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1. Introduction
For NTN RACH-less handover, the following agreements have been made in RAN2 #121 meeting:
Agreements:
1. Support RACH-less Handover in Rel-18.
2. 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
3. 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.
4. 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
And the following agreements have been made in RAN2 #121bis meeting:
Agreements via email – from offline 109:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
3. RAN2 confirms the general UE procedure for NTN RACH-less HO 
	1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
	2.	start timer T304 for the target cell (RRC)
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
	4.	start time alignment timer (MAC)
	5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
	6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
	7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
	8.	stop timer T304 for the target cell. (RRC)
	FFS whether to release UL grant if pre-allocated after RACH-less HO completion
	FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
	FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
4.	The pre-allocated grant is provided as type-1 CG
5.	Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:
	1. whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.
	2. to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.
	3. power control for initial UL transmission

Agreements online:
1. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
2. Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.
In this contribution, we further discuss some FFS in the procedure of RACH-less handover in NR NTN.
2. Discussion 
According to the LS from RAN1 [1] and RAN4 [2], RACH-less handover could be applied for NTN with UL synchronization maintained by TA pre-compensation using the assistance information (e.g. epoch time, ephemeris, common TA) of the target cell. In RAN2 #121bis meeting, it was also agreed that RACH-less HO is supported for intra-satellite handover with the same feeder link, and RACH-less HO can be supported for intra-satellite handover with different feeder links and inter-satellite handover. And the general procedure for NTN RACH-less HO has been discussed as following:
1. receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
2. start timer T304 for the target cell. (RRC)
3. perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
4. start time alignment timer. (MAC)
5. monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command. (MAC, PHY)
6. send initial UL transmission including RRCReconfigurationComplete message using the available UL grant. (RRC, MAC, PHY)
7. consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
8. stop timer T304 for the target cell. (RRC)
Regarding to how to perform RACH-less UL synchronization to NTN target cell, the UE should acquire the TA for target cell as the following formula in TS 38.211 [3] to maintain UL synchronization:

The UE could acquire  based on target cell NTN-Config by TA pre-compensation. The NTA,offset would  be configured by n-TimingAdvanceOffset in ServingCellConfigCommon or would be a default value. As for NTA, is was agreed that the network would implicitly or explicitly indicate whether it is identical to the source cell or explicitly provided. The NTA is typically provided by network via TA command based on the timing of UL and DL transmission, except for MSGA transmission on PUSCH where NTA shall be zero. In NTN RACH-less handover, when the network indicates the same NTA for target cell and source cell, the two cells would be synchronized, e.g. for intra-satellite handover without feeder link change. In that scenario, the TTA between the target cell and source cell would not be changed, and the NTN-Config is also not changed when the UE handovers from the source cell to the target cell. The UE would reuse the NTN-Config and NTA applied in the source cell for target cell. The UE could use the same TA configuration and pre-compensate the TA value for target cell using the NTN-Config and NTA of the source cell. Since NTN-Config is optional in RRC reconfiguration message, it has been allowed to not including NTN-Config in a handover command in current specification. And the NTA could also be omitted in the handover command to implicitly indicate an identical value.
Proposal 1: If NTA of the target cell is identical to the source cell, NTN-Config and NTA could be absent in the handover command, and the UE reuses NTN-Config and NTA of the source cell to perform UL synchronization.
Therefore, after receiving a handover command indicating RACH-less handover, the UE can pre-compensate TA for the target cell with explicitly configured or implicitly indicated NTN-Config and NTA. Then the UE can perform UL synchronization to the NTN target cell.
Proposal 2: The step 1 could be confirmed as: receive a HO command indicating RACH-less HO, which can optionally include pre-allocated grant, N_TA and NTN-Config. (RRC)
Proposal 3: The step 3 could be confirmed as: perform DL synchronization and UL synchronization with TA pre-compensation, and start timer T430. (RRC, MAC)
For the RACH-less HO completion, since it has been agreed to reuse LTE approach to confirm NTN RACH-less HO completion for pre-allocated grant, the dynamic grant could simply go for the same way. There is no need to have two mechanisms in NR RACH-less HO for configured grant and dynamic grant.
Proposal 4: For confirmation of RACH-less HO completion, the UE applies the same mechanism  for both pre-allocated grant and dynamic grant.
Proposal 5: The step 7 could be confirmed as:	consider RACH-less HO is completed upon receiving UE Contention Resolution Identity MAC CE as NW confirmation, and the UE ignores the content of UE Contention Resolution Identity. (MAC)
3. Conclusion
In this contribution, we discuss RACH-less handover for NR NTN and have following proposals:
Proposal 1: If NTA of the target cell is identical to the source cell, NTN-Config and NTA could be absent in the handover command, and the UE reuses NTN-Config and NTA of the source cell to perform UL synchronization.
Proposal 2: The step 1 could be confirmed as: receive a HO command indicating RACH-less HO, which can optionally include pre-allocated grant, N_TA and NTN-Config. (RRC)
Proposal 3: The step 3 could be confirmed as: perform DL synchronization and UL synchronization with TA pre-compensation, and start timer T430. (RRC, MAC)
Proposal 4: For confirmation of RACH-less HO completion, the UE applies the same mechanism  for both pre-allocated grant and dynamic grant.
Proposal 5: The step 7 could be confirmed as:	consider RACH-less HO is completed upon receiving UE Contention Resolution Identity MAC CE as NW confirmation, and the UE ignores the content of UE Contention Resolution Identity. (MAC)
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