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RECOMMENDATION  ITU-R  M.1188-1 

Impact of propagation on the design of non-GSO mobile-satellite  
systems not employing satellite diversity which provide  

service to handheld equipment 
(Question ITU-R 88/8) 

 

(1995-2006) 

 

Scope 

This Recommendation provides the factors to be taken into account for designing a non-GSO MSS handheld 
system not employing satellite diversity. The consideration of propagation impairments are given in 
Annex 1. 

The ITU Radiocommunication Assembly, 

considering 
a) that a mobile-satellite service (MSS) system design must take account of propagation 
characteristics; 

b) that non-geostationary (non-GSO) satellite propagation paths have characteristics different 
from those in terrestrial mobile systems; 

c) that to provide reliability and quality in handheld communications requires adequate link 
margin in the system to combat propagation impairments; 

d) that determination of required link margin is heavily influenced by the nature of 
propagation impairments and system implementation details; 

e) that there is strong influence of elevation angle on fading; 

f) that rate of change of signal level (fading bandwidth) due to changing geometry between 
the two communication end-points appears to vary at rates up to 200 Hz; 

g) that considerable fading may be encountered both in clear line-of-sight (LoS), and in 
heavily shadowed conditions due to user motion and user head or body interference; 

h) that Recommendation ITU-R P.681 provides propagation prediction methods for land-
mobile satellite systems, and that work is continuing within Radiocommunication Study Group 3 
under Question ITU-R 207/3 to expand this information, 

recommends 
1 when designing a non-GSO MSS handheld communication system not employing satellite 
diversity for operation in the 1-3 GHz band: 
– that the effects of varying rate of fade should be taken into account in design of receiver 

acquisition times; 
– that link margins and system design should be adequate under considerable fading due to 

user motion and user head or body interference as well as the effects of shadowing, and 
system designs must compensate for channel impairments; 
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– that the information in Recommendation ITU-R P.681 should be used as reference for 
propagation information. The propagation impairment information in Annex 1 relates to 
one proposed system; 

– that data interleaving and forward error correcting techniques should be used in combating 
fading conditions. 

 

 

 

 

 

 

Annex 1 
 

Propagation impairments of non-GSO mobile-satellite systems providing 
personal communication services not using satellite diversity 

1 Introduction 
To achieve optimal and efficient communication system performance, the system design must 
consider and mitigate against propagation path impairments. 

2 Summary of applicable propagation effects 
The appropriate propagation data for these applications are given in the latest revision of 
Recommendation ITU-R P.681. This Recommendation gives details of the expected fading 
statistics on paths obstructed by trees and in urban areas for various elevation angles and also 
discusses the effects of head blockage. Azimuth may affect head blockage. In many cases, flat 
fading with respect to frequency will be observed. 

Thus, narrow-band signal formats should anticipate some fade effects across their operating 
bandwidth. 

It may also be expected that fading in this band will have a burst characteristic, whether clear LoS 
or shadowed which is due to satellite motion and user movement. A system design, when specifying 
a signal structure and baseband structure, must carefully consider these fading characteristics. 

2.1 Clear LoS fading 
A clear LoS condition is one where no obstacle blocks the satellite signal. A portable 
communication terminal operating under these conditions must contend with two impairment 
effects which may require additional margin. These are ground reflection and interference by the 
body. The latter can also be described as head blockage or head interference when the handheld 
mobile earth station (MES) with integral antenna is used in telephone hand-set fashion. 

Lower elevation angle geometries introduce more pronounced impairments. For arbitrary aspect 
angles of the source, the probability is relatively high that the head will partially shadow either the 
antenna’s direct line-of-sight or the ground multipath direction. 
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Fading maximum rate of change, also referred to as fading bandwidth, is determined by the varying 
geometry between the two communication end points and also by object types which give rise to 
fades, e.g. trees, hills, etc. For example, where one end point is a non-GSO satellite and the other a 
stationary handheld MES, the fading bandwidth will be low and influenced by the relative motion 
of the satellite. Alternatively, where the two points are a moving MES and a non-GSO satellite, the 
fading bandwidth will be higher and influenced primarily by mobile terminal speed. Examination of 
previous data has shown that fade bandwidth varies between 20 Hz and 200 Hz. The higher values 
of fading bandwidth will affect receiver acquisition design and the design of systems with 
dependency on power control. 

2.2 Impairment due to shadowing by trees 
There is likely to be little difference in fade impairments between intermediate and high elevation 
angle ranges in tree-shadowed conditions, since the shadowing effect, rather than elevation, 
dominates (refer to Recommendation ITU-R P.681, Annex 1, § 4.1). 

2.3 Effects due to multipath from structures 
Where tall structures are present, as in suburban or urban environments, two additional signal 
impairment effects are possible: 
– almost total blockage of the direct LoS signal component; 
– multipath (other than ground specular) from large structures, e.g. buildings or water towers 

relative to the direct LoS signals. 

In personal satellite communications, multipath, if present at a significant power level, is very 
significant if multipath delay is long relative to symbol duration. The implication would be that 
fading may be frequency selective and that equalizers may be required in a receiver design. The 
effect is significantly different from that in terrestrial cellular or terrestrial trunk communication 
systems, where both have been designed to overcome this impairment by use of high transmitted 
power in relation to slant range. 

There is very little quantitative data on multipath for the geometry of satellite transmission paths. 
However, one data set from measurement campaign in a dense urban environment showed that the 
multipath signal components recorded in this measurement campaign all have either a low power 
level or a very low probability level, or both, compared to that of the LoS component. Thus, these 
measurements lead to the conclusion that structure induced multipath will not be deleterious in non-
GSO MSS LoS communication. 

Appendix 1 describes an example of TDM/FDM system design taking the above into consideration. 
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