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1. Introduction 
In RAN2-121 meeting, following agreements were made regarding the connected mode mobility.

Agreements:

1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.

2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location

3. Support RACH-less Handover in Rel-18.

4. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition

5. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.

6. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
Working Assumption: 

7. In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported. 

In this document, we further discuss the details on the solutions for group handover command, and satellite change without PDCI change.

2. Discussion 

Group handover command

Consider earth fixed cell where at cell stop time, a large number of UEs need to be handed over to new cell. Similarly consider the case where the satellite has moved to a point where it needs to switch the gateway. Then regardless of cell stop time (i.e., for both earth fixed cell and earth moving cell), the existing large number of UEs need to be handed over to the new cell with different gateway.

In both cases, providing individual handover command to each UE is not efficient from resource utilization point of view as it incurs large signaling overhead. For some UEs, this could mean either network providing HO command too early or RLF.

A possible solution to this is to configure time-based CHO. If network knows the time range where the UE needs to be handed over, it can set the proper execution condition as time range and RSRP based event like A4. However, this means the network has to properly estimate the CHO execution time window for each UE and once configured. This may not be accurate.
CHO is optional feature and it is possible either UE does not support it or network does not support it, i.e., no Xn interface available or network cannot provide pre-configured resources ahead of time. In addition, the network has to provide the ephemeris of the target satellite way ahead of time, i.e., epoch time way in future. In this case, the UE may be configured with receiving group handover command. Therefore, we think group handover command which can include handover commands for multiple UEs should be studied.
When a UE receives HO command, the UE should not be required to read system information whether it is from the serving cell or from the target cell. This incurs additional HO interruption. Therefore, the target cell common configuration (i.e., SIB1) and target cell ephemeris (SIB19) can be provided to UEs in the group HO command as common SDU. The common SDU in the handover command can follow a sequence of UE specific HO commands. Since delta configuration is used, the size of the UE specific HO command can be relatively small and multiple HO commands can be accommodated in a single PDU in a pre-configured order (e.g., based on UE ID) as shown in Figure 1.
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Figure 1 An example of group HO command including multiple HO commands
The network may configure a group of UEs having similar C-DRX pattern, active BWP, geographical location and possibly a RNTI in common search space. The network may also send the group commands to only those UEs who will share same candidate target cell. 

Proposal 1 Support group HO command that includes HO commands for multiple UEs to reduce signaling overhead from the source cell.

Same PCI after satellite switch

RAN2 made following working assumption.

· In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported. 

If the satellite switch happens but the gateway and gNB remains same, then it is possible that the same cell (e.g., SSB in same frequency, MIB and SIBs) are projected in the same area after satellite switch in quasi-earth fixed cell scenario. This could mean cell remains same and UE does not need to perform handover. However, if the old satellite and new satellite project the same cell (i.e., SSB in the same frequency), then we think there are following complexity and significant RAN1 work would be needed.
(1) Complexity on detecting the SSBs belonging to different satellite

(2) Updating the ephemeris and common TA parameters associated with the SSB

(3) Interference due to SSB arriving at different times

(4) Potential TCI state change

Therefore, we think we should consider hard satellite switch where the old satellite stops SSB just right before the new satellite projects the SSB in the same frequency. The UE can just be configured with the interruption duration at the cell stop time. This duration can be used by the UE just to synchronized with the new target satellite (e.g., reading SSB and SIB19 from the new satellite) and get ready to resume UL transmission or initiate random access procedure as shown in Figure 2. The hard switch may not take long time, i.e., UE may expect to detect the SSB from the new satellite in delta time duration. The cell configuration (e.g., SIB1 and other SIBs except SIB19) and UE’s RRC configuration can remain same.
Proposal 2 Confirm working assumption on same PCI with hard satellite switch.
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Figure 2 An example of same PCI after HARD satellite switch
This can be considered same as the scenario where the UL synchronization timer (SIB19 validity) expires, and UE needs to synchronize by acquiring SIB19. For quasi-earth fixed cell, the UE can be configured to start a synchronization window at the cell stop time. The UE assumes UL synchronization is lost. Then it tries to acquire the new satellite SIB19, probably after cell stop time + delta considering the hard satellite switch transition (delta) time. The value of delta can be left to UE implementation considering it is small. We are open to discuss whether the delta ( hard satellite switch transition time) needs to be configured. To let the network know UE has successfully synchronized to the new satellite and additionally to receive closed loop timing advance adjustment, we think it is better the UE triggers RACH to the network. 

Whether the UE is released to IDLE mode if it cannot synchronize to the new satellite within the synchronization window can be discussed. In addition, how to handle RLM, RRM measurements during the synchronization window can be further discussed.

Proposal 3 The UE is configured with a new satellite synchronization window that starts at the cell stop time of current satellite.

Proposal 4 Discuss whether to configure UE with the hard satellite switch transition duration.

Proposal 5 The UE is also configured the SMTC of the new satellite. Optionally the SIB19 of the new satellite is also provided.
Proposal 6 If the UE is configured with a satellite synchronization window, the UE considers the UL synchronization timer expired at the cell stop time and follows existing procedure to acquire SIB19.
Proposal 7 The UE triggers RACH after synchronization to the new satellite. FFS if RACH-less satellite switch can be configured.
Proposal 8 Discuss whether the UE is released to RRC_IDLE if it is unable to synchronize to the new satellite within the synchronization window.

3. Conclusion

Following proposals are made.
Proposal 1
Support group HO command that includes HO commands for multiple UEs to reduce signaling overhead from the source cell.
Proposal 1
Confirm working assumption on same PCI with hard satellite switch.
Proposal 2
The UE is configured with a new satellite synchronization window that starts at the cell stop time of current satellite.
Proposal 3
Discuss whether to configure UE with the hard satellite switch transition duration.
Proposal 4
The UE is also configured the SMTC of the new satellite. Optionally the SIB19 of the new satellite is also provided.
Proposal 5
If the UE is configured with a satellite synchronization window, the UE considers the UL synchronization timer expired at the cell stop time and follows existing procedure to acquire SIB19.
Proposal 6
The UE triggers RACH after synchronization to the new satellite. FFS if RACH-less satellite switch can be configured.
Proposal 7
Discuss whether the UE is released to RRC_IDLE if it is unable to synchronize to the new satellite within the synchronization window.
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