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- SECTION 1

TELEGRAPH DISTORTION

Recommendation R.2

ELEMENT ERROR RATE

(Geneva, 1964)

The CCITT,

considering

(a) that in practice, the error rate on transitions is not used and, with the development of data
transmission, it is the notion of element error rate that has come into use,

(b) that in general, the expression element error rate-is used w1th the meaning of error rate on unit
elements. Although this equivalence of meaning is acceptable for isochronous signal trains, this is not so for
start-stop signal trains. In fact, there may be elements in start-stop signal trains whose duration is different from
that of the unit elements (for example, the stop element of a start-stop signal in accordance with International
Telegraph Alphabet No. 2)

unanimously declares the view

(1) that the following definitions be adopted:

element error rate: the ratio of the number of mcorrect]y received elements to the number of emitted
elements.

unit element error rate for isochronous modulatlon the ratio of the number of incorrectly received elements
to the number of emitted elements.

(2) that for start- stop signal trains the not‘ion of character error raté be used;

(3) that, when error rates are measured to assess the quality of a communication, the original message
acting as a reference for the calculation of the: error rate shall be considered as being free of error;

(4) that measurement of the element error raté assumes that it has been pOSSIble to record ‘the elements
received in such a way that they can be recognized as being correctly or incorrectly recorded. As the result of an
.error rate measurement thus depends on the recording system at the end of the connection, this system must be
specified when the results of the element error rate are given. Whenever possible the element error rate should be
measured at the output of the regenerating device which normally precedes the translation device; the signals
should be translated -for checkmg purposes.
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Recommendation R.4

METHODS FOR THE SEPARATE MEASUREMENTS OF THE DEGREES
OF VARIOUS TYPES OF TELEGRAPH DISTORTION

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

For separate measurements of the degrees of characteristic distortion, bias distortion and fortuitous
distortion affecting a telegraph modulation or restitution, the following is recommended where circuits and
voice-frequency telegraph (VFT) channels are used to carry information employing International Telegraph
Alphabet No. 2, without regeneration;

1 Measure the degree of overall distortion (at the actual mean modulation rate) on text, for instance the
QKS text specified in Recommendation R.51 bis. Let A be the measurement obtained.

2 Measure the degree of distortion on reversals at the modulation rate used in the measurement of § (1)
above. Let A, be the measurement obtained. A, is the sum of the bias and fortuitous distortions.

3 By using a compensator fitted to the distortion-measuring equipment, for example a compensating winding
on the distortion meter relay, reduce the degree of distortion reading obtained to its minimum value. Let this
figure be 5. For practical purposes & is the fortuitous distortion. A, — & is, for practical purposes, the bias
distortion.

4 Keep the distortion meter adjusted as for the measurement of 8. Measure the degree of distortion at the
actual mean modulation rate on text (QKS text, for instance). Let A’ be the reading. A’ — & is, for practical
purposes, the characteristic distortion.

Note 1 — This method gives approximate results; it is possible that the equation A; + A" — 8§ = A may
not be exactly satisfied.

Note 2 — The method can be applied by using either an isochronous distortion-measuring set or a
start-stop distortion-measuring set.

Note 3 — The fact that the separate measurement of degrees of different types of distortion is said to be
possible and that a method is recommended for such a measurement does not mean that separate measurements of
the degrees of different types of distortion are to be recommended when international routine maintenance
measurements are carried out.

Recommendation R.5

OBSERVATION CONDITIONS RECOMMENDED FOR ROUTINE DISTORTION
MEASUREMENTS ON INTERNATIONAL TELEGRAPH CIRCUITS

(New Delhi, 1960; amended at Geneva, 1964, Mar del Plata, 1968, and Geneva, 1980/

The CCITT,

considering

(a) Recommendations R.51, R.51 bis, R.54 and R.55;

(b) that, for the measurement of the degree of distortion of signals on an international telegraph circuit, it
is necessary to specify the best condition of observation in order to be sure that the measurement obtained gives a
good indication of what the performance of the circuit will be during periods of normal traffic;

(c) that the observation conditions should be such that their duration or their complexity does not unduly
increase the load on the maintenance services;

(d) that certain Administrations, to determine these conditions, have carried out statistical measurements
of the degree of individual start-stop distortion using distortion analyzers, the results of which seem to be in
agreement;
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unanimously declares the view

’ (1) that the tests should be carried out at nomninal modulation rates of 50, 75, 100 and 200 bauds,
depending on the type of circuits concerned;

(2) that the text transmitted during measurements should be that of Recommendation R.51 bis;
(3) that the degree of transmitter distortion of text signals should not exceed 1%;

(4) that, during normal maintenance tests, the duration of the observation should correspond to the
examination of at least 800 significant instants, whatever the type of distortion meter used, isochronous or
start-stop. At a modulation rate of 50 bauds this results in an observation period of about 30 seconds. At other
modulation rates, the observation should last about 20 seconds;

Note — The period of observation required to assess properly the performance of tandem code-
independent time-division multiplexers may be much longer than for voice-frequency telegraph equipment.

(5) that, when making start-stop measurements using test equipment that does not register the peak early
and peak late reading simultaneously, the observation pcriod should be divided into two more or less equal parts:
one part during which the significant instants in advance of their theoretical position could be observed and the
other part during which the significant instants coming later than their theoretical position could be observed.

Recommendation R.9

HOW THE LAWS GOVERNING DISTRIBUTION OF DISTORTION
SHOULD BE ARRIVED AT

(Geneva, 1964)

The CCITT,

considering

(a) that for the sake of comparative studies of degrees of distortion, it would be well if the procedures for
measurement of distortion, and the layout of results, could be standardized. The distortion in question is:

— start-stop individual;
— isochronous individual;
— start-stop,

(b) that the degree of isochronous distortion is of no great practical interest, since it is the individual
isochronous distortion that, when isochronous distortion is present, supplies all the useful information. Hence it is
not proposed to include the degree of isochronous distortion in this Recommendation.

unanimously declares the following view:

1 - Start-stop individual distortion

1.1 As regards start-stop individual distortion, the distribution curves will be plotted by means of a statistical
distortion analyzer. The width of the measurement steps should make it possible to take measurements with steps
of 1%, 2%, 4%, 8%. A measurement will cover about 20 000 transitions (measurement duration of about 15 minutes
at 50 bauds: three transitions on the average per start-stop alphabetic signal).

1.2 The results will be shown on the graphs on the linear scale with distributional representation, or on the
normal probability scale with cumulative representation, the ordinates being the probabilities and the abscissae the
degree of distortion.

1.3 For individual distortion, the curves will give negative (early) and positive (late) distortion.
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1.4 For more detailed studies, the number of transitions to be examined may be higher than 20000, the
number dependmg on the chosen probability that the nominal figure will be exceeded.

2 Isochronous individual distortion

21 There is the difficulty of synchronism between the transmitter and the distortion analyzer, when the
measurements are made at two different points; moreover, the average propagation time of the signals is to be
taken into consideration when loop measurements are made.

2.2 The methods of measuring and presenting the results will be the same as for the preceeding case, but the
transmitter and the analyzer will have to be synchronized as accurately as possible, taking into account the
distortion values to be measured.

3 Start-stop distortion

3.1 This is a matter of the (maximum) degree noted during a measurement. It is then necessary to decide on
the length of the sample to be measured; the text to be measured will be composed at random. The measurement
at 50 bauds will last 30 seconds, distributed as specified in § 5 of Recommendation R.5.

3.2 © Distribution curves of these degrees of start-stop distortion will be drawn as a function of the number of
samples.

Recommendation R.11

CALCULATION OF THE DEGREE OF DISTORTION OF A TELEGRAPH CIRCUIT
IN TERMS OF THE DEGREES OF DISTORTION OF THE COMPONENT LINKS

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

1 In general the isochronous standardized test distortion & (Definitions 33.07 and 33.12, Recommenda-
tion R.140 of ‘a telegraph circuit consisting of a number » of links in tandem lies between the arithmetic sum and
the square root of the sum of the squares of the degrees of distortion of the individual links,

82
Zs >25>|/,Z1 o

i=1

n being the number of links in tandem. The few exceptions to this rule that have been observed related to
extremely long circuits (for example, four links, each of approximately 3500 km looped at voice-frequency at the
distant end to give the equivalent of four links (each 7000 km go and return) and a total length of approximately
28 000 km on cable and open-wire carrier telephone-type channels).

2 For such purposes as the planning of networks, the degree of distortion of a telegraph circuit consisting of
n channels or links in tandem in the telex service (where a great number of channels will be interconnected at
random) is given fairly approximately by:

1 7 7 5
1nherent Z 1/2 blas Z(sirreg.) :
n 1
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Similarly, for the combination of a transmitter and a telegraph circuit consisting of n channels or links in tandem
in the telex service, the degree of distortion is given fairly approximately by:

n ] n

2 2 2 2

6lext = Z 8c + 1/8t + 6v + Z (Sbias) + Z(sirreg_) *
1 1 1

where

Oinherent = the probable degree of inherent start-stop distortion on standardized text,

S« ~ = the probable degree of gross start-stop distortion in service,

S, = the degree of characteristic start-stop distortion of a single channel or link,

0, = the degree of synchronous start-stop distortion of the transmitter,

5, = the degree of start-stop distortion due solely to the difference between the mean transmitter
speed and the standardized speed. (The difference to be considered is equal to six times the
mean difference for one element.)

Bpias = the degree of asymmetrical (bias) distortion of one channel measured using 1:1 or 2:2 signals
(either 1:1 or 2:2 signals should be used according to which is normally employed for
adjusting the channels),

Oieg, = the degree of fortuitous distortion of one channel measured using 1:1 or 2:2 signals.

3 The values of distortion (except for 8,) inserted in the foregoing formulae must have the same probability

of being exceeded (p). The degree of characteristic distortion &, of a channel is fairly constant for each type of
voice-frequency channel and can be determined in laboratory tests. Nevertheless, the maximum degree of
characteristic distortion is reached for only about 20% of the signals of International Telegraph Alphabet No. 2.
Empirical values for §, can be obtained with reasonable accuracy by using methods recommended by Recommen-
dation R.4. ' '

4 The probability of exceeding the degrees of distortion &;,peren and Oy, calculated with the aid of the above
formulae is (20/100) p.

Note — The laws governing the addition of distortion in tandem connected code-independent time-
division multiplex systems, and in particular the duration of measurement to be assumed, are the subject of study.
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SECTION 2
VOICE-FREQUENCY TELEGRAPHY

Recommendation R.20

TELEGRAPH MODEM FOR SUBSCRIBER LINES

(Geneva, 1980)

The CCITT,

considering

(a) that the use of high-level telegraph transmission with single or double current may cause disturbing
impulse noise in adjacent cable pairs that may be eliminated by applying low-level transmission with telegraph
modems;

(b) that telegraph modems would substantially reduce the power consumption in the central office;

(c) that where connection to a subscriber has to .be achieved over a non-metallic pair (e.g., a
voice-channel frequency-division multiplex or pulse code modulation -system) a telegraph modem has to be
utilized; '

(d) that the frequencies given below are already standardized in Recommendation V.21 [1];

(e) that suitable inexpensive telegraph modems can be used for full duplex transmission on 2-wire circuits
at modulation rates up to 300 bauds;
unanimously declares the view

that where low-level telegraph transmission is used, the following method of transmission should be
recommended for all modulation rates up to 300 bauds. »
1 Channel allocation

‘The method of transmission is based on Recommendation V.21 [1] with the following frequency designa-
tions: .

Central office to subscriber (channel 1) F, = 1180 Hz,

F, = 980 Hz;
Subscriber to central office (channel 2) F, = 1850 Hz,
F, = 1650 Hz.

It should be noted that there is equipment in use that applies alternative frequencies to those shown in this
Recommendation. . :

2 Interface

Where the modem is a separate, self-contained unit, the following interchange circuits shall be used:
Common return (e.g. circuit 102 in Recommendation V.24 [2])

Transmitted data (e.g. circuit 103 in Recommendation V.24 [2])

Received data (e.g. circuit 104 in Recommendation V.24 [2])
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Note — Further parameters, modem performance and facilities are the subject of further study (see
Question 15/1X [3]).

References

11 CCITT Recommendation 300 bits per second duplex modem standardized for use in the general swiiched
telephone network, Vol. VIII, Fascicle VIIL.1, Rec. V.21.

2] CCITT Recommendation List of definitions for interchange circuits between data terminal equipment and
data circuit terminating equipment, Vol. VIII, Fascicle VIII.1, Rec. V.24.

[3] CCITT — Question 15/1X, Contribution COM IX-No. 1, Study Period 1981-1984, Geneva, 1981.

Recommendation R.30

TRANSMISSION CHARACTERISTIC FOR INTERNATIONAL VFT LINKS

(Mar del Plata, 1968; amended at Geneva, 1976)

1 Standardized carrier systems with 4-kHz and 3-kHz spacing permit homogeneous voice-frequency telegraph
(VFT) systems providing the capacities of telegraph channels given in Table 1/R.30.

TABLE 1/R.30

Bearer 50-baud 100-baud 200-baud 200-baud
bandwidth 120-Hz spacing 240-Hz spacing 360-Hz spacing 480-Hz spacing
4 kHz 24 12 8 6
(not normally used)

3kHz 22 11 7 S
2 Audio-frequency circuits with heavy or semi-heavy loading permit 12-channel 50-baud systems; circuits
with lighter loading permit 18 channels at 50 bauds.
3 Four-wire links are to be preferred for voice-frequency telegraphy.

4 The composition of a 4-wire link for voice-frequency telegraphy differs from that of a telephone circuit in

that there are no terminating sets, signalling equipment and echo suppressors.
5 With 2-wire links, a duplex arrangement would not be feasible since the links could not be balanced with

the necessary precision to avoid mutual interaction. If the low frequencies are used for transmission in one
direction and high frequencies for the other direction, a 2-wire link can be used for voice-frequency telegraphy.

6 The conditions of use of international VFT links are described in detail in Recommendation H.22 [1].

7 PCM (pulse code modulation) channels complying with Recommendation G.712 [2] are also suitable as
bearers for FMVFT (frequency-modulated voice-frequency telegraph) links. However, the increase in telegraph
distortion in relation to the transmission level and the number of tandem-connected PCM channels is the subject
of further study. :
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References

m CCITT Recommendation Transmission requirements of international voice-frequency telegraph links (at 50,
100 and 200 bauds), Vol. 111, Fascicle 111.4, Rec. H.22.

[2] CCITT Recommendation Performance characteristics of PCM channels at audio frequencies, Vol. 111,
Fascicle 111.3, Rec. G.712.

Recommendation R.31

STANDARDIZATION OF AMVFT SYSTEMS FOR A MODULATION RATE OF 50 BAUDS

(Mar del Plata, 1968, incorporating former Recommendations R.31, R.32 and R.34)

The CCITT,

unanimously declares the following view:

1 It is advisable to adopt, for amplitude-modulated voice-frequency telegraph (AMVFT) systems and for a
modulation rate not exceeding 50 bauds, the series of frequencies formed by odd multiples of 60 Hz, the lowest
frequency being 420 Hz as shown in Table 1/R.31. .

" TABLE 1/R.31

Channel Frequency Channel Frequency
Position Hz Position Hz
1 420 13 1860
2 540 14 1980
3 660 15 2100
4 780 16 2220
5 900 17 2340
6 1020 18 2460
7 1140 19 2580
8 © 1260 20 2700
9 1380 21 2820
10 1500 22 2940
11 ‘1620 23 3060
12 1740 24 3180
2 This numbering is valid whatever use is made of the channel (e.g. traffic channel, pilot channel, etc.) or the

method employed to obtain the line frequencies, e.g. by group modulation. For the numbering of channels that
has been adopted in the international service see Recommendation R.70 bis.
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3 In the case of systems on telephone-type circuits with a spacing of 3-kHz operating in accordance with the
standardized frequency series, channel positions 23 and 24 cannot be used.

4 The frequencies applied to the telephone-type circuit that is.used as the voice-frequency telegraph bearer
circuit should not deviate by more than 6 Hz from the nominal value when the telegraph channels supplied are
operating over a telephone-type circuit composed exclusively of audio-frequency sections, and not more than 3 Hz
in other cases.

5 The power levels of carrier waves transmitted on the line and measured successively in as short a period as
possible should not differ from one another by more than 1.74 dB when they are operating on a constant
impedance.

6 The power of each of the carrier waves transmitted on the line should not vary in operation by more than
+ 0.87 dB when it operates on a constant impedance. :

7 The amplitude of the signals transmitted should remain within the tolerances of Figure 1/R.31 in which
the values f, and y, and y, are fixed as follows:

t, = 11 milliseconds,
yo= 95%,
Vs = 110%.

4

y2,11(“_._47// Z 7 v
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"TeF-=
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=100%
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FIGURE 1/R.31

Diagram of tolerances to assess the waveform of the sent signals in AMVFT systems

Amplitude in % of the reference amplitude

N
NN \\\\@/

N

8 Receivers with rapid-action level correction should not be so sensitive to secondary pulses following the
signal pulse provided that the amplitude of the signal emitted does not exceed the reference level by more
than 10% and that the reference level does not exceed the normal level by 10.4 dB. (This provision applies only to
new systems.) :
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9 If 1:1 reversals at frequency f, corresponding to the modulation rate are sent over a channel with
mid-frequency F,, the voltage at frequency F, + 3 f, must not exceed 3% of the nominal voltage at frequency K,
and the voltage at the frequencies F, + 5 f, must not exceed 0.4% of the nominal voltage at frequency F;.

Note — These tolerances will be required only for future systems. Administrations should try as far as
possible to use systems satisfying these tolerances on international relations.

10 The unbalance of the emitted signal should not be greater than =+ 4% (methods of measuring this
unbalance are described in [1] and [2]). This tolerance takes account of the limit in § 11 below for new systems.

11 For new systems, the static relay should introduce a difference of not less than 45 dB between the two
signalling conditions. (For existing systems the limit is 30 dB.)

12 In the event of failure of the control current in the sending static relay, the attenuation of the residual
signal relative to this nominal level should be at least 27 dB. This attenuation of the signal need not occur
immediately on the failure of the control current.

13 Systems should be able to tolerate slow level variations of at least + 6 dB. Administrations should equip
systems that are unable to tolerate such variations with a common amplifier to enable them to tolerate variations
of at least + 6 dB. .

14 The permissible limit for the power of the telegraph signal on each telegraph channel when a continuous
tone is being transmitted is given in Table 2/R.31. '

TABLE 2/R.31
Normal limits for the power per telegraph channel in AMVFT systems

Allowable power per telegraph channel
at a point of zero relative level
Number of telegraph when sending a signal corresponding to
channels in the continuous stop (Z) polarity
AMVET system
microwatts decibels
12 or less 35 -14.5
18 15 -18.3
24 9 -20.45

Note — These limits are such that the maximum instantaneous voltage will not exceed that of a sinusoidal voltage with a power of
S milliwatts at a point of zero relative level. This power is the maximum permissible for voice-frequency circuits.

15 Audio-frequency is transmitted to line when stop polarity (condition Z) is sent.

16 When a signal, whose frequericy is equal to the nominal frequency of the channel and whose level is
18.3 dB below the normal signal level of the channel, is applied to the detector of a 24-channel AMVFT system
the receiving relay should not respond.
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17 It must be possible to subject any channel to = test without withdrawing from service a channel other than
the return channel of the circuit planned.

18 In graded harmonic frequency telegraphy, it is desirable that the same frequencies be used separately for
circuits established on different successive sections of a 4-wire circuit.

19 In graded harmonic frequency telegraphy, the attenuation of the filters that pass a group qf frequencies
must. in the suppressed frequency band, be higher by at least 35 dB than that shown in the transmission band.

20 In graded harmonic frequency telegraphy, in order to facilitate local tests, the frequencies used for
communications set up between two international offices in one. direction should also be used in the opposite
direction, if possible.

References

[1] Measuring method to determine the asymmetry of an amplitude-modulated telegraph signal, Blue Book,
Vol. VII, Supplement No. 11, ITU, Geneva, 1964.

[2] The measurement of the distortion produced in the sending terminal equipment of an A.M.-V.F. telegraph

system, Blue Book, Vol. VII, Supplement No. 12, ITU, Geneva, 1964.

Recommendation R.35

STANDARDIZATION OF FMVFT SYSTEMS FOR A MODULATION RATE OF 50 BAUDS

(former CCIT Recommendation B.48, Geneva, 1956; amended at New Delhi, 1960,
Geneva, 1964, Mar del Plata, 1968, Geneva, 1972, 1976 and 1980)

Note — In this Recommendation, frequency-modulated voice-frequency telegraph (FMVFT) equipment
with and without crystal control are distinguished. In order to improve the quality of transmission and to
minimize maintenance costs, the application of equipment with crystal control is recommended.

1 The nominal modulation rate should be standardized at 50 bauds.

2 - For the nominal mean frequencies, the series formed by the odd multiples of 60 Hz should be adopted, the
lowest frequency being 420 Hz in accordance with Recommendation R.31, § 1, the mean frequency F, being
defined as half the sum of the two characteristic frequencies corresponding to the permanent start polarity F, and
stop polarity F,. For the numbering of channels that has been adopted in the international service, see
Recommendation R.70 bis.

3 The mean frequencies at the sending end should not deviate from their nominal value by more than:
a) for equipment without crystal control 2:Hz;
b) for equipment with crystal control 0.5 Hz. "

|[F'o— F

,’I should not exceed 2%,

4 The unbalance due to the modulation process § = 2 Vi
4 1tz

where

‘vand F’, are the two characteristic frequencies measured over a period of 10 seconds;

F’, is the mean static frequency measured =L_;l2;
F is the mean dynamic frequency measured with 1:1 rectangular signals during 10 seconds.

" The tightening of this tolerance is for further study. .
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] Measurement should be made applying to the input of the transmitter 1:1 rectangular signals with the
build-up and hangover time below 1 pus and with the unbalance below 0.1%. In the event that in service the
transmitter is controlled by an electro-mechanical relay (with a certain transit time), the measurement should also
be made with that type of relay inserted between the 1:1 signal generator and the input to the transmitter. Both
forms of measurements need not necessarily be included in the maintenance procedure but should be included in
laboratory type tests.

Note — To determine the unbalance due to the modulation process by the method indicated above, it is
necessary to measure the frequencies F’,, F’; and F,and to calculate the mean. frequency F 7 and the unbalance

_LIEy = F

8 ! ’
FA"FZ

A more rapid method for checking whether or not the unbalance is less than the limit fixed is to measure:
— the mean dynamic frequency F; with 1:1 signals during 10 seconds;

— the mean dynamic frequency F, with 2:2 sigﬁals during 10 seconds;

Fy—F |F'o—F,
5=2|%0 / = 4__0 m,.
F,—F,  “F,~F,

or to subtract:

| Uipr g 1
|Fy— Fyl = ; (Fly —F3|8 =7 [Fy~F;) 8 < 0.4 Hz.

~ The absolute value of the difference between the two frequencies measured, F; and F,;,, must be less than
0.4 Hz.

5 The difference between the two characteristic frequencies (corresponding to the start and the stop
conditions) should be 60 Hz.

6 The maximum tolerance on this difference should be = 3 Hz.

7 . The total average power transmitted to the telephone-type circuit is normally dependent on the
transmission characteristics of the circuit as follows:

a) For circuits with characteristics not exceeding the limits given in Annex A, the total average power
transmitted by all channels of a system should preferably be limited to 50 pW at a point of zero
relative level. This sets, for the average power of a telegraph channel (at a point of zero relative level),
the limits given in Table 1/R.35.

b) For other circuits, the total average power transmitted by all channels- of a system is limited to
135 uW at a point of zero relative level. This sets, for the average power of a telegraph channel (at a
point of zero relative level), the limits given in Table 2/R.35.

TABLE 1/R.35

Normal limits for the power per telegraph channel in FMVFT systems for bearer circuits
with characteristics not exceeding the limits given in Annex A

Allowable power per telegraph channel

Number of telegraph at a point of zero relative level
channels in the
FMVFT system in microwatts in absolute power level
decibels
12 or less 4.0 4 —240
18 2.7 —25.7
24 2.0 -217.0
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TABLE 2/R.35

Normal limits for the power per telegraph channel
in FMVFT systems for other bearer circuits

Allowable power per telegraph channel
Number of telegraph at a point of zero relative level
channels in the
FMVFT system - in absolute power level
In microwatts decibels
12 or less 10.8 —19.7
18 o . 7.2 214
24 5.4 —22.7

Note — The figures in Tables 1/R.35 and 2/R.35 assume the provision of a pilot channel on the telegraph bearer at a level of
—27.0 dBmO and —22.7 dBmO respectively.

8 In service, the levels of the signals corresponding to continuous stop polarity and continuous start polarity
should not differ by more than 1.7 dB in the same channel. Both of these levels must lie between + 1.7 dB with
reference to the level given in Table 1/R.35 or Table 2/R.35 as applicable.

9 The frequency for the transmitted condition corresponding to the start polarity is the higher of the two
characteristic frequencies and that corresponding to the stop polarity is the lower.

10 In the absence of a channel-modulator control telegraph current, a frequency should be transmitted within
+ 5 Hz of the frequency normally transmitted for the start polarity. This frequency need not be sent immediately
- after interruption of the control current.

11 The frequency spectrum of the emitted signal, when transmitting 1:1 signals at the modulation rate of 2 f,
(f, = frequency of modulation), should be in accordance with the limits specified in Figure 1/R.35, which shows
the levels of the spectra of different components with respect to the amplitude of the non-modulated carrier as
ordinates and the frequencies as abscissae. '

12 The receiving equipment should operate satisfactorily when the receiving level falls to 17.4 dB below the
nominal level. The receiving equipment should have been restored to start polarity when the receiving level has
fallen to 23.5 dB below the nominal level. The nominal level is the level resulting from the choice of power per
channel (see Tables 1/R.35 or.2/R.35 as applicable) depending upon the number of channels (12, 18 or 24) on the
circuit. The alarm-control level is left to the choice of each Administration.

13 On delivery by the manufacturer of 50-baud FMVFT equipment, the following values must not be
exceeded for the degree of distortion on a telegraph channel. These values correspond to closed circuit
measurements, made with the audio-frequency line terminals of the sending and receiving equipments connected
together through an artificial line. Before the series of measurements taken in accordance with Recommenda-
tion R.51, the levels are adjusted to their normal values, the mean frequencies are checked to see whether they are
within:

1) for equipment without crystal control + 2 Hz;
2) for equipment with crystal control = 0.5 Hz, »

of their nominal value (see § 3 above) and the difference between the two characteristic frequencies is within the
permitted tolerance of less than 3 Hz (see § 6 above). Bias distortion is eliminated by adjustment in the channel
receivers. The other channels of the system are modulated with urirelated signals when the effect of inter-channel
interference is to be included in the measurement. These “unrelated signals” can conveniently be 1:1 signals from
different generators at approximately 50 bauds but not synchronous to each other or to the signal on the channel
under test.

2 The tightening of this tolerance remains for further study.
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FIGURE 1/R.35
Frequency spectrum for 1:1 signals in 50-baud/120-Hz FMVFT systems

The transmission levels being normal, the artificial line introducing no frequency drift, but the

.measured channel being subject to fortuitous distortion due to interchannel interference: 5% for the -

degree of inherent isochronous distortion.

The level being maintained constant, but at a value different from the normal level, for all constant
levels between 8.7 dB above the normal reception level and 17.4 dB below the normal reception level,
the other conditions being the original measurement condition: 7% for the degree of inherent
isochronous distortion.

In the presence of interference by a single sine-wave frequency equal first to one and then to the other
characteristic frequency, with a level of 20 dB below the signal level, the other conditions for the start
of measurements being maintained: 12% for the degree of inherent isochronous distortion (i.e. total
distortion including the increase due to the interfering frequency, not distortion due to the interfering
frequency alone).

By introducing a frequency drift (Af Hz) of the signals during transmission through the artificial line,
Af being not more than 5 Hz and the initial condition of the test otherwise being preserved:

—  for equipment without crystal control
—  for equipment with crystal control but without (5 + 25 AfHz) %
compensation for frequency drift

—  for equipment with crystal control and compensation -
for frequency drift . 7%

for the degree of inherent isochronous distortion.
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By introducing a frequency drift (Af Hz) of il signals during transmission through the artificial line,
Af being more than 10 Hz, and the initial conditions of the test otherwise being preserved:

—  for equipment with crystal control and comjensation
for frequency drift 13%

for the degree of inherent isochronous distortion. The measurements shall be made after the transient
effects of changing frequency have ceased.

Equipment with crystal control, with any climatic conditions specified for the tested equipment, the
initial condition of the test otherwise being preserved: 8% for the degree of inherent isochronous
distortion. The bias distortion caused by changes of climatic conditions should not be eliminated.

Frequency drifts on modern telephone-type circuits are generally less than 2 Hz. Hence it is not necessary
to recommend frequency drift control. For circuits on which a maximum frequency drift of not greater than
+ 2 Hz cannot be guaranted, and on which the distortion resulting from the frequency drift is not acceptable,
compensation seems necessary. Two methods can be used:

a)
b)

compensation for each channel up to about 15 Hz;

compensation for all the channels by using a pilot. In this case, the receiving end must be able to
request and obtain a pilot frequency. Administrations should agree among themselves on the
advisability of sending the pilot and the choice of frequency. The frequencies 3300 Hz or, preferably,
300 Hz are recommended for this pilot, with a tolerance of:

1)  for equipment without crystal control + 1 Hz
2) for equipment with crystal control * 0.2 Hz.

The mean power emitted at the relative zero point on this frequency should not exceed —27.0 dBmO
or —22.7 dBm0 as appropriate (see Table 2/R.35).

The number of significant modulation conditions is fixed at two; this number may be increased, if
necessary, by agreement between the Administrations concerned.

ANNEX A

(to Recommendation R.35)

Limits required by a bearer circuit for FMVFT application if the
total power transmitted by all channels is set at 50 microwatts

Loss/frequency distortion

The variation with frequency of the overall loss of the link with respect to the loss at 800 Hz should not
exceed the limits shown in Table A-1/R.35.

TABLE A-1/R.35

Frequency range (Hz) Overall loss relative to that at 800 Hz
Below 300 Not less than — 2.0 dB, otherwise unspecified
300- 500 —2.0to +4.0dB
500-2800 —10to +3.0dB
2800-3000 . —2.0to +3.0dB
3000-3250 —2.0to +4.0dB
3250-3350 —2.0to +7.0dB
Above 3350 Not less than — 2.0 dB, otherwise unspecified
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A2 Random noise

The mean psophometric noise power referred to a point of zero relative level should not exceed
32 000 pWOp (—45 dBmOp), using a psophometer in accordance with Recommendation P.53 [1].

A3 Impulsive noise

The number of counts of impulsive noise that exceeds —28 dBmO should not exceed 18 in 15 minutes
when measured with an impulsive noise counter in accordance with Recommendation O.71 [2].

A4 Error rates

The telegraph character error rate that may be caused by interruptions and noise in the bearer circuit
should not exceed the limits stated in Recommendations R.54 and F.10 [3].

Note — The study of the reduction of levels on bearer circuits having characteristics other than those
specified in this Annex, is continuing — see Question 2/1X [4].

References

1 CCITT Recommendation Psophometers (apparatus for the objective measurement of circuit noise), Vol. V,
Rec. P.53.

[2] CCITT Recommendation Specification for an impulsive noise measuring instrument for telephone-type

circuits, Vol. 1V, Fascicle 1V.4, Rec. O.71.

[3] CCITT Recommendation Character error rate objective for telegraph communication using 5-unit start-stop
equipment, Vol. 11, Fascicle 11.4, Rec. F.10.

[4] CCITT — Question 2/1X, Contribution COM IX-No. 1, Study Period 1981-1984, Geneva, 1981.

Recommendation R.35 bis

50-BAUD WIDEBAND VFT SYSTEMS

(Geneva, 1964)

The CCITT,

considering

(a) that Voice-frequency telegraph (VFT) systems standardized by the CCITT for 50-baud channels are
described in Recommendations R.31 (for amplitude modulation) and R.35 (for frequency modulation). Systems
that comply with these Recommendations are those normally recommended by the CCITT. However, it may
sometimes be advisable to use a VFT system for a speed of 50 bauds in which the channels have wider spacing
than in systems complying with Recommendations R.31 and R.35,

(b) that the use of channels with a spacing of more than 120 Hz for a modulation rate of 50 bauds offers
certain advantages in the following cases:

i) on links with not much traffic (which it is not intended to increase to more than 12 channels for a
long time to come);

ii) on links where channels are required to have less distortion than on channels established in
accordance with Recommendations R.31 and R.35;

iii)" as far as maintenance is concerned, wideband equipment requires less attention,

(¢) that in particular, if telephone-type circuits carrying VFT systems are unstable, the use of wideband
channels together with frequency modulation is recommended,

(d) Moreover that, if systems are standardized so that only one modulation method is used, the cost of
equipment should be lower.
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unanimously declares the view

that when Administrations agree to set up a 50-baud VFT system with spacing of more than 120 Hz, the
VFT equipment should have the following characteristics:

1) VFT systems for wideband 50-baud channels should be homogeneous systems using frequency
modulation only; )

2) equipment in conformity with Recommendation R.37 is recommended for this purpose.

Recommendations R.36 — R.38 B

REPORT ON VOICE-FREQUENCY TELEGRAPH
CHANNELS FOR USE ABOVE 50 BAUDS

(Common introductory report on Recommendations R.36, R.37, R.38 A and R.38 B)
(Geneva, 1964, amended at Mar del Plata, 1968, and Geneva, 1980)

1 The CCITT has examined the characteristics of telegraph circuits for use above 50 bauds. It has been
noted that modulation rates of 75, 100, 150, 200 and 300 bauds are envisaged. The CCITT considers that the
number of different types of VFT channels to be provided should not fully correspond to such a detailed list, for
two basic reasons:

a) With the exception of 300 bauds, a particular rate circuit can be provided over a higher rate channel.
In some cases a lower rate channel might also be considered, this being the situation where a
300-baud circuit may sometimes be supported on a nominally 200-baud channel.

b) The lease charges envisaged are generally such that a marginal tariff difference may exist between
.circuits operated at the next higher rate.

2 The CCITT has therefore established VFT standards for nominal 100- and 200-baud channels in addition
to the earlier standards for channels for operation at nominally 50 bauds.

Note — The performance of a circuit operated at a-modulation rate of 75 bauds via one VFT channel
conforming to Recommendation R.35 should be quite satisfactory. Similarly, the performance of a circuit operated
at a modulation rate of 300 bauds via one VFT channel conforming to Recommendation R.38 A may be
satisfactory. However when a circuit consists of two or more channels in tandem, the use of a regenerative
repeater may be required. To judge this, it is advisable to conduct distortion measurements on the end-to-end
circuit concerned and also on the individual VFT channels employed. In general, it is recommended that circuits
operated at a particular modulation rate should not be routed over nominally lower rate VFT channels, whenever
this can be avoided.

3 Very different possibilities for using these channels may be envisaged:
— start-stop transmission or synchronous transmission;
— tandem operation of several channels;
— use of point-to-point circuits, circuits with broadcast or switched circuits;
— integration into the world network;

— data transmission.

4 Signal regeneration devices do not normally form an integral part of a VFT channel, as their presence
reduces the flexibility to assign a channel for a different use.
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5 With regard to channels for 200 bauds, it has been agreed that the spacing for such channels should
normally be 480 Hz because of the advantages of 480 Hz spacing compared with 360-Hz spacing with regard to
distortion and the cost of equipment. But when the advantage of having a greater number of telegraph channels
on the same bearer circuit is considered essential by the Administration (e.g. on long submarine cables employing
narrow band 3-kHz telephone channeling equipment), the use of 360-Hz spacing between 200-baud telegraph .
channels may be justified.

6 For the above reasons, Recommendations R.36, R.37, R.38 A and R.38 B have been adopted.

7 Recommendation R.36 applies to heterogene'ous systems and Recommendations R.37, R.38 A and R.38 B
apply to homogeneous systems.

8 For the homogeneous systems referred to by Recommendations R.37, R.38 A and R.38 B, only frequency
modulation is recommended.

Comparative table of values for the degree of tolerable distorsion
on telegraph channels with various modulation rates

Inherent isochronous distorsion (%)
for different types of VFT channels
Recommendation
Reception condition
R.35 R.35 bis R.37 R.38A R.38B
(50 bauds (50 bauds (100 bauds (200 bauds (200 bauds
120 Hz) 240 Hz) 240 Hz) 480 Hz) 360 Hz)

With the normal reception level S 5 5 6
In the case of slow level variation of
+ 8.7 dB to — 17.4 dB with respect 7 7 7 8
to the normal reception level
In the presence of interference by
a single sinewave frequency equal )
to either of two characteristic frequencies 12 12 10 1S5
with a level of 20 dB below the signal )
level of the test channel
With introduction of a frequency
drift (Af Hz) of the signals:
a) for adrift < 5 Hz:

Equipment without crystal control

Equipment with crystal control : !

but without compensation for (5+25A) (5+1.3A1) (5+0.7A1) 6+1.2A)

frequency drift

Equipment with crystal control and 7 7

compensation for frequency drift
b) for a drift < 10 Hz:

Equipment with crystal control and 13 10

compensation for frequency drift
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Recommendation R.36

COEXISTENCE OF 50-BAUD/120-Hz CHANNELS,
100-BAUD/240-Hz CHANNELS, 200-BAUD/360-Hz OR 480-Hz CHANNELS
ON THE SAME VOICE-FREQUENCY TELEGRAPH SYSTEM

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

1 Common views

1.1 Channels with higher modulation rates (100 or 200 bauds) must be capable of being inserted in systems of
amplitude-modulated 50-baud/120-Hz channels conforming to Recommendations concerning them respectively as
well as in systems of frequency-modulated 50-baud/120-Hz channels (conforming to Recommendation R.35).
However, it is preferable that these high-speed channels should, as far as possible, be placed in a frequency-
modulated system (conforming to Recommendation R.35). However, 200-baud/360-Hz channels can be set up
only on systems established on bearer circuits having a spacing of 3 kHz.

1.2 . If there are 50-baud channels on a mixed system, the distortion limits for the 50-baud channels on
homogeneous 50-baud channel systems’ will have to be respected; hence, 100-baud and 200-baud channel
equipment will have to be designed to this end. If this is not possible, the power levels on the 100-baud and
200-baud channels will have to be reduced.

13 The 100- and 200-baud channels should have performances comparable to those that could be obtained in
a homogeneous system, as specified in Recommendations R.37, R.38 A, R.38 B, provided that the condition
indicated under § 1.2 above is respected. They should, in particular, satisfy § 13a) of Recommendations R.37,
R.38 A, or R.38 B respectively.

1.4 The mean power transmitted to line at a point of zero relative level is normally dependent on the
transmission characteristics of the bearer circuit as follows:

a) 50 uW total for FMVFT aggregates carried on circuits complying with the limits specified in Annex A
to Recommendation R.35;

b) 135 uW total for other circuits and for AMVFT.

The mean normal power for each channel should not exceed the values specified in Table 1/R.36, for
cases a) and b) above. ’

TABLE 1/R.36

VFT channel power levels

22

VFT channel power level (uW) VFT channel characteristics
Relevant
Bearer Bearer Recommendation Modulation Bandwidth Type of
case a) case b) rate (bauds) (Hz) modulation
— 9 R.31 50 120 AM
2.0 5.6 R.35 50 120 FM
4.0 10.8% R.37 100 240 FM
— 19.2# R.38B 200 360 FM
8.0 21.6% R.38A 200 480 FM

2 Provided that the condition mentioned under § 1.2 is respected.
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2 Combined use of channels with 240-Hz spacing and channels with 120-Hz spacing -

2.1 Channels with 240-Hz spacing should be installed in the following preferred order: 12 (if possible), 11, 10,
9,8, 7, ... The channel numbers " are in accordance with Recommendation R.37 (100-baud channels with 240-Hz
spacing).

3 Combined use of 200-baud channels with 360-Hz spacing and channels with 120-Hz or 240-Hz spacing

~

3.1 The chéracteristics of these channels with high modulation rates are defined in Recommendations R.37 on
100-baud channels with 240-Hz spacing and R.38 B on 200-baud channels with 360-Hz spacing.

3.2 The 200-baud/360-Hz channels should be installed i_n the following preferred order: 5, 4, 6, 3, 2, 1 instead
of the corresponding 50-baud channels. The channel numbers ! are in accordance with Recommendation R.38 B.

33 In combined systems using channels with three different modulation rates, the order indicated in
§ 3.2 above should be used in preference to that indicated in § 2.1 above.

4 Combined use of 200-baud channels with 480-Hz spacing and channels with 120-Hz or 240-Hz spacing

4.1 For a combination of channels with 240-Hz spacing and channels with 480-Hz spacing, the channels with
480-Hz spacing should be installed in the following preferential order: 4,3, 5,2, 6 V.

4.2 For a combination of channels with 120-Hz spacing and channels with 480-Hz spacing, the order indicated
in § 4.1 above is applicable.
Note — In cooperation with a system using 6-channel group modulation, the preferred order would be: 4,

3, 6 (if possible), 1 1.

43 In combined systems using channels with three different modulation rates, the order indicated in
§ 4.1 above should be used in preference to that indicated in § 2.1 above. '

Recommendation R.37

STANDARDIZATION OF FMVFT SYSTEMS FOR A MODULATION RATE OF 100 BAUDS

(Geneva, 1964; amended at Mar del Plata, 1968, Geneva, 1972, 1976 and 1980)
Note — In this Recommendation frequency-modulated voice-frequency telegraph (FMVFT) equipment

with and without crystal control are distinguished. In order to improve the quality of transmission and to
minimize maintenance costs, the application of equipment with crystal control is recommended.

1 The nominal modulation rate is standardized at 100 bauds.

2 The nominal mean frequencies are 480 + (n — 1) 240 Hz, n being the channel position number. The
mean frequency is defined as half the sum of the characteristic frequencies corresponding to the start polarity and
stop polarity. For the numbering of channels that has been adopted in the international service see Recommenda-
tion R.70 bis.

)" For the numbering of channels that has been adopted in the international services see Recommendation R.70 bis.
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3 The mean frequencies at the sending end should not deviate from their nominal value by more than:
a) for equipment without crystal control 3 Hz;

b) for equipment with crystal control 0.5 Hz .

4 The difference between the two characteristic frequencies in the same channel is fixed at 120 Hz.
5 The maximum tolerance on this difference should be + 4 Hz.

. F,—F,|
6 The unbalance due to the modulation process § = 2 |___o_1| » should not exceed 2%,

Fy—Fy
where
F’,and F’; are the two characteristic frequencies measured over a period of 10 seconds;

F% is the mean static frequency measured =F_fl_-%__£1;
F, is the mean dynamic frequency measured with 1:1 rectangular signals during 10 seconds.

Measurement should be made applying to the input of the transmitter 1:1 rectangular signals with the
build-up and hangover time below 1 us and with the unbalance below 0.1%. In the event that in service the
transmitter is controlled by an electro-mechanical relay (with a certain transit time), the measurement should also
be made with that type of relay inserted between the 1:1 signal generator and the input to the transmitter. Both
forms of measurement need not necessarily be included in the maintenance procedure but should be included in
laboratory type tests.

Note — To determine the unbalance due to the modulation process by the method indicated above, it is
necessary to measure the frequencies F’,, F’, and F, and to calculate the mean frequency F and the unbalance

\[Fo—F)l

0=2— ;
FA—FZ

A more rapid method for checking whether or not the unbalance is less than the limit fixed is to measure:
— the mean dynamic frequency F; with 1:1 signals during 10 seconds; k

— the mean dynamic frequency F,, with 2:2 signals during 10 seconds;

F'y—F) IF'o—F|
3:2|p o _ gl o= Fy
F,—F F,—F,

or to subtract:

1

: - I
F,=F,|= 7 [Fy=F)8 = [F,~F,)8 <09 Hz.

The absolute value of the difference between the two frequencies measured, F, and F,,, must be less than
0.9 Hz.

7 The total average power transmitted to the telephone-type circuit is normally dependent on the
transmission characteristics of the circuit as follows:

a) For circuits with characteristics not exceeding the limits given in ‘Annex A to Recommendation R.35,
the mean power per channel at a point of relative zero level should not be more than 4.0 uW
(—24.0 dBm0). The pilot channel, where employed, should have a level of not more than 2.0 uyW
(—27.0 dBm0); a ‘

b) for other circuits, the mean power pernchannel at a point of relative zero level should not be more
than 10.8 pW (—19.7 dBm0). The pilot channel, where employed, should have a level of not more
than 5.4 uW (—22.7 dBm0). ) _

) The tightening of this tolerance is for further study: B
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8 In service, the levels of signals corresponding to continuous stop polarity and continuous start polarity
should not differ by more than 1.7 dB in the same channel. Both of these levels must lie between + 1.7 dB with
reference to the level in § 7 above. -

9 The frequency for the transmitted condition corresponding to the start polarity is the higher of the two
characteristic frequencies and that corresponding to the stop polarity is the lower.

10 In the absence of a channel-modulator control telegraph current, a frequency shall be transmitted that
shall be within + 10 Hz of the frequency normally transmitted for the start polarity. It is not necessary for this
transmission to take place immediately after the control current has been cut.

11~ The frequency spectrum of the emitted signal, when transmitting 1:1 signals at the modulation rate of 2 J
(f, = frequency of modulation), should be in accordance with the limits specified in Figure 1/R.37, which shows
the levels of the spectra of different components with respect to the amplitude of the non-modulated carrier as
ordinates and the frequencies as abscissae.
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Frequency
F = carrier frequency of a.channel M = centre line between adjacent channels
f, = frequency of modulation = 100 Hz F’ = carrier frequency of the adjacent channel
fn = frequency shift = 120 Hz ’
Curve 1 = lower limit in the pass band
Cur\_/e 2 = upper limit in the stop band

Note — The reference level (0 dB) is the mean value of the levels of the signals corresponding to continuous stop and continuous start
polarity, which are measured at the characteristic frequencies Fz and F4.

FIGURE 1/R.37

Frequency spectrum for 1:1 signals in 100-baud/240-Hz and 200-baud/480-Hz
frequency-modulated voice-frequency telegraph (FMVFT) systems !
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12 The receiving equipment should operate satisfactorily when the receiving level falls to 17.4 dB below the
nominal level. The receiving equipment should have been restored to start polarity when the receiving level has
fallen to 23.5 dB below the nominal level. The alarm-control level is left to the choice of each Administration.

13 On delivery by the manufacturer of 100-baud FMVFT equipment, the following values must not be
exceeded for the degree of distortion on a telegraph channel. These values correspond to closed circuit
measurements, made with the audio-frequency line terminals of the sending and receiving equipments connected
together through an artificial line. Before the series of measurements taken in accordance with Recommenda-
tion R.51, the levels are adjusted to their normal values, the mean frequencies are checked to see whether they are
within:

1) for equipment without crystal control + 3 Hz;
2) for equipment with crystal control = 0.1 Hz !,

of their nominal value (see § 3 above) and the difference between the two characteristic frequencies is within the
permitted tolerance of less than 4 Hz (see § 5 above). Bias distortion is eliminated by adjustment in the channel
receivers. The other channels of the system are modulated with unrelated signals when the effect of interchannel
interference is to be included in the measurement. These “unrelated signals” can conveniently be 1:1 signals from
different generators at approximately 100 bauds but not synchronous to each other or to the signal on the channel
under test. :

a) The transmission levels being normal, the artificial line imroducing no frequency drift, but the
measured channel being subject to fortuitous distortion due to interchannel interference: 5% for the
degree of inherent isochronous distortion.

b) The level being maintained constant, but at a value different from the normal level, for all constant
levels between 8.7 dB above the normal reception level and 17.4 dB below the normal reception level,
the other conditions being the original measurement conditions: 7% for the degree of inherent
isochronous distortion. :

¢) In the presence of interference by a single sine-wave frequency equal first to one and then to the other

characteristic frequency, with a level of 20 dB below the signal level, the other conditions for the start

_ of measurements being maintained: 12% for the degree of inherent isochronous distortion (i.e. total

distortion including the increase due to the interfering frequency, not distortion due to the interfering
frequency alone). '

d) By introducing a frequency drift (Af Hz) of the signals during transmission through the artificial line,
Afbeing not more than 5 Hz and the initial condition of the test otherwise being. preserved:

—  for equipment without crystal control
—  for equipment with crystal control but without (5 + 1.3 AfHz) %
compensation for frequency drift

—  for equipment with crystal control and compensation
for frequency drift 7%

for the degree of inherent isochronous distortion.

By introducing a frequency drift (Af Hz) of the signals during transmission through the artificial line,
A fbeing more than 10 Hz, and the initial conditions of the test otherwise being preserved:

—  for equipment with crystal control and compensation
for frequency drift . 10%

for the degree of inherent isochronous distortion. The measurements shall be made after the transient
effects of changing frequency have ceased.

e) Equipment with crystal control, with any climatic conditions specified for the tested equipment, the
initial condition of the test otherwise being preserved: 8% for the degree of inherent isochronous
distortion. The bias distortion caused by changes of climatic conditions should not be eliminated.

) The tightening of this tolerance is for further study.
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14 Frequency drifts on modern telephone-type circuits are generally less than 2 Hz. Hence it is not necessary
to recommend frequency drift control. For circuits on which a maximum frequency drift of not greater than
+ 2 Hz cannot be guaranteed, and on which the distortion resulting from the frequency drift is not acceptable,
compensation seems necessary. Two methods can be used:

a) compensation for each channel up to about 15 Hz;

b) compensation for all the channels by using a pilot. In this case, the receiving end must be able to
request and obtain a pilot frequency. Administrations should agree among themselves on the
advisability of sending the pilot and the choice of frequency. The frequencies 3300 Hz or, preferably,
300 Hz are recommended for this pilot, with a tolerance of:

1)  for equipment without crystal control = 1 Hz
2)  for equipment with crystal control + 0.2 Hz.

The mean power emitted at the relative zero point on this frequency should not exceed —27.0 dBm0
or —22.7 dBm0 as appropriate (see § 7 and Tables 1/R.35 and 2/R.35 in Recommendation R.35,
which are also applicable to equipment to this Recommendation).

15 The number of significant conditions of the modulation is fixed at two; this number may be increased, if
necessary, by agreement between the Administrations concerned.

Recommendation R.38 A

STANDARDIZATION OF FMVFT SYSTEM FOR A MODULATION RATE OF
200 BAUDS WITH CHANNELS SPACED AT 480 Hz

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

Note 1 — This is the standardized system for operation at 200 bauds.

Note 2 — In this Recommendation frequency-modulated voice-frequency telegraph (FMVFT) equipment
with and without crystal control are distinguished. In order to improve the quality of transmission and to
minimize maintenance costs, the application of equipment with crystal control is recommended.

1 The nominal modulation rate is fixed at 200 bauds.

2 The nominal mean frequencies are 600 + (n — 1) 480 Hz, n being the channel position number. The
mean frequency is defined as half the sum of the characteristic frequencies corresponding to the start and stop
polarities. For the numbering of channels that has been adopted in the international service see Recommenda-
tion R.70 bis.

3 The mean frequencies at the sending end should not deviate from their nominal value by more than:
a) for equipment without crystal control 4 Hz;

b) for equipment with crystal control 0.8 Hz ).
4 The difference between the two characteristic frequencies in the same channel is fixed at 240 Hz.

5 The maximum tolerance on this difference should be + 6 Hz.

)" The tightening of this tolerance is for further study.
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6 The unbalance due to the modulation process § = 2 — Fl’l should not exceed 2%,
Fy—Fy,
where
’,and F’, are the two characteristic frequencies measured over a period of 10 seconds;
, . . + F'
F% is the mean static frequency measured —2—Z
F, is the mean dynamic frequency measured with 1:1 rectangular signals during 10 signals.

Measurement should be made applying to the input of the transmitter 1:1 rectangular signa]s with the
build-up and hangover time below 1 ps and with the unbalance below 0.1%. In the event that in service the
transmitter is controlled by an electro-mechanical relay (with a certain transit time), the measurement should also
be made with that type of relay inserted between the 1:1 signal generator and the input to the transmitter. Both
forms of measurements need not necessarily be included in the maintenance procedure but should be included in
laboratory type tests.

Note — To determine the unbalance due to the modulation process by the method indicated above, it is
necessary to measure the frequencies F’,, F’, and F,and to calculate the mean frequency F and the unbalance

s=2Fo=F I

FA_F’Z

A more rapid method for checking whether or not the unbalance is less than the limit fixed is to measure:
— the mean dynamic frequency F, with 1:1 signals during 10 seconds;

— the mean dynamic frequency F,, with 2:2 signals during 10 seconds;

Fo—F) _ ,IFo—Fyl
8:2| o1y — 0 m
F,—F,  ‘F,-F,

or to subtract:

|F,—Fm;:i(p —F’)&»—(FA—FZ)SS 1.8 Hz.

The absolute value of the difference between the two frequencies measured, F; and F,,, must be less than
1.8 Hz.

7 The total average power transmitted to the telephone-type circuit is normally dependent on the
transmission characteristics of the circuit as follows:

a) For circuits with characteristics not exceeding the limits given in Annex A to Recommendation R.35,
the mean power per channel at a point of relative zero level should not be more than 8.0 uW
(—21.0 dBm0). The pilot channel, where employed, should have a level of not more than 2.0 uyW
(—27.0 dBm0).

b) For other circuits, the mean power per channel at a point of relative zero level should not be more
than 21.6 uW (—16.7 dBm0). The pilot channel, where employed, should have a level of not more
than 5.4 uW (—22.7 dBmO0).

8 In service; the levels of the signals corresponding to ‘continuous stop polarity and continuous start polarity
should not differ by more than 1.7 dB in the same channel. Both of these levels must lie between + 1.7 dB with
reference to the level in § 7 above.

9 The start polarity frequency is the higher of the two characteristic frequencies, and the stop polarity
frequency is the lower one (see Recommendation V.1 [1]).

10 In the absence of a channel-modulator control telegraph current, a frequency shall be transmitted that
shall be within + 20 Hz of the frequency normally transmitted for the start polarity. It is not necessary for this
transmission to take place immediately after the control current has been cut. .

11 The frequency spectrum of the emitted signal, when transmitting 1:1 signals at the modulation rate of
2 f, (f, = frequency of modulation) should be in accordance with the limits specified in Figure 1/R.37, which
shows the levels of the spectra of different components with respect to the amplitude of the non- modulated carrier .
as ordinates and the frequencies as abscissae.
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12 The receiving equipment should operate satisfactorily when the receiving level falls to 17.4 dB below the
nominal level. The receiving equipment should have been restored to start polarity when the receiving level has
fallen to 23.5 dB below the nominal level. The alarm-control level is left to the choice of each Administration.

13 On delivery by the manufacturer of 200-baud/480-Hz frequency-modulated voice-frequency telegraph
(FMVFT) equipment, the following values must not be exceeded for the degree of distortion on a telegraph
channel. These values correspond to closed circuit measurements, made with the audio-frequency line terminals of
the sending and receiving equipments connected together through an artificial line. Before the series of
measurements taken in accordance with Recommendation R.51, the levels are adjusted to their normal values, the
mean frequencies are checked to see whether they are within:

1) for equipment without crystal control = 4 Hz;
2) for equipment with crystal control = 0.8 Hz,

of their nominal value (see § 3 above) and the difference between the two characteristic frequencies is within the
permitted tolerance of less than 6 Hz (see § 5 above). Bias distortion is eliminated by adjustment in the channel
receivers. The other channels of the system are modulated with unrelated signals when the effect of interchannel
interference is to be included in the measurement. These “unrelated signals” can conveniently be 1:1 signals from
different generators at approxtmately 200 bauds but not synchronous to each other or to the signal on the channel
under test.

a) The transmission levels being normal, the artificial line introducing no frequency drift, but the
measured channel being subject to fortuitous distortion due to interchannel interference: 5% for the
degree of inherent isochronous distortion.

b) The level being maintained constant, but at a value different from the normal level, for all constant
levels between 8.7 dB above the normal reception level and 17.4 dB below the normal reception level,
the other conditions being the original measurement conditions: 7% for the degree of inherent
isochronous distortion.

¢) In the presence of interference by a single sine-wave frequency equal first to one and then to the other
characteristic frequency, with a level of 20 dB below the signal level, the other conditions for the start
of measurements being maintained: 10% for the degree of inherent isochronous distortion (i.e. total
distortion including the increase due to the interfering frequency, not distortion due to the interfering
frequency alone).

d) By introducing a frequency drift (Af Hz) of the signals during transmission through the artificial line,
Af in Hz being not more than 10, and the initial conditions of the test otherwise being preserved:
(5 + 0.7 AfHz)% for the degree of inherent isochronous distortion; the measurements shall be made
after the transient effects of changing frequency have ceased. '

e) Equipment with crystal control, with any climatic conditions specified for the tested equipment, the
initial condition of the test otherwise being preserved: 8% for the degree, of inherent isochronous
distortion. The bias distortion caused by changes of climatic conditions should not be eliminated.

14 Frequency drifts on modern telephone-type circuits are generally less than 2 Hz. Hence it is not necessary
to recommend frequency drift control. For circuits on which a maximum frequency drift of not greater than
+ 2 Hz cannot be guaranteed, and on which the distortion resulting from the frequency drift is not acceptable
compensatlon seems necessary. Two methods can be used:

a) compensatlon for each channel up to about 15 Hz;

b) compensation for all the channels by using a pilot. In this case, the receiving end must be able to
request and obtain- a pilot frequency. Administrations should agree among themselves on the
advisability of sending the pilot and the choice of frequency. The frequencies 3300 Hz or, preferably,
300 Hz are recommended for this pilot, with a tolerance of:

1)  for equipment without crystal control = 1 Hz
2) for equipment with crystal control + 0.2 Hz.

The mean power emitted at the relative zero point on this frequency should not exceed —27.0 dBmo0
or —22.7 dBm0 as appropriate (see § 7 and Tables 1/R.35 and 2/R.35 in Recommendation R.35,
which are also applicable to equipment to this Recommendation).
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15 The number of significant conditions of the modulation is fixed at two; this number may be increased, if
necessary, by agreement between the Administrations concerned.

Reference

[1] CCITT Recommendation Equivalence between binary notation symbols and the significant conditions of a
two-condition code, Vol. VIII, Fascicle VIII.1, Rec. V.1.

Recommendation R.38 B

STANDARDIZATION OF FMVFT SYSTEMS FOR A MODULATION RATE OF 200 BAUDS
WITH CHANNELS SPACED AT 360 Hz
USABLE ON LONG INTERCONTINENTAL BEARER CIRCUITS
GENERALLY USED WITH A 3-kHz SPACING

(Geneva, 1964 ; amended at Geneva, 1972, 1976 and 1980)

1 Frequency-modulated voice-frequency telegraph (FMVFT) systems, with a spacing of 360 Hz between the
mean frequencies, can accommodate seven channels. In the case of telephone bearer channels with 4-kHz spacing,
channel position 8 can be used.

2 The nominal modulation rate is fixed at 200 bauds.

3 The nominal mean frequencies are 540 + (n — 1) 360 Hz, n being the channel position number. The mean
frequency is defined as half the sum of the characteristic frequencies corresponding to the start and stop polarities.
For the numbering of channels that has been adopted in the international service see Recommendation R.70 bis.

4 The mean frequencies at the sending end must not deviate by more than £ 3 Hz from their nominal value.
5 The difference between the two characteristic frequencies in the same channel is fixed at 180 Hz.
6 The maximum tolerance on this difference should be + 4 Hz.

Fy—F

|—0—'I should not exceed 2%,

7 The unbalance due to the modulation process 0 = 2~ -
. Fy—Fy

where

‘s and F’, are the two characteristic frequencies measured over a period of 10 seconds;

. . F,+ F'
F7 is the mean static frequency measured =—A';_—Z 3
F is the mean dynamic frequency measured with 1:1 rectangular signals during 10 seconds.

Measurements should be made applying to the input of the transmitter 1:1 rectangular signals with the
build-up and hangover time below 1 us and with the unbalance below 0.1%. In the event that in service the
transmitter is controlled by an electro-mechanical relay (with a certain transit time), the measurement should also
be made with that type of relay inserted between the 1:1 signal generator and the input to the transmitter. Both
forms of measurements need not necessarily be included in the maintenance procedure but should be included in
laboratory type tests.
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Note — To determine the unbalance due to the modulation process by the method indicated above, it is
necessary to measure the frequencies F’,, F’, and F;and to calculate the mean frequency F% and the unbalance

=20 Fil.
Fy=Fy
A more rapid method fof checking whether or not the unbalance is less than the limit fixed is to measure:

— the mean dynamic frequency F; with 1:1 signals during 10 seconds;

— the mean dynamic frequency F,, with 2:2 signals during 10 seconds;

L Fo=F )l _  IFo=Fy|

4 ; , , ,
FA_FZ FA_FZ

or to subtract:

N 1
Fj=F,|= 7 [Fy—F%)8= 7 [F,~ F,)§ < 13 Hz.

The absolute value of the difference between the two frequencies measured, F, and F,,, must be less
than 1.3 Hz.

8 The mean power per channel at relative zero level should not be more than 19.2 microwatts.

9 In service, the levels of the signals corresponding to continuous stop polarity and continuous start polarity
should not differ by more than 1.7 dB in the same channel. Both of these levels must lie between + 1.7 dB with
reference to the level in § 8 above.

10 The start polarity frequency is the highér of the two characteristic frequenciés, and the stop polarity is the
lower one (see Recommendation V.1 [1]).

11 In the absence of a channel-modulator control telegraph current, a frequency shall be transmitted that
shall be within + 10 Hz of the frequency normally transmitted for the start polarity. It is not necessary for this
transmission to take place immediately-after the control current has been cut.

12 The receiving equipment should operate satisfactorily when the receiving level falls to-17.4 dB below the
nominal level. The receiving equipment should have been restored to start polarity when the receiving level has
fallen to 23.5 dB below the nominal level. The alarm-control level is left to the choice of each Administration.

13 On delivery by the manufacturer of 200-baud/360-Hz FMVFT equipment, the following values must not
be exceeded for the degree of distortion on a telegraph channel. These values correspond to closed circuit
measurements, made with the audio-frequency line terminals of the sending and receiving equipments connected
together through an artificial line. Before the seéries of measurements taken in accordance with Recommenda-
tion R.51, the levels are adjusted to their normal values, the mean frequencies are checked to see whether they are
within = 3 Hz of their nominal value (see § 4 above) and the difference between the two characteristic frequencies
is within the permitted tolerance of less than 4 Hz (see § 6 above). Bias distortion is eliminated by adjustment in
the channel receivers. The other channels of the system are modulated with unrelated signals when the effect of
interchannel interference is to be included in the measurement. These “unrelated signals” can conveniently be
1:1 signals from different generators at approximately 200 bauds but not synchronous to each other or to the
signal on the channel under test.

a) The transmission levels being normal, the artificial line introducing no frequency drift, but the
measured channel being subject to fortuitous distortion due to interchannel interference: 6% for the
degree of inherent isochronous distortion.

b) The level being maintained constant, but at a value different from the normal level, for all constant
levels between 8.7 dB above the normal reception: level and 17.4 dB below the normal reception level,
the other conditions being the original measurement conditions: 8% for the degree of inherent
isochronous distortion.
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c) In the presence of interference by a single sine-wave frequency equal first to one and then to the other
characteristic frequency, with a level of 20 dB below the signal level, the other conditions for the start
of measurements being maintained: 15% for the degree of inherent isochronous distortion (i.e. total
distortion including the increase due to the interfering frequency, not distortion due to the interfering
frequency alone).

d) By introducing a frequency drift (Af Hz) of the signals during transmission through the artificial line,
Afbeing not more than 10; and the initial conditions of the test otherwise being preserved:
(6 + 1.2 AfHz)% for the degree of inherent isochronous distortion: the measurements shall be made
after the transient effects of changing frequency have ceased.

14 Frequency drifts on modern telephone-type circuits are generally less than 2 Hz. Hence, it is not necessary
to recommend frequency drift control. For circuits on which a maximum frequency drift of not greater than
+ 2 Hz cannot be guaranteed, and on which the distortion resulting from the frequency drift is not acceptable,
compensation seems necessary. Two methods can be used:

— compensation for each channel up to about 15 Hz;

— compensation for all the channels by using a pilot. In this case, the receiving end must be able to
request and obtain a pilot frequency. Administrations should agree among themselves on the
advisability of sending the pilot and the choice of frequency. The frequency 300 Hz is recommended,
with a tolerance of + 1 Hz. The mean power emitted at the relative zero point on this frequency
should not exceed that recommended for a telegraph channel in the case of a 24-channel group,
ie. —22.5 dBm0.

15 The number of significant conditions of the modulation is fixed at two; this number may be increased, if
necessary, by agreement between the Administrations concerned.

‘Reference

iy CCITT Recommendation Equivalence between binary notation symbols and the significant conditions of a
two-condition code, Vol. VIII, Fascicle VIII.1, Rec. V.1.

Recommendation R.39

VOICE-FREQUENCY TELEGRAPHY ON RADIO CIRCUITS

(former CCIT Recommendation B.49, Geneva, 1956; amended at Geneva, 1964,
Mar del Plata, 1968 and Geneva, 1976)

It is necessary to distinguish between the case in which the radio frequency used is below approximately
30 MHz, and the case in which the radio frequency used is greater than approximately 30 MHz.

1 Radio circuits the frequency of which is below approximately 30 MHz

1.1 In the case of radio circuits whose frequency is less than approximately 30 MHz, it appears that the use of
amplitude-modulated voice-frequency telegraph systems, as defined by Recommendation R.31, cannot be recom-
mended. In such a case, the nature of the telephone-type circuits available for telegraph operation may vary
widely according to the radio system used, and several systems of telegraph transmission are available (e.g. two or
four-tone telegraph systems, frequency modulated systems, etc.).

1.2 However, frequency-shift systems are in use on many routes and the frequency-exchange method of
operation is in use on long routes suffering from severe multipath distortion.
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1.3 Synchronous telegraphy operating at approximately 100 bauds (see CCIR Recommendation 436-2 [1])

Radiotelegraph channels that operate synchronously at a modulation rate of 96 bauds and employ
automatic error correction are being increasingly used. The channel arrangement shown in Table 1/R.39 is
preferred for voice-frequency multi-channel frequency-shift systems operating at a modulation rate of approxi-
mately 100 bauds over HF radio circuits. For frequency-exchange systems, the central frequencies of Table 1/R.39
should be used, and should be paired in the manner found to be best suited to the propagation conditions of the
route. (A typical arrangement would take alternate pairs giving 340 Hz between tones.)

TABLE 1/R.39

Central frequencies of voice-frequency frequency-shift telegraph channels with a channel separation
of 170 Hz and a modulation index of about 0.8

(I'requency shift: + 42.5 Hz or + 40 Hz)

Channel position Central({{rze;] uency Channel position Central(lt:[r:)quency

1 425 8 1615
2 595 9 1785
3 765 10 1955
4 935 11 2125
6 1275 13 2465
7 1445 14 2635

15 2805

1.4 Start-stop telegraphy at 50 bauds

For several years, various Administrations have had in service, on certain selected circuits, equipment with
a channel spacing of 120 Hz, the central frequencies and frequency deviations of which are in agreement with
Recommendation R.35. The central frequencies of these systems are given in Table 2/R.39.

TABLE 2/R.39

Central frequencies of voicé-frequency frequency-shift telegraph channels with a channel separation
of 120 Hz and a modulation index of about 1.4

(IFrequency shift: + 35 Hz or + 30 Hz)

Channel position Centra]({{r:)quency Channel position Centra](g:;quency
1 420 : 11 1620
2 540 12 1740
3 660 13 1860
4 780 14 1980
5 900 15 2100
6 1020 16 2220
7 1140 17 2340
8 1260 18 2460
9 1380 : 19 2580

10 1500 20 2700
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2 Radio circuits whose frequency is greater than approximately 30 MHz
The use of voice-frequency telegraphy on line-of-sight radio-relay links and on trans-horizon radio-relay

systems is under study.

Reference

1 CCIR Recommendation Arrangement of voice-frequency telegraph channels working at a modulation rate of
about 100 bauds over HF radio circuits, Vol. 111, Rec. 436-2, ITU, Geneva, 1978.

34 Fascicle VII.1 — Rec. R.39



SECTION 3

SPECIAL CASES OF ALTERNATING CURRENT TELEGRAPHY

Recommendation R.40

COEXISTENCE IN THE SAME CABLE OF TELEPHONY
AND SUPRA-ACOUSTIC TELEGRAPHY

(former CCIT Recommendation B.17, Brussels, 1948; amended at Geneva, 1951)

The CCITT,

considering

(a) that this process provides only one telegraph channel, in addition to the telephone channel, and that it
can be applied only in comparatively few cases (lightly loaded or unloaded circuits, which cannot be used for
multi-channel carrier telephony); :

(b) that in such cases, the Administrations and private operating agencies concerned could in most cases
by common agreement contémplate the possibility of making use of some other more suitable process that would
provide, in addition to the audio telephone channel, more than one telegraph channel;

unanimously declares the view

that the use of supra-acoustic telegraphy should not prejudice the quality of transmission over the adjacent
telephone channel and that, in particular, it should not limit the band of frequencies necessary for good speech
reproduction (300 to 3400 Hz at least).

Recommendation R.41

UTILIZATION OF THE INTERCHANNEL FREQUENCY BAND
OF TELEPHONE CARRIER CIRCUITS FOR TELEGRAPH TRANSMISSION

(former CCIT Recommendation B.18, Geneva, 1951; amended at New Delhi, 1960)

The CCITT,

unanimously declares the view

that in the present state of technical development the utilization for telegraph communication of the
interchannel frequency band of telephone channels on cable carrier systems is neither technically nor economically
desirable.
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Recommendation R.43

SIMULTANEOUS COMMUNICATION BY TELEPHONE AND TELEGRAPH
ON A TELEPHONE-TYPE CIRCUIT

(former CCIT Recommendation B.50, Geneva, 1956 ; amended at Geneva, 1964 and 1980)

The CCITT,

considering

(a) that the use of a leased telephone-type circuit for simultaneous communication by' telephone and
telegraph is envisaged in Recommendations D.1 [1] and H.32 [2];

(b) that the CCITT has indicated conditions under which the s1multane0us use of telephone-type circuits
for telephony and telegraphy is technically tolerable;

(c) that standardization.of the characteristics of equipment permitting simultaneous use of a telephone-
type circuit for telephony and telegraphy is not justified, but that it is necessary to limit the power of the signals
transmitted and to avoid the use of frequencies that will interfere with any telephone signalling equipment that
may remain connected to the telephone-type circuit; '

(d) that new demands for the allocation of particular frequencies for special purposes frequently arise and
" the number of frequencies used for any one purpose should not be unnecessarily extended;

(e) that the systems described below may be useful when the more modern systems advocated in
Recommendation H.34 [3] are not feasible;

unanimously declares the view

(1) that in the case of the simultaneous use of a telephone-type circuit for telephony and telegraphy, the
resulting maximum permissible 1-minute mean power loading shall not exceed 50 uWO0 (i.e. —13 dBmO0);

(2) that where frequency division multiplexing is employed, the general principle concerning the -
allocation of level to each type of service should be that the allowable mean signal power is proportional to the
bandwidth assigned. This case is considered in more detail in Recommendation H.34 [3], resulting in the aggregate
power of the telegraph signals being set a level not exceeding 10 pWO (i.e. approximately —20 dBm0);

(3) that there should not be more than three circuits of this type in a frequency-division multiplexed
group of 12 telephone-type circuits and that the number of circuits of this type set up on a wideband carrier
system should not exceed the number of supergroups in the system;

(4) that the telegraph signals transmitted must not interfere with any signalling equipment that may
‘remain connected to the telephone-type circuit,

and notes

that some Administrations have permitted the use, for simultaneous telephony and telegraphy of the
frequencies 1680 Hz and 1860 Hz both for amplitude and for frequency modulation.

Note — 1f circuits equipped in accordance with the present Recommendation are used in a private
network, it will be impossible to use push-button telephone sets or multifrequency signalling (e.g. Signalling
System R2) in the network.

References

1 CCITT Recommendation General principles for the lease of international (continental and intercontinental)
private leased telecommunication circuits, Vol. 11, Fascicle 11.1, Rec. D.1.

21 CCITT Recommendation Simultaneous communication by telephony and telegraphy on a telephone-type
circuit, Vol. 111, Fascicle I11.4, Rec. H.32.

[3] CCITT Recommendation Subdivision of the frequency band of a telephone -type circuit between telegraphy
and other services, Vol. 111, Fascicle 111.4, Rec. H.34.

36 Fascicle VII.1 — Rec. R43



Recommendation R.44

6-UNIT SYNCHRONOUS TIME-DIVISION 2-3-CHANNEL MULTIPLEX
TELEGRAPH SYSTEM FOR USE OVER FMVFT CHANNELS
SPACED AT 120 Hz FOR CONNECTION TO STANDARDIZED TELEPRINTER NETWORKS

(Mar del Plata, 1968)

The CCITT,

considering
(a) that synchronous modulation enables a larger number of telegraph channels to be constituted by
time-subdivision of a standardized telegraph channel (Recommendation R.35);

(b) that such an increase may be of interest in the case of long submarine cables of the telephone type in
view of the resulting economies;

(¢) that, in addition to the signals of International Telegraph Alphabet No. 2, transmission of the
selection and supervisory signals is essential when incorporating the telegraph channels thus provided into the
international switching network;

(d) that it is.desirable to allow for the provision of half-rate and quarter-rate channels;
(e) that correct phase-relationship should be established and also maintained automatically;

(f) that systems using 5- and 6-unit codes have been proposed,

unanimously declares the view

that, where the synchronous multiplex system uses a 6-unit binary code, the equipment should be
constructed to the following standards (Administrations may of course by mutual agreement use a different system
with a 5-unit code such as that described in [1]. :

1 Telegraph modulation
1.1 The character period should be 145 5/6 ms.

1.2 The multiplexing should provide for the derivation of either 2 or 3 time-division channels from each
voice-frequency telegraph (VFT) channel. The aggregate modulation rate will be 82 2/7 bauds for a 2-channel
multiplex and 123 3/7 bauds for a 3-channel multiplex. Generally it is found that VFT systems conforming to
Recommendation R.35 will operate satisfactorily at 82 2/7 bauds, but to ensure satisfactory operation at
123 3/7 bauds, it is necessary to employ characteristic distortion compensation (CDC) at the receiving end of the
VFT channel.

1.3 The time derived channels shall be interleaved element by element to form the aggregate signal.
2 Connection to start-stop circuits
21 The channel inputs shall be capable of accepting signals from start-stop equipment conforming to

Recommendation S.3 [2] (except § 1.6 of S.3). The channel output should be start-stop with a modulation rate of
50 bauds. Standards of performance are given in § 9 below.

3 Alphabet

3.1 Combinations 1 to 31 of the 5-unit International Telegraph Alphabet No. 2 shall each be preceded by an
A-condition element, while the continuous start and continuous stop conditions shall utilize the 6-unit combina-
tions AAAAAA and ZZZZZZ respectively. The remaining combination No. 32 shall be preceded by a Z element.

3.2 The alphabet should be as shown in Annex A.
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4 Grouping of multiplex systems

4.1 A common phasing control can be used for a number of multiplex systems carried by different channels of
the same VFT system. A group of multiplexes shall comprise a maximum of six systems. Some time-derived
channels shall be capable of being further divided to provide sub-channels. The various channels should be
identified by a figure denoting the number of the multiplex system within the group of six, i.e. 1-6 followed by a
letter denoting the channel within that system, i.e. A, B or C. Thus the complete channel numbering will be as
follows:

Multiplex system/channel

1A, 2A, 3A, 4A, 5A, 6A
—, 2B, 3B, 4B, 5B, 6B | full rate
1C, 2C, 3C, 4C, 5C, 6C

(1B is not available as a full-rate channel — see § 7 below.)
4.2 Each A channel should be full character rate only.
4.3 Each B channel should be capable of full character rate and subdivision (except 1B, which is permanently
subdivided).
4.4 The fuli-rate channels A and B in the case of 2-channel multiplexing, or A, B and C in the case of

3-channel, should be multiplexed on an element-interleaved basis in the following sequence:
Al, B1, A2, B2, etc. for 2-channel operation (where A1l is the first element of channel A etc.);
Al, B1, C1, A2, B2, C2, etc. for 3-channel operation.

5 Subdivision of channels

5.1 All full character-rate channels B (except B1) and C should be capable of subdivision into quarter
character-rate channels, and into multiples of quarter-rate, i.e. one half-rate, using two quarter-rate channels.
(Although theoretically three-quarter rate channels could be provided, controlled by means of pulses from the
multiplex equipment, provision of this facility is not recommended.)

5.2 The sub-channels should be identified basically in the same manner as the full-rate channels with the
addition of a numeral denoting the quarter-rate channel, i.e. 1-4. In the case of half-rate channels, the numbers of
the two quarter-rate channels used for it should be shown, i.e. 1/3 or 2/4. Thus the complete sub-channel
numbering will be as follows:

Multiplex system/channel/sub-channel

1B1, 2B1, 3B1, 4B1, 5B1, 6B1. 1C1, 2C1, 3C1, 4C1, 5C1, 6C1

1B2, 2B2, 3B2, 4B2, 5B2, 6B2. 1C2, 2C2, 3C2, 4C2, 5C2, 6C2 | quarter
1B3, 2B3, 3B3, 4B3, 5B3, 6B3. 1C3, 2C3, 3C3, 4C3, 5C3, 6C3 | rate
—, 2B4, 3B4, 4B4, 5B4, 6B4. 1C4, 2C4, 3C4, 4C4, 5C4, 6C4

(1B4, phasing control only)

1B1/3, 2B1/3, 3B1/3, 4B1/3, 5B1/3, 6B1/3
-, 2B2/4, 3B2/4, 4B2/4, 5B2/4, 6B2/4
(1B2/4 not available) half rate
1C1/3, 2C1/3, 3C1/3, 4C1/3, 5C1/3, 6C1/3
1C2/4, 2C2/4, 3C2/4, 4C2/4, 5C2/4, 6C2/4

5.3 The sub-channels 1, 2, 3 and 4 shall be operated in the following character sequence:
A Bl A B2 A B3 A B4 A BI, etc. for 2-channel operation,
A B1 C1 A B2 C2 A B3 C3 A B4 C4 A Bl ClI, etc. for a 3-channel operation.

5.4 All the sub-channels shall be transmitted with the same polarity except those of channel 1B, which should
be inverted. :
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6 Transposition pattern

6.1 To avoid inadvertent cross-connections between channels when the system is out of phase, element
transpositions should be allocated to the channels and sub-channels as follows:

Channel A 123456
Channel B 132456 sub-channel 1
Channel C 124356

Channel
Channel
Channel

123546
123465 sub-channel 2
143256

O w >

Channel
Channel
Channel

125436
123654 sub-channel 3
153426

Ow >

Channel A 126453
Channel B 163452 sub-channel 4
Channel C 165432

6.2 Full character-rate and half character-rate channels should take that sequence which is allocated to their
lowest-numbered sub-channel, i.e. a full character-rate channel should take the sequence for its sub-channel 1, a
half character-rate sub-channel using sub-channels 1 and 3 should take the sequence for its sub-channel 1, and a
half character-rate sub-channel using sub-channels 2 and 4 should take the sequence for its sub-channel 2.

6.3 The element transpositions shall be carried out in the permanent wiring to the start-stop input and output
units so that each of these units may be used in any position without alteration.

7 Phasing

7.1 Provision should be made for:
a) automatic phasing, automatically initiated (normal working condition);
b) automatic phasing, manually initiated;

¢) manual phasing.

7.2 One quarter-rate channel of the group (1B4) should be permanently allocated for phasing control
purposes, and should continuously send the character ZZAAZZ (the phasing signal).

7.3 Automatic initiation of phasing should occur when three successive phasing signals have not been
recognized.
7.4 Automatic phasing may be in steps of one element per expected reception of the phasing signal, i.e. every

four transmission cycles (583 ms), or alternatively a method that will carry out rephasing in one operation thus
reducing the time spent on phasing. Phasing shall automatically cease when the phasing signal is recognized on
the phasing sub-channel receiving unit. -

7.5 Visual indication of the correct reception of the phasing signal should be given.

8 Telex and gentex signalling

8.1 The multiplex equipment should be capable of accepting CCITT types A, B and C signals and shall
sensibly reproduce them with minimum delay or change.

8.2 It is especially desirable to transmit the signals used for calling and call confirmation with the minimum
delay in order to minimize the probability of simultaneous seizure from both ends where circuits are used for
both-way working.
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8.3 To meet this requirement of minimum delay it is necessary that both the normal character storage inherent
in a random arrival system should be bypassed during the free-line condition and the incoming signal from telex
should be inspected at the most frequent intervals possible, with element interleaving between channels. Thus
effectively the line input circuit is connected directly to the multiplex aggregate, and is inspected at intervals of
24 11/36 ms causing an element of this length and input polarity to be transmitted over the aggregate signal path.
At the receiving end this element would be distributed to the appropriate channel and produce an element of like
polarity at the output. The result of this is to transmit elements of 24 11/36 ms of a polarity determined by the
channel input.

8.4 With the character store bypassed in this way the transmission of pulse signals, which may be signalling or
dialling, during the setting up of a telex call is also permitted. The character store must, however, be switched into
use prior to the transmission of teleprinter characters whether these are signalling or traffic.

8.5 The method of switching start-stop stores into the connection depends on the type of signalling and it may
vary with the direction of calling. Normally each direction of signalling may be considered separately and the
stores can be switched into the connection within a period less than one character length of the inversion to stop
polarity’s being recognized, but with calls to type B dial selection systems switching must be deferred until such
conversion has occurred on both signalling paths.

8.6 It seems desirable to guard against reproduction of short spurious pulseé on the input line as full elements.
Pulses of up to 8-10 ms should therefore be rejected. Thus pulses would result as follows:

Input to system Multiplex aggregate Output frbm system
0-9 (£ 1) ms of either No pulse No pulse
polarity
9 (£ 1)-33 11/36 ms 1 element (24 11/36 ms) For A polarity 45 ms
For Z polarity 33 ms
33 11/36-57 11/18 ms 2 elements (48 11/18 ms) Both polarities 48 11/18 ms
8.7 An alternative method of producing pulses, as follows, would be acceptable:
0-9 (£ 1) ms No pulse
9 (£ 1)-24 11/36 ms 1 element (24 11/36 ms) For A polarity, 45 ms
24 11/36-48 11/18 ms 1 element (24 11/36 ms) For Z polarity, 33 ms
or 2 elements (48 11/18 ms) Both polarities 48 11/18 ms
48 11/18-72 11/12 ms 2 elements (48 11/18 ms)
or 3 elements (72 11/12 ms) Both polarities 72 11/12 ms
8.8 Dial pulse trains when received within the speed and ratio limits specified in Recommendation U.2 should

be regenerated within the bypass unit, to be retransmitted by the multiplex equipment when the store is bypassed
with a minimum duration of Z polarity of 32-34 ms and that of A polarity of 44-46 ms. Two or more elements of
either A or Z polarity should be transmitted as multiples of 24 11/36 ms and within the ratio limits specified
should not exceed 73 ms for Z polarity and 98 ms for A polarity.

8.9 The type B call confirmation or proceed-to-select signal when received by the multiplex equipment within
the limits specified by Recommendation U.1 should, on retransmission by the multiplex equipment, fall within the
limits of 32-50 ms. The interval of A polarity between call-confirmation and proceed-to-select signals should be
not less than 60 ms.

8.10  In order to discriminate between the various type B backward path signals and to preserve their duration
within acceptable limits it may be necessary to delay their transmission. This delay should be kept to a minimum
in all cases.
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9 Standards of performance

9.1 The stability of the master oscillator controlling the timing of each group should not be worse than * 1
part in 10°.
9.2 The degree of isochronous distortion of the aggregate output should not exceed 3%. The degree of

synchronous start-stop distortion of the channel output should not exceed 3%.

9.3 The receiving input margin for both the aggregate and start-stop channel input should not be less
than £ 45%.

9.4 The maximum speed error for the start-stop output signals should not be greater than + 0.5%.

10 Miscellaneous facilities

10.1 It should be arranged that when phase is lost the output of the multiplex channels becomes a continuous
condition. When a channel is used for telex, the continuous condition should be A. When a channel is used for
other services the condition may be Z if required.

10.2  With the exception of combination No. 32, the 6-unit equivalents to the combinations of International
Telegraph Alphabet No. 2 have the first element of condition A. If the first element is received erroneously as
condition Z, the character need not be rejected but may be passed to the channel output.

Note — The requirements to be met by synchronous multiplex equipment for telex and gentex operation
are defined in Recommendation U.24. ‘
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ANNEX A

(to Recommendation R.44)

Code conversion table

Code in Inter-
national Telegraph
Alphabet No. 4
(see Note 1)

Combination No. Code in Inter-
in International Letter Figure national Telegraph
Telegraph - case case Alphabet No. 2

Alphabet No. 2 (see Note 1)
1 A - ZZAAA
2 B ? ZAAZZ
3 C : AZZZA
4 D Note 2 ZAAZA
S E 3 ZAAAA
6 F ZAZZA
7 G } Note 2 l AZAZZ
8 H AAZAZ
9 | 8 AZZAA

10 J Note 2 ZZAZA
11 K ( Z17ZZA
12 L ) AZAAZ
13 M . AAZZZ
14 N . AAZZA
15 (0] 9 AAAZZ
16 P 0 AZZAZ
17 Q 1 Z7ZAZ
18 . R 4 AZAZA
19 S ’ ZAZAA
20 T 5 AAAAZ
21 U 7 Z7ZAA
22 v = AZZZZ
23 w 2 ZZAAZ
24 X / ZAZ77Z
25 Y 6 ZAZAZ
26 Z + ZAAAZ
27 carriage-return AAAZA
28 line-feed AZAAA
29 letter-shift YANNHA
30 figure-shift ZZAZZ
31 ~ space AAZAA
32 not normally used AAAAA
- phasing signal -

- signal & permanent A polarity
- signal 8 permanent Z polarity

AZZAAA
AZAAZZ
AAZZZA
AZAAZA
AZAAAA

AZAZZA
AAZAZZ
AAAZAZ
AAZZAA
AZZAZA

AZZZZA
AAZAAZ
AAAZZZ
AAAZZA
AAAAZZ

AAZZAZ
AZZZAZ

AAZAZA
AZAZAA
AAAAAZ

AZZZAA
AAZZZZ
AZZAAZ
AZAZZZ
AZAZAZ

AZAAAZ
AAAAZA
AAZAAA
AZZ11Z
AZZAZZ

AAAZAA
ZAAAAA
ZZAAZZ
AAAAAA
27271777

Note ] — Symbols A and Z have the meanings defined in Definition 31.38 of Recommendation R.140.

Note 2 — See Recommendation S.4 [3].
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Recommendation R.49

INTERBAND TELEGRAPHY OVER OPEN-WIRE 3-CHANNEL CARRIER SYSTEMS

(New Delhi, 1960)

The CCITT,

considering

(a) It is considered necessary to introduce, for international traffic, an open-wire carrier system that uses
common line repeaters for telephone and interband telegraph channels.

(b) This is important for some Administrations that desire to have a small number of telegraph channels
(up to six) without having to use a standard voice-frequency telegraph system on one of the telephone circuits,
thereby effecting an economy, as all the telephone circuits are retained entirely for telephone traffic.

(c) The arrangement of line frequencies as far as the telephone channels are concerned should be as
specified in Recommendation G.361 [1].

unanimously declares the following view:

1 Four interband telegraph channels, for a modulation rate of 50 bauds, can be set up over an open-wire
carrier system by the use of line repeaters common to the telephone channels and the telegraph channels provided
that the system in question conforms to the Recommendation cited in [2].

2 The nominal frequencies of these four telegraph channels are as follows:

21 Low-frequency direction of transmission:

3.22-3.34—-3.46 and 3.58 kHz.

2.2 High-frequency direction of transmission:

a) telephone channels occupying the frequency band 18 and 30 kHz:
30.42 —30.54—30.66 and 30.78 kHz;

b) telephone channels occupying the frequency band 19 and 31 kHz:
18.22 —18.34—18.46 and 18.58 kHz.

3 When in-band signalling is employed on the telephone channels (as opposed to out-band signallng outside
the 4-kHz bandwidth), it becomes possible to provide two additional telegraph channels having the following
nominal frequencies:

3.1 Low-frequency direction of transmission: 3.70 and 3.82 kHz.
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3.2 High-frequency direction of transmission:

a) telephone channels occupying the frequency band 18 and 30 kHz:
30.18 and 30.30 kHz;

b) telephone channels occupying the frequency band.19 and 31 kHz:
18.70 and 18.82 kHz.

4 In those cases where, as a result of agreement between the Administrations concerned, the system employs
an upper pilot of 17.800 kHz, the following frequencies may be used as alternatives to those specified in § 2.2 b)
and § 3.2 b) above. This alternative arrangement permits, in certain types of systems, a more economical
modulation process: 31.42—31.54—31.66 and 31.78 kHz, instead of 18.22—18.34—18.46 and 18.58 kHz, also 31.18
and 31.30 kHz instead of 18.70 and 18.82 kHz.

5 This Recommendation applies to amplitude-modulated telegraphy and to frequency-modulated telegraphy.

.
6 It is not considered desirable to standardize absolutely the power transmitted to the line as this may be
dependent upon the conditions on the open-wire route. Under favourable conditions a recommendable value for
the power on each telegraph channel would be —20 dBmO (referred to one milliwatt at a point of zero relative
level).

7 For amplitude modulation the tolerance on the sent frequency will be + 6 Hz and for frequency
modulation the tolerances given in Recommendation R.35 will apply.

8 In tests made on the local end, equipments should meet the distortion conditions described in § (2) of
Recommendation R.50 for amplitude modulation, and those described in § 13 of Recommendation R.35 for
frequency modulation.

9 The correspondence between the significant conditions described in § 15 of Recommendation R.31 and § 9
of Recommendation R.35 applies to these channels for interband telegraphy. )
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SECTION 4

TRANSMISSION QUALITY

Recommendation R.50

TOLERABLE LIMITS FOR THE DEGREE OF ISOCHRONOUS DISTORTION
OF CODE-INDEPENDENT 50-BAUD TELEGRAPH CIRCUITS

(former CCIT Recommendation B.24, Arnhem, 1953; amended at Geneva, 1976 and 1980)

The CCITT,

considering

(a) that, to facilitate the study of plans for the establishment of international telegraph circuits, it is
convenient to set limits for the degree of isochronous distortion of the telegraph circuits and channels;

(b) that, for whatever purpose normally used, these circuits should be capable of use with start-stop
equipment;

(¢) that, in certain cases, limits have been set by Recommendations R.57 and R.58 for the isochronous
distortions of the trunk sections of circuits and for that of voice-frequency telegraph channels;

(d) that the limits laid down are those that should be evident in service conditions on telegraph circuits,
excluding the local lines and terminal equipment;

unanimously declares the view

(1) that circuits (excluding local lines and terminal equipment) should be established and maintained in
such a manner that the degree of isochronous distortion will not exceed 28% whether they are equipped with
regenerative repeaters or not;

(2) that the degree of isochronous distortion of each channel that may form part of a circuit should be as
small as possible, and should not in any case exceed 10%.
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Recommendation R.51

STANDARDIZED TEXT FOR DISTORTION TESTING OF THE
CODE-INDEPENDENT ELEMENTS OF A COMPLETE CIRCUIT

(former CCIT Recommendation B.32, Warsaw, 1936 ; amended at Geneva, 1956 and 1980)

The CCITT,

considering

(a) that, for a precise definition of the degree of distortion in service permitting the comparison of results
of measurements obtained under similar conditions in different places, it is advisable to standardize the wording
of the text that should be transmitted for the test;

(b) that it is best to choose a text that can be received directly by start-stop equipment and that also
presents a sequence of the combinations recognized as those that generally cause the maximum distortion;
unanimously declares the view

(1) that the text to transmit in the course of measurements of the degree of distortion in service.should be
as shown in Figure 1/R.51;

: } b8 <« = L Q t a9
| 1 ) ] | ] | | [}
(Letter- (Carriage-  (Line-feed) (Figure- Space)
shift) return) shift)

FIGURE 1/R.51 CCITT - 48211

this text corresponds to the following sequence of signals emitted by start- stop equipment:

letter-shift S carriage-return line-feed Q figure-shift space 9,

and considering, on the other hand,

(c) that, in maintenance adjustments and in the various distortion measurements that may arise in the
study of lines and equipment, it would be necessary to make use of a single apparatus offering the possibility of
transmitting the different combinations of signals recognized as the most practical for this purpose;

(d) that the unification of the list of these combinations would permit comparison of results obtained in
various places;

unanimously declares the view

(2) that it is appropriate to recommend the construction of special transmitters for distortion measure-
ments, which could transmit with one or the other polarity:

i) the specified text for the measurement of the degree of distortion;

ii) a continuous sequence of reversals, the duration of each element being that of the unit interval
corresponding to the anticipated telegraph modulation rate;

iii) a continuous sequence of reversals, the duration of each element being double the unit interval
corresponding to the anticipated telegraph modulation rate;

iv) a continuous sequence of signals, each formed by an emission of a duration equal to that of the unit
interval, followed by an emission of a kind distinct from the first and of equal duration to that of six
unit intervals;
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(3) that for all new test equipment, the text specified in Recommendation R.51 bis (QKS) is preferred. In
the interim, either text may be used for tests on code-indepedent systems. For tests on routes where code-
dependent systems may be included, a text having characters with a mean length of at least 7.4 units must be used.

Recommendation R.51 bis

STANDARDIZED TEXT FOR TESTING THE ELEMENTS OF A COMPLETE CIRCUIT

(Geneva, 1980)

The CCITT, .

considering

(a) that, for testing telegraph transmission equipment it is advisable to standardize the wording of the text
that should be transmitted for the test;

(b) that the text should form a short repetitive test message suitable for conducting routine tests on
circuits that include code-dependent channels (International Telegraph Alphabet No. 2) and/or code-independent
channels;

(c) that it is best to choose a text that can be received directly by start-stop equipment and that also
presents a sequence of the combinations recognized as those that generally cause the maximum distortion;

(d) that the text should contain an equal number of unit elements of each binary condition and that it
should be suitable for start-stop or isochronous measurement of distortion when used with code-independent
transmission equipment;

unanimously declares the view

(1) that the text to transmit in the course' of tests on telegraph transmission equipment should be as
shown in Figure 1/R.51 bis; :

z z
1 6 1111l 2] 2 4 1|1 2 |17 3 2 (1] 3 |1} 2 I 1221 [3 1 6 2
A ! | ) T I ( 1 | T A
| ‘ | S | < | — | Q | | 1 |
! ! ! L= A K B
(Letter- (Carriage- {Line- (Space) (All-space,
shift) return) feed) null)
CCITT-27771

Note — The stop element length alternates between 1 unit and 2 units on successive characters.

FIGURE 1/R.51 bis
QKS test message

(2) that when equipment capable of generating the foregoing text is not available, it is acceptable to use
the text given in Recommendation R.51 for testing code-independent systems only.

Note — Test equipment capable of generating the text in Figure 1/R.51 bis should also be capable of
generating 1:1, 2:2, 1:6 and 6:1 patterns for testing code-independent systems only (see § 2 in Recommenda-
tion R.51).
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Recommendation R.52

STANDARDIZATION OF INTERNATIONAL TEXTS FO‘R THE
MEASUREMENT OF THE MARGIN OF START-STOP EQUIPMENT

(former CCIT Recommendation B.33, Brussels, 1948; amended at Geneva, 1964 and 1980)

The CCITT,

considering
(a) that to test the effective margin of the receiver of a start-stop teleprinter it is desirable to standardize
the content of the transmitted sequence of signals;

(b) that there is advantage in choosing a short text that can be directly printed within a single line by
start-stop terminal equipments;

(¢) that preferably the composition of the text used should include all alpha characters of the basic
alphabet employed and be arranged in a format that is easy to read and to understand;

(d) that comparison of the margin measurements obtained would .be facilitated by such arrangements;

unanimously declares the view
(1) that it is not necessary to standardize an international text for the measurement of the margin of a
teleprinter;

(2) that, nevertheless, where teleprinters are required to receive information in languages based on the
Latin alphabet, either of the following texts may be used:

VOYEZ LE BRICK GEANT QUE JEXAMINE PRES DU WHARF
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG

Recommendation R.53

PERMISSIBLE LIMITS FOR THE DEGREE OF DISTORTION
ON AN INTERNATIONAL 50-BAUD/120-Hz VFT CHANNEL
(FREQUENCY AND AMPLITUDE MODULATION)

(former CCIT Recommendation B.36, 1951 ; amended at Arnhem, 1953,
Geneva, 1964 and Mar del Plata, 1968)

The CCITT,

considering

(a) that the numerous tests made on voice-fre'quency' telegraph (VFT) equipment in service now make it
possible to establish limits for the degree of distortion outside which a VFT channel must be regarded as being out
of order;

(b) that these tests should be made with reversals and with standard text at the modulation rate used for
adjustment;

(c) that, when equipment is put into service and when it is adjusted, the minimum distortion should be
sought and therefore limits for the degree of distortion need not be established in this case;
unanimously declares the view

(1) that the degree of bias distortion of reversals on an international VFT channel at the modulation rate
employed for adjustment should not exceed a value corresponding to 4% at the standard modulation rate of
50 bauds;
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