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Background
As a way to support handover operation with reduced latency and overhead, L1/L2-based mobility management is to be specified in Rel-18. According to WID [1], RAN 1 will discuss support of inter-cell TA management or TA management of non-serving cell as shown below:
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


In this paper, we discuss on the necessity and benefits of supporting different TA per cell at supporting L1/L2 centric mobility.

Discussions
In Rel-17, for the support of inter-cell beam indication, RAN1 has a discussion whether different TA or different UE timing is supported in a beam or PCI specific way. But no consensus was made:

	Rel-17 RAN1’s conclusion in inter-beam management
Conclusion (RAN1 106-e)
On Rel.17 enhancements for inter-cell beam management, 
In Rel-17, RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell
Conclusion (RAN1 106b-e)
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, there is no consensus in RAN1 on UE timing assumption on reception of signals from TRPs with PCIs different from the serving cell compared to that for serving cell



Though no consensus made, the discussion revealed common understanding that same TA for multiple cells can be assumed as a specific scenario or usecase. Intra-DU has been assumed as possible scenario by several companies. But as captured below, via LS[2], RAN2 informed that it will be strived to support unified solution for both of intra/inter-DU scenario. 

	· Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.



And it should be also considered that even for MTRP operation, different TA is supported per TRP
	Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.



Observation 1: Different TAs for serving cell and non-serving cell should be considered

In recent meeting, RAN2 started discussion on support of dynamic cell switching without RRC reconfiguration as:
· ICBM is one scenario considered for L1L2 mobility, but is not the only one, and is not a prerequisite for using L1L2 mobility.
· RAN2 to consider preparation of target cell configurations capable of dynamic switching without need for full configuration.


As natural understanding of the agreements above, TCI indication based cell switching is to be considered. It should also be considered that TCI or QCL information is not only for the indication of beam but can also bring further information on UE’s reception or UL transmission, e.g., DL timing reference or UL power control parameters. Therefore, RAN1 may consider TCI based cell selection as starting point. If multiple of candidate target cells are configured, different TA value could be associated for different TCI states representing beam or QCL source of non-serving cells. 

Observation 2: TCI based serving-cell switching may support both of ICBM based or non-beam management based dynamic cell switching 
Here is our first proposal. By defining association between TA value and TCI state which indicates QCL source of non-serving cell, RAN1 can support inter-cell TA indication without introducing new signaling structure of dynamic TA indication.

Proposal 1: Support direct/indirect association between TA and TCI state indicating QCL source associated with non-serving cell PCI. 
UE is expected to measure DL timing based on QCL source which is associated to activated TCI state. So as natural approach, we propose UE initiated non-serving cell TA via active TCI state associated with non-serving cell PCI. We can have further discussion whether UE is expected to acquire non-serving cell TA via SSB for any cell which is not associated to activated TCI state. 

Proposal 2: UE acquires non-serving cell TA based on QCL source which is indicated by active TCI state and associated to non-serving cell PCI.

In addition to UE initiated TA adjustment, for further performance enhancement or TA acquisition for more of non-serving cell, a RACH procedure can be triggered. The RACH procedure can be triggered by:
· The UE as a contention-based or contention-free random access procedure.
· The network as a PDCCH order.
Proposal 3: Consider TA acquisition for a non-serving cell through a random access procedure.
· If supported, PRACH transmission is also allowed for non-serving cell which is not associated to configured TCI state.

Network may configure multiple of candidate target cells or RRC prepared cells to support flexible handover and it may request multiple of non-serving cell TA values to be prepared. Due to the operational complexity, UE may have limited capability at number of simultaneously tracked timing source, and network may need to inform UE which of prepared target cell should prioritized. With the proposal above, RAN1 support reduced complexity and also supports UE initiated flexibility or increase accuracy at non-serving cell TA. As a further consideration, UE initiated TA calculation should be supported for non-serving cell where PRACH based TA is performed. RAN1 may also need to consider handover to target cell where TA value is not prepared due to unexpected UE mobility.

Proposal 4: Support UE initiated non-serving cell TA for a non-serving cell initial TA is acquired by PRACH

Conclusions 
For L1/L2 mobility, we provide following observations and propose proposals as below: 

Observation 1: Different TAs for serving cell and non-serving cell should be considered
Observation 2: TCI based serving-cell switching may support both of ICBM based or non-beam management based dynamic cell switching 
Proposal 1: Support direct/indirect association between TA and TCI state indicating QCL source associated with non-serving cell PCI.
Proposal 2: UE acquires non-serving cell TA based on QCL source which is indicated by active TCI state and associated to non-serving cell PCI
Proposal 3: Consider TA acquisition for a non-serving cell through a random access procedure.
· If supported, PRACH transmission is also allowed for non-serving cell which is not associated to configured TCI state.
Proposal 4: Support UE initiated non-serving cell TA for a non-serving cell initial TA is acquired by PRACH
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