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ITU-T RECOMMENDATION Q.553

TRANSMISSION CHARACTERISTICSAT 4-WIRE ANALOGUE
INTERFACESOF DIGITAL EXCHANGES

Summary

This Recommendation provides characteristics for 4-wire analogue interfaces, input and output
connections with 4-wire analogue interfaces and half-connections with 4-wire analogue interfaces in
digital transit and combined local and transit exchanges in accordance with definitions given in
Recommendation Q.551.

Recommendation Q.553 is intended for switching connections that may be part of an international
long-distance connection via 4-wire line circuits interconnected by 4-wire exchanges. Since 4-wire
analogue interfaces on digital exchanges may connect with circuits which are used for both
international and national traffic, the same values recommended for international connections may be
also used for connections entirely within the national network.

Sour ce

ITU-T Recommendation Q.553 was revised by ITU-T Study Group 15 (1993-1996) and was
approved under the WTSC Resolution No. 1 procedure on the 8th of November 1996.



FOREWORD

ITU (International Telecommunication Union) is the United Nations Specialized Agency in the field of
telecommunications. The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of
the ITU. The ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with aview to standardizing tel ecommunications on aworldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years,
establishes the topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations
on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in
WTSC Resolution No. 1.

In some areas of information technology which fall within ITU-T’s purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression “Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.
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involve the use of a claimed Intellectual Property Right. The ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others

outside of the Recommendation development process.

As of the date of approval of this Recommendation, the ITU had/had not received notice of intellectual
property, protected by patents, which may be required to implement this Recommendation. However,
implementors are cautioned that this may not represent the latest information and are therefore strongly urged
to consult the TSB patent database.

0 ITU 1997

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from the ITU.

ii Recommendation Q.553  (11/96)



2.2

2.3

24

3.2

3.3

34

CONTENTS

CharaCteristiCs Of INTEITACES. ..o,

Characteristics common to al 4-wire analogue interfaces

2.1.1  EXChange impPEdanCe.........cceiuieiieieeerieeie et eee ettt ae e ne s
2.1.2 Impedance unbalance about earth..............ccocoiiiiiinniie e
213 REGHVEIEVEIS......cooieieeieeeee e

CharaCteri StiCS Of 1M AT Cq e ettt e e e e e e e e e e e e e e e e e e e e eenees
221 Vauesof NnOMIiNal |EVEIS ...

CharacteristiCS Of INTEITACE Cro...uuviieiicieiee et e e e s s srrae e e
231  Vauesof NOMINal EVEIS ........c.ocoeieeiece e
CharaCteriStiCS Of INTEITACE C1a.cvureieiieriiee i ieeeee e eeeree e s et e e s serr e e e ssereeessssreeeessereeessans
24.1 Vauesof nominal [EVEIS ..o

Characteristics Of half CONNECLIONS.........oeee e e e e e

Characteristics common to all 4-wire analogue interfaces

G 00 0 A I =015 0 1S T 1 5SS
312  GrOUP AEIGY ....oocveeieeeieciece ettt nr e aenneene s
G 00 R T N[0
314 CroSStAlK .....cocueeeece e e e ne s

3.1.5 Total distortion including quantizing distortion

3.1.6 Discrimination against out-of-band signals applied to the input interface....

3.1.7  Spurious out-of-band signals received at the output interface.......................
CharacteriStiCS fOr INTEITACE Crp.ueiieiiiiiie et e e s saaee e
3.21 Nominal value of tranSmiSSION [0SS.........ccccciiiiieiieieeie e
Characteristics for INErfate Cia..veiiiiiieie e
3.3.1 Nomina value of transSmiSSION 0SS.........ccceeiieiiiieceecceecee e
CharacterisStiCS fOr INEITACE Cra..uuuiieiiiiiiie et e e s saree e
3.4.1 Nominal value of tranSMiSSION [0SS.........cccceiieieiieieeie e

Recommendation Q.553

(11/96)

O oo ~Noror o oo [ BDIBSIDNIS W R

=
=

12
12

13
13

13
13

13
13






Recommendation Q.553
TRANSMISSION CHARACTERISTICSAT 4-WIRE ANALOGUE
INTERFACESOF DIGITAL EXCHANGES
(revised in 1996)

1 General

This Recommendation provides characteristics for:

- 4-wire analogue interfaces (Type G 2 and Gg);

- input and output connections with 4-wire analogue interfaces; and
- half connections with 4-wire analogue interfaces,

in digital transit and combined local and transit exchanges in accordance with the definitions given in
Recommendation Q.551, particularly in Figures 1/Q.551 and 2/Q.551.

The characteristics of the input and output connections of a given interface are not necessarily the
same. The characteristics of half connections are not necessarily identical for different types of
interfaces.

This Recommendation is intended for switched connections that may be part of an international
long-distance connection via 4-wire line circuits interconnected by 4-wire exchanges. Since 4-wire

analogue interfaces of digital exchanges may connect with circuits which are used for both

international and national traffic, the same values recommended for international connections may
also be used for connections entirely within the national network.

2 Characteristics of interfaces

21 Characteristicscommon to all 4-wire analogue inter faces
2.1.1 Exchangeimpedance

2.1.1.1 Nominal value
The nominal impedance at the 4-wire input and output interfaces should be 600 ohms, balanced.

2112 Returnloss

The return loss at the equipment ports, measured against the nominal impedance, should not be les:
than 20 dB over the frequency range 300 Hz to 3400 Hz.

NOTE - For output measurement, the exchange test pomnust be driven by a PCM signal corresponding
to the decoder output value number O for thlaw or decoder output value number 1 for the A-law.
(See 1.2.3.1/Q.551.)

2.1.2 Impedance unbalance about earth

The value for the Longitudinal Conversion Loss (LCL) at the equipment ports as defined in
4.1.3/G.117, with the circuit under test in the normal talking state, should exceed the minimum
values of Figure 1, in accordance with Recommendations Q.45 bis and K.10.

Recommendation Q.553  (11/96) 1



NOTE 1 — An Administration may adopt other values and in some cases a wider bandwidth, depending upon
actual conditions in its telephone network.

NOTE 2 — A limit may also be required for the Transverse Conversion Loss (TCL) as defined in 4.1.2/G.117,
if the exchange termination is not reciprocal with respect to the transverse and longitudinal connections. A
suitable limit would be 40 dB to ensure an adequate near-end crosstalk attenuation between interfaces.

dB
50[
46

40

30"

Loss

201

10

00 300 600 3400 Hz

T1515670-94

Frequency (f)

Figure 1/Q.553 — Minimum values of LCL measured in the
arrangement shown in Figure 2

Test method

LCL should be measured in accordance with the principles given in 2.1/0.9. Figure 2 shows the
basic measuring arrangement. Arrangements containing two resistors each of value R/2 may aso be
used (see clause 3/0.9).

Measurements of the longitudinal and transverse voltages should be performed by means of a
frequency-selective level meter.

2 Recommendation Q.553  (11/96)



Item under test

11
11 [ ————— I
I I - -
. 1 __ 1
o o | i } ....... [T
' I - -
R/4 5 iCi ! I To
. —= I~11 H Input
HI ] 1 —>
) ) — é @ R @V interface i connection ?XChan.g?
Sinusoidal l PO i [ lest.pom
oscill ator Vii i N -
i - !
\ " W T 1
TR i
11 _ i H
HEH ] 1
I I - -
L e I
! ! i |. ....... i ..... @rrrnnnnnn
i | i T
11 . Output - «—
R o 1 .| exchange
i || ComeStion | ot poing
11 S - Tannnn @ rrnnnnns
ii L+ 1 L T
1 1
[ 4

T1515680-94

R =600 ohms

NOTE - For output measurement, the exchange test ppint T must be driven by a PCM signal corresponding to the
decoder output value number O for fakaw or decoder output value number 1 for the A-law. (See 1.2.3.1/Q.551.)

Figure 2/Q.553 — Arrangement for measuring LCL

2.1.3 Relative levels

In assigning the relative levels to the interfaces, the limiting of "difference in transmission loss

between the two directions of transmission” in Annex A/G.121 has been taken into account. For the

national extension, this is the value "loss (t-b)—loss (a-t)". (See the text in the cited Recommendation
for guidance.) This difference is limited #@ dB. However, to allow for additional asymmetry of

loss in the rest of the national network, only part of this difference can be used by the digital
exchange.

2.1.31 Nominal levels

The nominal relative levels at the 4-wire analogue input and output interfaces of the digital exchange
depend on the type of equipment which is connected to the exchange. (See Figure 1/Q.551.)

In practice, it may be necessary to compensate for the loss between the output interfaces of the digital
exchange and the input ports of the connected equipment to fulfil transmission plan conditions. The
definition of adjustable steps for and the location of this compensation (digital exchange or
connected equipment) is within national competence.

Nominal values of relative levels are given in 2.2.1, 2.3.1 and 2.4.1 for the different types of half
connections.

2.1.3.2 Tolerancesof relative levels

The difference between the actual relative level and the nominal relative level should lie within the
following ranges:

- input relative level: —0.3 t60.7 dB;
- output relative level: —0.7 t60.3 dB.

These differences may arise, for example, from design tolerances, cabling (between analogue
equipment ports and the DF) and adjustment increments.

Recommendation Q.553  (11/96) 3



NOTE — Adjustment of the relative level should be made in accordance with clause 3/G.712.

2.2 Characteristics of interface Cy;

According to Figure 1/Q.551, the interface C,; of adigital exchange is intended to interwork with the
channel trand ating equipment of an FDM system.

2.2.1 Valuesof nominal levels

The nominal values of relative levels at the channel trandating equipment are specified in
Table 2/G.232 for the two recommended cases. With the pads in the channel translating equipment
Set to zero, these values are:

Casel Case?2
R +4.0 dBr +7.0 dBr
S -14.0 dBr -16.0 dBr

The nominal values of relative levels at the digital exchange must be adjusted to compensate for the
total loss between the interface of the digital exchange and the channel trandating equipment.
Therefore:

L =R-Ag
L, =S+ Ag
where:
Ae isthe total loss in the receive path, e.g. direction of transmission from channel

trandating equipment to digital exchange.

is thetotal lossin the send path, e.g. direction of transmission from digital
exchange to channel translating equipment.

2.3 Characteristics of interface Cy»

According to Figure 1/Q.551, the interface C,, of adigital exchange is intended to interwork with the
incoming and outgoing relay set of an analogue 4-wire exchange. (See Figure1/Q.45 bis.)

2.3.1 Valuesof nominal levels

The nominal values of relative levels at the relay set of an analogue exchange are consistent with
Table 2/G.232 for the two recommended cases. These values are:

Casel Case?2
R -14.0 dBr -16.0 dBr
S +4.0 dBr +7.0 dBr

The nominal values of relative levels at the digital exchange must be adjusted to compensate for the
total loss between the interface of the digital exchange and the relay sets of the analogue exchange.

Therefore;
L =R- AR
L, =S+ Ag

4 Recommendation Q.553  (11/96)



where:

Ae isthe total loss in the receive path, e.g. direction of transmission from relay set
to digital exchange.

isthetotal lossin the send path, e.g. direction of transmission from digital
exchange to relay set.

2.4 Characteristics of interface Cq3

According to Figure 1/Q.551, the interface Cy3 of a digital exchange is intended to connect to a
4-wire analogue switching stage. (See Figure 1/G.142, case 5.)

241 Valuesof nominal levels

The nominal values of relative levels are determined by the relative levels of the analogue 4-wire
switching stages in the national transmission plans. For example, if these relative levels are —3.5 dBr
in both directions of transmission, the nominal input and output levels of iat€rface are:

L, = L, =-350dBr

Different levels at the switching stages and transmission loss between intggfaoel @e switching
stages can require adjusting these levels.

3 Characteristics of half connections

31 Characteristicscommon to all 4-wire analogue interfaces
3.1.1 Transmission loss

3.1.1.1 Nominal value

The nominal transmission loss, according to 1.2.4.1/Q.551 is defined for input and output
connections of a half connection with 4-wire analogue interface in 3.2.1, 3.3.1 and 3.4.1.

3.1.1.2 Tolerancesof transmission loss

The difference between the actual transmission loss and the nominal transmission loss of an input or
output connection of the same half connection according to 2.1.3.2 should lie within the following
values:

-0.3t0+0.7 dB

These differences may arise for example, from design tolerances, cabling (between analogue
equipment ports and the DF) or adjustment increments.

3.1.1.3 Short-term variation of losswith time

When a sine-wave test signal at the reference frequency of 1020 Hz and at a ten@tBmO (if
preferred, the value 0 dBmO may be used) is applied to a 4-wire analogue interface of any input
connection, or a digitally simulated sine-wave signal of the same characteristic is applied to the
exchange test point ©f any output connection, the level at the corresponding exchange testgoint T
and the 4-wire analogue interface respectively, should not vary by more@2wB during any
10-minute interval of typical operation under the steady state condition permitted variations in the
power supply voltage and temperature.

Recommendation Q.553  (11/96) 5



3.1.1.4 Variation of gain with input level

With a sine-wave test signal at the reference frequency of 1020 Hz and at alevel between —55 dBmO
and +3 dBmO applied to the 4-wire analogue interface of any input connection, or with a digitally
simulated sine-wave signa of the same characteristic applied to the exchange test point T; of any
output connection, the gain variation of that connection, relative to the gain at the input level of
—10 dBmO, should lie within the limits given in Figure 3.

The measurement should be made with a frequency selective meter to reduce the effect of the
exchange noise. Thisrequires asinusoidal test signal.

daB

1.6

Input
level

®

Gain variation

|
-55 50 -40 -10 +3 dBmoO

T1515690-94

Figure 3/Q.553 — Variation of gain with input level

3.1.1.5 Loss distortion with frequency

According to 1.2.5/Q.551, the loss distortion with frequency of any input or output connection
should lie within the limits shown in the mask of Figure 4a) and b), respectively. The preferred input
level is—10 dBmO.
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NOTE - In the marked frequency ranges, relaxed limits are shown which apply if the maximum
length of exchange cabling (see clause 2/Q.551) is used. The more stringent limits shown apply
if no such cabling is present.

Figure 4/Q.553 — Loss distortion with frequency

3.1.2 Group delay
"Group delay” is defined in the Blue Book, Fascicle1.3.

3.1.2.1 Absolute group delay
See 3.3.1/Q.551.
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3.1.2.2 Group delay distortion with frequency

Taking the minimum group delay, in the frequency range between 500 Hz and 2800 Hz, of the input
or output connection as the reference, the group delay distortion of that connection should lie within
the limits shown in the template of Figure 5. Group delay distortion is measured in accordance with
Recommendation O.81.

ms
07—
&
o
©
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5 0.38
(3 E
0.13
0
0 500 600 1000 26002800 Hz

T1515720-94

Frequency (f)

Figure 5/Q.553 — Group delay distortion limits with frequency

3.1.3 Noise

3.1.3.1 Weighted noise

Two components of noise must be considered. One of these, namely noise arising from the coding
process, the other from analogue sources, such as signalling equipment and the analogue circuit for
impedance and level adaptation. The first component is limited to —67 dBmOp for input connections
and to =70 dBmOp for output connections in accordance with Table 7/G.712; the other component to
—(67 + 3) dBmOp = -70dBmOp for one 4-wire analogue interface including circuit noise in
accordance with clause 3/G.123.

This results in the maximum values for the overall weighted noise in the talking state at the
C;-interface of adigital exchange:

- Equipment with signalling on separate wires:
input connection=67.0 dBmOp;
output connection:=70.0 dBmOp.

- Equipment with signalling on the speech wires:
input connection:=65.2 dBmOp;
output connection=67.0 dBmOp.

3.1.3.2 Singlefrequency noise

The level of any single frequency (in particular the sampling frequency and its multiples), measured
selectively at the interface of an output connection should not ex&®edBmO0. Between 300 and

3400 Hz, the level of any single frequency measured selectively and corrected by the psophometric
weighting factor (see Table 1/0.41) should not exe@&ddBmO (provisional value).

NOTE - See 1.2.3.1/Q.551 with regard to common measurement conditions.

8 Recommendation Q.553  (11/96)



3.1.4 Crosstalk

For crosstalk measurements, auxiliary signals are injected as indicated in Figures 6 to 9. These
signals are:

- the quiet code (see 1.2.3.1/Q.551);
- a low level activating signal. A suitable activating signal is, for example, a sine-wave signal
at a level in the range fror83 to—40 dBmO0. Care must be taken in the choice of frequency

and the filtering characteristics of the measuring apparatus in order that the activating signal
does not significantly affect the accuracy of the crosstalk measurement.

3.1.4.1 Crosstalk measured with analoguetest signal

3.1411 Far-end and near-end crosstalk

A sine-wave test signal at the reference frequency of 1020 Hz and at a level of 0 dBmO, applied to an
analogue 4-wire input interface, should not produce a level at either output of any other half
connection exceeding73 dBmO for a Near-End Crosstalk (NEXT) path afdD dBmO for a
Far-End Crosstalk (FEXT) path. These paths are shown in Figure 6.

Analogue I Digita
— !_._._i
Actiyating | i P -
Ozt D) e
sgd - _ /T _ .1
!_ ........ !_._._i
QTestsignan % !
e > . ——pm—————
odBmo ! P
| IR, Y E—
!
[ !_._._i
. i E‘_ : Quiet
< . - - -~
@ ! AI i code
. Iy —

NEXT | T1515730-94

Figure 6/Q.553 — Measurement with analogue test signal between different
input connections of half connections

3.1.4.1.2 Go-to-return crosstalk

A sine-wave test signa at any frequency in the range 300 to 3400 Hz and at a level of 0 dBmO,
applied to the 4-wire interface of an input connection, should not produce a level exceeding
—66 dBmO at the analogue output of the same half connection. See Figure 7.
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Figure 7/Q.553 — Measurement with analogue test signals between go and
return directions of the same half connection

3.1.4.2 Crosstalk measured with digital test signal

3.1.4.2.1 Far-end and near-end crosstalk

A digitally smulated sine-wave test signal at the reference frequency of 1020 Hz and at a level of
0 dBmoO, applied to an exchange test point T;, should not produce a level exceeding —70 dBmO for
Near-End Crosstalk (NEXT) or =73 dBmO for Far-End Crosstalk (FEXT), at either output of any
other half connection. (See Figure 8.)

Analogue | Digita
I ——
Orn @
signal :_
1 NEXT
N e
1 Test signal
al i 0 dBmO
L
FF=— ——
< | Quiet
@ I code
FEXT I.._._._._.i. .....

T1515750-94

Figure 8/Q.553 — Measurement with digital test signal between different
output connections of half connections

3.1.4.2.2 Go-to-return crosstalk

A digitally smulated sine-wave test signal, at any frequency in the range 300 to 3400 Hz and at a
level of 0 dBmO, applied to an exchange test point T; of an output connection, should not produce a
crosstalk level exceeding —66 dBmO at the exchange test point T, of the corresponding input
connection. (See Figure 9.)
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Figure 9/Q.553 — Measurement with digital test signals between go and
return directions of the same half connection

3.1.5 Total distortion including quantizing distortion

With a sine-wave test signal at the reference frequency of 1020 Hz (see Recommendation O.132)
applied to the 4-wire interface of an input connection, or with a digitally simulated sine-wave signal
of the same characteristic applied to the exchange test point T; of an output connection, the signal-to-
total distortion ratio, measured at the respective outputs of the half connection with a proper noise
weighting (see Table 4/G.223) should lie above the limits shown in Figure 10 for signaling on
separate wires and in Figure 11 for signalling on the speech wires.

odB
€35
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£ 29
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B 24
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—45-40 -30 0 dBmO
Input level T1515770-94

Figure 10/Q.553 — Limits for signal-to-distortion ratio as a function of
input level input or output connection with signalling on separate wires
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Figure 11/Q.553 — Limits for signal-to-total distortion ratio as a function of input level
input or output connection with signalling on the speech wires

The values of Figure 11 include the limits for the coding process given in Figure 12/G.712 and the
allowance for the noise contributed via signalling circuits from the exchange power supply and other
analogue sources which is limited to —(67 + 3) dBmOp = —70 dBmOp for one 4-wire analogue
interface by clause 3/G.123.

3.1.6 Discrimination against out-of-band signals applied to the input interface
(Applicable only to input connections.)

3.1.6.1 Input signals above 4.6 kHz

With any sine-wave signal in the range from 4.6 kHz to 72 kHz applied to the 4-wire interface of a

half connection at a level of =25 dBmO, the level of any image frequency produced in the time slot
corresponding to the input connection should be at least 25 dB below the level of the test signal. This
value may need to be more stringent to meet the overall requirement.

3.1.6.2 Overall requirement

Under the most adverse conditions encountered in a national network, the half connection should not
contribute more than 100 pWOp of additional noise in the band 10 Hz to 4 kHz at the output of the

input connection, as a result of the presence of out-of-band signals at the input port of the input
connection.

3.1.7 Spuriousout-of-band signals received at the output interface

(Applicable only to an output connection.)

3.1.7.1 Level of individual components

With a digitally simulated sine-wave test signal in the frequency range 300 to 3400 Hz and at a level
of 0dBmO applied to the exchange test pointoT a half connection, the level of spurious
out-of-band image signals measured selectively at a 4-wire interface of the output connection should
be lower thar-25 dBmO. This value may need to be more stringent to meet the overall requirement.

3.1.7.2 Overall requirement

Spurious out-of-band signals should not give rise to unacceptable interference in the equipment
connected to the digital exchange. In particular, the intelligible and unintelligible crosstalk in a
connected FDM channel should not exceed a level of .65 dBmO as a consequence of the spurious
out-of-band signals at the half connection.
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3.2 Characteristicsfor interface Cy1

3.2.1 Nominal value of transmission loss

According to the relative levels defined in 2.2.1, the nominal transmission losses of a half connection
with a Cy; interface are:

- input connection: R - Aq
- output connection: S-As
See 2.2.1 for definitions fd®, S, Ax andA..

3.3 Characteristicsfor interface Ci»

3.3.1 Nominal value of transmission loss

According to the relative levels defined in 2.3.1, the nominal transmission losses of a half connection
with a G interface are:

- input connection: R - Ag
- output connection: S-As
See 2.2.1 for definitions fd®, S, Ax andAs

34 Characteristicsfor interface Ci3

3.4.1 Nominal value of transmission loss

According to the relative levels defined in 2.4.1, the nominal transmission losses of a half connection
with a Gs interface are:

- input connection: -3.5dB;
- output connection: 3.5dB.

Different levels at the switching stages and transmission loss between intggfaoel @e switching
stages can require adjusting these losses.
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Transmission systems and media
Transmission of non-telephone signals
Integrated services digital network
Transmission of sound-programme and television signals
Protection against interference
Construction, installation and protection of cables and other elements of outside plant

Maintenance: international transmission systems, telephone circuits, telegraphy,
facsimile and leased circuits

Maintenance: international sound-programme and television transmission circuits
Specifications of measuring equipment

Telephone transmission quality

Switching and signalling

Telegraph transmission

Telegraph services terminal equipment

Terminal equipments and protocols for telematic services

Telegraph switching

Data communication over the telephone network

Data networks and open system communication

Programming languages
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