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1. Introduction
[bookmark: _Hlk54343086]The detailed WID objective for L1/L2 based mobility is listed below [1].  
	The detailed objective of this work item are:

1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
The detailed scope of agenda 9.13.2 is listed below [2], which is elaborated in the following section
	9.13.2	Timing advance management to reduce latency



2. [bookmark: _Hlk100679068]TA Management for Cell Update Latency Reduction
[bookmark: _Hlk113199153]In R17, TA will not be updated for deactivated cell whose TAG has no active serving cell. PRACH is not transmitted and PDCCH is not monitored on deactivated cell, including PSCell and SCell. In R18 L1/L2 mobility, the selected new SpCell may not be activated before, and updating TA after the SpCell selection may cause additional latency. 

Specifically, without TA maintenance for deactivated cell, the TA may have to be updated upon new cell activation. As illustrated in Figure 1, the corresponding TA update latency in worst case is the sum of RO period, RAR window length, and TA application time. Assume RO period of 40 ms, RAR window length of 10 ms, and TA application time of 1.25 ms for SCS = 120kHz. The corresponding TA update latency in the worst case is 40+10+1.25 = 51.25 ms. On the other hand, in the best case, Msg1 and Msg2 can happen almost immediately after the new SpCell activation time. Therefore, the corresponding latency can be negligible, and the TA update latency is dominated by the TA application time, which can still be saved to reduce the UL Tx latency based on TA on the new SpCell.


[bookmark: _Hlk113200428][image: ]
Figure 1: TA update latency for previously deactivated new SpCell

Therefore, to reduce TA update latency for previously deactivated new SpCell, it would be beneficial for gNB to calculate TA for deactivated TAG/candidate SpCell, which could be achieved via transmitting SRS on deactivated candidate SpCell, or calculating it at gNB or UE based on the TA of current serving cell as well as the DL Rx timing difference between the current serving cell and the candidate SpCell. In case of gNB based TA calculation, gNB could indicate the TA for the new SpCell in the SpCell update command. In case of UE based TA calculation, UE could directly apply the latest calculated TA after receiving the SpCell update command.

[bookmark: _Hlk114149056]Proposal 1: To reduce TA update latency, TA can be calculated at gNB or UE for deactivated TAG/candidate cell
· Corresponding mechanisms can be investigated, e.g. Rx timing difference, SRS transmission on deactivated cell

[image: ]
Figure 2: TA calculation at gNB or UE for deactivated TAG/candidate SpCell

[bookmark: _Hlk114736443]Another way to reduce TA update latency is for the SpCell/CG update command to also trigger the TA update for the TAG(s) associated with the new SpCell/CG. The triggered TA update may include UL signal transmission for TA measurement, e.g. PRACH/SRS transmitted to the new SpCell, or UE report of Rx timing difference between the old and new SpCells, based on which the gNB can derive the TA for the new SpCell.   

[bookmark: _Hlk114736757]Proposal 2: SpCell/CG update command can also trigger TA update for the TAG(s) of the new SpCell/CG
· E.g. TA update can be UL signal Tx for TA measurement, UE report of Rx timing difference between the old and new SpCells

[image: ]
Figure 3: SpCell update command triggered TA update via UL signal transmission for TA measurement

To reduce TCI indication latency, R17 unified TCI framework introduces the DCI based TCI indication, which is applicable to multiple channels including control and data. On the other hand, prior to R18, the TA command can only be carried by MAC-CE or RAR. To reduce TA update latency and increase signalling flexibility, DCI based TA indication can be considered in R18. On the DCI choice, one candidate could be the R17 TCI updating DCI, which has enough reserved bits when not scheduling any data. Another possibility is that if SpCell/CG update DCI is introduced in L1/L2 mobility, it can indicate the TA for the new SpCell/CG as well.   

Proposal 3: DCI based TA indication can be considered
[image: ]
Figure 4: DCI based TA indication
3. Conclusion
[bookmark: _Hlk83741726]In this contribution we discussed TA management to reduce latency for L1/L2 based mobility. Below is the summary of the corresponding proposals.
Proposal 1: To reduce TA update latency, TA can be calculated at gNB or UE for deactivated TAG/candidate cell
· Corresponding mechanisms can be investigated, e.g. Rx timing difference, SRS transmission on deactivated cell

Proposal 2: SpCell/CG update command can also trigger TA update for the TAG(s) of the new SpCell/CG
· E.g. TA update can be UL signal Tx for TA measurement, UE report of Rx timing difference between the old and new SpCells

Proposal 3: DCI based TA indication can be considered
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