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[bookmark: _Ref85728113]Introduction
A LS [1] on RACH-less handover in NTN has been sent to RAN1 in RAN1 #110b-e meeting:
	1. Overall Description:

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

2. Actions:
[bookmark: _Hlk46227635]To RAN1
ACTION:	RAN2 respectfully asks RAN1 to provide response to the above question.



In this contribution, we provide our views on the feasibility of supporting RACH-less handover in NTN. A companion contribution on draft LS reply for this issue is provided in [2].
Discussion
RACH-less handover is supported in LTE. This RACH-less handover procedure can be configured for small cell scenario where the TA impact is negligible, or for handover between cells associated with a same eNB where the same NTA value from a source cell can be reused in a target cell. If RACH-less handover is configured, UE would be provided with a timing adjustment indication by the target cell, which is used to indicate UE using NTA=0 or reusing NTA from a source cell for UL transmission in the target cell. After UE performs synchronization to the target cell, it can directly transmit PUSCH in the target cell using the indicated timing adjustment indication.
RACH-less handover can reduce handover latency by skipping RACH transmission, which is also beneficial to NR NTN system. The key issue to support RACH-less handover in NR NTN would be whether or in which scenarios the UE can achieve UL synchronization to the target cell without RACH transmission. In the incoming LS, four scenarios are listed according to same/different satellites and same/different gateway/gNB.
Regarding scenario (1), handover procedure happens within same satellite with the same feeder link, so the UL transmission in target cell would experience the same propagation delay as that in source cell, the NTA value from source cell can be directly reused in target cell as long as the TAT timer is running. Besides, as the source cell and the target cell are associated with the same satellite, the UE is not needed to re-perform UL synchronization for the target cell as long as the satellite ephemeris and common TA parameters are valid. 
For some cases in scenario (4), for example, when the satellite ephemeris and common TA parameters for source satellite and target satellite do not differ much (e.g. like the difference experienced by a single satellite at different time instance), similar to scenario (1), the NTA value from source cell and from the same gNB can be reused in target cell as long as the TAT timer is running. gNB may identify those cases and configure UE to reuse the NTA value for RACH-less handover if supported. Unlike scenario (1), since the satellite changes, the UE needs to perform UL synchronization to target cell using the target satellite ephemeris and common TA parameters before using the NTA value for UL transmission in the target cell.
Observation 1 For scenario (1) and some cases in scenario (4), the NTA value from source cell can be reused in target cell as long as the TAT timer is running, thus it is possible to support RACH-less handover in those cases. 
Regarding scenario (2) and (3) for which the handover is associated with different gateway/gNBs, UE may not assume the NTA value from source cell and from the different gNB can be directly reused in target cell. However, in NR NTN system, it is possible for UE to perform UL synchronization only based on open-loop TA compensation, i.e., according to the target satellite ephemeris, common TA parameters and UE GNSS, to achieve an acceptable PUSCH demodulation performance, especially when the PUSCH transmissions are using lower modulation order and coding rate. If RACH-less handover is supported and performed in these cases, the NTA value can be adjusted later by gNB via TA command MAC CE (as legacy) as soon as possible. 
Observation 2 For scenario (2) and (3), the NTA value from source cell may not be reused in target cell. It is possible for UE to achieve an acceptable PUSCH performance only based on open-loop TA compensation, and gNB may later adjust NTA via TA command MAC CE.
In our view, the scenarios listed in the incoming LS can be categorized into two cases: the first case is that the NTA value from source cell can be reused in target cell as long as the TAT timer is running, the second case is that the NTA value from source cell cannot be reused in target cell. It is possible for UE to achieve UL synchronization and perform PUSCH to the target cell without RACH transmission in both cases but with different UE behaviors. Therefore, it is possible to support RACH-less handover in NR NTN, and the gNB has the flexibility to decide when the RACH-less handover can be configured.
Proposal 1 [bookmark: _Hlk118467800]It is possible to support RACH-less handover in NR NTN. 
Proposal 2 It is up to gNB to configure RACH-less handover to UE.
Conclusion
Based on the discussion, this contribution provides the following observations and proposals.
Observation 1 For scenario (1) and some cases in scenario (4), the NTA value from source cell can be reused in target cell as long as the TAT timer is running, thus it is possible to support RACH-less handover in those cases. 
Observation 2 For scenario (2) and (3), the NTA value from source cell may not be reused in target cell. It is possible for UE to achieve an acceptable PUSCH performance only based on open-loop TA compensation, and gNB may later adjust NTA via TA command MAC CE.
Proposal 1 It is possible to support RACH-less handover in NR NTN.
Proposal 2 [bookmark: _GoBack]It is up to gNB to configure RACH-less handover to UE.
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