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1. Introduction
In this contribution, we discuss the issues to consider handover enhancements for NTN.
2. Discussion
In RAN2#119bis-e meeting, following statement agreed.
	RAN2#119bis-e agreement:
1.	Send an LS to RAN1 (cc RAN4) listing the scenarios (intra-satellite, inter-satellite with same or different feeder links) and check with RAN1 in which scenarios RACH-less is possible (with no indication of RAN2 preference)


Before arriving answer from RAN1 about possibility of RACH-less HO, RAN2 needs to clarify which scenario needs RACH-less HO. For the scenario of intra-satellite with the same feeder link, i.e., no feeder link switch, HO occurs when UE gets out of source cell’s coverage or source cell’s coverage moves away from UE due to satellite movement. The HO attempts are not concentrated within a short period of time for both cases. It means that there is no RA congestion. Therefore, RACH-less HO is not necessary to intra-satellite scenario with the same feeder links.
For the scenario of intra-satellite with different feeder link, HO occurs due to feeder link switch. All UEs served by the same serving cell have to conduct HO to target cell simultaneously. Similarly, for the scenario of inter-satellite with same or different feeder link, massive HO attempts occur within short period of time. In these scenarios, it is worthy to continue to discuss benefit of RACH-less HO for intra-satellite with different feeder link scenario and inter-satellite with same/different feeder link scenarios.
Observation 1	For intra-satellite scenario with the same feeder link, HO attempts are not concentrated within short period of time, therefore, RA congestion does not occur.
Observation 2	For intra-satellite scenario with different feeder link and inter satellite scenarios with same/different feeder link, HO attempts may be concentrated within short period of time, therefore, RA congestion may occur.
Proposal 1	RACH-less HO is not necessary to intra-satellite scenario with same feeder link.
Proposal 2	Continue to discuss feasibility of RACH-less HO for intra-satellite scenario with different feeder link and inter-satellite scenarios with same/different feeder link.
According to TS 38.211, the timing advance is calculated as follows.

UE can derive target cell’s common TA and UE-specific TA, i.e.,  and  using NTN parameters conveyed by SIB19. To conduct RACH-less HO, UE should be able to derive target cell’s NTA with source cell’s NTA and NTN-specific capability.
Proposal 3	UE should be able to derive target cell’s NTA with source cell’s NTA and NTN-specific capability to apply RACH-less HO to NTN.

In RAN2#119bis-e meeting, following statement agreed.
	RAN2#119bis-e agreement:
1.	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


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.
Proposal 4	Soft satellite switching is impossible for the solution with keeping the same PCI.
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 3	Hard satellite switching is possible for the solution. However, the solution has marginal benefit compare to legacy HO command with delta configuration.
Observation 4	The solution only can be applied to quasi-earth fixed inter-satellite scenario with the same gNB.
Proposal 5	RAN2 deprioritizes the solution with keeping the same PCI after switching of the satellites.

In RAN2#119bis-e meeting, following statement 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


LTM using the candidate cell being discussed in Rel-18 feMob would be useful by providing the target cell configuration prior to the handover timing. If the configuration on the target cell is pre-configured, only simple indication needs to be signaled when the handover needs to be performed.
Observation 5	The handover signaling can be alleviated by pre-configuring the target cell using LTM.
Before discussing the new solution, we should thoroughly investigate whether the problem can be solved using existing solution. Therefore, we propose to investigate first whether the handover signaling storm in NTN can be sufficiently alleviated using LTM.
Proposal 6	Investigate first whether the handover signaling storm can be sufficiently alleviated using LTM.
3. Conclusion
In this contribution, following statements are proposed:
Observation 1	For intra-satellite scenario with the same feeder link, HO attempts are not concentrated within short period of time, therefore, RA congestion does not occur.
Observation 2	For intra-satellite scenario with different feeder link and inter satellite scenarios with same/different feeder link, HO attempts may be concentrated within short period of time, therefore, RA congestion may occur.
Proposal 1	RACH-less HO is not necessary to intra-satellite scenario with same feeder link.
Proposal 2	Continue to discuss benefit of RACH-less HO for intra-satellite scenario with different feeder link and inter-satellite scenarios with same/different feeder link.
Proposal 3	UE should be able to derive target cell’s NTA with source cell’s NTA and NTN-specific capability to apply RACH-less HO to NTN.
Proposal 4	Soft satellite switching is impossible for the solution with keeping the same PCI.
Observation 3	Hard satellite switching is possible for the solution. However, the solution has marginal benefit compare to legacy HO command with delta configuration.
Observation 4	The solution only can be applied to quasi-earth fixed inter-satellite scenario with the same gNB.
Proposal 5	RAN2 deprioritize the solution with keeping the same PCI after switching of the satellites.
Observation 5	The handover signaling can be alleviated by pre-configuring the target cell using LTM.
Proposal 6	Investigate first whether the handover signaling storm can be sufficiently alleviated using LTM.
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