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1. Introduction
In RAN2#119bis-e meeting, following statements are agreed.
	RAN2#119bis-e agreement:
1. Continue the discussion (in future meeting) on group HO / “UE specific pre-configuration of the target cell + group HO” indication in the next meeting, also on the possible real benefits
2. New Proposal 2: RAN2 continues the discussion (e.g. at RAN2#120) on the solution with keeping the same PCI after switching of the satellites. Clarify at least the following: 
	•	RAN1 impact
	•	The need to perform UL beam switching and/or RA 
	•	Applicability to hard or soft satellite switching


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
Despite of HO timing distribution, RACH congestion is inevitable problem in certain scenarios, for example, hard service link switch occurs. As target cell appears later than disappearance of the serving cell, HO timing of UEs cannot be distributed. To this end, RACH-less HO is essential for NTN to solve RACH congestion problem. 
Observation 2	In case of hard service link switch, RACH-less HO may be beneficial to mitigate RACH congestion.
In Rel-18 WI feMob, RACH-less HO for L1L2 triggered mobility is discussed. As L1L2 triggered mobility aims to minimize HO interruption time, enhancement for RACH-less HO is focused on framework to acquire TA of target cell. Specifically, UE acquires TA of candidate target cells configured by network, in which the UE performs HO to one of the candidate target cells.
Observation 3	RACH-less HO discussed in feMob WI aims to minimize HO interruption time by acquiring TA of multiple candidate target cells in advance.
However, NTN UE does not need to maintain candidate target cell list. Thanks to TA pre-compensation capability, UE is able to obtain TA of certain target cell before performing HO. NTN-specific RACH-less HO enhancement may have small spec impact ,therefore, RAN2 shall discuss RACH-less HO enhancement separately with other WI.
Observation 4	Framework of RACH-less HO discussed in feMob is not suitable for NTN system, in which TA maintenance of multiple candidate target cells is not needed for NTN.
Proposal 4	Minimize spec impact of NTN-specific RACH-less HO enhancement by utilizing TA pre-compensation capability.
In NTN, pre-compensation of TA is propagation delay between UE and uplink time synchronization reference point. To communicate with gNB, UE should additionally consider propagation delay between reference point and gNB. If UE conducts RACH procedure with NTA=0, network configures NTA value as the propagation delay between reference point and gNB.
Observation 5	Total TA of NTN UE shall be derived by summation of pre-compensated TA and propagation delay between reference point and gNB.
In RAN2#120 meeting, RAN2 sent an LS to RAN1 as follows:
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed RACH-less handover. RAN2 would like to check with RAN1 in which of the following listed scenarios RACH-less handover is possible.
1. Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB
2. Intra-satellite handover with different feeder links, i.e., with gateway/gNB switch
3. Inter-satellite handover with gateway/gNB switch
4. Inter-satellite handover with same gateway/gNB


According to reply LS from RAN1, RACH-less HO may be impossible except for scenario 1. In scenarios 2, 3, and 4, source and target cells have different feeder links. It means that source and target cells may have different propagation delays between reference point and gNB, i.e., NTA. In this case, UE cannot conduct RACH-less HO due to unawareness of the total TA of target cell.
Observation 6	In case of feeder link switch, propagation delay between gNB connected to target cell and reference point may be different from that of serving cell, in which UE cannot obtain target cell TA.
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 case of time-based CHO, network provides NTA at configured time of CHO execution, i.e., Mt.
Proposal 5	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 6	To support RACH-less CHO, network can indicate, in CHO configuration, timing information used by UE to compute the total TA for a target applicable at the time of CHO execution, i.e., Mt.
2.3 Possible scenario and real benefit of reusing PCI after satellite switch
For soft satellite switching scenario, serving cell shall simultaneously broadcast SSBs for source satellite and target satellite. UE shall acquire target satellite’s SSB to conduct UL synchronization. However, two different SSBs cannot be broadcast at the same timing according to current specification. To enabling the solution, RAN1 should conduct beam management enhancement such as multiple SSB transmission timing configuration for serving cell.
[bookmark: _GoBack]On the other hand, for hard satellite switching scenario, there is no beam management enhancement issue. However, the solution has marginal benefit, i.e., reducing PCI signaling of target satellite. With delta configuration, source cell can transmit HO command containing only PCI of target cell. Furthermore, the solution only can be applied to limited scenario, i.e., quasi-earth fixed inter-satellite scenario with the same gNB. Regarding limitation of NTN WI TU, the solution should be deprioritized in NTN WI.
Observation 7	At least for hard service link switch, reusing PCI after satellite switch can be possible.
Observation 8	Cannot find any benefit of reusing PCI after satellite switch.
Proposal 7	De-prioritize reusing PCI after satellite switch.

3. Conclusion
In this contribution, following statements are proposed:
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 case of hard service link switch, RACH-less HO may be beneficial to mitigate RACH congestion.
Observation 3	RACH-less HO discussed in feMob WI aims to minimize HO interruption time by acquiring TA of multiple candidate target cells in advance.
Observation 4	Framework of RACH-less HO discussed in feMob is not suitable for NTN system, in which TA maintenance of multiple candidate target cells is not needed for NTN.
Proposal 4	Minimize spec impact of NTN-specific RACH-less HO enhancement by utilizing TA pre-compensation capability.
Observation 5	Total TA of NTN UE shall be derived by summation of pre-compensated TA and propagation delay between reference point and gNB.
Observation 6	In case of feeder link switch, propagation delay between gNB connected to target cell and reference point may be different from that of serving cell, in which UE cannot obtain target cell TA.
Proposal 5	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 6	To support RACH-less CHO, network can indicate, in CHO configuration, timing information used by UE to compute the total TA for a target applicable at the time of CHO execution, i.e., Mt.
Observation 7	At least for hard service link switch, reusing PCI after satellite switch can be possible.
Observation 8	Cannot find any benefit of reusing PCI after satellite switch.
Proposal 7	De-prioritize reusing PCI after satellite switch.
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