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1. Introduction
In RAN3#109e meeting, most companies agree on the support of feeder link switchover - with the assumption of RAN2 and RAN3 specification impact. Also, there is common understanding to support soft and hard switchover in Rel-17.
In this contribution, we mainly analyze the impacts on specification work of feeder link switch for LEO and discuss the possible issues of soft and hard switchover.
2. Discussion
2.1 Introduction of feeder link switchover
During NTN operation, it may become necessary to switch the feeder link (SRI) between different NTN GWs toward the same satellite. The reason of switch may be caused by maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility with respect to the current NTN GW. 
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Figure 1: Feeder link switch for transparent LEO NTN

Figure 1 shows the feeder link switch for transparent LEO. For one case, the target gateway after feeder link switch is served by a different gNB compared to the source gateway. Also, there is another case where two gateways are connected to the same gNB. Whether both cases are feasible has not been discussed. The first case is along the lines of default assumption considered during the study item; however, the second case has also been captured in the TR and should be discussed now in WI.
Observation 1: Whether both cases are feasible has not been discussed. The first case is along the lines of default assumption considered during the study item; however, the second case has also been captured in the TR and should be discussed now in WI.
No matter what kind of deployment of gNB and GW, the objective of switchover should be performed without causing disruption to the UEs.
Proposal 1: No matter what kind of deployment of gNB and GW, the objective of switchover should be performed without causing disruption to the UEs.
2.2 Architecture of feeder link switchover
In the LEO scenario, the switchover within the same gNB is easier to support than with the different gNBs case. This paper mainly focuses on the feeder link swither over with two different gNBs case. In case of NTN GWs connecting two gNBs respectively, whether to introduce the new function of Xn does not reach an agreement. Some companies hope that a new XnAP is introduced to transmit the satellite information. For example,
· A list of satellites to which the gNB connects;

· Satellite ID, a list of cells from the gNB which is served through the satellite, and the ephemeris data for the satellite.
The whole signalling flow for feeder link switchover through new XnAP is show in Figure 2:
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Figure 2: Signalling Flow for Feeder Link Switchover through new XnAP
Other companies suggest that feeder link switch is managed by an NTN Control Center which ensures the alignment of the configuration of the gNB, NTN GW and the satellites and manages the coverage area of each satellite. The NTN Control Center is also responsible for setting up and releasing the feeder links between the GW and the satellites. The whole signalling flow for feeder link switchover through NTN Control Center is show in Figure 3:
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Figure 3: Signalling Flow for Feeder Link Switchover through NTN Control Center
From our perspective, it is beneficial to use NTN Control Center controlling the feeder link switchover compared to setting up a new XnAP. There will not have any impact on current specification.
Proposal 2: From our perspective, it is beneficial to use NTN Control Center controlling the feeder link switchover compared to setting up a new XnAP. There will not have any impact on current specification.
As described in TR 38.821, there are two types of feeder link switch. In RAN1 and RAN2, there is a common understanding to support soft and hard switchover in Rel-17, with priority on soft switchover. In RAN3, both are of equal importance.
Figure 4 shows feeder link soft switch to enable service continuity. 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 4: Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch

Assuming two feeder link connections serving via the same satellite during the transition, there exists a HO based solution that should be feasible with Rel-15 or close to Rel-15 assumptions. This assumes that it is possible to represent cells of two different gNBs over a given area via the same satellite but via different NTN-GWs. 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.
Observation 2: 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.
During the feeder link soft switch, there will cause some issues:

·  Issue 1: Many connected mode UEs need to be handed over within the duration of the feeder link switch

· Issue 2: Many idle mode UEs need to reselect another cell 

· Issue 3: Packet forwarding delay due to long inter distance between gNBs,
Issues1 and Issue2 need to be addressed in RAN2. For Issue 1, conditional handover is a reliable solution. For Issue2, it can be solved by informing of the upcoming feeder link switch. For Issue3, it can be solved by network implementation.
Figure 5 shows feeder link hard switch to enable service continuity. 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 5: 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. 

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.
During the feeder link hard switch, there will cause some issues:

· Issue 1: Many connected mode UEs need to be moved to next cell within the duration of the feeder link switch

· Issue 2: Many idle mode UEs need to reselect another cell 

· Issue 3: Packet forwarding delay due to long inter distance between gNBs 

Issues1 and Issue2 need to be addressed in RAN2. For Issue3, it can be solved by network implementation.
3. Conclusion

In this contribution, feeder link switch for NTN is discussed and we propose:
Observation 1: Whether both cases are feasible has not been discussed. The first case is along the lines of default assumption considered during the study item; however, the second case has also been captured in the TR and should be discussed now in WI.
Observation 2: 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.
Proposal 1: No matter what kind of deployment of gNB and GW, the objective of switchover should be performed without causing disruption to the UEs.
Proposal 2: From our perspective, it is beneficial to use NTN Control Center controlling the feeder link switchover compared to setting up a new XnAP. There will not have any impact on current specification.
4. Reference

[1] TR38.821 Solutions for NR to support non-terrestrial networks
[2] R3-205159 Supporting Feeder Link Switchover, Ericsson
[3] R3-205173 On NTN Feeder link switch over, Thales

3GPP


