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1. Text proposal
-------------------------------------------------------- Start of the TP ---------------------------------------------------------
[bookmark: _Toc23404015]8.7	Feeder link switch over
[bookmark: _Toc23404016]8.7.1	Principles
During NTN operation, it may become necessary to switch the feeder link (SRI) between different NTN GWs toward the same satellite. This may be due to e.g. maintenance, traffic offloading, or (for LEO) due to the satellite moving out of visibility with respect to the current NTN GW. The switchover should be performed without causing service disruption to the served UEs. This can be done in different ways according to the NTN architecture option deployed.
[bookmark: _Toc23404017]8.7.1.1	Transparent Satellite
[bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: _Toc23404018][bookmark: OLE_LINK3]8.7.1.1.1	Transparent LEO, Architecture Option 1, different gNBs
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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. If the satellite can be served by one feeder link at a time it means that with Rel-15 NR assumptions the RRC connection for all UEs served by the gNB1 (via GW1) needs to be dropped. After gNB2 (via GW2) takes over, the UEs may be able to find the reference signals corresponding to gNB2 and perform initial access on a cell belonging to gNB2.
Figure 8.7.1.1-2 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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[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 8.7.1.1-2 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 (time T1.5 in Figure 8.7.1.1-2), 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. During the switch, the gNB2 which serves the satellite via GW2 may start transmitting the CD-SSBs of its cells on synchronization raster points that are different from those of the gNB1. UEs could be have a HO from PCI belonging to gNB1 to PCI belonging to gNB2. This could be a blind HO (network decision without measurement) or assisted with measurements. Alternatively, the gNB1 may be present for a first time-period and configure a conditional handover to the gNB2, after which the gNB2 is available for a second time-period where the UEs can then perform the radio handover. Furthermore, the mobility solution 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. Either as condition in CHO or in network HO decision.
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.
[image: C:\Users\fanjiangsheng\Desktop\17 美国里诺\会议中文件\新建文件夹\捕获3.PNG]
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. To make the UE access to the serving cell again, two potential options are listed below:
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 signaling respectively, as a result, the signaling overhead caused by the large number of UEs can be effectively reduced.
Editor’s note: FFS on details how to enable cells of two gNB via the transparent LEO satellite.

[bookmark: _Toc23404019]8.7.1.1.2 Transparent LEO NTN, Architecture Option 1, same gNB
It is also possible the transparent satellite is served before and after the feeder link switch by the same gNB. In this case, both feeder links are connected to the same gNB, but through different NTN-GWs. 
Assuming two feeder link connections serving via the same satellite during the transition, It could be possible for the gNB to keep the DL reference signals and to keep the cell “alive”. 
Note: In this case, it may be possible to not to need a HO if the security keys of gNB can be kept but there may merely be an interruption, or slight discontinuity in DL transmissions. It should be also noted that the need for reconfiguration with sync(HO), or without sync, depends on whether gNB configuration remain the same or not during the switch.
Assuming only one feeder link connection serving via the same satellite during the transition, the satellite will need to first stop relaying using the feeder link connection with the NTN-GW1 and then start relaying using the target NTN-GW2. In this scenario the cell cannot be kept “alive” without interruption and there will be a discontinuity in DL transmissions as illustrated in Figure 8.7.1.1-3
For Feeder link hard switch, the solutions captured in 8.7.1.1.1 in different gNBs scenario can be also applied to this same gNB scenario. 
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Figure 8.7.1.1-3: Using 1 gNB and 2 feeder links in a transparent satellite
At time A) the gNB A is connected with the source NTN-GW and serving the UE. At time B) the gNB A is serving users via the target NTN-GW. 
The switchover relies on the temporary overlap of cells from the gNBs located at the old and the new NTN GWs. The UEs are then handed over from the old to the new gNB, before the old gNB detaches from the satellite. It is a prerequisite that the cells from the new gNB are seen as neighbours by the old gNB, hence Xn needs to be up and running between the two gNBs. Furthermore, the whole process (from UEs measuring the new cells to handover completion) needs to take place before the old gNB detaches from the satellite (potentially critical for the LEO case). 
It may be beneficial for the two gNBs to exchange information at Xn Setup and/or NG-RAN Node Configuration Update about the satellite(s) potentially involved, for example:
· A list of satellites to which the gNB connects;
· For each satellite in the list, an ID, a list of cell(s) from the gNB which is served through the satellite, and the ephemeris data for the satellite.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]-------------------------------------------------------- End of the TP --------------------------------------------------------
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