
 Rec.  ITU-R  S.614-4 1 

RECOMMENDATION  ITU-R  S.614-4 

Allowable error performance for a satellite hypothetical reference digital path in 
the fixed-satellite service operating below 15 GHz when forming part of an 

international connection in an integrated services digital network* 
 

(1986-1990-1992-1994-2005) 

The ITU Radiocommunication Assembly, 

considering 
a) that the concept of an integrated services digital network (ISDN) has been defined by 
the ITU-T; 

b) that satellites operating in the fixed-satellite service (FSS) will have an important role to 
play in extending the concept of the ISDN to international connections; 

c) that satisfactory error performance is an essential feature of any digital transmission 
system; 

d) that the error performance of an international digital connection forming part of an ISDN 
has been specified by the ITU-T in ITU-T Recommendation G.821 at 64 kbit/s; 

e) that the costs of establishing and maintaining digital communication satellite systems are 
critically dependent on overall error performance; 

f) that in defining error performance criteria, it is necessary to take account of all foreseeable 
error-inducing mechanisms, especially time-varying propagation conditions and interference, 

noting 
1 that there are satellite hypothetical reference digital paths (HRDP) still in operation that 
have been designed taking into account the objectives of ITU-T Recommendation G.821, including 
degrading minutes parameter that was subsequently deleted in the 1996 version of ITU-T 
Recommendation G.821, 

recommends 
1 that the bit error ratio (BER) (see Note 2) at the output (i.e. at either end of a two-way 
connection) of a satellite HRDP (as defined in Recommendation ITU-R S.521) operating below 
15 GHz and forming part of a 64 kbit/s ISDN connection should not exceed during the available 
time the values given below: 

1.1 1 × 10–7 for more than 10% of any month, 

1.2 1 × 10–6 for more than 2% of any month, 

1.3 1 × 10–3 for more than 0.03% of any month (see Note 5); 

                                                      
* This version of the Recommendation refers to ITU-T Recommendation G.821 as drafted before 1996 

when the degraded minute parameter was removed. All future satellite system designs should be based 
upon the latest version of Recommendation ITU-R S.1062. 
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2 that the following Notes should be regarded as part of the Recommendation: 

NOTE 1 – Section 1 was established utilizing the method outlined in Annex 1. It is based on, and 
sufficient to meet, the required fixed-satellite HRDP error performance objectives given in ITU-T 
Recommendation G.821 under all envisaged operating conditions. The ITU-T allocations for an 
FSS HRDP, which are considered to apply to the available time over a period of the order of any 
one month, can be stated as: 
– fewer than 2% of the 1 min intervals to have a bit error ratio worse than 1 × 10–6 ; 
– fewer than 0.03% of 1 s intervals to have a bit error ratio worse than 1 × 10–3 ; 
– fewer than 1.6% of 1 s intervals to have errors. 

NOTE 2 – The BERs in § 1 should be measured over a sufficiently long period of time in order to 
ensure that they provide a good estimate of the bit error probability (see Annex 1). 

NOTE 3 – The BERs given in this Recommendation have been based on the assumption that 
contributions to severely errored seconds can be produced by two different error mechanisms: those 
occurring randomly and those occurring in bursts. For the major portion of the time, the errors are 
random and are constrained by § 1.1 and 1.2. Severely errored seconds are excluded from the 
random error measurements made to verify § 1.1 and 1.2, but are included in § 1.3 (see Annex 1). 

NOTE 4 – The BERs in § 1 provide a margin for some burst errors that could arise from sources 
identified in Annex 1. 

NOTE 5 – The value 0.03% of any month relates to the measured BER during the available time. 
This objective could be met, for example, by designing the satellite system to an unavailability 
objective of 0.2% of the worst month (total time). By using a 10% availability factor (ratio of 
available to total time while the BER is worse than 10–3), this would correspond to 0.02% of the 
available time of any month.  

Further, it is necessary to include an allowance to accommodate contributions to those severely 
errored seconds which occur when the BER is better than 10–3. Taking as an example 0.01% of the 
worst month for this allowance, the total performance objective would be 0.03% of the available 
time of the worst month (see Annex 1). 

NOTE 6 – The HRDP referred to in this Recommendation is specified in Recommendation 
ITU-R S.521. 

NOTE 7 – It may be necessary to make special provision regarding the performance of satellite-to-
satellite links. The extent of this provision is a matter requiring further study. 

NOTE 8 – The Recommendation applies only when the system is considered available in 
accordance with Recommendation ITU-R S.579 and includes periods of high bit error ratio 
exceeding 10–3 which persist for periods of less than 10 consecutive seconds. Short interruptions 
(less than 10 s) shall be treated as equivalent to the case in which the BER exceeds 10–3. 

NOTE 9 – The error performance objectives given in this Recommendation are designed to meet 
the specified end-to-end performance of a 64 kbit/s circuit switched, ISDN connection consistent 
with ITU-T Recommendation G.821. Performance objectives for satellite systems carrying PCM 
encoded telephony in a non-ISDN connection are given in Recommendation ITU-R S.522. 
Recommendation ITU-R S.614 may be used in the design of satellite systems carrying other forms 
of digital information, such as voice band data (e.g. facsimile) or low rate encoded (LRE) speech 
(under 64 kbit/s), until more specific studies are completed which may lead to improved 
performance objectives. 
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NOTE 10 – The objectives for BERs indicated in § 1 are not unique in meeting the required 
performance objectives given in ITU-T Recommendation G.821. Other masks for the BERs may be 
used by the designer where appropriate as long as these masks satisfy ITU-T Recommendation 
G.821. Examples of alternative masks are shown in Annex 1. 

NOTE 11 – It is desirable that systems be planned on the basis of propagation data covering 
a period of at least four years. The performance recommended to be met for “any month” should be 
based on the propagation data corresponding to the median “worst month of the year” taken from 
the monthly statistics of all the years for which reliable data are available. 

NOTE 12 – The error performance described in § 1 was developed based on the use of the HRDP in 
the “high grade” section of the hypothetical reference connection (HRX) (see ITU-T 
Recommendation G.821). Other applications of the HRDP in the HRX are possible and the error 
performance objectives can be adjusted accordingly. 

NOTE 13 – In order to comply with the values given in § 1, for systems operating above 10 GHz, 
it may be advantageous to make use of fade countermeasures strategies and techniques for which 
basic guidance is provided in Recommendation ITU-R S.1061. 

NOTE 14 – A method of measuring BERs against percentage of time is given in Annex 1. 

 

Annex 1 
 

Characteristics of a fixed-satellite service hypothetical reference 
digital path forming part of an integrated services digital network 

1 Introduction 
This Annex discusses the performance objectives that an FSS HRDP will need to achieve when it 
forms part of a hypothetical reference connection (HRX) in an ISDN. The ISDN HRX for a 
64 kbit/s circuit switched connection is defined in ITU-T Recommendation G.821 (CCITT Blue 
Book 1988, Fascicle III.3) which uses three circuit classifications for performance quality 
definition: local, medium and high grade. International satellite circuits are considered part of the 
high grade performance section. 

The apportionment of the overall ISDN HRX performance objectives to the FSS and the impact of 
this apportionment on the design of FSS systems are presented in the following sections. 

2 64 kbit/s satellite channels forming part of the ISDN HRX 

2.1 Performance requirements of the FSS HRDP 

2.1.1 Satellite system error performance objectives 
The performance of satellite systems is generally given in terms of bit error probability while ITU-T 
Recommendation G.821 identifies time intervals that must have a specified error ratio for certain 
time percentages. These percentages are taken over a longer period, i.e. of the order of one month. 
This section presents the method that has been used for converting from the ITU-T specification to 
the form of performance objective used for satellite systems, and gives the satellite HRDP 
performance requirements that result from applying this method to the values quoted in ITU-T 
Recommendation G.821. 
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A careful distinction between bit error probability (BEP) and bit error ratio (BER) has been made in 
this Annex. BEP, which is used extensively in the following sections, is an abstract quantity used to 
express the theoretical performance of data communications equipment. BER is a quantity that is 
readily measurable (i.e. bit errors per bits transmitted). By making a sufficient number of 
measurements each lasting a sufficient time, the BEP can be estimated to within any desired 
accuracy. 

The approach adopted in this Annex is to assume that (at 64 kbit/s) the satellite system link 
performance is limited by mechanisms that are essentially random in nature and can be analysed by 
using a Poisson or binomial approach to calculate the probability of experiencing a given number of 
errors in a given time interval, with a given bit error probability. In practice, system designers must 
also be aware of bursts of errors which would not be picked up by this approach (some of the 
mechanisms which could give rise to such bursts are described in § 2.2) and allow sufficient 
margins to cover these effects. 

The bursty errors due to error correction techniques are treated in § 5. 

2.1.2 ITU-T Recommendation G.821 requirements 
Table 1 summarizes the end-to-end performance objectives given in ITU-T Recommendation G.821 
and the satellite HRDP objectives. For each performance classification the overall end-to-end 
requirement is given, along with the requirement on a satellite HRDP. 

2.1.3 BEP models required to meet ITU-T Recommendation G.821 
Section 3 outlines the method by which a given BEP versus percentage-of-time distribution can be 
analysed in terms of the parameters given in Table 1. Using this procedure, it has been possible to 
derive a number of distributions, or models, based on the general characteristics of satellite systems, 
which meet or exceed the objectives given in ITU-T Recommendation G.821. 

Of the models given in § 3, one is summarized here. This model strikes a compromise between the 
requirements of propagation limited systems typically operating above 10 GHz, and those of 
interference limited systems typically operating below 10 GHz and can be met by high-capacity, 
state-of-the-art satellite systems. 

The BEP requirements of this model as indicated by the breaking points of the curve shown in 
Fig. 3 are as follows: 
– BEP = 1 × 10–7 for 90% of the worst month, 
– BEP = 1 × 10–6 for 98% of the worst month. 

The performance of this model is summarized in Table 2 in terms of degraded minutes, errored 
seconds and severely errored seconds. The performance is listed in terms of both total time and 
available time in order to show the relationship between system design calculations and the 
objectives of Recommendation ITU-T G.821. 
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TABLE  1 

Overall end-to-end and satellite HRDP error performance  
objectives for international ISDN connections 

NOTE 1 – The terms “degraded minutes”, “severely errored seconds” and “errored seconds” are used as a convenient and concise 
performance objective “identifier”. Their usage is not intended to imply the acceptability, or otherwise, of this level of performance. 
NOTE 2 – The 1 min intervals mentioned above are derived by removing unavailable time and severely errored seconds from the 
total time and then consecutively grouping the remaining seconds into blocks of 60. 
NOTE 3 – For practical reasons, at 64 kbit/s, a minute containing four errors (equivalent to an error ratio of 1.04 × 10–6) is not 
considered degraded. However, this does not imply relaxation of the error ratio objective of 1 × 10–6. 
NOTE 4 – Overall end-to-end and satellite HRDP performance objectives are expressed in terms of available time (see § 2.1.5). 
 

The short-term (see Note 1) breakpoint (i.e. BEP 10–3) used in these models was 0.2% of the month 
(total time) with a propagation availability factor of 10% (§ 2.1.5 and § 3). 
NOTE 1 – The phrase “short-term” refers to the period of time when the satellite portion of the connection is 
experiencing extremely degraded performance (i.e. error performance > 1 × 10–3). The words “long-term” 
refer to the period of time when the satellite portion of the connection is not experiencing degraded 
performance (i.e. error performance ≤ 1.0 × 10–6). 

TABLE  2 

 Performance 

Objectives Total time (%) Available time (%) 

Degraded minutes  2.05  1.87 

Errored seconds  1.74  1.56 

Severely errored seconds  0.204  0.024 

 

2.1.4 Satellite transmission considerations 

The performance of a satellite digital transmission link is a function of various factors. One highly 
significant factor is the effect of propagation disturbances on transmission. Using methods 
developed by Study Group 3 (ex SG 5), the effects of propagation disturbances on digital 
transmission performance can be predicted. 

Section 4 gives the results of calculations comparing the performance of three different 
international digital satellite systems. These calculations are included to provide insight into the 
effects of propagation on the short-term BEP, as a function of time for practical systems. 
Performance limits included in the various models are shown in Fig. 4. 

Performance classification Overall end-to-end objectives 
(Note 4) 

Satellite HRDP objectives 
(Note 4) 

(a) 
Degraded minutes 

(Notes 1, 2) 

Fewer than 10% of 1 min intervals to 
have a bit error ratio worse than 1 × 10–6

(Note 3) 

Fewer than 2% of 1 min intervals to 
have a bit error ratio worse than 1 × 10–6

(Note 4) 

(b) 
Severely errored seconds 

(Note 1) 

Fewer than 0.2% of 1 s intervals to have 
a bit error ratio worse than 1 × 10–3 

Fewer than 0.03% of 1 s intervals to 
have a bit error ratio worse than 1 × 10–3 

(c) 
Errored seconds 

(Note 1) 

Fewer than 8% of 1 s intervals 
 to have any errors  

(equivalent to 92% error-free seconds) 

Fewer than 1.6% of 1 s intervals  
to have any errors 

(equivalent to 98.4% error-free seconds) 
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It should be noted that the performance of a satellite digital transmission channel can be designed to 
meet virtually any performance specification. However, the use of forward error correction, power 
control and site diversity which can significantly improve system performance has penalties of 
decreased capacity and/or increased cost. The use of such techniques therefore requires suitable 
justification. 

Radiocommunication Study Group 4 feels that further study is required on the effects of 
propagation disturbances on satellite digital channel performance and welcomes further information 
on this topic. 

2.1.5 Availability and severely errored seconds performance 

In the derivation of the performance models to meet ITU-T Recommendation G.821 described in 
§ 4, it was necessary to consider the proportion of time for which the link is declared available. The 
generally accepted definition for the unavailable time is: 

A period of unavailable time begins when the BER in each second is worse than 1 × 10–3 for a 
period of 10 consecutive seconds. These 10 s are considered to be unavailable time. The period of 
unavailable time terminates when the BER in each second is better than 1 × 10–3 for a period of 10 
consecutive seconds. These 10 s are considered to be available time and would contribute to the 
severely errored second performance objective. Excessive BER is only one of the factors 
contributing towards the total unavailable time. Definitions concerning availability can be found in 
ITU-T Recommendation G.106. 

Availability must be taken into account in the design of satellite transmission links which 
experience occasional periods of attenuation during precipitation which exceed the margins of the 
system. This is particularly true at frequencies above 10 GHz and propagation studies illustrate this 
fact. 

A summary of propagation measurements showing propagation attenuation events which do not 
result in unavailable time is given in Recommendation ITU-R S.579. The conclusion reached 
indicates that of the total time when attenuation levels likely to cause a BER worse than 10–3 are 
experienced, only 10% of the time is made up of periods that would be defined as “available time” 
by the ITU-T criteria. The remainder would be unavailable time. This implies a “propagation 
availability factor” of 10%. As an example, if, for 0.2% of the total time the BEP is 1 × 10–3 or 
worse, then, due to propagation behaviour, only 10% of this time or 0.02% would be considered 
available time. This leads to a “short term” performance criterion of a BEP of 1 × 10–3 for 0.2% of 
the total time. 

The unavailability objectives of a satellite HRDP due to equipment and propagation are given in 
Recommendation ITU-R S.579. A provisional value of 0.2% of a year is assigned to the equipment 
unavailability objective, whilst a suggested value of 0.2% of the worst month is proposed for the 
propagation unavailability performance for an HRDP. 

Recommendation ITU-R S.579 provides measurement data on propagation availability performance 
which indicates that for low “availability factors” and various locations and climates, the percentage 
of unavailable time can exceed 0.2% of the month, for attenuation levels of interest. In any event, 
the total unavailable time allowance for propagation should not be less than the model short-term 
objective required to meet ITU-T Recommendation G.821, i.e. 0.2% of the month. Consequently, it 
was recommended that this value be adopted in Recommendation ITU-R S.579 for frequencies less 
than 15 GHz. 

Further propagation study is required, however, to confirm a representative percentage value for 
different frequency bands, elevation angles and climatic zones. 
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Finally, regarding the availability of a transmission system (employing techniques such as TDMA), 
it should be noted that system availability can differ from propagation availability owing to the 
possible loss of synchronization when the carrier drops below some synchronization threshold 
(typically 10–2) for several seconds. Since it usually takes several round trip times for acquisition in 
the TDMA system, synchronization cannot always follow momentary recoveries of the carrier level. 
As a consequence, there may be periods when the carrier will rise to a level corresponding to a BER 
better than 10–3, but due to synchronization delay the circuit may have a measured BER worse than 
10–3. These periods may contribute to unavailable time as opposed to available time. 

In some operational TDMA systems the terminals make BER measurements on the unique word of 
each received traffic burst over successive periods of less than 10 s. This period has a duration of 
4 s (128 multi-frames) in the case of the EUTELSAT TDMA system. When a BER threshold of  
10–3 is exceeded during one measurement period a set of high BER maintenance alarms are 
exchanged between the transmit and receive TDMA terminals. This causes the sending of particular 
signalling sequences (“a” and “b” bits set to 1 for all circuits concerned or alarm indication signal 
(AIS)) towards the international switching centre (ISC) from each of the two terminals. These 
sequences may be interpreted as call release messages and may cause the interruption of the calls 
concerned. Further study is required to determine the effect on the network availability as a result of 
high BER alarms. 

2.2 Other error-causing mechanisms 
Although the major error contributions in digital satellite systems will be due to propagation and 
interference effects, other error mechanisms do occur. This section provides some information 
relating to the frequency and duration of such error events specifically with the objective of 
identifying them to the satellite system designer. In fact, during the design of a digital link a 
percentage allocation of the overall performance objectives may be assigned to these mechanisms. 
However, it is assumed that these error events will not cause the satellite link to be considered 
unavailable, i.e. those of 10 s duration or less. Further information on mechanisms causing 
unavailability is given in Recommendation ITU-R S.579. 

The following corresponding mechanisms have been identified as producing bursts of errors: 
– signal path switching in earth-station IF and RF equipment, 
– signal path switching in earth-station baseband equipment, 
– power supply transients at earth stations, 
– signal path switching in the satellite. 

Estimates for the frequency and duration of error bursts due to the above mechanisms are shown 
below and are summarized in Table 3. 

TABLE  3 

Typical examples of burst error mechanisms 

Effect Frequency Duration 

IF/RF switching 1.0/month 150 ms 

Spurious switching 2.0/month 150 ms 

Baseband switching 1.2/month 2-128 bits 
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From Table 3 the following deductions can be made: 
– Considering the effect on 64 kbit/s connection over a 1 min integration period, it can be 

concluded that all the effects in Table 3 cause a 1 × 10–6 per minute objective to be broken, 
meaning that some of the time for which 10–6 is permitted to be exceeded must be allocated 
to these effects. 

– The total number of events in Table 3 is 4.2 per month, hence on average 0.0097% of 1 min 
periods will be degraded. 

– Each of the events in Table 3 lasts less than 1 s and so on average only 4.2 s/month, i.e. 
0.0002%, will contain errors as a result of these effects. 

The 4.2 occurrences per month present only 0.01% in degraded minutes and 0.00016% in severely 
errored seconds, whereas Recommendation ITU-R S.614 has a safety margin of 0.13% and 0.006% 
respectively. Therefore the mask of the present Recommendation does not require modification to 
cater for the possible existence of burst errors on a particular satellite system. If further study 
reveals the existence of other burst producing mechanisms, modification of the present 
BER requirements may be necessary. 

2.2.1 Switching at IF and RF 
Errors are caused as a result of IF and RF switching to bring stand-by equipment into use because of 
failures or routine maintenance requirements. 

To determine the frequency of switching events, it is necessary to look at the mean time between 
failures (MTBF) for various components. From this, the number of switch-overs per month can be 
deduced. An example of some typical MTBFs is given in Table 4 along with the resulting average 
switch-over frequency. 

TABLE  4 

Typical earth-station equipment failure rates 

Device MTBF 
(h) 

Average switch-over 
frequency  

(per month) 

High power amplifier (HPA) > 2 000 > 0.36 

Up converter > 4 000 > 0.18 

Modem > 4 000 < 0.18 

Low noise amplifier (LNA) > 8 000 > 0.09 

Post LNA cabinet 50 000 > 0.01 

Down converter > 4 000 > 0.18 

Total  > 1.01 

 

The “total” figure given in Table 4 relates to a one-way link incorporating one transmit and one 
receive earth station. It does not, of course, make any allowance for the fact that statistically some 
months will be worse than this average. The possible need to allow for this requires further study. 

The duration of each switch-over will be typically 150 ms including control circuit reaction time. 
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2.2.2 Switching at baseband 
Because of the limited application of digital baseband equipment to date, there is very little 
experience from which to derive failure rates. The only information available relates to TDMA 
equipment which is expected to return overall MTBFs of 3 000 h for central terminal equipment and 
2 000 h for interface modules. Taken together these will result in 0.6 failures per month, or 1.2 per 
month total on a complete link. This is a figure which can be closely controlled by use of good 
design practices. 

The switch-over time when failures do occur is very short but the effect on traffic can last rather 
longer. The result can be anything from 2 or 3 bit errors up to loss of a multi-frame, i.e. 128 bits on 
any one 64 kbit/s channel. 

2.2.3 Power supply transients 
This effect is very difficult to quantify. The best evidence available is that within the IF/RF 
equipment, twice as many switch-overs are, on average, the result of these spurious effects as are 
caused by actual equipment failures. Based on the IF/RF information given above, a figure of two 
switch-overs per month can therefore be attributed to this effect. 

2.2.4 Signal path switching in the satellite 
Although no data is currently to hand on this effect, it is considered unlikely to be as frequent as 
earth-station path switching. However, this may change as more complex satellites are put into 
service, especially if on-board switching or processing is employed, and the subject therefore 
requires further study. 

2.2.5 Effects of equipment switch-overs on ITU-T Recommendation G.821 parameters 
During tests conducted on TELECOM-1 between Bercenay-en-Othe and Trou-Biran, it was 
observed that earth-station equipment switch-overs produced the following effects on ITU-T 
Recommendation G.821 parameters: 

 

 Severely errored 
seconds 

Errored seconds Degraded minutes 

Parametric amplifier 2 2 0 

Modem 2 2 0 

 

Further information is needed on this topic, particularly in regard to the effects caused by other 
IF/RF equipment. 

3 Error-performance calculations and models 

3.1 Introduction 
This section describes the method by which the performance of a link, expressed in terms of a BEP 
versus percentage of time distribution, can be assessed in terms of the parameters given in Table 1. 
The procedure for determining the performance is outlined in § 3.2 below whilst § 3.3 develops a 
number of BEP versus percentage of time models which meet ITU-T Recommendation G.821 based 
on the general characteristics of “real” systems. 
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3.2 Method of calculation 
An important first assumption is that satellite system link performance is limited by mechanisms 
that have essentially random characteristics. This assumption enables a Poisson or binomial 
approach to be used to calculate the probability of experiencing a given number of errors or error 
events in a given time interval with a given bit error or error event probability. Within the numerical 
range of the parameters of interest here, the binomial distribution converges to the Poisson 
distribution. 

Data has shown that the assumption of random occurrences of errors or error events is valid. An 
example is given in § 5, while further examples which bear out this assumption have been presented 
during ITU-R meetings. Information is also given in § 5 on the departure of the distribution of the 
error occurrences from a random distribution due to the use of forward error correction. 

In order to assess the performance of a link with regard to satisfying the requirements of ITU-T 
Recommendation G.821, it is necessary to construct a model of the link performance in terms of 
BEP versus percentage of time. Once the link model is established, calculations can be made to 
determine if the particular link model satisfies the errored interval criteria of ITU-T 
Recommendation G.821. This is done by dividing the percentage of time axis into small intervals, 
which imply corresponding constant values of BEP for those small intervals, calculating the 
probability of occurrence of the various errored intervals at the BEP, multiplying by the value of the 
time interval and summing the probabilities for each errored interval and comparing the resulting 
total probabilities with the criteria. 

To illustrate the method of calculation, the percentage of errored seconds (ES), severely errored 
seconds (SES), and degraded minutes (DM) are determined as follows: 
a) divide the percentage of time axis of the model under consideration into many sections such 

that the curve may be represented by a ladder approximation. Each stepped interval then 
possesses a constant BEP; 

b) for the BEP value of each stepped section, determine from Fig. 1 or 2 the probability of ES, 
SES, or DM as appropriate; 

c) this probability multiplied by the elemented percentage of time in the interval, gives the ES, 
SES or DM contributed by this interval; 

d) the sum of all contributions gives the total percentage of ES, SES or DM. 

Steps a) to d) can be summarized mathematically as follows: 

  Total of all contributions  =  Σ [(1  −  P(E, N, BEP)) ⋅ ∆T ] 

where: 
 ∆T : time interval of the stepped section 
 P(E, N, BEP) : probability of the particular objective 
 E : error threshold 
 N : number of bits in the time interval of the performance parameter under 

consideration 
 BEP : bit error probability; 
e) an additional term must be added to the total for SES to include those contributed from the 

periods that have a BEP in excess of 10–3 and which are also available (see § 2.1.5); 
f) finally the results may be expressed in terms of the percentage of available time. The results 

are then in the form of the performance objectives of ITU-T Recommendation G.821 and 
may be compared with them. 

Copyright International Telecommunication Union/ITU Radiocommunication Sector 
Provided by IHS Markit under license with ITU-R Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ITU-R S.614-4 2005

http://www.avadocuments.com/doc/itu-r-s-614-4-2005
http://www.avadocuments.com/doc/itu-r-s-614-4-2005


 Rec.  ITU-R  S.614-4 11 

The curves of Figs. 1 and 2 have been calculated using the following Poisson distribution formula: 

  P(E or fewer errors)  =  ∑
=

⋅−⋅⋅E

K

BEPNK

K
eBEPN

0 !
)()(  

where: 
 N : number of bits in the desired integrating time interval, e.g. 64 000 × 60 for a 

1 min interval 
 E : error threshold 
 BEP : bit error probability.  

3.3 Performance of models 
By application of the conversion process outlined above, it is possible to identify a number of 
different satellite system performance models that will meet or exceed the objectives of ITU-T 
Recommendation G.821. Four such models are shown in Fig. 3. 
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FIGURE 3 
BEP performance models which meet ITU-T Recommendation G.821 
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