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RECOMMENDATION ITU-R F.634-4 

ERROR PERFORMANCE OBJECTIVES FOR REAL DIGITAL RADIO-RELAY LINKS 
FORMING PART OF THE HIGH-GRADE PORTION OF INTERNATIONAL 

DIGITAL CONNECTIONS AT A BIT RATE BELOW THE PRIMARY 
RATE WITHIN AN INTEGRATED SERVICES 

DIGITAL NETWORK 

(Question ITü-R 13419) 

(1986-1 990-199 1-1994-1997) 

The ITü Radiocommunication Assembly, 

considering 

a) that the error performance objectives of a high-grade 2 500 km hypothetical reference digital path (HRûP) at a 
bit rate below the primary rate for digital radio-relay systems are given in Recommendation ITU-R F.594, which applies 
to N x 64 kbit/s (1 5 Ne 24 ( or e 32, respectively)) (see Note 1); 

b) that network performance objectives for digital sections are given in ITü-T Recommendation G.921; 

cl that real paths which form part of the high-grade portion of an integrated services digital network (ISDN) 
sometimes differ in composition from the HRDP (see Recommendation ITü-R F.556, Fig. 1). and share radio-relay links 
shorter than 2 500 km with other digital links; 

d) that conformity with digital radio performance Recomendations cannot be easily established by direct 
measurements on real systems due to the seasonal and annual variations in propagation conditions, and that practical 
advice on how to apply performance Recommendations is therefore necessary; 

e) 
and planning of real radio-relay links forming part of the high-grade portion of an ISDN; 

that, therefore, it is necessary to give objectives for allowable bit error ratios (BERS) as a guide in the design 

f )  that the Recommendations ITü-R F.1092 and ITU-R F.1189, based on ITU-T Recommendation G.826, give 
error performance objectives for constant bit rate digital paths at or above the primary rate carried by digital radio-relay 
systems which may form part of the international and national portions, respectively, of a 27 500 km hypothetical 
reference path, 

recommends 

1 that error performance should be assessed in terms of the events errored seconds (ES) and severely errored 
seconds (SES) and the parameters errored second ratio (ESR) and severely errored second ratio (SESR) as defined in 
ITU-T Recommendation G.82 1 (see also Recommendation ITU-R F.594); 

2 that when establishing real digital radio-relay links with length, L (km), of between 280 km and 2 500 km 
providing connections at a bit rate below the primary rate and intended to form part of a high-grade circuit within an 
ISDN, the following error performance objectives should be respected for each direction of the N x 64 kbit/s 
(1 I N  < 24 ( or < 32, respectively)) (see Notes 1 , 2 , 3  and 6); 

2.1 that the ESR should not exceed (L/2 500) x 0.0032 in any month (see Note 5); 

2.2 that the SESR should not exceed (L/2 500) x 0.00054 in any month (see Note 5); 
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3 
performance requirements for real digital radio-relay links forming a part of a high-grade circuit within an ISDN. 

NOTE 1 - N is less than 24 in the 1.544 Mbit/s based hierarchy and less than 32 in the 2.048 Mbit/s based hierarchy. 

NOTE 2 -Prior to the approval of Recommendations ITU-R F.1092 (1994) and ITU-R F.1189 (1993, real digital radio- 
relay links forming part of the high-grade portion within an ISDN were designed by applying the error performance 
objectives of the earlier version of this Recommendation, i.e. ITü-R F.634-3 (published in 1994), directly at the system 
bit rate. As a consequence, translation rules were suggested to normalize error performance measurement results 
obtained at the system bit rate to the 64 kbit/s level (see Annex 2) .  

NOTE 3 - Performance objectives for circuits shorter than 280 km are still under study. 

NOTE 4 -For the error performance objectives for circuits longer than 2 500 km see 0 1.1 of Annex 1. 

NOTE 5 - The term “any month’, as used in this Recommendation, is defined in Recommendation ITU-R P.58 1. Where 
measurements are used to ensure compliance with this Recommendation, then the propagation conditions also need to be 
assessed and related to propagation data representative of “any month’ conditions. 

NOTE 6 - The ESR and SESR objectives include all performance degradations other than unavailability. 

NOTE 7 - The Recommendation applies only when the system is considered to be available in accordance with 
Recommendation ITU-R F.557 and includes periods of SESs which persist for periods of less than 10 consecutive s. 
Periods of SESs which persist for 10 consecutive s duration or longer are taken into account by Recornmen- 
dation ITU-R F.557. 

that Annex 1 should be used for guidance on the factors which need to be taken into account in determining 

NOTE 8 -It should be noted that the requirements of this Recommendation are intended to meet the relevant 
performance objectives of ITU-T Recommendations G.82 1 and G.92 1 under all normally envisaged operating 
conditions. 

ANNEX 1 

Factors to be taken into account in determining performance requirements 
for real digital radio-relay links forming part of a high-grade circuit 

within an ISDN 

This Annex considers factors which need to be taken into account in determining performance requirements for real 
digital radio-relay links forming part of a high-grade circuit within an ISDN. 

1 Performance objectives for real digital radio-relay links 

1.1 General consideration 

For the objectives of bit error performance, a hypothetical reference digital connection at a bit rate below the primary 
rate has been defined in ITU-T Recommendation G.82 1. It is sub-divided into portions of different circuit quality, 
termed “high grade”, “medium grade” and “local grade”. The admissible transmission impairment is allocated to these 
portions in fixed percentages. The apportionments for the local grade and medium grade portions are considered as 
block allowances, whereas that for the high-grade portion is regarded as an allocation proportional to distance. 

In conformity with ITU-T Recommendation G.821, the HRDP given in Recommendation ITU-R F.556, and the 
associated error performance objectives for the HRDP at a bit rate below the primary rate given in Recommen- 
dation ITU-R F.594 applying to high-grade digital radio-relay systems, form the first stage of the sub-division. To 
enable each administration to specify performance values for transmission systems, further sub-division into 
hypothetical 
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reference digital sections (HRDS) is necessary. For digital systems of the 2 Mbit/s hierarchy, these values are given in 
ITU-T Recommendation G.92 1. Four quality classifications of HRDS have been defined and each has been assigned a 
fixed percentage of quality impairment. The class 1 section corresponds to the circuit classification “high grade”, but can 
also be used in the “medium grade” portion. Classes 2 to 4 apply to the medium-grade portion only (see 
Recommendation ITU-R F.696). Information on the “local grade” part, which represents only the subscriber line, is 
given in Recommendation ITU-R F.697. 

Recommendation ITU-R F.594 gives performance objectives for the HRDP as defined in Recommendation 
ITU-RF.556. Real links will differ both in length and composition from the HRDP, and it is therefore desirable to 
provide planning objectives for the allowable BERS of such paths, particularly those which are shorter in length than 
the HRDP. 

In general for real links there are two considerations: 

- to find a method of apportioning the objectives given in Recommendation ITU-R F.594 for systems which are 
intended to be connected in tandem in order to form paths similar to the HRDP; 

- to take into account ITU-T Recommendations G.821 and G.921 in determining objectives for digital radio-relay 
links used in medium- and local-grade portions of an ISDN connection. 

It should be noted that in some countries real links can be longer than 2 500 km. 

In these cases the objectives given in recommends 2 may be applied to links with a real length L ( L  > 2500 km), but 
the SESR evaluated for the total link length L should not exceed the objective 0.0005 + (L/2500) x 0.00004 in 
any month. 

Since the performance of digital radio-relay systems is dependent upon fading, it is generally agreed that the behaviour 
of any section of the HRDP will be statistically independent. If this is assumed, then mathematically the HRDP 
performance could be determined by the convolution of the probability density functions of all sections. This process is 
however, not a practical one, since the probability density function is not known in sufficient detail. 

The example given in Fig. 1 illustrates a further important principle coming from the application of ITU-T 
Recommendation G. 102. This Recommendation draws attention to the need for a margin between network performance 
objectives (NPO) and equipment design objectives (EDO) which are essentially the performance predictions for each 
hop (see also $ 2.5.5 of ITU-T Recommendation G.102). In Fig. 1, the predicted outage for the hop (see Recom- 
mendation ITU-R F.1093) accounts for only a proportion of the objective, 10% is allocated to interference from the 
fixed-satellite service (FSS), whilst the remainder is used as a margin to take account of inaccuracies in the outage 
prediction method and for other non-deterministic effects. 

It is necessary to check that all the objectives of this Recommendation are satisfied during route design including SESR, 
and ESR. 

Procedures for predicting performance are described in Recommendation ITU-R F. 1093 and the models generally 
evaluate the percentage of time that a BER of 1 x will be exceeded during a worst-month for multipath fading. 
Performance measurement has shown that the majority of this time is composed of event durations which are less 
than 10 s. For this reason, as the worst-case, the predicted multipath outage could be considered as SES rather than 
unavailable time (see Recommendation ITU-R F.557 for the definition of unavailable time). 

1.2 Network performance objectives (NPOs) and equipment design objectives (EDOs) 

ITU-T Recommendation G.80 1 describes the application of digital transmission models for the specification and 
sub-division of transmission parameters. It shows a way in which a national reference model can be used to arrive at 
NPOs and EDOs for real transmission paths using objectives for hypothetical reference digital connections (HRDXs), 
hypothetical reference digital links (HRDLs) and HRDSs. This procedure is applicable to all transmission media and 
thus to radio-relay systems. 
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