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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document aims at proposing a TP for the annex capturing the justification of the performance of Satellite Radio Interface at the feeder link that was provided in R3-191032.

2. Text Proposal for TR 38.821 v0.4.0
START OF CHANGES
[bookmark: _Toc2952239]2	References

…
[bookmark: _GoBack]
[11] ITU-R P.618-13 (12/2017) « Propagation data and prediction methods required for the design of Earth-space telecommunication systems »

END OF CHANGES

START OF CHANGES


ANNEX C: Typical satellite feeder link characteristics

ITU document [11] describes the different contributions that affect the propagation loss, relative to free-space loss:
· attenuation by atmospheric gases;
· attenuation by rain, other precipitation and clouds;
· focusing and defocusing;
· decrease in antenna gain due to wave 
· front incoherence;
· scintillation and multipath effects;
· attenuation by sand and dust storms

The impact of these effects depends on frequency, geographic location and elevation angle.
Most of these effects can be counteracted using uplink power control (ULPC) and/or ACM, similarly to terrestrial networks. For high frequency bands however (typ. above 20GHz), rain attenuation can be of several tens of dBs. For the feeder link, site diversity is used to increase the feeder link availability, and consists in rerouting traffic to alternate earth stations, as described in clause 2.2.4 of [11]. Fading prediction algorithms are necessary to anticipate outage and to load the context in the new gateway to ensure a seamless connection. The prediction of outage probability due to rain attenuation with site diversity is given in clause 2.2.4.1 of [11]. 

Typical attenuation not exceeded 99.9% of the time is given in Figure 1 for a gateway located in Agadir following ITU-R P.618-13 model [11] with carrier frequency equal to 30GHz. It shall be noted that elevation angles below 20° lead to very high attenuation.

Figure 2 gives the mean fading duration for fading events above 12dB at 30GHz. Such value is in the order of a typical outage event, considering for instance 6dB of ULPC and an accepted capacity decrease corresponding to 6dB of ACM).

Figure 1: Attenuation not exceeded 99.9% of the time at 30GHz
 



Figure 2: Mean fading duration for fading events above 12dB at 30GHz

Assuming N nominal gateways and P redundant gateways, it can be demonstrated that the probability that a given user is in outage due to feeder link is given by:
gateways in outage)
With (see [2])

 being the number of all possible combinations with k gateways in outage and  indicates if gateway j is in outage for combination . Figure 3 illustrates the user availability probability of a N+1 system assuming that all gateways have the same individual availability probability.


Figure 3: User availability probability of a N+1 system 
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