO0 at any frequency in the range 0 to 60 or 104 to 180 kHz is applied to the carrier
input terminals, the resulting crosstalk measured in the demodulated data baseband should not exceed a level
equivalent to —40 dBmo0.

9 Line characteristics

The characteristics of a channel over which this equipment can be expected to operate satisfactorily should
be as given in reference [3].

10 Interface
10.1  The interchange circuits should be as shown in Table 1/V.35.

TABLE 1/V.35

Number Function
102 Signal ground or common return
103 @ Transmitted data
104 @ Received data
105 Request to send
106 Ready for sending
107 Data set ready
109 i Data channel receive line signal detector
1149 Transmitter signal element timing
1159 Receiver signal element timing

10.2  The electrical characteristics of the interchange circuits marked & should be as described in Appendix 1I;
the circuits not marked should conform to Recommendation V.28.

APPENDIX 1

(to Recommendation V.35)

Scrambling process

I.1 Definitions

[.1.1  applied data bit

The data bit which has been applied to the scrambler but has not affected the transmission at the time of
consideration.

1.1.2  next transmitted bit

The bit which will be transmitted as a result of scrambling the applied data bit.
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1.1.3  earlier transmitted bits

Those bits which have been transmitted earlier than the next transmitted bit. They are numbered
sequentially in reverse time order, i.e. the first earlier transmitted bit is that immediately preceding the next
transmitted bit.

1.1.4 adverse state

The presence of any one of certain repetitive patterns in the earlier transmitted bits.

1.2 Scrambling process

The binary value of the next transmitted bit shall be such as to produce odd parity when considered
together with the twentieth and third earlier transmitted bits and the applied data bit unless an adverse state is
apparent, in which case the binary value of the next transmitted bit shall be such as to produce even instead of
odd parity.

An adverse state shall be apparent only if the binary values of the p" and (p + 8)"" earlier transmitted bits
have not differed from one another when p represents all the integers from 1 to g inclusive. The value of g shall
be such that, for p = (¢ + 1), the p'™ and (p + 8)'" earlier transmitted bits had opposite binary values and
q = (31 + 32 r), rbeing 0 or any positive integer.

At the time of commencement, i.e. when no earlier bits have been transmitted, an arbitrary 20-bit pattern
may be assumed to represent the earlier transmitted bits. At this time also it may be assumed that the p'" and
(p + 8)" earlier transmitted bits have had the same binary value when p represents all the integers up to any
arbitrary value. Similar assumptions may be made for the descrambling process at commencement.

Note 1 — From this it can be seen that received data cannot necessarily be descrambled correctly until at
least 20 bits have been correctly received and any pair of these bits, separated from each other by seven other bits,
have differed in binary value from one another.

Note 2 — 1t is not possible to devise a satisfactory test pattern to check the operation of the Adverse State
Detector (ASD) because of the large number of possible states in which the 20-stage shift register can be at the
commencement of testing. For those modems in which it is possible to bypass the scrambler and the descrambler
and to strap the scrambler to function as a descrambler, the following method may be used. A 1-:1 test pattern is
transmitted with the ASD of the scrambler bypassed. If the ASD of the descrambler is functioning correctly the
descrambled test pattern will contain a single element error every 32 bits, i.e. 90 000 errors per minute for a
modem operating at 48 kbit/s indicates that the descrambler is functioning correctly. The operation of the ASD of
the scrambler may be checked in a similar manner with the scrambler strapped as a descrambler and the
descrambler bypassed.

1.3 Figure I-1/V.35 is given as an indication only, since with another technique this logical arrangement might
take another form.
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Note — Negative-going transitions of clocks (i.e. 1 to 0 transitions) coincide with data transitions.

FIGURE I-1/V.35

An example of scrambler and descrambler circuitry

This is self-synchronizing.
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APPENDIX 11

(to Recommendation V.35)

Electrical characteristics for balanced double-current interchange circuits

111 Scope

The electrical characteristics specified here apply to interchange circuits to Recommendation V.35.

11.2 Cable

The interface cable should be a balanced twisted multi-pair type with a characteristic impedance between
80 and 120 ohms at the fundamental frequency of the timing waveform at the associated terminator.

11.3 Generator

This circuit should comply with the following requirements:

a) source impedance in the range 50 to 150 ohms;

b) resistance between short-circuited terminals and circuit 102: 150 + 15 ohms (the tolerance is subject to
further study);

c) when terminated by a 100-ohm resistive load the terminal-to-terminal voltage should be
0.55 volt £ 20% so that the A terminal is positive to the B terminal when binary 0 is transmitted, and
the conditions are reversed to transmit binary 1;

d) the rise time between the 10% and 90% points of any change of state when terminated as in ¢) should
be less than 1% of the nominal duration of a signal element or 40 nanoseconds, whichever is the
greater;

e) the arithmetic mean of the voltage of the A terminal with respect to circuit 102, and the B terminal
with respect to circuit 102 (d.c. line offset), should not exceed 0.6 volt when terminated as in ¢).

11.4 Load

The load should comply with the following:

a)

b)

input impedance in the range 100 £ 10 ohms, substantially resistive in the frequency range of
operation;

resistance to circuit 102 of 150 £ 15 ohms, measured from short-circuited terminals (the tolerance on
this resistance is subject to further study).

11.5 Electrical safety

A generator or load should not be damaged by connection to earth potential, short-circuiting, or
cross-connection to other interchange circuits.

I1.6 Performance in the presence of noise

A generator, as in § 11.3 above, connected via a cable as in § 11.2 above to a load, as in § 11.4 above,
should operate without error in the presence of longitudinal noise or d.c. common return potential differences
(circuit 102 offset) as follows:

a)

b)
<)

186

with + 2 volts (peak) noise present longitudinally, i.e. algebraically added to both load input
terminals simultaneously with respect to the common return, or

with + 4 volts circuit 102 offset;

if circuit 102 offset and longitudinal noise are present simultaneously, satisfactory operation should be
achieved when:

circuit 102 offset

> + longitudinal noise (peak) = 2 volts or less.
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Note — It has been proposed to perform a test under inclusion of a cable length corresponding to the
actual operation. This point is for further study.

References
[1] CCITT Recommendation 12-channel terminal equipments, Vol. 111, Fascicle 111.2, Rec. G.232.

2] CCITT Recommendation Transmission of wide-spectrum signals (data, facsimile, etc.) on wideband group
links, Vol. 111, Fascicle 111.4, Rec. H.52.
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Recommendation V.36

MODEMS FOR SYNCHRONOUS DATA TRANSMISSION USING
60-108 kHz GROUP BAND CIRCUITS

(Geneva, 1976, amended at Geneva, 1980)

On leased circuits, considering that there exist and will come into being other modems with features
designed to meet the requirements of the Administrations and users, this Recommendation in no way restricts the
use of any other modems.

The only group reference pilot frequency which can be used in conjunction with this modem is
104.08 kHz.

1 Scope

The family of modems covered by this Recommendation should be applicable to the following uses:
a) transmission of data between customers on leased circuits;

b) transmission of a multiplex aggregate bit stream for public data networks;

¢) extension of a PCM channel at 64 kbit/s over analogue facilities;

d) transmission of a common channel signalling system for telephony and/or public data networks;
e) extension of Single-Channel-Per-Carrier (SCPC) circuit from a satellite earth station;

f) transmission of a multiplex aggregate bit stream for telegraph and data signals.

Principal recommended characteristics to be used for simultaneous both-way synchronous operation are
the following:

2 Data signalling rates

2.1 Application a)

The recommended data signalling rate (equals the customer signalling rate) for international use is
synchronous at 48 kbit/s. For certain national applications or with bilateral agreement between Administrations
the following data signalling rates are applicable: 56, 64 and 72 kbit/s.

2.2 Applications b), ¢) and d)

For these applications the recommended data signalling rate is synchronous at 64 kbit/s.

For those synchronous networks requiring the end-to-end transmission of both the 8-kHz and 64-kHz
timing together with the data at 64 kbit/s, a data signalling rate of 72 kbit/s on the line is suggested.
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The corresponding data format should be obtained by inserting one extra bit E-just before the first bit of
each octet of the 64 kbit/s data stream. The bits E convey alignment and housekeeping information, according to
the pattern shown in Figure 1/V.36.

.- 1{octet OLoctetJ H Ioctetl 1 Ioctetlol octetl H |octet|

FIGURE 1/V.36

The definite use of the housekeeping bits H is left for further study; when not used, bits H shou]d be
assigned the value “1”. The definite frame alignment procedure is left for further study.

When the transmission of the 8-kHz timing is not required, the data signalling rate on the line may be
64 kbit/s.

23 Application e)
The recommended data signalling rate (equals the customer signalling rate) for international use is

synchronous at 48 kbit/s. For certain national applications or with bilateral agreement between Administrations
the data signalling rate of 56 kbit/s is applicable.

2.4 Application f)

The recommended data signalling rate is synchronous at 64 kbit/s.
2.5 The permitted tolerance for all the data signalling rates mentioned above is = 5 x 107>

Note — There are equipments in service which will only work successfully with a maximum tolerance of
the data signalling rate of + 1 bit/s.
3 Scrambler/descrambler

In order to be bit sequence independent and to avoid high amplitude spectral components on the line, the
data should be scrambled and descrambled by means of the logical arrangements described in Appendix 1.
4 Baseband signal

The equivalent baseband signal shaping process is based upon the binary coded partial response pulse,
often referred to as class 1V, whose time and spectral function are defined by:

) Sin &,
=5y
7)1
1

2Tjsin2n TS, |f|< 57

and

G ()=

0 >~——

respectively, where 1/ 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 demodulated line signal.

The reference to equivalent baseband signals recognizes that the modem implementation may be such that
the binary signal at the input and output of the modem is converted to and from the line signal without appearing
as an actual baseband signal.

188 Fascicle VIII.1 — Rec. V.36



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 kHz £ 2 Hz.

5.2 The relationship between the binary signals at the real or hypothetical output of the scrambler and the
transmitted line signal states shall be in accordance with the amplitude modulation case of Recommendation V.1,
i.e., tone ON for binary 1 and tone OFF for binary 0.

In a practical case this means that the voltage or no voltage conditions which will result from the full
wave rectification of the demodulated line signal will correspond with the binary 1 and binary 0 signals
respectively at the output of the scrambler.

5.3 The amplitude of the theoretical line signal spectrum, corresponding to binary symbol 1 appearing at the
output of the scrambler, is to be sinusoidal, with zeros and maxima at the frequencies listed below:

Data signalling rate Zeros at Maxima at
(kbit/s) (kHz) (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, amplitude distortion of the real spectrum relative to the theoretical spectrum as

defined under § 5.3 above is not to exceed = 1 dB; the group delay distortion is not to exceed 8 microseconds.
These two requ1rements are to be met for each frequency band centred on one of the maxima mentloned in § 5.3
and whose width is equal to 80% of the frequency band used.

5.5 The nominal level of the line data signal ‘should be —6 dBmO0. The actual level should be within + 1 dB
of the nominal level.

5.6 A pilot carrier at the same frequency as the modulated carrier at the transmitter and with a level of
—9 + 0.5 dB relative to the actual level mentioned under § 5.5 above, should be added to the line signal. The
relative phase between the modulated carrier and the pilot carrier at the transmitter should be time invariant.

6 Group reference pilot

6.1 Provision should be made for facilitating the injection of a group reference pilot of 104.08 kHz from a
source external to the modem.

6.2 The protection of the group reference pilot should conform to Recommendation H.52 [1].

7 Voice channel

7.1 The service speech channel is an integral part of the applications a) and e) of this system and is used on

an optional basis. The channel corresponds to channel 1 of a 12-channel SSB-AM system in the 104-108 kHz
band (virtual carrier at 108 kHz). It can transmit continuous voice at a mean level of maximum —15 dBmo0 or
pulsed signalling tones according to the individual specifications.

To avoid overloading of the system by peak signals a limiter shall be used with cut-off levels above
+3 dBm0.

To avoid stability problems the channel shall be connected to 4-wire equipment only.

For operator-to-operator signalling Recommendation Q.1 [2] shall be followed, but instead of 500/20 Hz a
non-interrupted tone of 2280 Hz at a level of —10 dBmO shall be used.
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For other signalling purposes [application e)] the R1 or R2 inband signalling, described in Recommenda-
tions Q.322 [3], Q.323 [4] and Q.454 [5], Q.455 [6] respectively, is preferred.

The transmit filter shall be such that any frequency applied to the transmit input terminals at a level of
—15 dBm0O will not cause a level exceeding:

a) —73 dBmOp in the adjacent group,

b) —61 dBmO in the vicinity (* 25 Hz) of the pilot 104.08 kHz,

¢) —55dBm0 in the data band between 64 and 101 kHz,

d) the values specified in Recommendation 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 of the channel.
The attenuation/frequency characteristic, measured between the voice-frequency input and the group band output
or the group band input and the voice-frequency output, with respect to the value at 800 Hz is limited 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).

Note — When the modem is installed at the repeater station, the voice channel should be extended to the
renter’s premises.

8 Adjacent channel interference

The adjacent channel interference should conform to Recommendation H.52 {1].

Note — The frequency band upon which this requirement is valid, is subject to further study.

9 Line characteristics

The modem is intended to operate satisfactorily over group links according to reference [8] at data
signalling rates of 48 up to 64 kbit/s.

For group links, comprising more than three group sections, or where a data signalling rate of 72 kbit/s is
required, the characteristics given in reference {8] are not adequate.

Furthermore, compliance of a group link with reference [8] does not necessarily guarantee proper
operation of the modem, nor does noncompliance imply improper operation.

When an automatic adaptive equalizer is included in the modem, proper operation over lower grade group
links will be possible. The required line characteristics for such modems may be those specified in reference [9].
This is a point for further study.

Note — Studies are being undertaken under Question 10/XVII [10] to achieve a closer description of the
line characteristics. In the annex to Question 10/XVII [10], two possible solutions to this problem are given.

10 Interface
10.1 Interface for applications a), e) and f) indicated in § 1
10.1.1  List of interchange circuits (See Table 1/V.36)

10.1.2  Electrical characteristics

Use of electrical characteristics conforming to Recommendation V.10 and/or V.11 is recommended
together with the use of the connector and pin assignment plan specified by ISO 4902 [11].

i) Concerning circuits 103, 104, 113, 114 and 115, both the generators and the receivers shall be in
accordance with Recommendation V.11.

ii) In the case of cigcuits 105, 106, 107 and 109, generators shall comply with Recommendation V.10 or
alternatively Recommendation V.11. The receivers shall comply with Recommendation V.10, cate-
gory 1 or V.11 without termination.
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TABLE 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 of all other circuits, Recommendation V.10 applies with receivers configured as specified
by Recommendation V.10 for category 2.

Note — For an interim period the electrical interface characteristics of Recommendation V.35 may be
optionally used.

10.2  Interface for applications b), c) and d) indicated in § 1

For applications b), ¢) and d) the interface may comply with the functional requirements given in
reference [12] for the 64 kbit/s interface. In these cases, the electrical characteristics may comply with refer-
ence [13].

If an end-to-end transmission of the 8-kHz timing signal is not used, an 8-kHz timing signal across the
interface will not be supplied nor utilized by the modem.

Alternatively 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 ON. For data line signal level less than
—18 dBm0, circuit 109 is OFF.

Note — The corresponding levels for the pilot carrier are —22 dBmO0 and —27 dBmO0 respectively.

The condition of 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 OFF to ON transition occurs is at least
2 dB greater than that for the ON to OFF transition. To measure the thresholds of the detector, a modulated data
signal with its pilot carrier at the level specified in § 5.6 should be used.
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11.2 Response time

From OFF to ON: 15 ms to 150 ms,
From ON to OFF: S msto 15 ms.

The response times of circuit 109 are the time intervals between the appearance or disappearance of the
line signal at the reception input terminal of the modem and the occurrence of the corresponding ON or OFF
condition on circuit 109.

The line signal level should be within the range from 3 dB above the actual threshold of the line signal
detector at reception and the maximum permissible level of the signal at reception.

12 Error performance

12.1 For a hypothetical reference circuit, 2500 km in length, with characteristics in accordance with Recommen-
dation H.14 [14], and with not more than two through-group connection equipments, the performance objective in
terms of error rate should be not worse than 1 error per 107 bits transmitted. This is based on an assumed
Gaussian noise power of 4 pW per km/per 4-kHz band psophometrically weighted (this figure corresponds to
4 pWOp/km).

12.2  The measuring technique and error performance criteria in a back-to-back modem measurement
configuration require further study.

13 Additional information for the designer

3

13.1 Input level variation

The step-change in the input level is, under normal conditions, smaller than #+ 0.1 dB. The gradual input
level change is smaller than + 6 dB and includes the tolerance of the transmitter output level.

13.2  Interference from adjacent group bands

A sinusoidal signal of +10 dBmO in the frequency bands of 36-60 kHz and 108-132 kHz can appear
together with the data line signal at the input of the receiver.

APPENDIX 1

(to Recommendation V.36)

Scrambling process

1.1 Definitions

1.1.1  applied data bit

The data bit which has been applied to the scrambler but has not affected the transmission at the time of
consideration.

[.1.2  next transmitted bit

The bit which will be transmitted as a result of scrambling the applied data bit.

[.1.3  earlier transmitted bits

Those bits which have been transmitted earlier than the next transmitted bit. They are numbered
sequentially in reverse time order, i.e. the first earlier transmitted bit is that immediately preceding the next
transmitted bit.

1.1.4  adverse state

The presence of any one of certain repetitive patterns in the earlier transmitted bits.
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1.2 Scrambling process

The binary value of the next transmitted bit shall be such as to produce odd parity when considered
together with the twentieth and third earlier transmitted bits and the applied data bit unless an adverse state is
apparent, in which case the binary value of the next transmitted bit shall be such as to produce even instead of
odd parity.

An adverse state shall be apparent only if the binary values of the p™ and (p + 8)" earlier transmitted
bits have not differed from one another when p represents all the integers from 1 to g inclusive. The value of ¢
shall be such that, for p = (g + 1), the p™ and (p + 8)t*" earlier transmitted bits had opposite binary values and
g = (31 + 32 r), r being O or any positive integer.

At the time of commencement, i.e. when no earlier bits have been transmitted, an arbitrary 20-bit pattern
may be assumed to represent the earlier transmitted bits. At this time also it may be assumed that the p'" and
(p + 8)'" earlier transmitted bits have had the same binary value when p represents all the integers up to any
arbitrary value. Similar assumptions may be made for the descrambling process at commencement.

Note 1 — From this it can be seen that received data cannot necessarily be descrambled correctly until at
least 20 bits have been correctly received and any pair of these bits, separated from each other by seven other 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 of the Adverse State
Detector (ASD) because of the large number of possible states in which the 20 state shift register can be at the
commencement of testing. For those modems in which it is possible to bypass the scrambler and the descrambler
and to strap the scrambler to function as a descrambler, the following method may be used. A 1 :1 test pattern is
transmitted with the ASD of the scrambler bypassed. If the ASD of the descrambler is functioning correctly the
descrambled test pattern will contain a single element error every 32 bits, i.e. 90 000 errors per minute for a
modem operating at 48 kbit/s indicates that the descrambler is functioning correctly. The operation of the ASD of
the scrambler may be checked in a similar manner with the scrambler strapped as a descrambler and the
descrambler bypassed.

1.3 Figure 1-1/V.36 is given as an indication only, since with another technique this logical arrangement might
take another form.
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Recommendation V.37

SYNCHRONOUS DATA TRANSMISSION 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 into being other modems with features
designed to meet the requirements of Administrations and users, this Recommendation in no way restricts the use
of any other modems.

The only group reference pilot frequency which can be used in conjunction with this modem is
104.08 kHz.

The modem is intended to be used on group band circuits not necessarily conforming to [1].
Principal characteristics:

a) transmission of any type of high-speed synchronous data in duplex constant carrier mode on 4-wire
(60-108 kHz) group band circuits,

b) primary data signalling rates up to 144 kbit/s,

¢) inclusion of an automatic adaptative equalizer,

d) class IV partial response pulse amplitude single sideband signalling and modulation,

e) optional inclusion of an overhead-free multiplexer combining existing data signalling rates;

f) optional voice channel.

2 Data signalling rates

2.1 The recommended synchronous data signalling rates are 96 kbit/s, 112 kbit/s, 128 kbit/s and 144 kbit/s.
For some applications with agreement from the Administration, data signalling rates up to 168 kbit/s are
applicable. (See the Note to § 7.)

2.2 The permitted tolerance for all data signalling rates is + 5 x 1075

3 Scrambler/descrambler .
In order to be bit sequence independent, to avoid high amplitude spectral components on the line, and to

allow the automatic equalizer to remain converged, the data should be scrambled and descrambled by means of
the logical arrangements described in Appendix I.

4 Encoding method

The binary bit stream A, delivered by the scrambler, to be transmitted is divided into consecutive groups
of 2 bits A, and A, (dibits), A, being the first in time delivered by the scrambler.

An amplitude level B is assigned to each dibit (A) as shown in Table 1/V.37.

TABLEAU 1/V.37

Ay A, 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 conforms to the
relation:

Ci=Bi @ Cia

where

@ represents the modulo 4 sum

and the subscript i represents the i'" element of 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 binary coded partial response pulse
often referred to as class 1V, whose time and spectral function are defined by:

Sin 2,

2
g =_- AV

and

respectively, where 1/ T denotes the modulation rate.

The reference to equivalent baseband signals recognizes that the modem implementation may be such that
the binary signal at the input and output of the modem is converted to and from the line signal without appearing
as an actual baseband signal.

The baseband signal formed by, the processes described above will present 7 levels (see Table 2/V.37).

The baseband signal shaping is performed in the transmitter.

TABLE 2/V.37

. Bit value
Level

A A>
+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 timing pilot at frequencies as specified in Table 3/V.37.

6.2 The amplitude of the theoretical line signal spectrum, corresponding to a quaternary- symbol (+1)
appearing at the output of the encoder, is sinusoidal. The zeros and maxima of the theoretical line spectrum are
shown in Table 3/V.37.

TABLE 3/V.37

Data rate Zeros Maxima ng?ér Té?llgtlg
(kbit/s) at (kHz) at (kHz) frequency frequency
144 64 and 82 100 kHz 64 kHz
100
128 68 and 84 100 kHz 68 kHz
100
112 72 and 86 100 kHz 72 kHz
100
96 76 and 88 100 kHz 76 kHz
100
168 62 and 83 104 kHz 62 kHz
(optional) 104
6.3 In the 60-108 kHz band, amplitude distortion of 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 nominal level of the line data signal should be —6 dBm0. The actual level should be within + 1 dB
of the nominal level. '

6.5 A pilot carrier at the same frequency as the modulated carrier (100 kHz + 2 Hz) at the transmitter and
with a level of —9 + 0.5 dB relative to the actual level mentioned under § 6.4 above, should be added to the line
signal. The relative phase between the modulated carrier and the pilot carrier at the transmitter should be time
invariant.

Note — For the optional data signalling rate of 168 kbit/s, the pilot carrier should be 104 kHz = 2 Hz.

6.6 A timing‘pilot at a frequency difference from the carrier equal to half the modulation rate at the
transmitter with a level of —12 = 0.5 dB relative to the actual level mentioned under § 6.4 above, should be
added to the line signal.

The relationship between the timing pilot and the pilot carrier should remain time invariant at the
transmitter.

7 Group reference pilot

71 Provision should be made for facilitating the injection of a group reference pilot of 104.08 kHz from an
external source. :

7.2 The protection of the group reference pilot should conform to Recommendation H.52 [2].

Note — Group reference pilot must be removed from the channel for operation at 168 kbit/s.

8 Optional voice channel

The service speech channel may be an integral part of the application of this system and is used on an
optional basis. The channel corresponds to channel i of a 12 channel SSB-AM system in the 104-108 kHz band
(virtual carrier at 108 kHz). It can transmit continuous voice at a mean level of maximum —15 dBmO0 or pulsed
signalling tones according to the individual specifications.
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To avoid overloading of the system by peak signals, a limiter shall be used with cut-off levels
above +3 dBm0.

To avoid stability problems, the channel shall be conected to 4-wire equipment only.

The transmit filter shall be such that any frequency applied to the transmit input terminals at a level of
— 15 dBmO will not cause a level exceeding:

a) 73 dBmOp in the adjacent group;
b) —61 dBmo0 in the vicinity (= 25 Hz) of the pilot 104.08 kHz;

¢) —55 dBm0 in the data band between 64 and 101 kHz. When the 168 kbit/s data signalling rate is
used this requirement applies between 62 and 104 kHz.

The voiceband is sufficiently protected if the same filter is used in the receive direction of the channel. The
attenuation/frequency characteristic, measured between the voice-frequency input and the group band output or
the group input and the voice-frequency output, with respect to the value at 800 Hz is limited by:

—1 dB over the 300-3400 Hz band,
+2 dB between 540 and 2280 Hz.

Note — When the modem is installed at the repeater station, the voice channel should be extended to the
customer’s premises.
9 Adjacent channel interference

The adjacent channel interference should conform to Recommendation H.52 [2].

Note — The frequency band upon which this requirement 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

Transmission of synchronizing signals is initiated by the modem. When the receiving modem detects a
condition which requires resynchronizing, it shall turn circuit 106 OFF 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

Total of

Segment 1 Segment 2 Segment 3 Segments 1, 2 and 3

Type of Only carrier and timing Carrier and timing pilots | Carrier and timing pilots Data Approxi-
line pilots and alternation of levels | and scrambled all binary | signalling mate
signals x2) ONEs rates time
(kbit/s) (s)
96 5.76
Nfumber 112 4.93

()

symbol 10240 4096 262 144 128 432
intervals 144 3.84
' 168 3.29
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11.1  Segment 1 transmits the carrier pilot, the timing pilot and data signal corresponding with the dibits (0, 0)
applied at the input of the encoder.

11.2  Segment 2 consists of the carrier pilot, the timing pilot and an alternation between two signal levels (+2)
and (—2) corresponding with the dibits (1, 1) applied at the input of the encoder.

11.3  Segment 3 consists of the carrier pilot, the timing pilot and scrambled all binary ONEs.
At the beginning of this segment:
— the scrambler shift register must be set to all Os (see Appendix I);
— the adverse state detector counter must be set to all 1s (see Appendix I);
— the pre-encoder must be set to all Os.

The equivalent baseband signal processed at the beginning of Segment 3 consists of a succession of
15 levels (0) followed by levels (+1), (0), (=1), (+1), (0), (= 1), (+1), (0), (—=1), (+1), (+1), (=1)....

11.4  Circuit 106 is turned ON at the end of Segment 3 and the user’s data may appear at the input of the
scrambler.

12 Optional multiplexing

Multiplexing options shall be separately available to combine nominally available group band data rates
of 48, 56, 64 or 72 kbit/s into a single aggregate bit stream for transmission as shown in Table 3/V.37. These
multiplexers should be of a synchronous, overhead-free, bit interleave design. Using modem internal processing
signals, multiplexers shall require no framing, allowing each subchannel to be a full one-half of the composite bit
rate.

The two port multiplexer uses the bits from port A and B for bits A; and A, respectively of the dibits
defined in § 4.

The possibility of having a three port multiplexer is for further study.

12.1 Transmit buffers

In the transmitter of each multiplex port, there shall be a data buffer of suitable capacity. In this way,
both phase variations and, within certain limits, frequency deviations are absorbed. The buffer shall be initialized
when an OFF to ON condition of circuit 105 occurs and may be repositioned in the event of a buffer overflow.

Note — The buffer may reinitialize upon a DCE resynchronization signal.

12.2  Transmit port timing arrangements

Table 5/V.37 shows all possible combinations of port and main DCE transmit timing clock arrangements.

12.3 Remote signalling on subchannel

For further study.

13 Digital interface requirements

13.1 List of interchange circuits (see Table 6/V.37)

The interchange circuit table is valid for the main channel or the subchannel interfaces.

13.2 Electrical characteristics
Use of electrical characteristics conforming to Recommendation V.10 and/or V.11 is recommended
together with the use of the connector and pin assignment plan specified by 1SO 4902 [4].

i)  Concerning circuits 103, 104, 113, 114 and 115, both the generators and the receiverg shall be in
accordance with Recommendation V.11.

ii) In the case of circuits 105, 106, 107 and 109, generators shall comply with Recommendation V.10 or
alternatively Recommendation V.11. The receivers shall comply with Recommendation V.10,
category 1, or V.11 without termination.

iii) In the case of all other circuits, Recommendation V.10 applies, with receivers configured as specified
by Recommendation V.10 for category 2.

Note — For an interim period the electrical interface characteristics of Recommendation V.35 may be
optionally used.
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TABLE 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

114
(DCE source)

Internal
(Independent timing)

Not required

External®
(Circuit 113 of selected port)

Not required

Receiver timing
(Loopback timing)

Not required

113
(DTE? source)

Internal
(Independent timing)

Required .,

External®
(Circuit 113 of selected port)

Required for all ports
except port supplying
circuit 113 to DCE

Receiver timing

(Loopback timing) Required
4 ]n 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 recommended data signalling rate is synchronous at 64 kbit/s.

For those synchronous networks requiring the end-to-end transmission of both the 8-kHz and 64-kHz
timing together with the data at 64 kbit/s, an internal data signalling rate of 72 kbit/s is suggested.

The corresponding data format shall be obtained by inserting one extra bit (E) just before the first bit of
each octet of the 64 kbit/s data stream.

The bits E convey alignment and housekeeping information, according to the pattern shown in
Figure 1/V.37.

....1] octet |0 octet | H | octet | 1| octet | 0| octet| H | octet]| ....

FIGURE 1/V.37

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 frame alignment procedure is left for further study.

When the transmission of the 8-kHz timing is not required, the data signalling rate may be 64 kbit/s.

The interfaces shall comply with the functional requirements given in Recommendation G.703 [5] for the
64-kbit/s interface. The electrical characteristics may comply with reference [6].

If an end-to-end transmission of an 8-kHz timing signal is not used, an 8-kHz timing across the interface
will not be supplied nor utilized by the modem.

The conditions of restart and the following alarms 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 —13 dBm0, 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 dBm0 and —27 dBmO respectively.

The condition of 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 OFF to ON transition occurs is at least
2 dB greater than that for the ON to OFF transition. To measure the thresholds of the detector, a modulated data
signal with its carrier and timing pilots at the levels specified in §§ 6.5 and 6.6 above should be used.

15.2  Response times

ON to OFF: Under study:
OFF to ON:
1)  For initial equalization, circuit 109 must be ON prior to user data appearing on circuit 104.

2) For re-equalization during data transfer, circuit 109 will be maintained in the ON condition. During
this period, circuit 104 may be clamped to the binary 1 condition.

3) After a line signal interruption that lasts more than the ON to OFF response time:
a) when no new equalization is needed, the exact figure is under study;

b) when a new equalization is needed, circuit 109 must be ON prior to user data appearing in
circuit 104.
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The response times of circuit 109 are the time intervals between the appearance or disappearance of the
line signal at the reception input terminals of the modem and the occurrence of the corresponding ON or OFF
condition on circuit 109.

The line signal level should be within the range from 3 dB above the actual threshold of the line signal
detector at reception and the maximum permissible level of the signal at reception.

16 Response times of circuit 106

ON to OFF response time less than or equal to 2 ms

OFF to ON response time less than or equal to 2 ms.

17 Equalizer

An automatic adaptive equalizer shall be provided in the receiver.

The receiver shall incorporate a means of detecting loss of equalization and initiating a synchronizing
signal sequence in its associated local transmitter.

The receiver shall incorporate a means of detecting a synchronizing signal sequence from the remote
transmitter and initiating a synchronizing signal sequence in its associated local transmitter, which may be
initiated at any time during the reception of the synchronizing signal sequence.

Either modem can initiate the synchronizing signal sequence. The synchronizing signal is initiated when
the receiver has detected a loss of equalization. Having initiated a synchronizing signal, the modem expects a
synchronizing signal from the remote transmitter.

If the modem does not receive a synchronizing signal from the remote transmitter within a time interval
equal to the maximum expected two-way propagation delay plus twice the synchronizing signal detection time, it
transmits another synchronizing signal.

If the modem fails to synchronize on the received signal sequence, it transmits another synchronizing
signal.

If a modem receives a synchronizing signal when it has not initiated a synchronizing signal and the
receiver properly 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 normal conditions, smaller than + 0.1 dB. The gradual input
level change is smaller than = 6 dB and includes the tolerance of the transmitter output level.

18.2  Interference from adjacent group bands

A sinusoidal signal of +10 dBmO in the frequency bands of 36-60 kHz and 108-132 kHz can appear
together with the data line signal at the input of the receiver.

APPENDIX 1

(to Recommendation V.37)

Scrambling process

1.1 Definitions

1.1.1  applied data bit

The data bit which has been applied to the scrambler but has not affected the transmission at the time of
consideration.
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[.1.2  next transmitted bit

The bit which will be transmitted as a result of scrambling the applied data bit.

1.1.3  earlier transmitted bits

Those bits which have been transmitted earlier than the next transmitted bit. They are numbered
sequentially in reverse time order, i.e. the first earlier transmitted bit is that immediately preceding the next
transmitted bit.

1.1.4  adverse state

The presence of any one of certain repetitive patterns in the earlier transmitted bits.

1.2 Scrambling process

The binary value of the next transmitted bit shall be such as to produce odd parity when considered
together with the twentieth and third earlier transmitted bits and the applied data bit unless an adverse state is
apparent, in which case the binary value of the next transmitted bit shall be such as to produce even instead of
odd parity.

An adverse state shall be apparent only if the binary values of the p'" and (p + 8)'" earlier transmitted bits
have not differed from one another when p represents all the integers from 1 to g inclusive. The value of g shall
be such that, for p = (¢ + 1), the p? and (p + 8)" earlier transmitted bits had opposite binary values and
g = (31 + 32 r), rbeing 0 or any positive integer.

At the time of commencement, i.e. when no earlier bits have been transmitted, an arbitrary 20-bit pattern
may be assumed to represent the earlier transmitted bits. At this time also it may be assumed that the p" and
(p + 8)" earlier transmitted bits, have had the same binary value when p represents all the integers up to any
arbitrary value. Similar assumptions may be made for the descrambling process at commencement.

Note 1 — From this it can be seen that received data cannot necessarily be descrambled correctly until at
least 20 bits have been correctly received and any pair of these bits, separated from each other by seven other bits
have differed in binary value from one another.

Note 2 — 1t is not possible to devise a satisfactory test pattern to check the operation of the Adverse State
Detector (ASD) because of the large number of possible states in which the 20 state shift register can be at the
commencement of testing. For those modems in which it is possible to bypass the scrambler and the descrambler
and to strap the scrambler to function as a descrambler, the following method may be used. A 1 : 1 test pattern is
transmitted with the ASD of the scrambler bypassed. If the ASD of the descrambler is functioning correctly the
descrambled test pattern will contain a single element error every 32 bits, i.e. 90 000 errors per minute for a
modem operating at 48 kbit/s indicates that the descrambler is functioning correctly. The operation of the ASD of
the scrambler may be checked in a similar manner with the scrambler strapped as a descrambler and the
descrambler bypassed.

1.3 Figure 1-1/V.37 is given as an indication only, since with another technique this logical arrangement might
take another form.
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Scrambler/Descrambler
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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 EQUIPMENT

(Mar del Plata, 1968)

If use is made of a code providing for the introduction into each character signal of an extra unit for the
parity check, it is possible with electromechanical equipment to detect errors not only in the transmission channel
but also in part of the mechanical translation or transmission equipment.

It might be possible therefore, when an error is detected in a character 51gnal 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 of the perforated tape equipment
or a special printout with direct printing equipment.

Such devices would however be either very costly or only partially effective (for example, many character
signals of the International Alphabet No. 5 do not correspond to any printout so that for these characters the
normal sign cannot be replaced by an “error” sign).

For these reasons, the CCITT unanimously recommends

that use of an alarm or error-counting device is the best method if a local indication is required for an
error detected in a character signal.

Recommendation V.41

CODE-INDEPENDENT ERROR-CONTROL SYSTEM

(Mar del Plata, 1968, amended at Geneva, 1972)

1 General

This Recommendation is primarily intended for error control when implemented as an intermediate
equipment which may be provided either with data terminal equipment or with the data circuit-terminating
equipment. The appropriate interfaces are shown in Figures 1/V.41 and 2/V.41. The system is not primarily
intended for use with multi-access computing systems. The Recommendation does not exclude the use of any other
error-control system that may be better adapted to special needs.
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The modems used must provide simultaneous forward and backward channels. The system uses
synchronous transmission on the forward channel and asynchronous transmission on the backward channel. When
modems to Recommendation V.23 are used with data signalling rates of 1200 or 600 bit/s in the general switched
telephone network, Recommendation V.5 applies, the error-control equipment being classed as communication
equipment. The margin of the synchronous receiver should be at least + 45%.

The system employs block transmission of information in fixed units of 240, 480, 960 or 3840 ! bits and is
therefore most suited to the transmission of medium or long data messages, but a fast starting procedure is
incorporated to improve the transmission efficiency for shorter messages.

Error control is achieved by means of automatic repetition of a block upon request (ARQ) from the data
receiver. If storage is provided at the receiver, detected errors can be removed before the system output (clean
copy). Storage for at least two data blocks must be provided at the transmitter.

The forward bit stream is divided into blocks each consisting of four service bits, the information bits, and
16 error-detection (or check) bits in that order, the check bits being generated in a cyclic encoder. Thus each block
transmitted to line contains 260, 500, 980 or 3860 ! bits.

The system will detect:
a) all odd numbers of errors within a block;
b) any error burst not exceeding 16 bits in length and a large percentage of other error patterns.

Assuming a distribution of errors as recorded in reference [1], the error-rate improvement factor has been
indicated by a computer simulation to be of the order of 50 000 for a block size of 260 bits.

The fixed block system employed limits the use of the system to those lines having a loop propagation
time not greater than the figures given in Table 1/V.41. Allowances of 40 ms for total modem delay and 50 ms for
the detection of the RQ signal have been made.

TABLE 1/V.41

Maximum permissible line loop propagation times (ms)

Data signalling
rate (bit/s)
200 600 1200 2400 3600 4800
Block size
(bits)
260 1210 343 127 18 - -
500 2410 743 327 118 49 14
980 4810 1543 7217 318 182 114
3860 19210 6343 3127 1518 982 714
2 Encoding and checking process

The service bits and information bits, taken in conjunction, correspond to the coefficients of a message
polynomial having terms from x"~' (n = total number of bits in a block or sequence) down to x'. This
polynomial is divided, modulo 2, by the generating polynomial x'® + x'> + x> + 1. The check bits correspond to
the coefficients of the terms from x' to x° in the remainder polynomial found at the completion of this division.
The complete block, consisting of the service and information bits followed by the check bits, corresponds to the
coefficients of a polynomial which is integrally divisible in modulo 2 fashion by the generating polynomial.

At the transmitter the service bits and information bits are subjected to an encoding process equivalent to
a division by the generator polynomial. The resulting remainder is transmitted to line immediately after the
information bits, commencing with the highest order bits.

At the receiver, the incoming block is subjected to a decoding process equivalent to a division by the
generator polynomial which in the absence of errors will result in a zero remainder. If the division results in other
than a zero remainder, errors are indicated.

) 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 with appropriate
feedback gates (see Figures 1-1/V.41 and 1-2/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 of scramblers — Where self-synchronizing scramblers (i.e. scramblers which effectively divide the
message polynomial by the scrambler polynomial at the transmitter and multiply the received polynomial by the
scrambler polynomial at the receiver) are used, in order to ensure satisfactory performance of the error-detecting
system, the scrambler polynomial and the Recommendation V.41 generating polynomial must have no common
factors. Where this condition cannot be maintained, the scrambling process must precede the error detection
encoding process and the descrambler process must follow the error detection decoding process. Where additive
(i.e. non-self-synchronizing) scramblers are used, this precaution need not be observed.

3 The service bits

3.1 Block sequence indication

The four service bits at the beginning of each block transmitted to the line indicate the block sequence and
convey control information external to the message information. One of these control functions is to ensure that
the information block order can be checked during repetitions, thus ensuring that information is not lost, gained
or transposed. Three block sequence indicators A, B and C are used cyclically in that order.

Once a sequence indicator has been attached to an information block it remains with that block until the
block is received correctly. Examination of the sequence indication is an additional part of the checking process.

3.2 Allocation of service bits

The allocation of the 16 possible combinations of the four service bits is given in Tables 2/V.41
and 3/V.41. Table 2/V.41 lists essential and therefore mandatory combinations and Table 3/V.41 optional
combinations.

TABLE 2/V41

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 l
p 1110
q 1111 I To be allocated by bilateral agreement
r 0000
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33 Control functions

Synchronization is the only essential control function catered for in the service bits.

The optional Data link escape (general control) block contains data which are special in some way agreed
to by the users.

Additional optional functions are Strart of message 1 (or for five-unit codes), Start of message 2 (or for
six-unit codes), Sturt of message 5 (or for seven-unit codes), Start of message 4 (or tor eight-unit codes), End of
message, and End of transmission.

Four additional service bit combinations are available for allocation by bilateral agreement.

The message information part of the non-data blocks (Hold, End of transmission and End of message) is of
no significance, but such blocks will still be checked at the receiver.

When the optional facilities groups g to k are not used, the first data block following the OFF to ON
transition of Ready for sending is automatically prefixed Block A sequence indicator, group a. Data blocks BCABC,
etc. then follow sequentially unless one (or more) of the other types of block are inserted.

When the optional facilities groups g to k are used, the first data block is prefixed by one of the Start of
message indicators 1, 2, 3 or 4 (groups g to k), depending on the number of bits per character which will be used
during transmission. Data blocks ABCAB, etc. then follow. Should an .interruption to a leased type connection
occur during transmission or should an operator interrupt the transmission to change to the speech mode, the
transmission will be resumed with the sequence indicator following that of the last block to be accepted before the
interruption. A Start of message indicator should not be used after such an interruption.

In the case of switched connections, special measures may be necessary to ensure that an interrupted
message is not continued by a new message without appropriate indication.

4 Correction procedure

A binary 1 condition on the backward channel (the supervisory channel) indicates the need for repetition
of information (RQ). Conversely, a binary 0 implies acceptance of the transmitted information. The rules
governing the transmission and reception of 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 normal operations being dealt
with here.

Data are transmitted block by block, but the contents of each transmitted block together with its service
bits are held in store at the transmitter until correct reception has been ensured. Storage for at least two blocks
must be provided.

During transmission of a block the condition of the backward channel (circuit 119) is monitored for a
period of 45-50 milliseconds immediately prior to transmission of the last check bit. If any RQ is found within
this period the block is rendered invalid by inverting this last bit. The transmitter then recommences transmission
from the beginning of the previous block by reference to the store. During the retransmission of the block which
follows the detection of the RQ signal, the state of the backward channel is ignored.

4.2 Receiver procedure

In normal operation a binary 0 is maintained on the backward channel as long as blocks are received with
correct check bits and permissible service combinations. Any data contained in these blocks are passed to the
receiver output. If a clean copy output is required, data storage for at least one block should be provided since a
block cannot be checked until it has been completely received.

When a block has been received which does not meet the error check condition, binary 1 is transmitted on
the backward channel and the expected service bit combination 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 combination and any data within it will be processed. Occasionally the first block which
checks correctly may bear an abnormal service bit combination due to a line transmission error in the backward
channel (causing either a mutilated or imitated 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 combination indicates the block preceding
the expected block, a binary 0 should be applied to the backward channel.

If the next block checks correctly and bears an acceptable service bit combination, its data should be
processed and normal operation resumed. In the case that the service bit combination indicates an invalid block, a
binary 4 should be applied; moreover, if the service bit combination indicates the block following the expected
block, it is implied that a binary 0 has been imitated for the whole of the 45 ms period specified in § 4.1 above
and an alarm must be given since it is not possible to recover from this (rare) condition automatically.

5 Starting procedures

5.1 Transmitter procedures and synchronizing pattern

During the delay between Request to send and Ready for sending, line idle conditions (binary 1) are
emitted by the modem. The first data signals, after the modem 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 Appendix I for a possible
derivation). The 28 transitions are provided for bit synchronization purposes. These synchronizing signals are
followed by Block A or a Start of message block (groups g to k in Table 3/V.41). During the whole of this
sequence from the beginning of the synchronizing prefix the transmitter ignores the condition of the backward
channel, acting as though binary 0 were present. The condition of the backward channel then assumes its normal
significance (see § 4 above). Should this be binary 1 during the examination period of the second block, this block
must be completed with the last bit inverted and the starting procedure must be recommenced from the beginning
of the synchronizing sequence prefix.

52 Receiver procedures

Binary 1 is emitted on the backward channel at the receiving terminal until the synchronizing pattern
(0101000010100101) is detected, at which time binary 0 is emitted and block timing is established. The only
acceptable service bit combinations to follow the synchronizing pattern are the Block A sequence indicator or a
Start of message indicator (when used). If other service bit combinations are received, binary 1 is returned and the

search for the synchronizing pattern is resumed.
o

6 Resynchronization procedure

6.1 Recovery of synchronization

Should the receiver fail to recognize an acceptable block within a reasonable time, then it must examine
the incoming bit stream continuously to find the synchronization pattern. When this pattern is found, block timing
is re-established and the binary 0 condition applied to the backward channel; the procedure is identical to the
starting procedure except that the expected service bit combination is that following the last sequence indicator to
have been accepted.

6.2 Emission of synchronization pattern

If the normal repetition cycle has continued for a number of times consecutively (typically 4 or 8) the
transmitter must assume that resynchronization is necessary. The normal 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 imitated or
disturbed by noise or should the synchronization pattern be disturbed. The use of the longer filler, making the
block the same length as the data block, overcomes this difficulty. There is the option to choose either length, both
lengths being compatible.

6.3 Use of synchronization block for delay in transmission
The information flow may be suspended by the insertion of a synchronizing “block™. In the case of the

short filler it is essential that the receiving terminal should recognize the synchronizing prefix and change itself
immediately into the synchronizing search mode, otherwise synchronization will be lost. In the case of the filler
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which produces a normal block length it is desirable to change into the search mode without abandoning block
timing, a backward binary 0 being returned at the end of the block if the prefix is recognized and the check bits
correspond to the synchronization pattern.

It may happen that the transmitter emits 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 of a
synchronization block for suspending the information flow.

7 Interfaces

7.1 Modem interfaces

In the normal case where the modems are not an integral part of the data terminal, the modem interfaces
are as shown at points A-A in Figures 1/V.41 and 2/V.41. Where synchronous modems are employed, the
appropriate signal element timing circuits will also be included in these interfaces.

7.2 Data terminal interfaces

Where the error control equipment (including stores) is not an integral part of the data terminal, the error
control equipments are interposed between the data terminals and the modem. The data terminal interfaces are
then as indicated at B-B and C-C in Figures 1/V.41 and 2/V.41 respectively. A signal element timing circuit is
included in each of these interfaces.

7.2.1 In the case of the transmitting terminal all the interchange circuits perform their usual functions but
ready-for-sending also takes advantage of the final paragraph of its definition in Recommendation V.24 and
performs in the following manner:

Ready-for-sending circuit (see Figure 1/V.41)

This circuit, in conjunction with the signal element timing circuit, will inform the data terminal equipment
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 OFF condition when data are not required (in general this will be
during the service and check bit transmissions 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 of this circuit will coincide with the
signal element timing transition from ON to OFF. The transition from ®ON to OFF will thus coincide with the
signal element timing transition from ON to OFF during the 240th, 480th, 960th or 3840th bit of the information
within a block, as appropriate.

B A
I |
I |
I |
Connect data set line (No. 108/1) - o Connect data set to line (No. 108/1)
or Data terminal ready (No. 108/2) 7 or Data terminal ready (No. 108/2)
|
Data set ready {No. 107) L L Data set ready (No. 107)
T il I 1
! |
Requesx-ld-send (No. 105) g o Request-to-send (No. 105)
+ - -
| !
. )
Ready for sending (No. 106) . ~__ Ready for sending (No. 106}
T ~} et |
|
Data .y Error . | Line
3 Ti tted d No. 103
terminal Transmmeld data (No. 103) - control - ransmitted data (No ) Modem
equipment | equipment |
[}
Transmitter signal element timing (No. 114) Received backward channel data (No. 119)
T -~ - T
|
Backward channel received line signal Backward channél received line signal
detector (No. 122) (optional) el " detector (No. 12?)
| ! .
Data signalling rate selector (No. 111) - o Datasignalling rate selector {No. 111)
o T
| o |
! .
Calling indicator (No. 125) (optional) . Calling indica(or‘(Ncn 125) (optional)
i - — T
| |
| |
8 A CCITT-43700

FIGURE 1/V.4]

Interchange circuits — Transmitting terminal
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7.2.2 In the case of the receiving terminal two new circuits are introduced, but since two (or more) of the
modem interface circuits are not used in this interface, the number of circuits is not increased. Circuit 118
— Transmitted backward channel data is not available at this interface.

A Ready for receiving function must be provided to inform the error control equipment of the status of the
data terminal. This function may be performed by circuit 108, in which case a connection on the switched
telephone network will be released when the circuit goes from ON to OFF. Alternatively, a separate function
control circuit may be provided in order to retain the line connection for short periods when the data terminal is
unable to accept data. This new circuit may be assumed to take the place of circuit 120 and functions in the
following manner:

Ready-for-receiving (see Figure 2/V.41)

Direction : to error control equipment from data terminal equipment

The data terminal equipment shall maintain the ON condition on this circuit when the data terminal
equipment is ready to receive data. Since the error control equipment will receive data in blocks, the data terminal
equipment must be capable of receiving data also in blocks. Therefore, the data terminal equipment shall change
this circuit to the ON condition only if the data terminal equipment is capable of accepting a block of data (240,
480, 960 or 3840 elements) and shall return to the OFF condition if the data terminal equipment cannot accept
another block within 15 element intervals after the end of the previous block of transferred data.

Note — If this Ready for receiving circuit is OFF at the end of this 15-element period, an RQ condition
will be generated.

The other new circuit performs the function of 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 element timing circuit, will inform the data terminal equipment
when data are going to be output in response to the receive data terminal’s connect data set to line (and separate
Ready for receiving circuit when provided) and the incoming data from the distant end being adjudged correct.
The Received data present circuit will go to the ON condition when data are going to be output and to the OFF
condition at all other times. All transitions of this circuit will coincide with the signal element timing transition
from ON to OFF. The transition from ON to OFF will thus coincide with the signal element timing transition
from ON to OFF during the 240th, 480th, 960th or 3840th bit of information within a block as appropriate.

A C
| 1
1 |
Connect data set to line (No. 108/1) . ___Connect data set to line (No. 108/1)
or Data terminal rfady (No. 108/2) B " or Data terminal ready }No, 108/2)
Data set ready 1Nc|)4 107) . Datasetready {No. 107}
—t - - 1
: |
Data channel received line signal detector (No. 109) o Received data present (No. 134)
T bl o |
: |
Received data (No. 104) Ready for receiving (No. 133} (optional)
] L - |
. | . Dat;
Line Modam Transmit backward channel line signal (No. 120) . CE:“:;' __ Received dara (No. 104) ter:\i:al
X— -~} - T .
| equipment | equipment
| n . PY
Transmitted backward channel data (No. 118) . o Receiver signal element timing {No. 115)
_ T
! '
Data signalling rate selector (No. 111) . ___ Datasignalling rate selector (No. 111)
— -
!
: _— N
Calling indicator (No. 125) (optional) - o Calling indicator {No. 125) (optional}
; g |
Backward channel ready {No. 121} - Data channel received Illne signal detector
! g " {No. 109) (optional)
1 1
| |
A C

CCITT-43710
FIGURE 2/V.41

Interchange circuits — Receiving terminal
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7.2.3  Additional interchange circuits may be provided at the data terminal interface by bilateral agreement of
the users. These additional circuits may be used to introduce service bit control functions other than those
provided as a basic necessity. Such circuits should not interfere with the operation of the recommended circuits.

8 Use of service functions

Data link escape is included in Table 3/V.41 as an optional indicator 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 equipment would operate a bell or similar calling device and
transfer the line from the modem to a telephone. Alternatively, it may cause a short message to be printed on a
teleprinter for the attention of an operator.

End of transmission is envisaged as giving a positive indication to the receiver that the transmission has
ended and that the connection may be released. This is an alternative to the data terminal equipment interpreting
the received data to know when to release the connection.

The optional start of message indicators together with the end of message indicator may be used to route
messages to different destinations or terminal equipment at the receiving end, which may include the selection of
equipment appropriate to the code used.

The hold block need not be used at a transmitter since synchronization sequences may be used as packing
between data blocks in the event of data not being ready at the transmitting data terminal equipment, but if
required a hold block may be used for this purpose.

APPENDIX 1

(to Recommendation V.41) '

Encoding and decoding realization for cyclic code system

1.1 Encoding

Figure 1-1/V.41 shows an arrangement 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 information bits are clocked into
the input. They will appear simultaneously 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. During these counts the required check bits will appear in succession at the output.

Generation of the synchronizing pattern may be achieved by making k = 4, the four bits being 0101.
Clocking is suspended for the duration of the synchronizing filler.

] ‘Gate A }

[ Gate C
Gate B

Input Output

FIGURE I-1/V41 CCITT-43721

Encoder
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1.2 Decoding

Figure 1-2/V.41 shows an arrangement 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 information 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 of the storage stages are then examined. For an
error-free block the contents will be zero. A non-zero content indicates an erroneous block.

]l Gate A IL

!
- @
Input Output

FIGURE I-2/V 41 CCITT-43731

Decoder

1.3 Synchronizing at receiver

For block synchronizing gate D is enabled (Figure 1-2/V.41 and gates A, B and E are inhibited and the
register is examined in successive bit intervals for the required 16-bit pattern. When the pattern is recognized the
register and bit counter are set to zero and decoding proceeds normally.

Reference

[ Measurements on switched and leased telephone lines transmitting data at speeds of 250, 800 and 1000
bauds, Blue Book, Vol. VIII, Supplement No. 22, ITU, Geneva, 1964.
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SECTION 5
TRANSMISSION QUALITY AND MAINTENANCE

Recommendation V.50

STANDARD LIMITS FOR TRANSMISSION QUALITY
OF DATA TRANSMISSION

(Mar del Plata, 1968)

One of the most important factors affecting data transmission quality — similarly to telegraph transmis-
sion quality — is the distortion in time of the significant instants (known as “telegraph distortion” [1]; the degree
of signal distortion must be kept within certain limits, the ultimate objective being that the degree of distortion on
received signals should be compatible with the margin of the receiving equipment.

This distortion on received signals arises from the composition of:
a) the sending distortion;
b) the distortion introduced by the transmission channel.

Hence, limits must be fixed for the degree of sending distortion and for the degree of distortion due to the
transmission channel.

The limits contemplated for the transmission channel are specified in Recommendation V.53; these limits,
which are not yet final, are recalled below:

Channel with modem V.21: 20-25%
Channels with modem 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 mode of operation is possible)

These figures are expressed provisionally in maximum degrees of individual distortion and apply to the
circuit including the modems. The limits for the degree of sending distortion must be fixed so that a reasonable
margin is left for the receiving equipment, making allowance for the distortion introduced by the circuit.

In view of the foregoing, the CCITT unanimously issues the recommendation that:

1 with regard to the quality of transmission signals (signals at point A — Figure 1/V.51), it is preferable,
given the wide range of possible modulation rates, to adopt a single standard for each type of modem.

2 when a Recommendation V.21 modem is used, the duration of a unit element should be at least 90% of the
duration of the unit element at 200 bauds [i.e. (1/200) x (90/100) second, or 4.5 milliseconds}.
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3 when a Recommendation V.23 modem is used, the duration of a unit element should be at least 95% of the
duration of the unit element 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 of which the sending distortion is systematically well below the limits specified
above for the category concerned, the permissible margin for receivers of that system may be reduced.

5 the values indicated above could be revised when a more accurate plan for transmission quality has been
drawn up.

Note — The receive margin limits will be studied in liaison with the ISO.

Reference

[1] CCITT Definition: Telegraph distortion, Volume X, Fascicle X.1 (Terms and Definitions).

Recommendation V.51

ORGANIZATION OF THE MAINTENANCE
OF INTERNATIONAL TELEPHONE-TYPE CIRCUITS USED FOR DATA TRANSMISSION

(Mar del Plata, 1968)

In order to ensure satisfactory cooperation between Administrations interested in the maintenance of
international telephone-type circuits used for data transmission, and in order to ensure the maintenance of
satisfactory data communication, it is necessary to unify the essential action to be taken for the establishment and
maintenance of leased and switched telephone-type circuits used for data transmission.

The composition of a data transmission connection is as shown in Figure 1/V.51.
Taking into account these considerations, the CCITT unanimously declares the view :

1 That maintenance measurements should consist of :

a) telegraph maintenance measurements;

b) telephone maintenance measurements.

2 Telegraph maintenance measurements

Telegraph maintenance measurements consist of:
a) measuring the degree of distortion in time of significant instants;

b) measuring error rates.

2.1 Maintenance method by measurements of significant instants distortion in time (known as “telegraph
distortion” [1])

2.1.1  Provisionally, the distortion of significant instants should be evaluated by measuring the degree of
isochronous distortion in the absence of any appreciable disturbance which might produce error bursts.

Note | — This measurement should be made by evaluating the degrees of early and late individual
distortion, the degree of isochronous distortion being the sum, in absolute terms, of the maximum degrees of early
and late individual distortion.

v Note 2 — 1t is recognized that measurements of isochronous and individual distortion are both quite
important, but that for lack of an exact definition of the ideal reference instant, the non-uniformity of individual
distortion measurements makes them difficult to apply in an agreed manner.
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Composition of a data transmission connection

2.1.2 Measurements of distortion should be made using the apparatus recommended in Recommendation V.52
placed at points A and A, (see Figure 1/V.51).

2.1.3  The duration of the measurement should be 20 seconds.

2.2 Maintenance method by measurement of the error rate

2.2.1 Measurements should be taken of the error rate on the bits and the error rate on the blocks (or sequence);
the measurements should be made with the apparatus described in Recommendation V.52 using the pseudo-

random sequence at the appropriate signalling rate. The apparatus should be placed at points A and A,
(see Figure 1/V.51).

2.2.2 The duration of the measurements shall be 15 minutes. Every measurement shall be a gross measurement,
i.e. without any deduction of errors and without stopping the measurements if there is, for any reason, a brief
period of high error-rate. However, if an incident of appreciable importance (e.g. prolonged interruption of the
circuit or loss of synchronization on several pseudo-random sequences) upsets the measurement, the measurement
should be started again.
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3 Telephone maintenance methods

31 Telephone maintenance methods consist of:

a) measurement of the attenuation at 800 Hz;

b) measurement of the attenuation distortion as a function of the frequency;

¢) measurement of the delay/frequency distortion;

d) measurement of noise with the psophometer;

e) measurement of impulsive noise using the instrument described in Recommendation O.71 [2].
3.2 Impulsive noise levels should be expressed in dBmO0 because:

a) the difference between the various national transmission plans is taken into account, and

b) the level value is related to the value of data signal level to a close degree.
33 Bearing in mind the following two points:

that Recommendation V.2 demands a maximum data signal level of —10 dBm0 for .a simplex
transmission and —13 dBmO for duplex transmission,

that there has been considerable experience of using the threshold — 18 dBm0 and — 22 dBmoO,

the threshold settings should be —18 dBm0 and —21 dBmO respectively for the ordinary and special quality
circuits mentioned in Recommendation M.1020 [3], the standard measuring instrument being adjustable to
thresholds 3 dB apart. - '

Owing to lack of experience, no external filter should be used for present maintenance purposes.

34 At the time of measurement the line should be terminated at both ends on impedances of 600 ohms each.
The modem may be used for this purpose if it complies with this impedance.

4 Maintenance procedures

Maintenance procedures should be carried out as follows:

41 Maintenance measurements before a leased circuit is put into service

Before a circuit is put into service the following measurements should be made:

a)

b)

<)
d)

between points B and B, (see Figure 1/V.51):

telephone measurements as specified in § 3 above;

between points A and A, (see Figure 1/V.51):

telegraph measurements as specified in 2.1;

as far as possible, these measurements should be made at peak periods;

on the modems, modem test measurements.

For this purpose the modems must be equipped, if possible, with looping devices on interface or line

sides, so that the loop test can be performed either from the data terminal equipment or from a test
centre.

The design of these loops and the texts to be made for modem checks cannot be specified for general
application since the deciding factors for these tests are the type of modem and the type of interface
signal.

4.2 Routine maintenance of leased circuits

On a leased point-to-point connection, maintenance of 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
maintenance of circuits in the general telephone service; on each international group of circuits there is, in each
country, an international maintenance centre (IMC) and one of them is the controlling centre. Circuit information
is kept in each IMC. An IMC has to inform the controlling IMC of any intervention or incident on the circuit.

4.3 Telegraph measurements requiring restitution of the characteristic instants are practical only between the
interfaces.
218 Fascicle VIII.1 — Rec. V.51



On the other hand, by using a supplementary telephone pair between B and C and between B, and C,, it
might be possible to take “telephone” measurements from the connecting centres, on the lines shown in
Figure 2/V.51.

B4

[ | CCITT-43750

. FIGURE 2/V.51

It is not recommended that measurements between M and M, be substituted for those to be made between
B and B,; however, this change in the measuring point might be acceptable when the measurements made from M
to M, can be regarded as representative of the measurements from B to B,. This is a question of local
circumstances.

44 Maintenance measurements before data transmission equipment for use on the switched network is put into
service

It is recommended that data test centres be set up in one or more countries; each subscriber to the
switched data service should come under one of these centres. Before putting into service, this centre should be
called and, once the connection has been set up, telegraph-type measurements only should be taken (distortion,
error rate). '

4.5 Routine maintenance measurements for switched connections

Between C and C,, the circuit should receive the routine maintenance for telephone circuits, in accordance
with relevant Recommendations in Volume IV.

Since means are available to the users for checking the quality of data transmissions:
— it is unnecessary to arrange for routine telephone-type maintenance measurements between B and B;;
— it is unnecessary to arrange for routine telegraph-type maintenance measurements between A and A,.

However, when there are signs of developing trouble, preventive maintenance measurements should be
taken, but they will not be routine or systematic.

Administrations should be in a position to carry out modem 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 (IDCC) shall be set up.

This centre:

— shall keep a record of international data transmission links (by leased circuit or switching);
— shall direct operations for putting international links for data transmission 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 operation of test centres. It has no direct
contact with users.
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Figure 3/V.51 shows the links between the various services which may take part in locating and clearing
faults on an international link.

The procedure for reporting and clearing faults would thus be as follows:

a)

b)
©

d)
€)
f)

the user tests the line by telephone with the user at the other end, if the data transmission system
permits;

the user checks that the equipment for which he is responsible is in normal working order;

the user reports the fault to his fault-reporting point according to the instructions issued by his
Administration;

tests are made on the national network with the intervention, if necessary, of the data test centre;
if these tests are abortive, the IDCC is informed; this IDCC contacts the IDCC in the other country;

the IDCCs guide the search for the fault and, if necessary, call on the services of the maintenance
centres on the international circuits involved.

If there is no data test centre in a country, the data test centres of a neighbouring country may be used
with the consent of the Administrations concerned.

By agreement between the Administrations concerned, a user in country A may carry out tests with the aid .
of a data test centre in country B, and vice versa.

References

1] CCITT Definition: Telegraph distortion, Vol. X, Fascicle X.1 (Terms and Definitions).

2] CCITT Recommendation Specification for an impulsive noise measuring instrument for telephone-type
circuits, Vol. 1V, Fascicle 1V.4, Rec. 0.71.

{3] CCITT Recommendation Characteristics of special quality international leased circuits with special band-
width conditioning, Vol. IV, Fascicle 1V.2, Rec. M.1020.
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Recommendation V.52

CHARACTERISTICS OF DISTORTION AND ERROR-RATE
MEASURING APPARATUS FOR DATA TRANSMISSION

(Mar del Plata, 1968, amended at Geneva, 1972)

The CCITT,

considering

that distortion and error-rate measurements are of interest in data transmission and that measuring
instruments must have compatible characteristics for international inter-operation,

unanimously declares the following view :

1 Modulation rates

1.1 The nominal modulation rates of the measuring 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 nominal value by more than + 0.01%.

13 To obtain these rates a time-base external to the instrument may be used.

2 Emission of test signals

2.1 In order to test circuits for data transmission on an international basis it is necessary to standardize the

test patterns to be used. Such a pattern should be a pseudo-random one having the following characteristics:

— it should contain all or at least the majority of eight-bit sequences likely to be met in the transmission
of actual data;

— it should contain sequences of zeros and ones as long as possible compatible with ease of generation;

— the pattern should be of sufficient length such that at modulation rates higher than 1200 bauds its
duration is significant compared with line noise disturbances.

Accordingly a 511-bit test pattern is recommended. The pattern may be generated in a nine-stage
shift-register whose fifth and ninth stage outputs are added together in a modulo-two addition stage, and the result
is fed back to the input of the first stage. The modulo-two adder would be such that the output produces a 0
output when the two inputs are similar and 1 output when the two outputs are dissimilar.

Table 1/V.52 shows the state of each stage of such register during the transmission 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 of bits in stage 9 of the shift register but it
also represents the sequence in any other stage shifted in time. The choice of stage to be connected to the output is
therefore a matter of circuit convenience.

2.2 Other test signals recommended are: permanent space, permanent mark, 1:1,3:1,1:3,7:1and 1:7, all
of which may be sent over the line for an unlimited time.

23 A tolerance of *+ 1% is the maximum permissible for the transmitter distortion of the test signals.

2.4 The form of signals shall be as prescribed in Recommendation V.28.

3 Synchronization of transmitting with receiving apparatus

The receiving measuring set shall be synchronized with the transitions of the test signals received; these
signals to be the recommended 511-bit sequence.
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TABLE 1/V.52

Shift register stages during pseudo-random pattern generation

A

41' 2 3 4 i 6 7 8 9 4Output '

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 measure the degrees of early and late individual distortion.
4.2 The receiver should measure bias distortion on reversals (1 :1 signals), with a =+ 2% measurement
accuracy. :
43 The tolerance of the measurement of the individual distortion of pseudo-random signals shall be + 3%.
4.4 The impedence of the receiving apparatus shall be as recommended in Recommendation V.28.
4.5 Provisionally, the margin of the measuring receiver should be measured in terms of the “margin of a

synchronous receiver” ([1]), under the following measurement conditions: the signals entering the receiving
measuring 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% of the theoretical duration of a significant unit. The modulation rate may be fixed at the nominal
value, and at a value in the range: nominal value + 0.01%. The receiving measuring set should not indicate any
error after the synchronizing period as long as A is less than 90%; this applies to both directions of the transitions
subject to the delay A. Under these conditions the margin of the measuring apparatus shall be said to be over 90%.

5 Measurement of error rate

Both bit error-rate and block error-rate measurements should be possible with the apparatus.

Information on the error rate for sequences of 511 bits should be given in a form similar to that for the bit
error rate, the two measurements being made simultaneously.

Reference

1] CCITT Definition: Margin of a synchronous receiver, Vol. X, Fascicle X.1 (Terms and Definitions).

Recommendation V.53

LIMITS FOR THE MAINTENANCE OF TELEPHONE-TYPE CIRCUITS
USED FOR DATA TRANSMISSION

(Mar del Plata, 1968)

For data transmission maintenance purposes, the following limits are recommended for the essential
parameters indicating the quality of a transmission channel.

1 Telegraph distortion limits

Limits for the degree of distortion on a transmission channel between the interfaces (i.e. including the
modems) vary with the data transmission system. The following values are recommended, these same limits
applying to the backward channel:

System with Recommendation V.21 modem: 20-25%

Systems with Recommendation V.23 modem:

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 mode of operation is possible).

These figures express provisionally maximum degrees of individual distortion. They will be converted into
degrees of isochronous distortion once a method for determining the reference ideal instant has been studied,
specifying a synchronization procedure for the distortion-measuring receiver.

2 Limits for error rates

2.1 Bit error rate
The limits in Table 1/V.53 are recommended; when they are exceeded the maintenance services should

consider the transmission channel defective. The period of measurement is about 15 minutes (more precisely, the
period corresponding to the transmission of the total number of sequences which is closest to 15 minutes).
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TABLE 1/V.53

Mod(tgl:‘tligsr; rate Connection M:;(ri(r)r;urr;ebit
1200 switched 107
(when possible)
11200 leased 51078
600 switched 107
600 leased 5-107°
200 switched 1074
200 leased 5-107°

Note — These values are not intended for use in planning circuits, but for the
information of maintenance services.

2.2 Block error rate

Information on the error rate for sequences of 511 bits would be given in a form similar to that for the bit
error rate, the two measurements being made simuitaneously. However, no limit for the sequence error rate can be
recommended for the time being.

Note — To enable Administrations to appreciate the value of sequence error-rate measurement,
Table 2/V.53 shows the maximum and minimum theoretic values of error rates for sequences of 511 bits
corresponding to different values of bit error rate.

These theoretic values do not depend on the modulation rate. For the purposes of this table, a modulation

rate of 1200 bauds has been taken as an example.
Modulation rate: 1200 bauds

Period of measurement: 15 minutes = 900 seconds

Number of bits transmitted: 1 080 000
Length of sequence: 511 bits
Number of sequences transmitted: 2113

TABLE 2/V.53

Erroneous sequences
. Number of
Bit t N
{t error rate erroneous bits Maximum Maximum Minimum Minimum
number?® rate in % number rate in %
2-1073 2160 2113 100 5 024
1073 © 1080 1080 51.1 3 0.15
5-107* 540 540 25.5 2 0.10
1074 108 108 5.1 1 0.05
5-107° 54 54 2.5 1 0.05

3 The maximum number of erroneous sequences corresponds to a uniform distribution of erroneous bits (one bit per
sequence).

% The minimum number of erroneous sequences corresponds to a grouped distribution of erroneous bits (sets of 511 bits
affecting the sequences).

9 It will be seen that for a bit error rate of 1073, 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 Recommendation G.153 {1].

4 Limits for impulsive noise

4.1 Bearing in mind the following two points:

— that Recommendation V.2 demands a maximum data signal level of —10dBmO0 for a simplex
transmission and — 13 dBmO for duplex transmission,

— that there has been considerable experience of using the threshold —18 dBm0 and —22 dBmO,

the threshold settings should be —18 dBmO for telephone-type circuits and —21 dBmO for the special quality
circuits mentioned in Recommendation M.1020 [2], the standard measuring instrument (see Recommenda-
tion O.71, [3]) being adjustable to thresholds 3 dB apart (see Note 1).

4.2 For counting the number of impulses, the instrument shall be used in the “flat” bandwidth condition (see
Note 2).

On a leased circuit, the admissible limit should be 70 impulse counts per hour; but in realizing that error
rate measurements are conducted for periods of 15 minutes each, the recommended maintenance limit should be
18 counts in 15 minutes for leased circuits (see Note 3). The measurements should be made during peak hours.

At the time of measurement the line should be terminated at both ends by impedances of 600 ohms. The
modem may be used for this purpose if it complies with this impedance.

43 For the general switched telephone network, there should be no recommended maintenance limits for
impulse counts, but the instrument might be useful as a diagnostic aid at the discretion of the Administrations.
This is because the impulse count results taken on any one connection vary considerably with time and even
greater differences appear between various connections.

4.4 The correlation between the bit error rate and the number of impulse counts thus determined has not yet
been established.

Note 1 — Levels should be expressed in dBm0, because

a). the difference between the various national transmission plans is taken into account, and

b) the level value is related to the value of the data signal level to a close degree.

Note 2 — Owing to lack of experience, no external filter should be used for presént maintenance
purposes. However, the study of the use of external filters should continue. By means of additional filters the
instrument may provide other optional bandwidths (see the Recommendation cited in [4]).

‘Note 3 — These values are given as an indication. The question of the duration of the measurement and

permissible maximum standards for impulsive noise forms the subject of future studies.
/

References

(1] CCITT Recommendation Characteristics appropriate to international circuits more than 2500 km in length,
Vol. 111, Fascicle II1.1, Rec. G.153.

[2] CCITT Recommendation Characteristics of special qualfty international leased circuits with special band-
width conditioning, Vol. 1V, Fascicle 1V.2, Rec. M.1020.

[3] CCITT Recommendation Specification for an impulsive noise measuring instrument for telephone-type
circuits, Vol. 1V, Fascicle 1V.4, Rec. 0.71.

4] Ibid., § 3.5.2.
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Recommendation V.54

LOOP TEST DEVICES FOR MODEMS !

(Geneva, 1976 ; amended at Geneva, 1980)

1 Introduction
The CCITT,
considering

the increasing use being made of data transmission systems, the volume of the information circulating on
data transmission networks, the savings to be made by reducing interruption time on such links, the importance of
being able to determine responsibilities in maintenance questions for networks, of necessity involving several
parties, and the advantages of standardization in this field,

unanimously declares the following view :
The locating of faults can be facilitated in many cases by looping procedures in modems. These loops

allow local or remote measurements, analogue or digital, to be carried ‘out optionally by the Administrations
and/or users concerned.

2 Definition of the loops

Four loops are defined (numbered 1 to 4) and their locations as seen from DTE A are shown in
Figure 1/V.54. A symmetrical set of four loops could exist as seen from DTE B.

-~

'
|
! ,__ DCEB DTEB

Maintenance
centre

DTEA DCEA

CCITT-43770

FIGURE 1/V.54

2.1 Loop 1

This loop is used as a basic test on the operation of the DTE, by returning transmitted signals to the DTE
for checking. The loop should be set up inside the DTE as close as possible to the interface.

While the DTE is in the loop 1 test condition:

— transmitted data (circuit 103) are connected to received data (circuit 104) within the DTE;

— circuit 108/1 or 108/2 must be in the same condition as it was before the test;

— circuit 105 must be in the OFF condition;

— circuit 125 should continue to be monitored by the DTE so that an incoming call can be given
priority over a routine loop test.

Interchange circuit 103 as presented to the DCE must be in the binary 1 condition.

D 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 of the other interchange circuits are not specified but they should if possible permit normal
working. The transmitter timing information, in particular if it comes from the DCE, will continue to be sent (see
Recommendation V.24, § 4.6.2).

Note — When circuits 108 and 105 are not used by the DTE (for certain applications on leased lines, for
example) the DCE will not be informed of the test condition. This is considered acceptable provided that the
remote station is not disturbed.

2.2 Loop 3

This is a local loop esfablished in analogue mode as close as possible to the line to check the satisfactory
working of the DCE. The loop should include the maximum number of circuits used in normal working (in
particular the signal conversion function, if possible) which may in some cases necessitate the inclusion of devices
for attenuating signals, for example.

The establishment of the loop presents no difficulty when using a 4-wire line, except in certain cases in
which parts of the line equalization system are removed from service.

For certain 2-wire lines the loop may be obtained by simple unbalance of the hybrid transformer.
While the DCE is in the loop 3 test condition:
— the transmission line is suitably terminated, as required by national regulations;

— all interchange circuits are operated normally, except in the case of 2-wire half-duplex operation
where the mandatory clamping involving circuits 105 and 109 (as specified in Recommendation V.24,
§ 4.3.2. a) is disabled;

— circuit 125 should continue to be monitored by the DTE so that an incoming call can be given
priority over a routine loop test, after abandoning the loop 3 condition;

— no signal is transmitted to line on the data channel.

Since most interchange circuits operate normally, a diagram of interchange circuit operation sequence is
not presented.

Note" — In certain switched networks the loop 3 procedure may clear the connection due to national
regulations. During the loop 3 condition, however, the DCE must not be switched to the line, if not already
connected.

2.3 Loop 2

Loop 2 is designed to permit station A or the network to check the satisfactory working of the line (or part
of the line) and of the DCE B. It can only be used with a duplex DCE; the application to the backward channel
is left for further study. Pseudo loop 2 may be defined for a half-duplex DCE and will be specified in the
Recommendation relating to the DCE concerned.

The establishment of the loop will be effective when the control is applied, regardless of the condition of
circuit 108 presented by the DTE associated with the DCE in which the loop is set up.

While the DCE B is in the loop 2 test condition:

— circuit 104 is connected internally in the DCE circuit 103 (see Note);

— circuit 104 to the DTE is maintained in the binary 1 condition;

— circuit 109 is connected internally in the DCE to circuit 105 (see Note);

— circuit 109 to the DTE is maintained in the OFF condition;

— circuit 106 to the DTE is maintained in the OFF condition;

— circuit 107 to the DTE is maintained in the OFF condition;

— circuit 115 is connected internally in the DCE to circuit 113 if provided (see Note);
— circuit 115 and circuit 114, if provided, to the DTE continue to function.

Note — For the internal DCE connections, the electrical signal characteristics may either be that of the
interchange circuits or that of the logic level used inside the DCE.
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24 Loop 4

This loop arrangement is only considered in the case of 4-wire lines. Loop 4 is designed for the
maintenance of lines by Administrations using analogue-type measurements. When receiving and transmitting
pairs are connected in tandem, such a connection cannot be measured as a data circuit (conformity with a line
characteristic curve, for example).

In the loop position the two pairs are disconnected from the DCE and are connected to each other
through a symmetrical attenuator designed to prevent any oscillation of the circuit (the loop, therefore, does not
include any of the amplifiers and/or distortion correctors used in the DCE). The value of the attenuator will be
fixed by each Administration; however, the minimum attenuation in the loop formed by virtual switching
point — subscriber — virtual switching point 2 should be of the order of 6 dB for stabdlity reasons.

Loop 4 may be established inside the DCE or in a separate unit.

When loop 4 is inside the DCE, and while in the test condition, the DCE presents circuits 107 and 109 to
the DTE in the OFF condition and circuit 142 is in the ON condition. When loop 4 is in a separate unit, these
conditions are desirable but not mandatory.

3 Loop control

Two (nonexclusive) types of control might be possible on the DCE:
— manual control by a switch on the equipment;
— automatic control through the DCE-DTE interface.

Manual control would always have priority over automatic control and in particular it should be capable
of returning the DCE to the normal operating condition.

Interchange circuit 142 shall be used to inform the DTE of a loop condition in the local DCE, even in the
case of manual control (but see Note 3 to Table 1/V.54). To avoid ambiguity in interpretation of circuit 142 only
one loop should be established at any one time in.the DCE.

3.1 Manual control
TABLE 1/V.54
Interface signalling for manual control of loops
Control Signal to DTE A Signal to DTE B
ontro
Loop switch on ) ' . Notes
Circuit 107 Circuit 142 Circuit 107 Circuit 142

2 DCE B %) %) OFF ON -~ Note 1
DCE A " ON ON *) *) Note 2
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 indicator on the DCE.

2 The virtual switching point is the reference point defined by Recommendation G.111 [1] and can be used for leased circuits

as well.
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3.2

Automatic control through the DTE/DCE interface (see Table 2/V.54)

Automatic control through the interface is achieved by using circuits 140, 141 and 142 as defined in
Recommendation V.24. Circuit 140 is used to control loop 2 and circuit 141 is used to control loop 3. The turning
ON of circuit 142 indicates the test mode is established. If circuit 107 is ON, the associated terminal is concerned
and subsequent data transmitted on circuit 103 will be looped back on circuit 104. If circuit 107 is OFF, the
associated terminal is not concerned.

Note I — Automatic control of loop 4 is considered of no use either locally or in the remote station and

therefore is not provided.

procedure defined in § 3.2 here.

TABLE 2/V.54

Interface signalling for automatic control of loops

Note 2 — As an alternative to activation of loop 3 via circuit 141, it could be activated via the four-phase

Control signals from Signals to DTE A Signals to DTE B
Loop 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, circuit107 is ON. The normal case is considered in the table.

Normally circuit 103 can only be used to transmit data or the test sequence, so long as the conditions of
circuits 106, 140, 141 anq 142 are as indicated in Table 3/V.54.

TABLE 3/V.54

Circuit 103

Circuit 106

Circuit 140

Circuit 141

Circuit 142

Data

Loop 2 test sequence
Loop 3 test sequence

ON
ON
ON

OFF
ON
OFF

OFF
OFF
ON

OFF
ON
ON

For point-to-point duplex and for simple multipoint circuits a four-phase action/reaction sequence should

be used. The state of interchange circuits principally involved during this sequence is shown in Figure 2/V.54.
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Phases Preparatory Address/ Test Termination
command

P e I S e P

Circuit 140 < (a) (g)—
(Loopback/Maintenance test to DCE)
(j)
Circuit 106 i == -:4__ (b} <« (c) <« (h) --i— Local
(Ready for sending from DCE) - | === % DTE/DCE
Circuit 103 < ) < Y . interface
ircui 277 N > 2
(Transmitted data to DCE) W /] ?/ Z ZL
(d) (f)
Circuit 142 (e) — (i) —» )
(Test indicator from DCE) |
3
Circuit 142 1w =
(Test indicator from DCE)
Circuit 107 — I
(Data set ready from DCE) _14— k) - (1) —»
(m) {m) Remote
Circuit 106 -t « : r~$= ¢ DTE/DCE
(Ready for sending from DCE) -——t = == | interface
(m) (m)
Circuit 109 __..t‘ o =
(Data channel received line signal 14— (k)
detector from DCE) me—are- -
Circuit 104 |
(Received data from DCE) “‘* tk) y 0 _" 7 y
3
Preparatory Test phase Termination rec-
recognition begins ognition and return
T to normal mode

CCITT-28581
*)The DCE will ignore circuit 103 during preparatory and terminating phases.

Significant level Binary O ON
reference Binary »1 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

230 " Fascicle VIII.1 — Rec. V.54



Explanation of Figure 2/V.54

Central Site:

(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) Circuit142 goes ON (from DCE), after a delay, signifying that the maintenance address/command has been acted upon and ifa
loop establishment has been requested, circuit 103 may now be used for the test message.

(f) 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.

() 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.

() Circuit142 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.

4 Inter-DCE signalling for simple multipoint circuits

Note 1 — Modems in accordance with Recommendation V.22 are excluded from this procedure.

Note 2 — Considering the fact that there already exist or will exist modems implementing other signalling
techniques than the one defined in this Recommendation and that these signalling techniques have been designed
according to special conditions formulated by Administrations or users, this Recommendation does not limit the
use of such signalling techniques.

4.1 Preparatory phase

During the preparatory phase DCE A will transmit a pattern of 2048 bits produced by scrambling a
binary 0 with the polynominal 1 + x=* 4+ x~7. No particular starting pattern is specified. Transmission will be at
the normal DCE data signalling rate. The pattern will be transmitted as though it were introduced to the DCE via
circuit 103. Before transmitting the preparatory signal, DCE A has to establish a data channel, if not already
available.

The criteria for the recognition of this pattern by DCE B are not part of this Recommendation. The
criteria that are implemented should offer a very high protection against false recognition due to simulation by
user data and some protection against failure to recognize the preparatory signal due to a high bit error rate. In
order to provide protection for user HDLC frames, the seven consecutive binary 1 bit sequence present in the
preparatory signal must be included in the recognition criteria.

DCE B will start Timer T1 (if implemented) upon recognition of the preparatory phase.

4.2 Address/command phase

421  Address/command signalling

The address/command information is structured in octets.
The precise format of the address/command information is subject to further study.

A minimum of 4 commands is needed and may be sufficient. A maximum of 32 commands is adequate.
The maximum number of addresses may be 32 but the use of four levels each having 128 addresses may be
envisaged. Address extension will be possible.
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4.2.2  Acknowledgement signalling -

DCE B, upon recognition of the address/command signal containing its address, will transmit a pattern of
2048 bits produced by scrambling a binary 1 with the polynomial 1 + x~* + x~7. No particular starting pattern
is specified. Transmission will be at the normal DCE data signalling rate. The pattern will be transmitted as
though it were introduced to the DCE via circuit 103.

Before transmitting the acknowledgement signal, DCE B has to ensure that the data channel to DCE A is
available. In the case of a loop 2 test in a synchronous DCE, DCE B will use its receiver element timing for this
data channel.

The criteria for the recognition of this pattern by DCE A are not part of this Recommendation. The
criteria that are implemented should offer good protection against failure to recognize the acknowledgement signal
due to a high bit error rate.

DCE B, after transmission of the acknowledgement signal, will enter the test phase.

DCE A, upon recognition of the acknowledgement signal, will time out for a 2048 bit period and will then
turn ON circuit 142, thus entering the test phase.

DCE A, upon recognition of the acknowledgement signal, will not take any action if it is in the normal
data mode.

43 Test phase

Signals transmitted during the test phase are not part of this Recommendation.

4.4 Termination phase
During the termination phase, DCE A will transmit a pattern of 8192 bits produced by scrambling a
binary 1 with the polynomial 1 + x=* + x~7, followed by 64 binary 1s.

No particular starting pattern is specified. Transmission will be at the normal DCE data signalling rate.
The pattern will be transmitted as though it were introduced to the DCE via circuit 103.

DCE B will terminate the test mode in any of the following situations:
— recognition of the termination signal;

— carrier loss with a duration longer than 1 second;

— expiration of the optional Timer T1.

The criteria for the recognition of this pattern by DCE B are not part of this Recommendation. The
criteria that are implemented should offer good protection against false recognition due to simulation by test data
and good protection against failure to recognize the termination signal due to a high bit error rate.

DCE B will normally leave the termination phase during the reception of the binary 1 pattern that
concludes the termination signal. ‘

DCE B upon recognition of the termination signal will not take any action if it is in the normal data
mode.

Note — The length of the time interval of the optional Timer T1 is not specified in this Recommendation.

5 Simplified inter-DCE signalling for use in point-to-point circuits

For point-to-point circuits which require control of loop 2 only, the four-phase sequence may be simplified
by deleting the address/command signalling. The procedure is then as follows:

— Preparatory phase: in accordance with § 4.1.

— Address/command phase: Acknowledgement signalling only in accordance with § 4.2.2 upon recogni-
tion of the preparatory signal.

— Test phase: signals transmitted during the test phase are not part of this Recommendation.

— Termination phase: in accordance with § 4.4.

Reference

[1] CCITT Recommendation Reference equivalents in an international connection, Vol. 111, Fascicle I11.1,
Rec. G.111,
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Recommendation V.55

SPECIFICATION FOR AN IMPULSIVE NOISE MEASURING INSTRUMENT
FOR TELEPHONE-TYPE CIRCUITS

(For the text of this Recommendation, see Recommendation 0.71, Volume 1V, Fascicle 1V.4).

Recommendation V.56

COMPARATIVE TESTS OF MODEMS FOR USE OVER
TELEPHONE-TYPE CIRCUITS

(Geneva, 1972 ; amended at Geneva, 1976 and 1980)

To facilitate the work of Administrations in making comparative tests of modems for use over telephone-
type circuits offered by different manufacturers, it is recommended that the tests should be made in the laboratory
under the following operating conditions:

1 List of test parameters (see Table 1/V.56)

TABLE 1/V.56

Test parameters

Two-wire switched
network
Four-wire

Ref. No. Parameter point-to-point

Serial Parallel
modems modems

Total attenuation or receiving signal level
Attenuation distortion

Envelope or group delay distortion
Frequency shift (or offset)

Sudden changes of attenuation
Interruptions

Phase hits

Phase jitter

Harmonic distortion

Listener echo

“White” noise

Impulsive noise

Single tone interference

—
QOO ANAUN B WN -

—
bR R R R R R

s
w N
DL D4 DK D4 4 4 K 4 K K X

2 Block diagram for standard test measuring set-up

It is proposed that comparative tests be made using either all or parts of the measuring set-up shown in
Figure 1/V.56.
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2 511-bit pseudo random text.

® 300-3400-Hz band pass filter; the filter is left out if impulsive noise in the form of a square wave is used.
9 For bit and block error count, see Recommendation V.52.

3 Test parameters

FIGURE 1/V.56

Measuring set-up for the standard tests of modems

3.1 Parameters of the line characteristics simulator

3.1.1  Symmetric line distortion

See Tables 2/V.56 and 3/V.56. The tolerances for all values are + 5%.
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TABLE 2/V.56

Attenuation
distorsion (dB)
Frequency
Hz)
Mode 1 Mode 2
(see Note 1) (see Note 2)
300 6 12
500 3 8
800 1 24
=~ 1600 0 0
2500 Unspecified 8
2800 3 Unspecified
3000 6 12

3To be clarified.

— Rec. V.56

Noise ey Level
)
source Filter Attenuator meter
Error
counter &
Line char-
acteristics sirlr:\i'ilal:or »] Attenuator p——a + 1
simulator
Data T l DEM Measuring
source ? MOD data sink @
< Branch —®# Echo Echo [¢— Branch >
. ) DEM MOD
Measurin:
d . ?, < backward backward Data o
ata sink channel T I channel source®
Attenuator| Fault :cl::rics:‘iz::rs-
simulator N
simulator
Error
counter 9 /
Level Attenuator Filter® |e Noise
meter sources
CCITT-43780



3.1.2

3.1.3

TABLE 3/V.56

Group-delay distorsion

(ms)
Frequency
(Hz)
Mode 1 Mode 2
(see Note 1) (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

Asymmetric line distortion

See Tables 4/V.56 and 5/V.56. The tolerances for all values are + 5%.

Riple distortion

TABLE 4/V.56

Attenuation distorsion

Fre(ﬁlency
(Hz) Mode 1 Mode 2
(see Note 1) (see Note 2).
800 0 0
2000 0.75 Unspecified
2500 Unspecified 8
2800 3 Unspecified
3000 6 12
TABLE 5/V.56
Group-delay distorsion
. (ms)
Frequency
(Hz)
Mode 1 Mode 2
(see Note 1) (see Note 2)
500 0 0
2600 0.5 1.5
2800 3 3
2900 Unspecified 4

The ripple distortion is within the tolerance scheme of Recommendation 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

Group-delay distorsion
Frequency (ms)
(Hz)
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
Group-delay distorsion
Frequency (ms)
(Hz)
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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32 Parameters of the fault simulator

a) Phase hits: with external control of timing (e.g. 0.25; 1; 100 Hz) adjustable continuously or in steps up
to 165 degrees.

b) Frequency shifts e.g. £ 5 Hz, = 6 Hz or = 10 Hz by means of channel converters.

¢) Peak-to-peak phase jitter from 0.2 degree to 30 degrees continuously from 50 to 300 Hz, sinusoidal
waveform.

d) Sudden changes of attenuation: with external control of timing (e.g. 0.1; 0.25; 1; 100 Hz) adjustable
continuously or in steps up to total attenuation.

e) Interruptions: with fixed duration of 1 ms and repetition period of 1s and/or with single interruptions
with variable duration.

33 Noise sources (this subject needs further study)

a) White noise.

b) Impulsive noise: with adjustable level and adjustable pulse duration between 100 ps and 1 ms and
with repetition period of 1 second.

c) Statistically distributed noise by recording or by simulation which is information to assist in
standardizing a “Random noise simulator” which would encourage the utilization of block error
counts.

d) Single tone interference: with adjustable level of an additional signal frequency, variable between 300
and 3100 Hz. -

e) Harmonic distortion:

i)  using a calibrating signal frequency of 700 Hz with the same r.m.s. level as the data signal and
with its adjustable harmonic levels: a;;, ay; and apy, and
ii) using a calibrating signal frequency of 700 Hz with the same peak-to-peak level as the data
signal and with its adjustable harmonic levels: a,, a;; and ay,.
34 Listener echo

Listener echo: with the variable echo attenuation between 0 and 20 dB and variable echo time delay T
between 0 and 20 ms (worst case relevant).

4 Measuring procedure
4.1 Measurement of the bit error rate (ps) as a function of the signal-to-noise ratio (S/N) in the case of white
noise.

The receiving level at the summation point should be —30 dBm for switched line comparisons and
—20 dBm for leased line comparisons.

1072 < bit
— INJ = error bits
Ps 1 (S/N) transmitted bits
S = signal level
N = noise level
a 1074 N
10-5
0 3 6 9 12 dB

10 log (S/N) '
CCITT-43792

FIGURE 2/V.56

Example of bit error rate as a function of the signal-to-noise ratio

For a comparison, the value of S/N ratio at defined pg values can be ascertained (e.g. 3 - 10~% or 107%).
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4.2 Measurement of the number of the bit error per second (F/t) as a function of the different faults and noise
parameters (X)

The receiving level at the summation point should be —30 dBm for switched line comparisons and
—20 dBm for leased line comparisons. ’

100 Flt = f(X)
X = &, a4, t,ap,as,a1
1(x)/ &g = f(degree of the phase hits)
X 50 @ = degree of phase jitter
v Errof free ag = relative level of the sudden changes of attenuation
region t; = duration of interruptions
—--———1p| ap = impulsive noise level (dBm)
a; = single tone level (dBm)
0 : aH,,aH,,aH, = level of the harmonics below H, (dB)
X (%, dB, s)
CCITT-43800

FIGURE 3/V.56

Example of bit error per second as a function of the value
of different fault and noise parameters

For a comparison, the value of F/t for different defined fault and noise parameters, or the value of the
different parameters at the limit of the error-free region, can be ascertained.
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Comparative tests of modems (Table 8/V.56)

TABLE 8/V.56

Eighteen selected tests according to §§ 1, 2, 3 and 4

(1]

Test Test parameters according Test parameters Measuring_ p;ocedure
to Table 1/V.56 according to § 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),
3.3a) 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) 42
K 8 3.2¢) 42
L 2,3,5 3.1.1 mode 1, 3.2d) 42
M 2,3,5 3.1.1 mode 2, 3.2d) 42
N 6 3.2¢) 42
P 12 3.3b) 42
R 13. 3.3d) 42
S 9 3.3e) ii) 4.1
T 10, 11 3.4,3.3a) 4.1
U Statistic noise 3.3¢) 4.1 (for bloc errors)
References

CCITT Recommendation Characteristics of special quality international leased circuits with special band-
width conditioning, Vol. 1V, Fascicle 1V.2, Rec. M.1020.

CCITT Recommendation Characteristics of special quality international leased circuits with basic bandwidth
conditioning, Vol. 1V, Fascicle 1V.2, Rec. M.1025:
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Recommendation V.57

COMPREHENSIVE DATA TEST SET FOR HIGH DATA SIGNALLING RATES

(Geneva, 1972; amended at Geneva, 1980)

The CCITT,

considering

that the characteristics for measuring instruments recommended in Recommendation V.52 are not suitable
for use with modems conforming to Recommendations for group band modems and that error rate measurements,
and in some cases distortion measurements, are of interest in data transmission when these modems are used.

unanimously declares the view that

for tests at high data signalling rates the following provisions shall apply:

1 Data signalling rates

1.1 The nominal data signalling rates of the measuring apparatus shall be 20400, 24 000, 40 800, 48 000,
56 000, 64 000 and 72 000 bit/s.

1.2 The accuracy of these rates shall be + 0.002% if timing is not derived from the modem under test or that
recommended in the Recommendations for group band modems if timing is derived from the modem under test.

1.3 To obtain these rates a time-base external to the instrument may be used. To accommodate higher rates,
which may be standardized in the future, it should be possible for error measurements to be made at rates up to
2 Mbit/s using timing derived from the system under test.

2 Emission of test signals

2.1 In order to test circuits for data transmission on an international basis it is necessary to standardize the
test patterns to be used. The test signals recommended are those recommended in Recommendation V52 plus an
additional pseudo-random pattern which should have the following characteristics:

— it contains the majority of bit sequences likely to be met in the transmission of actual data;

— it contains long sequences of zeros and ones compatible with ease of generation;

— it has the possibility of generating the pattern as a line signal with the coder of a group band modem
by applying a steady state, binary 1, to its input.

2.2 A tolerance of £ 1% is the maximum permissible for the “transmitter distortion” [1] of the test signals.

23 The form of the signals shall be as prescribed in the Recommendations for group band modems.

Accordingly a 1048 575-bit test pattern is recommended. This pattern may be generated in a 20-stage shift
register of which the 20th and 3rd stage outputs are modulo-two added together and fed back to the input of the
first stage.

Note — For bit error rate measurements on 64 kbit/s digital circuits, an alternative test pattern of length
2'"—1 = 2047 bits may be used.

3 Synchronization of the receiving measuring apparatus

Two modes shall be possible:

a) Synchronization by means of a timing signal derived from the modem when the modem is working in
the synchronous mode.

b) Synchronization from the transitions of 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 measure the degrees of early and late individual distortion when operating in the
mode in which its synchronizing is derived from transitions in the received test signals.

4.2 The tolerance of measurement of individual distortion of pseudo-random signals should be + 3%.
43 The apparatus should measure bias distortion of received reversal (1 : 1) signals with + 2% accuracy.
4.4 The characteristics of the receiving circuit of the apparatus shall be as prescribed in the Recommendations

for group band modems.

4.5 The margin of the apparatus should be measured in terms of the “margin of a synchronous receiver” [2],
under the following measurement conditions: The signals entering the receiving measuring set should be those
defined in § 2 above, with the transitions in one direction only subject to a delay equal to A% of the theoretical
duration of a significant interval. The modulation rate may be fixed at the nominal value, and a value in the
range: nominal value =+ 0.002%. The receiving measuring set should not indicate any data error after the
synchronizing period as long as A% is less than 90%; this applies to both directions of the transitions subject to
the delay A. Under these conditions the margin of the measuring apparatus shall be said to be over 90%.

5 Measurement of error rate

Both bit error-rate and block error-rate measurements should be possible with the apparatus simultane-
ously.

For the purpose of block error measurements a block length of 32 768 (i.e. 2'°) should be used.

Note — Designers of testing apparatus may find it convenient also to incorporate means for using a block
length equal to a full pseudo-random pattern of 1 048 575 bits. This longer block length might be more suitable for
testing systems operating a higher data signalling rates than recommended in the group band modem Recommen-
dations.

References

1 CCITT Definition: Transmitter distortion, Vol. X, Fascicle XI (Terms and Deﬁnitions).

[2] CCITT Definitions: Margin of a synchronous receiver, Vol. X, Fascicle XI (Terms and Definitions).
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SUPPLEMENTS TO RECOMMENDATIONS AND QUESTIONS CONCERNING
DATA COMMUNICATION OVER THE TELEPHONE NETWORK

Supplement No.

Source

ISO

Members of Study
Group XVII

Supplement No. 1

1. TC 95

Reference

ISO 2126-1975

ISO 2257-1972

ISO 2530-1975

1SO 2775-1977

I1SO 2784-1974

ISO 3243-1975

ISO 3244-1974

ISO 3791-1976

ISO 3866-1977

Title Remarks
Bibliography of relevant 1SO Standards This supplement is also
concerned with Series X
Recommendations

List of contributions on data transmission
tests reported during the Study
Period 1977-1980

BIBLIOGRAPHY OF RELEVANT ISO STANDARDS

Ed Code

(extract from ISO Catalogue — 1980)

OFFICE MACHINES
Title

Office machines — Basic arrangement for the alphanumeric section
of keyboards operated with both hands

Office machines and printing machines used for information
processing — Widths of fabric printing ribbons on spools

Keyboard for international information processing interchange using
the ISO 7-bit coded character set — Alphanumeric area

Office machines and printing machines used for information
processing — Widths of one-time paper or plastic printing ribbons
and marking to indicate the end of ribbons

Continuous forms used for information processing — Sizes and
sprocket feed holes

Keyboards for countries whose languages have alphabetic extenders
— Guidelines for harmonization

Office machines and data processing equipment — Principles
governing the positioning of control keys on keyboards

Office machines and data processing equipment — Keyboard layouts
for numeric applications

Office machines and printing machines used for information
processing — Widths of fabric printing ribbons on spools exceeding
19 mm
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Reference Ed

1SO
ISO

ISO

2.

ISO
ISO

ISO

ISO

ISO

1SO
1SO

1SO

ISO

1SO

ISO

1SO

ISO

3883-1977
4169-1979

4882-1979

TC 97

646-1973
962-1974

963-1973

1001-1979

1004-1977 2

1028-1973
1073/1-1976

1073/2-1976

1113-1979 2

1154-1975

1155-1978 2

1177-1973

1539-1980

ISO/TR 1672-1977

ISO

ISO
I1SO

ISO
ISO

246

1679-1973

1681-1973
1682-1973

1729-1973
1745-1975

Code

Title

Office machines — Line and character capacity of address masters

Office machines — Keyboards — Key numbering system and layout
charts

Office machines and data processing equipment — Line spacings
and character spacings

COMPUTERS AND INFORMATION PROCESSING

UDC 681.3.

7-bit coded character set for information processing interchange

Information processing — Implementation of the 7-bit coded char-
acter set and its 7-bit and 8-bit extensions on 9-track 12.7 mm
(0.5 in) magnetic tape

Information processing — Guide for the definition of 4-bit character
sets derived from the 7-bit coded character set for information
processing interchange

Information processing — Magnetic tape labelling and file structure
for information interchange

Information processing — Magnetic ink character recognition —
Print specifications

Information processing — Flowchart symbols

Alphanumeric character sets for optical recognition — Part I: Char-
acter set OCR-A — Shapes and dimensions of the printed image

Alphanumeric character sets for optical recognition — Part II:
Character set OCR-B — Shapes and dimensions of the printed image

Information processing — Representation of the 7-bit coded char-
acter set on punched tape

Information processing — Punched paper tape — Dimensions and
location of feed holes and code holes

Information processing — Use of longitudinal parity to detect errors
in information messages

Information processing — Character structure for start/stop and
synchronous transmission

Programming language — FORTRAN

Hardware representation of ALGOL basic symbols in the ISO 7-bit
coded character set for information processing interchange

Information processing — Representation of 7-bit coded character
set on 12-row punched cards

Information processing — Unpunched paper cards — Specification

Information processing — 80 Columns punched paper cards —
Dimensions and location of rectangular punched holes

Information processing — Unpunched paper tape — Specification

Information processing — Basic mode control procedures for data
communication systems
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Reference Ed Code Title

ISO/R 1831-1971 P Printing specifications for optical character recognition

ISO 1858-1977 C Information processing — General purpose hubs and reels, with
76 mm (3 in) centrehole, for magnetic tape used in interchange
instrumentation applications

ISO 1859-1973 B Information processing — Unrecorded magnetic tapes for inter-
change instrumentation applications — General dimensional require-
ments

ISO 1860-1978 2 C Information processing — Precision reels for magnetic tape used in

interchange instrumentation applications

ISO 1861-1975 E Information processing — 7-track, 12.7 mm (0.5 in) wide magnetic

tape for information interchange recorded at 8 rpmm (200 rpi)

ISO 1862-1975 E Information processing — 9-track, 12.7 mm (0.5 in) wide magnetic
tape for information interchange recorded at 8 rpmm (200 rpi)

I1SO 1863-1976 E Information processing — 9-track, 12.7 mm (0.5 in) wide magnetic
tape for information interchange recorded at 32 rpmm (800 rpi)

ISO 1864-1975 E Information processing — Unrecorded 12.7 mm (0.5 in) wide
magnetic tape for information interchange — 8 and 32 rpmm (200

and 800 rpi), NRZI, and 63 rpmm (1 600 rpi), phase-encoded
ISO 1989-1978 B Programming languages — COBOL

ISO 2021-1975 C Information processing — Representation of 8-bit patterns on 12-row
punched cards

ISO 2022-1973 M Code extension techniques for use with the ISO 7-bit coded character
set

ISO 2033-1972 E Coding of character sets for MICR and OCR

ISO 2047-1975 D Information processing — Graphical representations for the control

characters of the 7-bit coded character set

ISO 2110-1980 2 F Data communication — Data terminal and data communication
equipment — Interchange circuits — Assignment of connector pin
numbers

ISO 2111-1972 B Data communication — Basic mode control procedures — Code

independent information transfer

ISO 2195-1972 B Data interchange on rolled-up punched paper tape — General
requirements

ISO 2375-1980 2 B Data processing — Procedure for registration of escape sequences

ISO 2382/1-1974 M Data processing — Vocabulary — Section 01: Fundamental terms

ISO 2382/2-1976 Q Data processing — Vocabulary — Section 02: Arithmetic and logic
operations

I1SO 2382/3-1976 G Data processing — Vocabulary — Section 03: Equipment technology
(Selected terms)

I1SO 2382/4-1974 N Data processing — Vocabulary — Section 04: Organization of data

ISO 2382/5-1974 J Data processing — Vocabulary — Section 05: Representation of data
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Reference

ISO

ISO

ISO

ISO

ISO

1SO

ISO
ISO

I1SO

I1SO

1SO

ISO

1SO

ISO

ISO

ISO

ISO

ISO

ISO

ISO

ISO

1SO

ISO

248

2382/6-1974

2382/7-1971

2382/10-1979

2382/11-1976

2382/12-1978

2382/14-1978

2382/16-1978
2382/19-1980

2593-1973

2628-1973

2629-1973

2636-1973

2690-1973

2711-1973

2864-1974

2955-1974

3275-1974

3307-1975

3309-1979

3407-1976

3413-1975

3561-1976

3562-1976

Title

Data processing — Vocabulary — Section 06: Preparation and
handling of data

Data processing — Vocabulary — Section 07: Digital computer
programming

Data processing — Vocabulary — Section 10: Operating techniques
and facilities

Data processing — Vocabulary — Section 11: Control, input-output
and arithmetic equipment

Data processing — Vocabulary — Section 12: Data media, storage
and related equipment

Data processing — Vocabulary — Section 14: Reliability, mainte-
nance and availability

Data processing — Vocabulary — Section 16: Information theory
Data processing — Vocabulary — Section 19: Analog computing

Connector pin allocations for use with high-speed data terminal
equipment

Basic mode control procedures — Complements

Basic mode control procedures — Conversational information
message transfer

Information processing — Conventions for incorporating flowchart
symbols in flowcharts

Unrecorded magnetic tapes for instrumentation applications — Phys-
ical properties and test methods

Information processing interchange — Representation of ordinal
dates

Interchangeable magnetic six-disk pack — Physical and magnetic
characteristics

Information processing — Representation of SI and other units for
use in systems with limited character sets

Information processing — Implementation of the 7-bit coded char-
acter set and its 7-bit and 8-bit extensions on 3.81 mm magnetic tape
cassette for data interchange

Information interchange — Representations of time of the day

Data communication — High-level data link control procedures —
Frame structure

Information processing — 3.81 mm (0.150 in) magnetic tape cassette
for information interchange. 32 bpmm (800 bpi), phase encoded

Information processing — Recorded magnetic tapes for interchange
instrumentation applications — Standard tape speeds and track
configurations

Information processing — Interchangeable magnetic six-disk pack —
Track format

Information processing — Interchangeable magnetic single-disk
cartridge (top loaded) — Physical and magnetic characteristics
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Reference

ISO

ISO

I1SO

1SO

ISO

ISO

ISO
ISO

I1SO

ISO

ISO

AMD 4873-1980

ISO

ISO
ISO
1SO

Supplement No. 2

3563-1976

3564-1976

3615-1976

3692-1976

3788-1976

3802-1976

4031-1978
4057-1979

4335-1979

4337-1977

4341-1978

4903-1980

5218-1977
6159-1980
6160-1979

COM XVII

Document No.

(period
1977-1980)

15

75

Ed Code

Title

Information processing — Interchangeable magnetic single-disk
cartridge (top loaded) — Track format :

Information processing — Interchangeable magnetic eleven-disk
pack — Physical and magnetic characteristics

Magnetic tape for instrumentation applications — Standardization of
analogue modes of recording

Information processing — Reels and cores for 25.4 mm (1 in) perfor-
ated paper tape for information interchange — Dimensions

Information processing — 9-track, 12.7 mm (0.5 in) wide magnetic
tape for information interchange recorded at 63 rpmm (1 600 rpi),
phase encoded

Information processing — General purpose reels with 8 mm
(5/16 in) centre hole for magnetic tape for interchange instrumenta-
tion applications

Information interchange — Representation of local time differentials

Information processing — Data interchange on 6.30 mm (0.25 in)
magnetic tape cartridge, 63 bpmm (1 600 bpi) phase-encoded

Data communication — High level data link control procedures —
Elements of procedures

Addendum 1-1979

Information processing — Interchangeable magnetic twelve-disk
pack (100 Mbytes)

Information processing — Magnetic tape cassette and cartridge
labelling and file structure for information interchange

Information processing — 8-bit coded character set for information
interchange — Amendment 1 '

Data communication — 15-pin DTE/DCE interface connector and
pin assignments

Information interchange — Representation of human sexes
Data communication — HDLC unbalanced classes of procedures

Programming languages — PL/1

LIST OF CONTRIBUTIONS ON DATA TRANSMISSION TESTS REPORTED

DURING THE STUDY PERIOD 1977-1980

Source

France

COMSAT

Kalle Infotic U.K.

Title

Subscriber-to-subscriber measurements carried out on the
switched telephone network of the French Administration

Error control on satellite established circuits using ARQ
techniques

4800 bit/s and 2400 bit/s data transmission tests over the
international general switched telephone network in Europe
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COM XVl

Document No.

(period
1977-1980)

110

111

117

153

189

206

210

245

Source

Canada

Canada

Australia

Racal-Milgo, Inc.

KDD

France

Plessey Telecom. Ltd.

Canada

Fascicle VIII.1 — Suppl. No. 2

Title

Power levels for data transmission over telephone-type
circuits

High resolution measurement and analysis of some connec-
tions on the general switched telephone network in Canada

Subscriber-to-subscriber measurements carried out on the
Australian switched telephone network

Test results for a modem which complies with Recommenda-
tion V.27 ter

A 12000/12 800 bit/s modem for use on four-wire tele-
phone-type circuits — Characteristics and performance

Tests of V.26 bis, V.22 (a and b), V.27 ter modems and of a
modem with echo canceller on the French GSTN

16 000 bit/s modem for use on telephone-type leased circuits
— Interim report on performance tests and aspects affecting
the draft Recommendation

Characteristics of talker echo on switched telephone-type
circuits from Canada to Australia and to the United
Kingdom
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