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1. Introduction
Feeder link switch was discussed during RAN3 #109-e meeting, here is the agreement:

With the above statement, there is common understanding to support soft and hard switchover in Rel-17;
Stage 2 and later Stage 3 will have to be further developed.

In this document we would like to discuss soft and hard feeder link switch for NTN. 

2. Discussion
2.1 The concept of feeder link switch
According to the R17 WI [1], the types of NTN platforms are narrowed to three: LEO, GEO and HAPS. And transparent satellite is the only architecture which is chosen. Here is the architecture described in TR 38.821:
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Figure 5.1-1: Networking-RAN architecture with transparent satellite

Some detailed description is also in TR 38.821:

As described in TR 38.821:

The satellite payload implements frequency conversion and a Radio Frequency amplifier in both up link and down link direction. It corresponds to an analogue RF repeater. 

Hence the satellite repeats the NR-Uu radio interface from the feeder link (between the NTN gateway and the satellite) to the service link (between the satellite and the UE) and vice versa.
The Satellite Radio Interface (SRI) on the feeder link is the NR-Uu. In other words, the satellite does not terminate NR-Uu.

The NTN GW supports all necessary functions to forward the signal of NR-Uu interface.

Different transparent satellites may be connected to the same gNB on the ground.
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Figure 8.7.1.1-1: Feeder link switch for transparent LEO NTN

Figure 8.7.1.1-1 shows the feeder link switch for transparent LEO. As seen from the figure, in the transparent case the gNB is on earth thus there will be a switch from gNB1 to gNB2. Also, the GW1 and GW2 may connect to the same gNB.
Since LEO satellites fly around the earth, the NTN gateway connected with the LEO satellite changes as time goes by. As mentioned in TR 38.821, the potential impact of feeder link switch on RAN should be discussed further. Since DAPS was introduced in R16 for 0 ms interruption during handover, similarly, the switchover should be performed without causing service disruption to the served UEs.
Proposal 1: The feeder link switch should be performed without causing service disruption to the served UEs.
2.2 The solution for feeder link switch
As mentioned in TR 38.821, there are some potential solution for feeder link switch in two scenarios:

· Option 1: Feeder link soft switch
Figure 8.7.1.1-2 in TR 38.821 shows one possible solution to enable service continuity for feeder link switch. At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished.
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Figure 8.7.1.1-2: Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch

In this way, it is assumed that represent cells of two different gNBs over a given area via the same satellite but via different NTN-GWs. It could be a challenge for satellites since it needs the satellite has the capability to connect two GWs simultaneously. What is more, how to enable cells of two gNB via the same transparent LEO satellite should be defined.

Observation 1: Feeder link soft switch requires the satellite has the two capabilities: connect two GWs simultaneously and two cells from two different gNB via the same satellite.
The two gNBs may utilize different radio resources of the transparent satellite to ensure both gNBs are visible to the UE (overlapping coverage areas) simultaneously. Obviously, feeder link soft switch is very close to terrestrial network coverage: neighbour cells has part overlap. Therefore it gives served UEs in this area enough time to handover from gNB1 to gNB2 and the service will not interrupt during feeder link soft switch. 
If the GW1 and GW2 connect to the same gNB, it is the same cell via different NTN-GWs at time T1.5. In this scenario, it has little impact to served UEs during feeder link soft switch.

Observation 2: Feeder link soft switch could achieve no service disruption to the served UEs.
· Option 2: Feeder link hard switch

Figure 8.7.1.1-3 shows another possible solution to enable service continuity for feeder link switch. At time T1, the satellite stops to transfer the signalling from the serving GW1. At time T2, the satellite starts to transfer the signalling from the target GW2.
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Figure 8.7.1.1-3: Feeder link switch over for LEO transparent satellite with one feeder links serving the satellite during the switch

Assuming only one feeder link connection serving via the same satellite is applicable during the transition, which means the signal of the serving cell will be not available during time T1 to time T2. As mentioned in TR 38.821, there are two ways for feeder link hard switch:
Solution 1: Feeder link hard switch procedure is based on accurate time control

Assuming the old feeder link serves the satellite until to T1 and the new feeder link begins to serve the satellite from T2. This assumes that the cells of the source gNB(s) are represented over a given area at any time before T1, and the new cells of the target gNB(s) are represented from time T2.

As there's no overlap of source cells and target cells from the gNB(s) located at the old and the new NTN GWs, the switch over relies on accurate time control. The handover command should be sent to all the UEs before T1, e.g. CHO. The UE should not initiate the handover procedure immediately upon receiving the Handover Command, instead, UE should initiate the handover procedure after T2, and thus an activation time should be included in the handover command to all the connected UEs.

Solution 2: Feeder link hard switch procedure is based on conditional RRC re-establishment

Considering the large cell size of NTN, it might be an extremely difficult problem for gNB1 to send HO commands to a large number of UEs respectively in a short time. A part of UEs may not be able to perform HO in time, as a result, radio link failure may be detected and then UEs initiate the RRC reestablishment procedure. It will take a long time to restore RRC connection, which may involve RLF detection, cell selection and potential reestablishment failure, as a result it has an influence on the service continuity. Thus it may be beneficial for network to provide assistance information (e.g. next cell identity and/or reestablishment conditions) to trigger UE RRC reestablishment instead. Besides, the assistance information can be sent to UE via SIB instead of dedicated signalling respectively, as a result, the signalling overhead caused by the large number of UEs can be effectively reduced.
If RAN2 decides to assist the handover by broadcasting additional information via SIB, this should impact F1. 
Proposal 2: The feeder link hard switch impact on RAN3 is pending to RAN2 progress.
Observation 3: Feeder link hard switch may cause service disruption to the served UEs.
Overall, here is the conclusion for the two solutions for feeder link switch:
· Option 1: Feeder link soft switch
Complicated to satellite but cause no service interruption, this is an implementation issue.

· Option 2: Feeder link hard switch

Easy to satellite but may cause service interruption.
Proposal 3: Unless RAN3 issue is detected this topic should be put on hold pending to RAN2 progress.

3. Conclusion

In this contribution, the inter-RAT and inter-system load reporting is discussed and we propose:
Observation 1: Feeder link soft switch requires the satellite has the two capabilities: connect two GWs simultaneously and two cells from two different gNB via the same satellite.
Observation 2: Feeder link soft switch could achieve no service disruption to the served UEs.
Observation 3: Feeder link hard switch may cause service disruption to the served UEs.
Proposal 1: The feeder link switch should be performed without causing service disruption to the served UEs.
Proposal 2: The feeder link hard switch impact on RAN3 is pending to RAN2 progress.
Proposal 3: Unless RAN3 issue is detected this topic should be put on hold pending to RAN2 progress. 
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