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The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the International Telecom-
munication Union. The ITU-T is responsible for studying technical, operating and tariff questions and issuing
Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

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

ITU-T Recommendation M.1050 was revised by the ITU-T Study Group IV (1988-1993) and was approved by the
WTSC (Helsinki, March 1-12, 1993).

___________________

NOTES

1 As a consequence of a reform process within the International Telecommunication Union (ITU), the CCITT
ceased to exist as of 28 February 1993. In its place, the ITU Telecommunication Standardization Sector (ITU-T) was
created as of 1 March 1993. Similarly, in this reform process, the CCIR and the IFRB have been replaced by the
Radiocommunication Sector.

In order not to delay publication of this Recommendation, no change has been made in the text to references containing
the acronyms “CCITT, CCIR or IFRB” or their associated entities such as Plenary Assembly, Secretariat, etc. Future
editions of this Recommendation will contain the proper terminology related to the new ITU structure.

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

  ITU  1994

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.
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2ECOMMENDATION�-�����
Recommendation M.1050     (03/93)     Superseded by a more recent version

,).).'��50��!.��).4%2.4)/.!,��0/).44/0/).4��,%!3%$��#)2#5)4

;0UBLISHED�AS�-����IN�������REVISED�AND�RENUMBERED�AS�-�����IN������
NEW�AS�-�����AND�-�����IN�������REVISED�IN�������COMBINED�WITH�-������PART	�

-������PART	�AND�-�����AND�REVISED�IN�������RENUMBERED�-������IN������
REVISED�IN������������AND������=

� 'ENERAL

This Recommendation deals with the lining-up of both ordinary quality point-to-point leased circuits (the characteristics
of which are specified in Recommendation M.1040 [18]), and special quality point-to-point leased circuits (the
characteristics of which are specified in Recommendations M.1020 [19] and M.1025 [20]), which are provided by
analogue transmission systems or by a mixture of analogue and digital systems.

Figure 1 shows the constituent parts of an international point-to-point leased circuit.
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FIGURE  1/M.1050

4HE�CONSTITUENT�PARTS�OF�AN�INTERNATIONAL�POINTTOPOINT�LEASED�CIRCUIT

FIGURE 1/M.1050...;$��= = 6 CM

Test signals transmitted over the international section and link should be applied at a level of –10 dBm0.

The method of line-up described in clauses 2 and 3 below requires that appropriate personnel be present at the renter’s
premises in the two terminal countries to carry out overall, end-to-end tests of the characteristics of international leased
circuits. The cooperation of staff at the terminal international centres may also be required to overcome language or
technical difficulties.

Recognizing that differing national practices may mean that the required degree of international coordination is difficult
to achieve, and acknowledging that it may not be possible to arrange simultaneous attendance at the two renter’s
premises because of time zone differences or restricted access to those premises, clause 4 below describes a method of
circuit line-up using a section-by-section approach.

It should be noted that the end-to-end line-up approach (see clauses 2 and 3) and the section-by-section approach (see
clause 4) are not compatible. Thus, Administrations must agree, on a bilateral basis, which approach they will adopt.

� ,INING�UP�THE�CONSTITUENT�PARTS�OF�THE�CIRCUIT

After the circuit has been set up the following lining-up procedure should be followed in each direction of transmission.
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��� .ATIONAL�SECTIONS

When analogue access to the circuit is available at the terminal international centre, the following tests should be
performed regardless of whether the national section is provided by analogue circuit sections or a combination of
analogue, mixed and digital circuit sections.

����� /VERALL�LOSS�AT�REFERENCE�FREQUENCY

Each national section should be lined up at the reference frequency according to national practices between the terminal
national centre and international centre. Note should be taken of the requirement concerning the receiving relative level
in 2.1/M.1020 [19], 2.1/M.1025 [20] and 2.1/M.1040 [18]. For international leased circuits forming part of a private
switched network, the loss of the national section must be consistent with meeting the required overall loss of the circuit
as agreed between Administrations (refer to 2.1/M.1030 and 3/M.1030 [21]). A record should be kept of the levels
received (including any measurements made at intermediate national test points). National sections beyond the terminal
national centre must also be lined up.

����� ,OSS�FREQUENCY�DISTORTION�(special quality circuits only)

The loss/frequency distortion should be measured at several frequencies. The limits of Table 1/M.580 [1] (column
headed “between circuit access points”) have to be met, if necessary, by means of an equalizer.

����� 'ROUPDELAY�DISTORTION�(special quality circuits only)

For circuits in conformity with Recommendation M.1020 [19], the limits to be applied are those given in
Figure 2/M.1020 [19]. In the case of circuits in conformity with Recommendation M.1025 [20], the group-delay
distortion should be measured and recorded for subsequent maintenance purposes. Any obvious abnormal condition
shall be cleared.

��� )NTERNATIONAL�SECTION

When analogue access to the circuit is available at the terminal international centres, the following tests should be
performed regardless of whether the international national section is provided by analogue circuit sections or a
combination of analogue, mixed and digital circuit sections.

����� /VERALL�LOSS�AT�REFERENCE�FREQUENCY

The sections comprising the international line (see Figure 2/M.1010 [22]) should be lined up so that when, at the sending
terminal international centre, a test signal at a level of –10 dBm0 is connected to the input of the international line, the
level received at the other terminal international centre is as close as possible to –10 dBm0. The level at intermediate test
points should also be as close as possible to –10 dBm0.

����� ,OSS�FREQUENCY�DISTORTION

The loss/frequency distortion should be measured at several frequencies. The appropriate limits of Tables 1/M.580,
2/M.580 and 3/M.580 [1] (column headed “between circuit access points”) have to be met, if necessary, by means of an
equalizer.

����� 'ROUPDELAY�DISTORTION�(special quality circuits only)

For circuits in conformity with Recommendation M.1020 [19], the limits to be applied are those given in
Figure 2/M.1020 [19]. In the case of circuits in conformity with Recommendation M.1025 [20], the group-delay
distortion should be measured and recorded for subsequent maintenance purposes. Any obvious abnormal condition
shall be cleared.

��� )NTERNATIONAL�LINK

If it is possible, after the national and international sections have been lined up and connected together at the terminal
international centres, measurements should be made of the international link between terminal national centres. These
measurements should be of overall loss at reference frequency and loss/frequency distortion and should be recorded for
subsequent maintenance purposes.
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� ,INING�UP�THE�OVERALL�CIRCUIT

The constituent parts of the circuit having been satisfactorily lined up, the line-up of the overall circuit between renter’s
premises should now be made.

It should be noted that satisfactory impulsive noise performance on a circuit is unlikely to be achieved if the circuit is
routed via a primary digital path on which the bit error ratio exceeds 1 · 10–6 (see Note). It is not intended that this digital
parameter be measured.

NOTE – This digital parameter is used provisionally and further study is required to assess whether other parameters (e.g.
those in Recommendation G.821 [2]) would be more suitable for relating the performance of transient analogue impairments to the
performance of the digital paths on which the circuits are routed.

Where loop facilities exist these may be used to obtain reference measurements, for subsequent maintenance. Care must
be taken to avoid simultaneous operation of loop facilities should they exist at both terminals.

��� /VERALL�LOSS

The loss at 1020 Hz should be measured and recorded. Note should be taken of 2.1/M.1020 [19], 2.1/M.1025 [20]
and 2.1/M.1040 [18]. For international leased circuits forming part of a private switched network, the overall loss of the
circuit should be adjusted to the value agreed between Administrations (see 2.1/M.1030 [21] and clause 3/M.1030 [21]).

If 2-wire operation is intended, the curve in Recommendation G.131 [3] may be used to determine if an echo suppressor
is necessary. Where appropriate the stability of the circuit should be checked against the requirements of
Recommendation G.122 [4]. Inasmuch as the same sort of plant is used for leased circuits as is used to provide the
“national system” of Recommendation G.101 [5], this should ordinarily present no problem. References to virtual
switching points (EXTR©MIT©S�VIRTUELLES in French) in the G-Series Recommendations should be interpreted as “points in
the two directions of transmission on the international line at equal relative level”.

��� ,OSS�FREQUENCY�DISTORTION

����� /RDINARY�QUALITY�CIRCUITS

The loss/frequency distortion should meet the limits of 2.2/M.1030 [21] or M.1040 [18] as appropriate. Equalization
should not normally be required to meet these limits.

����� 3PECIAL�QUALITY�CIRCUITS

The loss/frequency distortion should be measured at several frequencies and recorded. To meet the limits given in
Figures 1/M.1020 [19] or 1/M.1025 [20], as appropriate,�MOPUP equalization may be necessary (see Notes 1 and 2).

��� 'ROUPDELAY�DISTORTION�(special quality circuits only)

The group-delay distortion should be measured using a measuring set in accordance with Recommendation O.81 [6].

����� In the case of circuits to Recommendation M.1020 [19], the limits to be met are given in
Figure 2/M.1020 [19]. The maximum unequalized group-delay distortion to be expected at the receiving end is three
times that of Figure 2/M.1020 [19] (see Notes 1 and 2).

����� In the case of circuits to Recommendation M.1025 [20], the limits to be met are given in Figure 2/M.1025 [20]
(see Notes 1 and 3).

.OTES�CONCERNING�������AND�����(Equalization of loss/frequency distortion and group-delay distortion on special quality
leased circuits).

1 The precise location of any necessary equalizers is left to Administrations to decide according to national practices.
Equalizers built into the modems are not part of the international leased circuit as it is defined in Recommendation M.1010 [22].

The Administration at the receiving end of the circuit is responsible for seeing that the circuit meets the overall distortion
limits in the receiving transmission direction.
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Routing restrictions may be necessary to achieve the loss/frequency and group-delay distortion limits specified. Factors
that may contribute to difficulties in meeting these limits are the number of through-group filters in group links, the number of
channel translating equipments, the use of edge channels, heavily loaded cable, etc.

2 Equal distortion limits have been allocated to the national circuit section at the transmitting end, the international line
and the national circuit section at the receiving end.

Individual cases of section limits being slightly exceeded can be accepted if the other sections do not attain their limits, so
that the admissible overall unequalized distortion of three times the section limits at the receiving end is met.

3 Any necessary equalization to bring the overall group-delay distortion within the specified limits should be carried
out at one location only for each direction of transmission.

��� 6ARIATION�WITH�TIME�OF�THE�OVERALL�LOSS�AT������(Z

����� !MPLITUDE�HITS��SPECIAL�QUALITY�CIRCUITS�ONLY	

Amplitude hits should be measured with an instrument complying to Recommendation O.95 [7] and recorded. The limits
specified in Recommendations M.1020 [19] and M.1025 [20], as appropriate, should not be exceeded.

����� /THER�VARIATIONS

The variation of overall loss at 1020 Hz should be measured over a period of a few hours to check that the limits
specified in Recommendations M.1020 [19], M.1025 [20] and M.1030 [21] are not exceeded. If the results are not
satisfactory the check should be continued to allow the trouble to be investigated and cleared.

��� 2ANDOM�CIRCUIT�NOISE

Random circuit noise may be measured with a psophometer complying with Recommendation O.41 [8].

With the circuit correctly terminated the psophometric noise power at the end of the circuit should be measured and
recorded. The measured noise power should meet the requirements of Recommendations M.1020 [19], M.1025 [20],
M.1030 [21] or M.1040 [18], as appropriate1). Where the measured noise is higher by 5 dB or more than the appropriate
value in these Recommendations or is higher than –38 dBm0p, whichever is the more stringent requirement, a fault
should be suspected and action taken to locate and remedy it where possible. It may be useful to compare noise
measurements on circuits of identical or similar constitution to help locate a possible fault.

��� )MPULSIVE�NOISE�(special quality circuits only)

Impulsive noise should be measured with an instrument complying with Recommendation O.71 [9] and recorded. It
should meet the limits given in Recommendation M.1020 [19] or M.1025 [20] as appropriate.

A method of measurement is described in the Recommendations H.13 [10] and V.55 [11].

��� 0HASE�JITTER�(special quality circuits only)

Phase jitter should be measured using an instrument complying with Recommendation O.91 [12] and recorded.

The limits given in Recommendation M.1020 [19] or M.1025 [20], as appropriate, should not be exceeded, and routing
restrictions (for example, minimizing the number of modulating equipments) may be necessary to achieve the objective
limit.

_______________
1) Recommendation O.41 [8] specifies a flat filter of 3.1 kHz bandwidth for unweighted noise measurements on data circuits. If this

filter is used, the noise values given in Recommendations M.1020 [19] to M.1060 [23] do not apply because they are based on the
use of psophometric weighting. Therefore, further study is required to determine the appropriate values for unweighted
circumstances.
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��� 4OTAL�DISTORTION�(special quality circuits only)

When the circuit includes any digital circuit sections, a measurement of total distortion should be made using an
instrument complying with Recommendation O.132 [13]. Such a measurement will include contributions from
quantizing distorion, random noise, harmonic distortion and single tone interference. The minimum signal-to-total
distortion ratio is given in Recommendations M.1020 [19] and M.1025 [20]. However, if this minimum ratio is satisfied,
it should not be assumed that all the parameters which contribute to the measurement are satisfactory. The total
distortion measurement is not a substitute for the individual measurements specified in this Recommendation.

��� 3INGLE�TONE�INTERFERENCE�(special quality circuits only)

The method of measurement is under study.

���� &REQUENCY�ERROR�(special quality circuits only)

The frequency error introduced by the circuit should be measured and recorded. A method of measurement is given in
Recommendation O.111 [14].

The limits specified in Recommendation M.1020 [19] or M.1025 [20], as appropriate, should be met.

���� (ARMONIC�AND�INTERMODULATION�DISTORTION�(special quality circuits only)

Harmonic distortion should be measured by injecting a 700 Hz test frequency of –13 dBm0 at the transmit end of the
circuit. The level of any individual harmonic at the receiving end should not exceed the limit given in Recommen-
dation M.1020 [19] or M.1025 [20] as appropriate.

Alternatively, by bilateral agreement between Administrations, a measurement of second and third order intermodulation
products using an instrument complying with Recommendation O.42 [15] should be performed. The limits are for
further study.

The results should be recorded.

���� #ROSSTALK�(only for special quality circuits)

Crosstalk attenuation between different circuits and between the forward and reverse direction of the same circuit should
meet the characteristics given in Recommendation M.1020 [19] and M.1025 [20]. Measuring techniques for the
measurement of this parameter are described in Recommendations G.134 [24] and G.232 [25]. The bandwidth of the
measuring equipment should not exceed 10 Hz.

���� 0OWER�SOURCE�INTERFERENCES�(only for special quality circuits)

Admissible values of power source interferences are given in Recommendations M.1020 [19] and M.1025 [20].

A test reference frequency of 1020 Hz at a level of 0 dBm0 has to be used for the measurement of this parameter. Levels
of unwanted side components should be measured at frequencies up to ± 400 Hz (see Recommendation G.151 [26] from
the test reference frequency.

� 3ECTIONBYSECTION�LINEUP

The section-by-section approach to the line-up of international leased circuits has been devised to minimize the need for
international coordination and to overcome those situations where end-to-end line-up is not practical or possible.

Loss/frequency and group-delay distortion limits are apportioned to the international and national sections as follows
(see Figure 2):

– International section: one third;

– National sections: one third.

The resulting limits for the international and national sections are given in Table 1 and Table 2 for loss/frequency and
group-delay respectively.
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TABLE  1/M.1050

!PPORTIONMENT�OF�LOSS�FREQUENCY�DISTORTION�LIMITS

Overall loss relative to that at 1020 Hz (dB)

Frequency range National sections
(as per Recommendations:)

International sections
(as per Recommendations:)

M.1020 M.1025 M.1040 M.1020 M.1025 M.1040

Below 300 Hz Loss shall not be less than 0 dB, otherwise unspecified

300-400 Hz – – ∅ to –1.0 – – ∅ to –1.0

300-500 Hz +2.0 to –0.7 +4.0 to –0.7 – +2.0 to –0.7 +4.0 to –0.7 –

400-2000 Hz – – +3.0 to –1.0 – – +3.0 to –1.0

500-2500 Hz – +2.7 to –0.7 – – +2.7 to –0.7 –

500-2800 Hz +1.0 to –0.3 – – +1.0 to –0.3 – –

2000-2800 Hz – – +5.3 to –1.0 – – +5.3 to –1.0

2500-3000 Hz – +4.0 to –0.7 – – +4.0 to –0.7 –

2800-3000 Hz +2.0 to –0.7 – ∅ to –1.0 +2.0 to –0.7 – ∅ to –1.0

Above 3000 Hz Loss shall not be less than 0 dB, otherwise unspecified

∅ Unspecified.
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TABLE  2/M.1050

!PPORTIONMENT�OF�GROUPDELAY�DISTORTION�LIMITS

��� .ATIONAL�SECTIONS

When analogue access to the circuit is available at the terminal international centres, the following tests should be
performed regardless of whether the national section is provided by analogue circuit sections or a combination of
analogue, mixed and digital circuit sections.

����� /VERALL�LOSS

Each national section should be lined up at the reference frequency according to national practices between the terminal
national centre and international centre. Note should be taken of the requirement concerning the receiving relative level
in 2.1/M.1020 [19], 2.1/M.1025 [20] and 2.1/M.1040 [18]. For circuits forming part of a private switched network, the
loss of the national section must be consistent with meeting the required overall loss as agreed between Administrations
(see 2.1/M.1030 [21] and clause 3/M.1030 [21]. A record should be kept of the levels received (including any
measurements made at intermediate national test points). National sections beyond the terminal national centre must also
be lined up.

����� ,OSS�FREQUENCY�DISTORTION

The loss/frequency distortion should be measured at several frequencies. The limits in Table 1 (column headed “National
sections”) have to be met, if necessary, by means of an equalizer (see Note 1).

����� 'ROUPDELAY�DISTORTION�(special quality circuits only)

The limits in Table 2 (column headed “National sections”) have to be met, if necessary, by means of an equalizer
(see Note 1).

����� /THER�CHARACTERISTICS�(special quality circuits only)

The remaining characteristics of special quality international leased circuits (see 2.4-2.11/M.1020 [19]
and 2.4-2.11/M.1025 [20]) should be treated in accordance with the national practices of the Administrations concerned,
bearing in mind the constitution of the national sections involved. Note that it may not be necessary to measure all such
characteristics. For example, quantizing distortion need only be checked when a PCM system is involved, while phase
jitter and frequency error might be omitted where the national section is provided solely by audio line plant.

It should be noted that satisfactory impulsive noise performance on a circuit is likely to be achieved if the circuit is
routed via a primary digital path on which the bit error ratio exceeds 1 · 10–6 (see Note). It is not intended that this digital
parameter be measured.

Limits for group delay relative to the minimum measured group
delay in the 500-2800 Hz (ms)

Frequency range National sections
(as per Recommendations:)

International section
(as per Recommendation:)

M.1020 M.1025 M.1020 M.1025

Below 500 Hz Unspecified – unspecified –

Below 600 Hz – Unspecified – Unspecified

500-600 Hz 1.0 – 1.0 –

600-1000 Hz 0.5 1.0 0.5 1.0

1000-2600 Hz 0.17 0.5 0.17 0.5

2600-2800 Hz 1.0 1.0 1.0 1.0

Above 2800 Hz Unspecified
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NOTE – This digital parameter is used provisionally and further study is required to assess whether other parameters (e.g.
those in Recommendation G.821 [2]) would be more suitable for relating the performance of transient analogue impairments to the
performance of the digital paths on which the circuits are routed.

The limits given in 2.4-2.11/M.1020 [19] and 2.4-2.11/M.1025 [20], as appropriate, apply to the overall circuit, and
cannot therefore be exceeded by either national section.

��� )NTERNATIONAL�SECTION

When analogue access to the circuit is available at the terminal international centres, the following tests should be
performed regardless of whether the international national section is provided by analogue circuit sections or a
combination of analogue, mixed and digital circuit sections.

����� /VERALL�LOSS

The sections comprising the international line (see Figure 2/M.1010 [22]) should be lined up so that when, at the sending
terminal international centre, a test signal at a level of –10 dBm0 is connected to the input of the international line, the
level received at the other terminal international centre is as close as possible to –10 dBm0. The level at intermediate test
points should also be as close as possible to –10 dBm0.

����� ,OSS�FREQUENCY�DISTORTION

The loss/frequency distortion should be measured at several frequencies. The limits in Table 1 (column headed
“International section”) have to be met, if necessary, by means of an equalizer (see Notes 1 and 2).

����� 'ROUPDELAY�DISTORTION�(special quality circuits only)

The limits in Table 2 (column headed “International section”) have to be met, if necessary, by means of an equalizer
(see Notes 1 and 2).

����� /THER�CHARACTERISTICS�(special quality circuits only)

Bearing in mind the constitution of the international section, the remaining characteristics of special quality circuits (as
specified in 2.4-2.11/M.1020 [19] and 2.4-2.11/M.1025 [20], should be checked using the measuring instruments and
methods of measurement mentioned in clause 3 above.

The limits given in 2.4-2.11/M.1020 [19] and 2.4-2.11/M.1025 [20] apply to the overall circuit, and cannot therefore be
exceeded by the international section. Staff responsible for the line-up of international leased circuits at the terminal
international centres should assess, based on the measured values for the international and national sections, whether or
not the overall limits will be met.

It should be noted that satisfactory impulsive noise performance on a circuit is unlikely to be achieved if the circuit is
routed via a primary digital path on which the bit error ratio exceeds 1 · 10–6 (see Note). It is not intended that this digital
parameter be measured.

NOTE – This digital parameter is used provisionally and further study is required to assess whether other parameters
(e.g. those in Recommendation G.821 [2]) would be more suitable for relating the performance of transient analogue impairments to
the performance of the digital paths on which the circuits are routed.

��� /VERALL�CIRCUIT

The constituent sections of the circuit having been satisfactorily lined up, the international and national sections should
be connected together and, where appropriate and possible, the overall circuit should be checked for satisfactory
operation (see clause 6 below).

.OTES�CONCERNING���������������������AND������� (Equalization of loss/frequency distortion and group-delay distortion on
specia1 quality leased circuits).

1 The precise location of any necessary equalizers is left to Administrations to decide according to national practices.
Equalizers built into the modems are not part of the international leased circuit as it is defined in Recommendation M.1010 [22].

Routing restrictions may be necessary to achieve the loss/frequency and group-delay distortion limits specified. Factors
that may contribute to difficulties in meeting these limits are the number of through-group filters in group links, the number of
channel translating equipments, the use of edge channels, heavily loaded cable, etc.
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2 The Administration at the receiving end of the circuit is responsible for seeing that the international section meets the
distortion limits in the receive direction of transmission.

� !DDITIONAL�REFERENCE�MEASUREMENTS

As part of the lining-up procedure it may be considered useful to make reference measurements at intermediate points by
high-impedance bridging methods, and/or measurements made on a loop-basis. Such measurements should be carried
out under the direction of the circuit control station.

� &UNCTIONAL�CHECKS

Where appropriate and possible the complete circuit should be checked for satisfactory operation as follows:

a) Circuit signalling should be checked for satisfactory operation. When the signalling current is transmitted
at the level permitted by national regulations, the limits given in the relevant Q-Recommendations should
not be exceeded at the input to the international line.

b) Tests should be made to determine if excessive echo, instability or other impediments to satisfactory
operation are present. For example, by means of a bilateral agreement, the additional characteristics
mentioned in clause 6/M.1060 [23] may be checked.

� 4RANSMISSION�LEVEL�CHECKS

It should be verified by direct measurement if possible (otherwise by calculation) that when the renter’s apparatus is
transmitting signals at the level permitted by national regulations the following limits (see Note 3) are not exceeded at
the input to the international line:

– Data transmission (Recommendation V.2 [16]) –13 dBm0

– Voice-frequency telegraphy

}amplitude-modulated;frequency-modulated    see 4.1/M.810 [27]

– Phototelegraph or facsimile

amplitude modulation (white level) –13 dBm0

frequency modulation –13 dBm0

– Simultaneous transmission of various signals

total power –13 dBm0

NOTES

1 The above limits apply when the whole of the bandwidth is devoted to one particular transmission at any one time.
When the band is divided among two or more types of transmission the power levels permitted by the various Recommendations
mentioned above should be reduced by the quantity 10 log (3100/X) dB, where�X is the nominal bandwidth in hertz occupied by the
transmission concerned.

2 In addition to the above specification, discrete frequency signals must comply with the requirements of
Recommendation G.224 [17].

3 These are considered too high by some Administrations and additional study of these limits is anticipated in the
future.

� ,EVEL�LIMITERS

Where level limiting devices are fitted on the circuit they should not introduce distortion when the levels transmitted are
within the permitted limits.
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� -ARKING�OF�EQUIPMENT�ASSOCIATED�WITH�SPECIAL�QUALITY�CIRCUITS

In order to reduce to a minimum interruptions on the circuits, it is necessary that all equipment associated with such
circuits (e.g. amplifiers, channel translating equipment, distribution frames, etc.) be positively marked so that the
maintenance staff can readily identify it and can therefore avoid causing interruptions to the circuit inadvertently when
they carry out maintenance work in repeater stations and exchanges.

�� 3HORTTIME�REROUTING�OF�SPECIAL�QUALITY�LEASED�CIRCUITS

The�MAKE�GOOD of a special quality circuit in case of a breakdown or planned outage needs special attention in order to
keep the circuit characteristics within the required limits.

If there is a breakdown or planned interruption of a transmission system, rerouting should be carried out as far as
possible at group, supergroup, etc., or digital path level. This would normally not seriously affect the attenuation and
group-delay distortion. When such a rerouting of transmission links cannot be effected or when only the circuit
concerned is faulty, a reroute circuit or circuit section of similar constitution as that in service should be chosen, in
particular with regard to the number of FDM carrier sections and the relative number of analogue and digital circuit
sections. The procedure of short-time rerouting at audio level can be facilitated if nominated reroute circuit sections
having the same characteristics as the circuit sections of the regular route are available. This consideration also applies to
the local line sections.

The circuit control station, if not directly involved, should be apprised of short-time rerouting which might affect the
operation of the circuit. If a complete line-up is not practical, e.g. due to the expected short duration of the
rearrangement, it is a minimum requirement that at least a check of the circuit overall loss at reference frequency and a
measurement of the random circuit noise should be made.
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