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1. Introduction
For Feeder link switch, RAN3 have ever discussed two sets of solutions for transparent payload case, and agreed that both soft handover like solution and hard handover like solution are possible.  As shown in the TR [1] as below:
[bookmark: _Toc20076403]8.7.2.1	Transparent payload case
……
This above described procedure allows a soft switch procedure.
Alternatively, a hard switch procedure could be considered to allow for no simultaneous connectivity between satellite and the 2 NTN-GWs.
This would require to prepare and execute the hand-over precisely using ephemeris data and accurate time information.

In last RAN2 meeting, a TP associated to feeder link switch [2] was discussed and agreed, more details on feeder link switch are captured.
However, in 7.3.2.1.1 Transparent LEO NTN, only soft handover based solution is represented, which assumes two feeder link connections serving via the same satellite during the transition.
In this contribution, we’d like to further discuss the hard handover like solution for feeder link switch especially for transparent mode, and provide corresponding TP for the TR [1].
1. Discussion
In the TR [1],  the figure 8.8.2-1 illustrates the overall procedure for feeder link switch for transparent LEO satellite, which assumes two feeder link  connections serving via the same satellite during the feeder link switch, we called this soft switch/handover. 


Figure 8.8.2-1: Feeder link switch over procedure for transparent LEO satellite (Scenario C2)

From deployment point of view, it’s also possible that only one feeder link connection serving via the same satellite is applicable during the feeder link switch, then the Rel-15 like HO based solution is not feasible. 
Assuming the two feeder links are switched at time T, the old feeder link serves the satellite until to T, and the new feeder link begins to serve the satellite from T. This assumes the cells of the source gNBs are represented over a given area at any time before T, and the new cells of the target gNBs are represented from time T.
As there’s no overlap of source cells and target cells from the gNBs 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 from the old to the new gNB before the old gNB detaches from the satellite. The UE should not proceed the handover procedure immediately when it receives the Handover Command, it should proceed the handover procedure when the target cell turns available, thus an activation time should be included in the handover command to all the connected UEs.
The overall procedure could be illustrated by the figure below:


Figure 8.8.2-x: Feeder link switch over procedure for transparent LEO satellite (Scenario C2), hard switch

Base on the above discussion, we kindly requested Ran2 to further consider the hard handover like feeder link switch case, and capture the TP in section 4 into the TR.
Proposal: RAN2 is kindly requested to discuss and agree the TP for feeder link switch in section 4.
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1. TP for TR 38.821 on feeder link switch

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< Begin of the TP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc20076397]7.3.2.1 Connected mode mobility for feeder link switch for LEO NTN [18]
Connected mode mobility for feeder link switch, or due to interface change, from the network perspective is captured in Sections 8.7 and 8.8.  From Uu perspective, there is difference between Architecture Option 1 that is transparent payload and Architecture Options 2-5 (listed in Section 8.7.1) that are regenerative payload. 
7.3.2.1.1 Transparent LEO NTN, Architecture Option 1, different gNBs
[image: ]
Figure 7.3.2.1.1-1 Feeder link switch for transparent LEO NTN
Figure 7.3.2.1.1-1 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 7.3.2.1.1-2 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.
[image: ]
Figure 7.3.2.1.1-2 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 7.3.2.1.1-2), 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 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.
Editor’s note: FFS on details how to enable cells of two gNB via the transparent LEO satellite.

Assuming only one feeder link connection serving via the same satellite is applicable during the transition (which means time T1.5 in Figure 7.3.2.1.1-2 does not exist), the Rel-15 like HO based solution is not feasible. 
Assuming the two feeder links are switched at time T, the old feeder link serves the satellite until to T, and the new feeder link begins to serve the satellite from T. This assumes the cells of the source gNBs are represented over a given area at any time before T, and the new cells of the target gNBs are represented from time T.
As there’s no overlap of source cells and target cells from the gNBs 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 from the old to the new gNB before the old gNB detaches from the satellite. The UE should not proceed the handover procedure immediately when it receives the Handover Command, it should proceed the handover procedure when the target cell turns available, thus an activation time should be included in the handover command to all the connected UEs. 
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< Next change >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
8.7		Feeder link switch over
[bookmark: _Toc20076398]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: _Toc20076399]8.7.1.1	Transparent Satellite
[image: ]
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.
[image: ]
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. 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 blind a HO (network decision without measurement) or assisted with measurements.
Editor’s note: FFS on details how to enable cells of two gNB via the transparent LEO satellite.

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).
Assuming only one feeder link connection serving via the same satellite is applicable during the transition (which means time T1.5 in Figure 7.3.2.1.1-2 does not exist), the Rel-15 like HO based solution is not feasible. 
Assuming the two feeder links are switched at time T, the old feeder link serves the satellite until to T, and the new feeder link begins to serve the satellite from T. This assumes the cells of the source gNBs are represented over a given area at any time before T, and the new cells of the target gNBs are represented from time T.
As there’s no overlap of source cells and target cells from the gNBs 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 from the old to the new gNB before the old gNB detaches from the satellite. The UE should not proceed the handover procedure immediately when it receives the Handover Command, it should proceed the handover procedure when the target cell turns available, thus an activation time should be included in the handover command to all the connected UEs. 

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.

<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< Next change >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
8.7.2.1	Transparent payload case
The switchover may be predictable (e.g. based on the LEO satellite ephemeris information and NTN GWs location) or event-triggered (e.g. for maintenance). In this case, 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, optionally including the list of cells served through the satellite.



Figure 8.8.2-1: Feeder link switch over procedure for transparent LEO satellite (Scenario C2), soft switch

This above described procedure allows a soft switch procedure.
Alternatively, a hard switch procedure could be considered to allow for no simultaneous connectivity between satellite and the 2 NTN-GWs.
This would require to prepare and execute the hand-over precisely using ephemeris data and accurate time information. The overall procedure of the hard switch could be illustrated by the figure below:


Figure 8.8.2-x: Feeder link switch over procedure for transparent LEO satellite (Scenario C2), hard switch

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< End of the TP >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
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