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1. Introduction
In RAN3#110e meeting, NTN feeder link switch was discussed and the related agreements are as follows:

· NTN encompasses NTN-GW(s) deployed on ground, NTN payload on board space/airborne vehicle(s) and functions to control the vehicles as well as the radio resources of the NTN payload(s) are out of 3GPP scope.

· The feeder link switch-over is controlled by NTN control functions which are out of 3GPP scope.

· It is assumed that the gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs.
· The execution of feeder link switch over may involve procedures over Xn and/or NG interfaces
In this paper, we mainly analyze the information to be exchanged during two gNBs and discuss the possible issues of soft and hard switchover.
2. Discussion

2.1 Feeder link switchover overview
In the RAN3#110e meeting, we discuss the feeder link switchover 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: Types of feeder link switchover scenarios
Firstly, we will focus on the feeder link switchover scenario in the case of transparent payload. From the figure 1, it is shown that a satellite is served by one NTN-gateway or several NTN-gateways at the same time. Each NTN-gateway connects to one corresponding gNB. For UEs in a given geographical area served by one NTN-gateway, they will be served by another NTN-gateway after the feed link switchover. Thus, no matter what kind of deployment of satellite and NTN-gateway, the main task is ensuring the service continuity.
Observation 1: It is shown that a satellite is served by one NTN-gateway or several NTN-gateways at the same time. Each NTN-gateway connects to one corresponding gNB. For UEs in a given geographical area served by one NTN-gateway, they will be served by another NTN-gateway after the feed link switchover.

Proposal 1: Thus, no matter what kinds of deployment of satellite and NTN-gateway, the main task is ensuring the service continuity.
2.2 Messageflow of feeder link switchover
In the last meeting, one of the remaining issues is that by which entity (e.g., NTN control functions) and how (by signalling or OAM) gNB can be informed about the scheduling of switch over events and usable radio resources and possibly the update of neighbouring gNBs. In our view, gNB can be informed about the scheduling information through NTN control functions by the control of signalling as well as OAM. 
Proposal 2: In our view, gNB can be informed about the scheduling information through NTN control functions by the control of signalling as well as OAM.

The whole message flow for feeder link switchover by the control of signalling is show in Figure 2.
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Figure 2: Message flow for feeder link switchover through new XnAP
In addition, feeder link switch could be also managed by an NTN Control Center which ensures the alignment of the configuration of the gNB, NTN-Gateway 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 NTN-Gateway 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

As far as we already know, the switchover events are predictable (e.g. based on the LEO satellite ephemeris information and NTN GWs location) or event-triggered (e.g. for maintenance). The predictable switchover does not signal triggered since the orbit of satellite is fixed based on the ephemeris. For the event-triggered, it could be beneficial to introduce a dedicated, non-UE-associated Xn procedure (Satellite Connection Request) to signal from the old to the new gNB that it should connect to the specified satellite. In this case, we list some information that may be used for exchanging on cell relation between RAN nodes via XN/NG. For example, satellite ID, a list of served cells informationfrom the gNB covered by the satellite, and the ephemeris data for the satellite.

Proposal 3: In this case, we list some information that may be used for exchanging on cell relation between RAN nodes via XN/NG. For example, satellite ID, a list of served cells informationfrom the gNB covered by the satellite, and the ephemeris data for the satellite.

2.3 Soft and hard feeder link switchover
As described in TR 38.821, there are two types of feeder link switch, i.e., soft and hard feeder link switchover, both are of equal importance in RAN3.
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.

[image: image4.png]T1 Transition T1.5 Transition T2 Transition
threshold threshold threshold

GW1 PCIgNBl GW2 GW1 PCl gt GW2 GW1 PCIgNBZ GW2




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.
The mobility solution of soft handover may need to also mitigate for the fact that the UEs may observe very similar RSRP/RSRQ of the service links, provided by the source and target gNBs, because the reference signals are transmitted from the same satellite. One solution may be left to network implementation, e.g. setting proper event A5 thresholds for conditional handover to enable handover, or to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements. Relying on radio propagation time includes to take the RTT experienced by the UE into account in handover decisions. 

Observation 2: The mobility solution of soft handover may need to also mitigate for the fact that the UEs may observe very similar RSRP/RSRQ of the service links, provided by the source and target gNBs, because the reference signals are transmitted from the same satellite.

Proposal 4: One solution may be left to network implementation, e.g. setting proper event A5 thresholds for conditional handover to enable handover, or to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements.

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. The main for hard switchover is radio link interruption delay. As mentioned in TR 38.821, there are two ways to minimize radio link interruption delay:
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.
Proposal 5: Feeder link hard switch procedure is based on accurate time control and conditional RRC re-establishment.
3. Conclusion

In this contribution, feeder link switch for NTN is discussed and we propose the following observations and proposals:

Observation 1: It is shown that a satellite is served by one NTN-gateway or several NTN-gateways at the same time. Each NTN-gateway connects to one corresponding gNB. For UEs in a given geographical area served by one NTN-gateway, they will be served by another NTN-gateway after the feed link switchover.

Observation 2: The mobility solution of soft handover may need to also mitigate for the fact that the UEs may observe very similar RSRP/RSRQ of the service links, provided by the source and target gNBs, because the reference signals are transmitted from the same satellite.

Proposal 1: Thus, no matter what kinds of deployment of satellite and NTN-gateway, the main task is ensuring the service continuity.
Proposal 2: In our view, gNB can be informed about the scheduling information through NTN control functions by the control of signalling as well as OAM.

Proposal 3: In this case, we list some information that may be used for exchanging on cell relation between RAN nodes via XN/NG. For example, satellite ID, a list of served cells informationfrom the gNB covered by the satellite, and the ephemeris data for the satellite.

Proposal 4: One solution may be left to network implementation, e.g., setting proper event A5 thresholds for conditional handover to enable handover, or to rely on radio propagation time instead or in combination with the RSRP/RSRQ radio measurements.

Proposal 5: Feeder link hard switch procedure is based on accurate time control and conditional RRC re-establishment.
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