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1. Introduction
In RAN2#121 meeting, following statements were agreed.
	RAN2#121 agreement:
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. Support RACH-less Handover in Rel-18.
3. 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
4. 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.
5. 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


In this document, we provide our views on HO enhancements for mitigating handover signalling concentration.
2. Discussion
2.1 UE-specific pre-configuration of HO command
As discussed in Rel-16 NTN SI and captured in TR 38.821, massive HO signalling concentration is identified due to satellite movement. For quasi-earth fixed scenarios, UEs should perform HO before serving cell stops serving the area. In this case, network provides RRCReconfiguration message to the UEs at the same time. Considering the enormous number of UEs served by the quasi-earth fixed cell, concentrated HO triggering causes an excessive burden to the network. Moreover, the UEs triggered to perform HO try to transmit PRACH to target cell at the same time causing RACH congestion, in which UEs suffer from undesirable HO delays.
HO signalling concentration can be briefly mitigated by distributing HO timing of UEs. Network may provide pre-configuration of target cell in advance and trigger HOs within certain time period. CHO introduced in Rel-17 NTN can be good option to provide both pre-configuration of target cell and HO triggering timing. For example, network configures various Mt of time-based conditional event, i.e., CondEvent T1, as a time point of HO timing among UEs. In addition, network also configures RRM-based conditional event, e.g., CondEvent A4 to be satisfied at configured Mt. By combining two conditions, UEs automatically perform HO at configured timing leading to distributed HO. Consequently, CHO-based pre-configuration reduces HO signalling by skipping triggering indication, and alleviates RACH congestion thanks to distributed HO triggering.
Observation 1	Distributing HO timing of UEs is beneficial to mitigating concentration of HO command and RACH congestion.
Proposal 1	CHO configuration is a baseline for providing UE-specific pre-configuration of target cell.
Proposal 2	RAN2 confirms that appropriate configuration of CondEvent T1 and RRM-based conditional event can be used to distribute the HO timing.
Proposal 3	A new HO triggering indication is not needed.
2.2 RACH-less HO enhancements
In NTN, pre-compensated TA is RTT between UE and uplink time synchronization reference point. To conduct PUSCH transmission to gNB, UE needs NTA to obtain total TA. Network configures RTT between reference point and gNB as NTA value while UE conducts RACH procedure with NTA=0. When target cell has different feeder link with source cell, NTA of target cell and source cell may also be different. Therefore, TA of source cell cannot be reused to target cell for different feeder link case.
Observation 2	In NTN, UE obtains NTA during RACH procedure as same as legacy TA acquisition.
Observation 3	NTA of target cell may be different from NTA of serving cell when the target cell has different feeder link with source cell.
For different feeder link case, to support RACH-less HO, network provides NTA of target cell in HO command. As the one reference point is configured in one satellite, NTA value is not UE-specific but satellite-specific, in which NTA would be contained to satellite assistance information, i.e., NTN-Config in HO command. 
Proposal 4	To support RACH-less HO, network can indicate, in HO command, timing information used by UE to compute the total TA for a target cell (e.g., propagation delay between gNB connected to target cell and reference point).
If Proposal 1 and Proposal 2 are accepted, UE also should know NTA of target cell at the moment of CHO execution. Appropriate configuration of time-based CHO contains a time of CHO execution. Therefore, NW knows when UE conducts CHO to configured target cell. NW shall provide, in CHO configuration, predicted NTA to UE at expected CHO execution time.
Proposal 5	To support RACH-less HO for time-based CHO, network can indicate, in CHO configuration, NTA of target cell applicable at expected CHO execution time.
2.3 Possible scenario and real benefit of reusing PCI after satellite switch
As assumed in the meeting RAN2#121, a hard satellite switch without PCI changing is supported in the quasi-earth fixed cell scenario with the same gNB – different feeder link. The proponents insist that the solution reduces HO interruption time. For NTN, the number of HO signaling is a key factor in reducing HO interruption time as the propagation delay between UE and satellite is far longer than the legacy network. The solution, however, does not reduce the number of signaling. It still needs the RACH procedure to obtain UL synchronization toward incoming satellite. Furthermore, UE should conduct RF re-tuning despite of same SSB frequency as the incoming satellite appears opposite side to outgoing satellite, in which RF re-tuning imposes significant delay to HO interruption time [1]. Considering limited TU, the solution should be de-prioritized in Rel-18 NTN.
Observation 4	Reusing PCI after satellite switch scheme has marginal benefit to mitigate the HO interruption delay for NTN.
Proposal 6	De-prioritize reusing PCI after satellite switch in Rel-18 NTN.
3. Conclusion
In this contribution, following statements are proposed:
[bookmark: _Hlk131685376]Observation 1	Distributing HO timing of UEs is beneficial to mitigating concentration of HO command and RACH congestion.
Proposal 1	CHO configuration is a baseline for providing UE-specific pre-configuration of target cell.
Proposal 2	RAN2 confirms that appropriate configuration of CondEvent T1 and RRM-based conditional event can be used to distribute the HO timing.
Proposal 3	A new HO triggering indication is not needed.
Observation 2	In NTN, UE obtains NTA during RACH procedure as same as legacy TA acquisition.
Observation 3	NTA of target cell may be different from NTA of serving cell when the target cell has different feeder link with source cell.
Proposal 4	To support RACH-less HO, network can indicate, in HO command, timing information used by UE to compute the total TA for a target cell (e.g., propagation delay between gNB connected to target cell and reference point).
Proposal 5	To support RACH-less HO for time-based CHO, network can indicate, in CHO configuration, NTA of target cell applicable at expected CHO execution time.
Observation 4	Reusing PCI after satellite switch scheme has marginal benefit to mitigate the HO interruption delay for NTN.
Proposal 6	De-prioritize reusing PCI after satellite switch in Rel-18 NTN.
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