| INTERNATIONAL TELECOMMUNICATION UNION

ITU-T Q.553

TELECOMMUNICATION (11/2001)
STANDARDIZATION SECTOR
OF ITU

SERIES Q: SWITCHING AND SIGNALLING
Digital exchanges — Transmission characteristics

Transmission characteristics at 4-wire analogue
interfaces of digital exchanges

ITU-T Recommendation Q.553




ITU-T Q-SERIES RECOMMENDATIONS
SWITCHING AND SIGNALLING

SIGNALLING IN THE INTERNATIONAL MANUAL SERVICE
INTERNATIONAL AUTOMATIC AND SEMI-AUTOMATIC WORKING
FUNCTIONS AND INFORMATION FLOWS FOR SERVICESIN THE ISDN
CLAUSESAPPLICABLE TO ITU-T STANDARD SYSTEMS
SPECIFICATIONS OF SIGNALLING SYSTEMSNo. 4 AND No. 5
SPECIFICATIONS OF SIGNALLING SYSTEM No. 6
SPECIFICATIONS OF SIGNALLING SYSTEM R1
SPECIFICATIONS OF SIGNALLING SYSTEM R2
DIGITAL EXCHANGES

Introduction and field of application

Exchange interfaces, functions and connections

Design objectives and measurement

Transmission characteristics
INTERWORKING OF SIGNALLING SYSTEMS
SPECIFICATIONS OF SIGNALLING SYSTEM No. 7
Q3 INTERFACE
DIGITAL SUBSCRIBER SIGNALLING SYSTEM No. 1
PUBLIC LAND MOBILE NETWORK
INTERWORKING WITH SATELLITE MOBILE SYSTEMS
INTELLIGENT NETWORK
SIGNALLING REQUIREMENTS AND PROTOCOL S FOR IMT-2000

SPECIFICATIONS OF SIGNALLING RELATED TO BEARER INDEPENDENT CALL
CONTROL (BICC)

BROADBAND ISDN

Q.1-Q3
Q.4-Q.59
Q.60-Q.99
Q.100-Q.119
Q.120-Q.249
Q.250-Q.309
Q.310-Q.399
Q.400-Q.499
Q.500-Q.599
Q.500-Q.509
Q.510-Q.539
Q.540-Q.549
Q.550-Q.599
Q.600-Q.699
Q.700-Q.799
Q.800-Q.849
Q.850-Q.999
Q.1000-Q.1099

Q.1100-Q.1199
Q.1200-Q.1699

Q.1700-Q.1799
Q.1900-Q.1999

Q.2000-Q.2999

For further details, please refer to the list of ITU-T Recommendations.




ITU-T Recommendation Q.553

Transmission characteristics at 4-wire analogue
interfaces of 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
ITU-T Rec. Q.551.

This Recommendation 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
also be used for connections entirely within the national network.

Sour ce

ITU-T Recommendation Q.553 was revised by ITU-T Study Group 15 (2001-2004) and approved
under the WTSA Resolution 1 procedure on 29 November 2001.
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FOREWORD

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

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these
topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with 1SO and IEC.

NOTE

In this Recommendation, the expression "Administration” is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. 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 devel opment process.

As of the date of approval of this Recommendation, ITU 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.

© ITU 2002

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 ITU.
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ITU-T Recommendation Q.553

Transmission characteristics at 4-wire analogue
interfaces of digital exchanges

1 General

This Recommendation provides characteristics for:

- 4-wire analogue interfaces (Type Ci1, C12 and Cy3);

— 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
inITU-T Rec. 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 Characteristics common to all 4-wire analogue inter faces
2.1.1 Exchangeimpedance

21.1.1 Nominal value
The nominal impedance at the analogue 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 less
than 20 dB over the frequency range 300 Hz to 3400 Hz.

NOTE - For output measurement, the exchange test point T; must be driven by a PCM signal corresponding
to the decoder output value number O for the p-law 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 Longitudina 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 ITU-T Rec. K.10.

NOTE 1—A network operator 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.

ITU-T Rec. Q.553 (11/2001) 1
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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 4.1/0.9. Figure 2 shows the
basic measuring arrangement. Arrangements containing two resistors each of value R/2 may also be
used (see clause 5/0.9).

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

Item under test
. . I I I
RI4 I B
* [ 1 R \ ﬁcﬁ Input excf?an e —»
o — T interf connection 9
Sinusoidal I B test point
; \% ’ ® — - —e— —.
oscillator L1 T F
__ % e
Output Ti
R u p;J. exchange «—
connection i . point
e
R =600 ohms T1515680-94
Longitudinal convertion loss (LCL) = 20log,, % dB

T1

Figure 2/Q.553 — Arrangement for measuring LCL

2.1.3 Relativelevels

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)-oss (at)". (See the text in the cited
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Recommendation for guidance.) This difference is limited to +4 dB. However, to alow for
additional asymmetry of loss in the rest of the national network, only part of this difference can be
used by the digital exchange.

2131 Nominal levels

The nominal relative levels at the 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 relativelevels

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

— input relative level: -0.3t0 +0.7 dB;
— output relative level: —-0.7 to +0.3 dB.

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

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

2.2 Characteristics of interface C14

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

2.2.1 Valuesof nominal levels

The nomina 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:

Case1l Case?2
R + 4.0 dBr +7.0dBr
S —14.0dBr —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 translating equipment.
Therefore:

L =R-Aq
L, =S+Ag

where:

Ar is the total loss in the receive path, e.g. direction of transmission from channel
trandating equipment to digital exchange.

ITU-T Rec. Q.553 (11/2001) 3



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

2.3 Characteristics of interface Ci»

According to Figure 1/Q.551, the interface Ci, of a digital exchange is intended to interwork with
the incoming and outgoing relay set of an analogue 4-wire exchange. (See Figure 1/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 —16.0dBr
S + 4.0 dBr +7.0dBr

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-Ag
Lo =S+As
where:

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

As isthetota loss in the send path, e.g. direction of transmission from digital exchange
torelay set.

24 Characteristics of interface Ci3

According to Figure 1/Q.551, the interface C;3 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 a Cy3 interface should be:

L, L, 35dBr

Different levels at the switching stages and transmission loss between interface Ci;3 and the
switching stages can require adjusting these levels.

4 ITU-T Rec. Q.553 (11/2001)



3 Characteristics of half connections

31 Characteristics common to all 4-wire analogue inter faces
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 interfacein 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:

—-03to+0.7dB

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 level of —10 dBmoO (if
preferred, the value 0dBmMO may be used) is applied to an analogue interface of any input
connection, or a digitally simulated sine-wave signal of the same characteristics is applied to the
exchange test point T; of any output connection, the level at the corresponding exchange test point T,
and the level at the analogue interface of the output connection respectively, should not vary by more
than = 0.2 dB during any 10-minute interval of typical operation under the steady state condition
permitted variations in the power supply voltage and temperature.

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 a level between —55 dBmO
and + 3 dBmO applied to the analogue interface of any input connection, or with adigitally smulated
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.

ITU-T Rec. Q.553 (11/2001) 5
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Figure 3/Q.553 — Variation of gain with input level

3.1.1.5 Lossdistortion 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 4 a) 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 — L oss distortion with frequency

3.1.2 Group delay

3.1.2.1 Absolute group delay
See 3.3.1/Q.551.

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

ITU-T Rec. Q.553 (11/2001) 7



the limits shown in the template of Figure 5. Group delay distortion is measured in accordance with
ITU-T Rec. O.81.
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Figure 5/Q.553 — Group delay distortion limits with frequency

3.1.3 Noise

3.1.3.1 Weighted noise

Two components of noise should be considered: noise arising from the coding process, and noise
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
—70dBmOp 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 dBmQOp.

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 exceed —-50 dBmO. 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 exceed —73 dBmO (provisional value).

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

3.1.4 Crosstalk

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

- the quiet code (see 1.2.3.1/Q.551);

— alow level activating signal. A suitable activating signal is, for example, a sine-wave signal
at alevel in the range from —33 to —40 dBmO. Care must be taken in the choice of frequency

8 ITU-T Rec. Q.553 (11/2001)



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

3.14.1 Crosstalk measured with analogue test signal

3.1.411 Far-end and near-end crosstalk

A sine-wave test signal at the reference frequency of 1020 Hz and at alevel of 0 dBmO, applied to an
analogue input interface, should not produce a level exceeding —73 dBmO for Near-End Crosstalk
(NEXT) or =73 dBmO for Far-End Crosstalk (FEXT), at the output of any other half connection.
(SeeFigure6.)

Andogue Digita

Activating A _@
~ 'S —_— —p — —
Q S & FEXT
Test signal N
e »- A —_——
Q 0dBmo IéﬂD ]

N \“\

< D e Quiet
) R 1- %
NEXT T1515730-94

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

3.14.1.2 Go-to-return crosstalk

A sine-wave test signal at any frequency in the range 300 to 3400 Hz and at a level of 0 dBmO,
applied to the analogue 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.

Analogue Digita

Test signal
0dBmO D

P ig Quiet
@ ) ANT T T T code

Go-to-return
crosstal k T1515740-94

Figure 7/Q.553 — M easurement with analogue test signals between go and
return directions of the same half connection
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3.1.4.2 Crosstalk measured with digital test signal

3.1.4.21 Far-end and near-end crosstalk

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

Anaogue Digita

O S e R
(

, N

r /@L

J
e - &

FEXT T1515750-94

Test signa
0dBmO

A

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

3.14.22 Go-to-return crosstalk

A digitally simulated 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 same half connection
(See Figure9.)

Analogue Digita
Activating A
O B
Go-to-return
crosstalk
Test signal
z . — < —
T @' T 0dBmO
T1515760-94

Figure 9/Q.553 — M easurement 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 signa at the reference frequency of 1020 Hz (see ITU-T Rec. 0.132) applied
to the analogue 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

10 ITU-T Rec. Q.553 (11/2001)



weighting (see Table 4/G.223) should lie above the limits shown in Figure 10 for signalling on
separate wires and in Figure 11 for signalling on the speech wires.
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—45 —40 -30 0 dBmO
Input level T1515770-94

Figure 10/Q.553 — Limitsfor signal-to-distortion ratio as a function of
input level for input or output connection with signalling on separ ate wires

dB
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> —/ /W

215

Signal-to-total-distortion ratio

—45 40 -30 -20 -10 0 dBmO
Input level T1515780-94

Figure 11/Q.553 — Limitsfor signal-to-total distortion ratio asa function of input level for
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 = —70dBmOp 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 signalsabove4.6 kHz

With any sine-wave signal in the range from 4.6 kHz to 72 kHz applied to the analogue interface of
an input connection at a level of =25 dBmoO, the level of any image frequency measured at the
exchange test point To of 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.

ITU-T Rec. Q.553 (11/2001) 11



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 signalsreceived at the output interface
(Applicable only to an output connection.)

3.1.7.1 Leve of individual components

With adigitally simulated sine-wave test signal in the frequency range 300 to 3400 Hz and at a level
of 0dBmMO applied to the exchange test point T; of a half connection, the level of spurious
out-of-band image signals measured selectively at the analogue interface of the output connection
should be lower than —25 dBmQ. This value may need to be more stringent to meet the overal
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.

3.2 Characteristicsfor interface Cq1

3.2.1 Nominal value of transmission loss

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

— input connection: R - Ag;
— output connection: -S - As
See 2.2.1 for definitionsfor R, S, Agr and As.

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 Cy; interface are:

— input connection: R - Ag;
- output connection: -S-As
See 2.2.1 for definitionsfor R, S Ag and As

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 Cy3 interface are:

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

12 ITU-T Rec. Q.553 (11/2001)



Different levels at the switching stages and transmission loss between interface C;3 and the
switching stages can require adjusting these losses.

ITU-T Rec. Q.553 (11/2001) 13
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