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1. Introduction 
For Rel-18 L1/L2 triggered mobility, RAN2 already agreed to support early TA acquisition as below [1]:
	Agreement (Made in RAN1#110b-e)
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.



Meanwhile, in R18 NR NTN WI, it was also agreed to support RACH-less handover:

Agreements:
1. Support RACH-less Handover in Rel-18.
2. [bookmark: _Hlk131498890]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


In this paper, we further discuss how to combine RACH-less handover and LTM together to support RACH-less LTM.
2. Discussion 
The baseline procedure of LTM is illustrated as below [2]. In step 2, the gNB transmits an RRCReconfiguration message to the UE including the configuration of one or multiple LTM candidate target cells.  In step 4, the UE may perform DL synchronization and TA acquisition with candidate target cell(s) before receiving the LTM cell switch command. 
And in step 7, the UE performs random access procedure towards the target cell, if TA is not available or cell switch needs to include performing random access procedure. As the final step, The UE indicates successful completion of the LTM cell switch towards the target cell. 



Figure 1: Signalling procedure for LTM

If RACH is performed, UE can send uplink data or signalling to target cell in Msg3 for the purpose of LTM completion. If target TA is available, how UE sends this LTM completion indication is still not clear.
Observation 1: when target TA is available, how UE sends this LTM completion indication is still not clear.

In LTE, RACH-less handover is supported for latency reduction of handover interruption. And only zero target TA and TA reuse are specified, which can be applicable to small target cell or intra-eNB handover. In R18 NR NTN, a similar agreement was made to support RACH-less handover, and it can be applicable to both intra/inter-satellite handover as the target TA can be calculated based on UE location and satellite ephemeris. For LTM, the target TA can be obtained in early TA acquisition procedure before the reception of cell switch command, so the RACH-less mechanism can also be supported together with LTM.
Proposal 1: RACH-less LTM is supported given that target TA can be obtained in early TA acquisition procedure before/upon the reception of cell switch command.

The comparison among LTE RACH-less, NTN RACH-less and RACH-less LTM is shown in Table 1 as below. Besides of how to obtain TA, another key issue is how to obtain UL-Grant. In LTE RACH-less handover, both pre-allocated uplink resource and dynamic UL-Grant in target cell are supported. In R18 NR NTN, currently only dynamic UL-Grant in target cell has been agreed. To avoid duplicate discussion, for RACH-less LTM we can follow R18 NR NTN, which means when early TA is valid for a candidate cell or included in cell switch command, UE monitors PDCCH to get a UL-Grant for LTM completion indication in target cell on reception of cell switch command.

Table 1 Comparison of RACH-less handover 

	
	LTE RACH-less
	NTN RACH-less
	RACH-less LTM

	How to obtain TA
	1. Small cell with TA=0
2. Same TA for intra-eNB handover
3. The current TA of a TAG of a cell group can be reused
	According to current RAN2 agreement, i.e., “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”, the LTE approach is already covered. 

	Target TA can be obtained by early TA acquisition procedure, i.e., from a RAR (FFS received in source cell or candidate cell) or in cell switch command MAC CE. 

	How to obtain UL grant
	Pre-allocated to the UE in RRC message (optional);
Or UE monitors the PDCCH of the target cell if UL grant is not received
	According to current RAN2 agreement, i.e., “Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell.”, dynamic grant is supported. 
But pre-allocated UL-Grant is not supported.
	To avoid duplicate discussion, we can follow NR NTN agreement, i.e., to support dynamic UL-Grant from target cell.



Proposal 2: when early TA is valid for a candidate cell or included in cell switch command, UE monitors PDCCH to get a UL-Grant for LTM completion indication in target cell on reception of cell switch command.

[bookmark: _Hlk131583860]For other issues of RACH-less handover, e.g., whether pre-allocated UL-Grant is supported, how to confirm RACH-less handover is completed successfully, they can be discussed in R18 NR NTN first since the progress in NR NTN is ahead of other WIs. Then for RACH-less LTM, companies can further check whether additional adjustment/optimization is needed. The intention is to avoid duplicate discussions among different WIs.
Proposal 3: To avoid duplicate discussions among different WIs, other RACH-less handover issues can be discussed in R18 NR NTN first, then companies can further check whether additional adjustment/optimization is needed for RACH-less LTM.
3. Conclusion
In this paper, we discuss the RACH-less LTM, and we have the following observation:
Observation 1: when target TA is available, how UE sends this LTM completion indication is still not clear.

And we propose:
Proposal 1: RACH-less LTM is supported given that target TA can be obtained in early TA acquisition procedure before/upon the reception of cell switch command.
Proposal 2: when early TA is valid for a candidate cell or included in cell switch command, UE monitors PDCCH to get a UL-Grant for LTM completion indication in target cell on reception of cell switch command.
Proposal 3: To avoid duplicate discussions among different WIs, other RACH-less handover issues can be discussed in R18 NR NTN first, then companies can further check whether additional adjustment/optimization is needed for RACH-less LTM.
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