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1	Introduction
RAN2 sent an LS (R1-2210807) to RAN1 about the possibility to support RACH-less in the following scenarios:
	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




Several companies provide discussion papers on how to reply to this RAN2 LS.
· R1-2210964	Draft reply LS on RACH-less HO	vivo
· R1-2211103	[Draft] Reply LS to RAN2 on RACH-less handover in NTN	ZTE
· R1-2211104	Discussion on the LS on RACH-less handover in NTN	ZTE
· R1-2211466	Discussion on RACH-less handover in NTN	OPPO
· R1-2211467	Draft LS reply on RACH-less handover in NTN	OPPO
· R1-2212078	Draft Reply LS on RACH-less HO	Qualcomm Incorporated
· R1-2211785	Discussion on RAN2 LS on RACH-less Handover in NTN	Apple
· R1-2211786	Draft Reply LS to RAN2 on RACH-less Handover in NTN	Apple
· R1-2212486	Draft reply to LS on RACH-less handover in NTN	Huawei, HiSilicon

2  		Discussion
Companies discussed on these two scenarios.
For scenario 1: five companies (R1-2211104, R1-2211466, R1-2212078, R1-2211785, R1-2212486) stressed that as the serving satellite and the feeder link are not changed, the UL pre-compensation for target cell can still remain the same as for the source cell. Thus, the RACH-less handover is possible. However, one company (R1-2210964) thinks RACH-less handover is impossible. 
For scenario 2 and 3: four companies (R1-2211104, R1-2211466, R1-2212078, R1-2211785) expressed that when the assistance information, e.g., common TA and ephemeris of the target cell, are provided to the UE, and if the UE satisfies the RAN4 UL synchronization requirement in Table 7.1C.2-1 of TS38.133, the UE is able to calculate the TA of the target cell to maintain the UL synchornization. Thus, the RACH-less handover is possible. However, two companies (R1-2212486, R1-2210964) think RACH-less handover is impossible due to the timing error from either satellite change or gateway/gNB switch is unknown. 
For scenario 4: three companies (R1-2211104, R1-2212078, R1-2211785) expressed that when the assistance information, e.g., common TA and ephemeris of the target cell, are provided to the UE, and if the UE satisfies the RAN4 UL synchronization requirement in Table 7.1C.2-1 of TS38.133, the UE is able to calculate the TA of the target cell to maintain the UL synchornization. Thus, the RACH-less handover is possible. One company (R1-2211466) points out that when the inter-satellite is on the same orbit plane, it becomes similar to scenario 1, in which the UE may reuse the assistance information of the source cell, as well as the NTA for handover to the target cell. On the other hand, two companies (R1-2212486, R1-2210964) think RACH-less handover is impossible due to the timing error from the satellite change and gateway/gNB switch is unknown.
Based on the above discussion, an initial proposal is made as follows. Companies are encouraged to provide views on the proposal.
Initial proposal 1 (Moderator):
Moderator’s proposal on the content for reply LS to RAN2
RAN1 feedback on scenario 1: RACH-less handover is possible, because the serving satellite and the feeder link are not changed, UE can reuse the UL synchronization of the source cell for handover to the target cell.
RAN1 feedback on scenario 2: UE can maintain UL synchronization when handover to target cell, if the assistance information, e.g., common TA of the target cell is provided to the UE, and if the UE satisfies RAN4 UL synchornization requirement specified in Table 7.1C.2-1 of TS38.133. Thus, RACH-less handover is possible.
RAN1 feedback on scenario 3: UE can maintain UL synchronization when handover to target cell, if the assistance information, e.g., common TA and ephemeris of the target cell are provided to the UE, and if the UE satisfies RAN4 UL synchornization requirement specified in Table 7.1C.2-1 of TS38.133. Thus, RACH-less handover is possible.
RAN1 feedback on scenario 4: UE can maintain UL synchronization when handover to target cell, if the assistance information, e.g., common TA and ephemeris of the target cell are provided to the UE, and if the UE satisfies RAN4 UL synchornization requirement specified in Table 7.1C.2-1 of TS38.133. Thus, RACH-less handover is possible.

	Company
	Comments

	Apple
	Agree with the proposal. We think UE can obtain the TA for the target cell if the assistance information of target cell is contained in the Handover command. With the proper TA for target cell, UE is able to apply RACH-less handover. 

	ZTE
	Agree with the moderator. With assistance information of target cell, UE is able to perform pre-compensation and achieve UL synchronization. As a result, RACH-less handover is possible for all the scenarios.

	Nokia, Nokia Shanghai Bell
	For Initial proposal 1, we agree with moderator’s analysis and would be supportive of this.
However, for scenarios 2, 3, and 4 the analysis does not hold unless there is a guarantee that the UE is aware of (a) the UE autonomous TA that it need to apply, and (b) system timing (SFN and slot count) in the target cell. At present we do not see it feasible to guarantee the UE to have such understanding, so we are not supportive for having support for these scenarios (2, 3, and 4).

	vivo
	From RAN1 perspective, we do not think any of the scenarios can be possible to support RACH less handover before solving the concerns below:
· different intra-satellite cells may be configured with different values for common TA related parameters, therefore the TA precompensation error may be different,
· different intra-satellite cells may be configured with different epoch time and received time of assistance information, therefore the satellite position error may be different,
· different intra-satellite cells normally have different spot beams covering different physical areas and the TA required to be adjusted may therefore be too large to receive PUSCH without TA estimated by PRACH.
Therefore, it would be good to include these concerns from RAN1 perspective in the LS reply to RAN2 so that they can discuss whether they can solve these issues from RAN2 perspective.

	Xiaomi
	Agree with the proposal, the UL timing can be adjusted based on the assistant information for the target cell. RACH-less handover for all the scenarios.

	Ericsson
	We agree with the proposal. If the UE fulfills the RAN4 UL synchronization requirements and assistance information for the target cell is provided to the UE, transmission of PUSCH/PUCCH in the target cell with correct timing is possible.

	OPPO
	Agree with the proposal.

	LG
	Agree with the proposal. If assistance information of target cell is provided 
and it is valid, UE can pre-compensate the TA of target cell. 

	CATT
	Only scenario 1 can be considered, other scenarios are not reliable. Actually even in scenario 1, in the inter-frequency handover case, it is also not reliable if considering the frequency error for differnt RF equipments. We are not supportive to the RACH less handover.
When the hanover happening in LEO case, any timing error and frequency error may cause handover failure. During the handover process, UE should be aware of the ephemeris information of differnt satellite, different common TA and timing/freqeucny change from receving the handover command to performing UL transmission. Additionaly, if the frequency band is different for differnt beam and different satellite, that further makes it impossible for RACH less handover. Based on the moderator anlaysis, we didn’t see the proof to justify the feasiblity. 

	QC
	Agree with the proposal. Suggest to change the word maintain to acheive in the descriptions of scenarios 2, 3 and 4.



Moderator summary
There are 10 companies provided inputs, the views on whether RACH-less is possible or not possible are summarized below
Scenario 1: 
· Possible (9): Apple, ZTE, Nokia, OPPO, Xiaomi, Ericsson, LG, CATT, QC
· Not possible (1): vivo

Scenario 2: 
· Possible (7): Apple, ZTE, OPPO, Xiaomi, Ericsson, LG,QC
· Not possible (3): vivo, Nokia, CATT

Scenario 3:
· Possible (7): Apple, ZTE, OPPO, Xiaomi, Ericsson, LG, QC
· Not possible (3): vivo, Nokia, CATT

Scenario 4:
· Possible (7): Apple, ZTE, OPPO, Xiaomi, Ericsson, LG, QC
· Not possible (3): vivo, Nokia, CATT

Moderator response to Nokia’s comment: based on the assistance information of target cell (if provided by the network), the UE should know how to calculate the TA for the target cell, further if the UE fulfills the RAN4 pre-compensation requirement, the UL synchronization performance is possible to be achieved. Moreover, the UE can maintain the DL synchronization relying on DL reference signal of the target cell. 

Moderator response to CATT’s comment: it is not clear how frequency error is involved, there is no close-loop frequency error compensation between UE and network. Even for RACH-based handover, the network won’t indicate to UE for frequency error adjustment. The UE should be responsible for adjusting the frequency error on UL transmission by UE implementation, which is independent of either RACH-based or RACH-less procedure. 

Moderator response to vivo’s comment: for scenario 2-4, UE is assumed to rely on open-loop UL synchronization relying on 1) DL synchronization of the target cell; and 2) assistance information of the target cell. Moreover, UE should be requested to fulfill the RAN4 requirement. With this, the UL transmission performance is ensured by the RAN4 requirement. 

Initial proposal 1-a (Moderator):
Moderator’s proposal on the content for reply LS to RAN2
RAN1 feedback on scenario 1: RACH-less handover is possible, because the serving satellite and the feeder link are not changed, UE can reuse the UL synchronization of the source cell for handover to the target cell.
RAN1 feedback on scenario 2: UE can maintain achieve UL synchronization when handover to target cell, if the assistance information, e.g., common TA of the target cell is provided to the UE, and if the UE satisfies RAN4 UL synchornization requirement specified in Table 7.1C.2-1 of TS38.133. Thus, RACH-less handover is possible.
RAN1 feedback on scenario 3: UE can maintain achieve UL synchronization when handover to target cell, if the assistance information, e.g., common TA and ephemeris of the target cell are provided to the UE, and if the UE satisfies RAN4 UL synchornization requirement specified in Table 7.1C.2-1 of TS38.133. Thus, RACH-less handover is possible.
RAN1 feedback on scenario 4: UE can maintain achieve UL synchronization when handover to target cell, if the assistance information, e.g., common TA and ephemeris of the target cell are provided to the UE, and if the UE satisfies RAN4 UL synchornization requirement specified in Table 7.1C.2-1 of TS38.133. Thus, RACH-less handover is possible.


Companies are encouraged to provide further explanation in the table below and to see if vivo, Nokia and CATT’s concerns can be addressed:

	Company
	Comments
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