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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
This document aims at justifying the performance of Satellite Radio Interface at the feeder link and ISL.
It proposes some modifications to the clause 8.4.


2. Discussion
Typical characteristics of the feeder link in a satellite communication system

ITU document [1] 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 [1]. 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 [1]. 

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 [1]. 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 (which is the order of magnitude of an 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
 



[bookmark: _Ref885445]Figure 2: Mean fading duration for fading events above 12dB
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 l. Figure 3 illustrates the user outage probability of a N+1 system assuming all gateways have the same individual outage probability.

[bookmark: _Ref1050507]Figure 3: User outage probability for a N+1 system 

Observation 1: In mm-wave, user outage probability is strongly improved using site diversity 
Typical characteristics of ISL in a satellite communication system

In a constellation of GEO satellites, propagation delays are potentially very high as only a few satellites can achieve a global coverage. For instance, considering three satellites in the same plane with angular separation of 120°, the propagation delay is equal to 207ms. 


Figure 4: three GEO satellites with angular separation of 120°
In the LEO case, the ISL propagation delay is constellation specific. Values around 10ms may be considered as typical, as for instance in the Iridium constellation.
Observation 2: In Geo constellation, ISL propagation delays may be up to 207ms while in LEO constellation, typical ISL propagation delays are around 10ms

Hand-over on feeder links
Transparent satellites
For transparent satellites, feeder link handover may be problematic as it directly relates to the Uu interface. The feeder link handover shall therefore be paired with a UE handover procedure. Figure 5 illustrates a method to perform this UE handover:
· Before the HO procedure, UE is connected on a beam coming from the previous feeder
· During the handover procedure, two beams are co-existing at different frequencies, with one beam coming from the previous and one beam from the next feeder
· The UE performs a network-triggered handover
· After the HO procedure, UE is connect on a beam from the next feeder
	

	

	



[bookmark: _Ref1054832]Figure 5: Feeder link handover with transparent satellites

Regenerative satellites
For regenerative satellites, the feeder link can be provided directly from a NTN gateway or indirectly through ISL. The feeder handover may therefore consist in:
· Handover between two NTN gateways connected to same satellite
· Handover between a direct satellite - NTN gateway feeder link and an indirect feeder link (satellite to satellite + satellite to NTN gateway)
· Handover between two indirect feeder links (satellite to satellite + satellite to NTN gateway)
For all cases, it is assumed that each satellite is able to temporary establish two simultaneous connections so that the handover is always unseen by the UE.

Proposal 1: For transparent satellites, feeder handover shall be performed with two co-existing beams to ensure a network triggered UE handover 

[bookmark: _GoBack]Proposal 2: For regenerative satellites, the feeder handover shall remain unseen by the UE
3. Conclusion

Observation 1: In mm-wave, user outage probability is strongly improved using site diversity 

Observation 2: In Geo constellation, ISL propagation delays may be up to 207ms while in LEO constellation, typical ISL propagation delays are around 10ms

Proposal 1: For transparent satellites, feeder handover shall be performed with two co-existing beams to ensure a network triggered UE handover 

Proposal 2: For regenerative satellites, the feeder handover shall remain unseen by the UE
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[bookmark: _Toc530645525]8.4	Transport aspects (FFS)
In the transparent case, aA NTN GW can directly connects directly to one or several satellites via SRI. In the regenerative case, a NTN GW can directly connect to one or several satellites via SRIA satellite can either directly connect to one or several NTN GW via SRI, or indirectly connect to one or several NTN GW via ISL. Hence the NG protocol is transported over SRI, and may also be transported over ISL.
A gNB is connected to the 5GCN. The transport of this logical interface can be realized over SRI and possibly over ISL.
The satellite may embark additional transport routing functions, thatfunctions that are out of RAN scope.
SRI transports 3GPP-RAN specified protocols i.e., transmits the NG interface signaling packets.
ISL can transport:
· Xn interface signaling packets and enable coordination between gNBs on board adjacent satellites, and especially to support UE mobility, from a source gNB to a target gNB. (FFS)
· data packets, in case traffic functions are hosted on board the satellites. (FFS)
· NG interface signaling packets

[bookmark: _Toc530645526]8.4.1 Characteristics of SRI transport links in NTN

8.4.1.1 Characteristics of SRI on the feeder link

Transport over SRI may be subject to the following constraints:
Editors' Note: Some typical figures about outage probability and availability duration should be provided
1. Much longer propagation delay with respect to terrestrial transport links – the typical length for an Earth-satellite link can go from a few thousands of km (LEO scenario) to several tens of thousands of km (GEO scenario). Hence the one way delay over the SRI ranges from 6 ms (LEO @600 km and 10° elevation) to ~134 ms (GEO @35788 km and 10° elevation);
2. Possibly higher outage probability with respect to terrestrial transport links when the SRI operates at mm-wave, which is heavily impacted by atmospheric propagation impairments (e.g. rain attenuation). However this is mitigated through Uplink power control, Adaptive Coding and Modulation and/or space diversity schemes. Typically a feeder link is dimensioned to provide availability up to 99.999% with site diversity.
3. In LEO scenarios,T the SRI may  become unavailable 
· due to atmospheric attenuation when SRI operates at mm-wave
· when when the satellite disappears below the horizon in LEO constellation
Therefore mobility management is typically activated to ensure a seamless service continuity and 0 ms interruption time, as described in Section 8.4.1.3
8.4.1.2 Characteristics of Inter Satellite link

In a constellation of GEO satellites, propagation delays are potentially very high as only a few satellites can achieve a global coverage. A worst case is three geostationary satellites in the same plane with angular separation of 120°, the propagation delay being equal to 207ms. 




Figure 8.4-1: three GEO satellites with angular separation of 120°
In the LEO case, the ISL propagation delay is constellation specific. Typical latency is approximately 10ms.

8.4.1.3 Hand-over on feeder links

Transparent satellites
For transparent satellites, feeder link handover may be problematic as it directly relates to the Uu interface. The feeder link handover shall therefore be paired with a UE handover procedure. Figure 5 illustrates a method to perform this UE handover:
· Before the HO procedure, UE is connected on a beam coming from the previous feeder
· During the handover procedure, two beams are co-existing at different frequencies, with one beam coming from the previous and one beam from the next feeder
· The UE performs a network-triggered handover
· After the HO procedure, UE is connect on a beam from the next feeder
	

	

	



Figure8.4-2: Feeder link handover with transparent satellites

Regenerative satellites
For regenerative satellites, the feeder link can be provided directly from a NTN gateway or indirectly through ISL. The feeder link handover scenarios are:
· Handover between two NTN gateways connected to same satellite
· Handover between a direct satellite - NTN gateway feeder link and a indirect feeder link (satellite to satellite + satellite to NTN gateway)
· Handover between two indirect feeder links (satellite to satellite + satellite to NTN gateway)
In all cases, it is assumed that each satellite is able to temporary establish two simultaneous connections so that the handover is always unseen by the UE and to ensure 0ms interruption time.

END OF CHANGES
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