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Introduction
In RAN 94e meeting, the work item of further enhancements on MIMO for NR with respect to DMRS was proposed as follows [1]:
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
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]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 RAN #93 and #94 meeting, most of the companies preferred to support L1/L2 based inter-cell mobility, LTM for short, in Rel-18 to reduce mobility latency. In this contribution, we will further discuss the timing advance (TA) management to reduce the dynamic handover/switching latency.
Discussion on TA management
TA measurement
There is a working assumption w.r.t RACH-less solutions, that is UE-based TA measurement, in RAN1 112 e-meeting [4]:
Working Assumption
UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec
As shown in figure 1, the TA can be calculated by UE itself if the  can be measured by UE and the  can be indicated in advance. More specifically, , or . When serving cell and candidate cell is synchronous, the  is equal to 0, otherwise  is needed for UE to calculate the TA of candidate cell based the TA of serving cell.



Fig.4 UE based TA measurement
Because RACH usually takes a little too much time, the time overhead for RACH-based Tas measurement of candidate cells is huge, especially when there are many candidate cells. For UE based TA measurement, there will be much less time overhead because the TAs of the candidate cells are measured by UE itself. And TA indication is not needed. Therefore, there will be less signaling overhead and time overhead for UE based TA measurement compared with RACH based TA acquisition. Thus, we support UE based TA measurement.
Proposal 1: Conform the working assumption about UE-based TA measurement.
Based on the discussion about the implementation of UE based TA measurement above, how to measure the time difference, , and calculate the TA of candidate cell is up to UE. But there are issues needs to be specified. First,  which is the inherent time difference, if exists, needs to be indicated to UE. In addition, the TA of candidate cell will not be valid all the time. UE-based TA measurement should be conducted once in a while. Therefore, when exactly should UE perform UE-based TA measurement should be specified, periodically, or triggered by NW?
Proposal 2: Possible impacts of UE based TA measurement on RAN1 spec.:
· The configuration/indication of the inherent time difference, if exists
· When to perform UE-based TA measurement, periodically or triggered by NW?

TA indication
TA indication time
If the PDCCH order RACH without RAR is configured to measure the TAs of candidate cells, the TA is indicated via cell switch command as we agreed before. Then, the TA of target cell is indicated together with cell switch command. No need to indicate the TAs of candidate cells before cell switch. While, if PDCCH order RACH with RAR is configured, the TA of candidate cell is indicated before cell switch. Then, TA of target cell need not to be included in cell switch command. In short, TA is indicated before cell switch if the TA of target cell is measured via PDCCH order RACH with RAR. While TA is indicated together with cell switch if the TA of target cell is measured via PDCCH order RACH without RAR.
Observation 1: About TA indication time,
· TAs of candidate cells are indicated before cell switch if the TAs are measured via PDCCH order RACH with RAR. 
· TA is included in RAR
· TA of target cell is indicated together with cell switch if the TA is measured via PDCCH order RACH without RAR.
· There is no need to indicate TA of candidate cell
· There is no TA indication if UE based TA measurement is used

Association between TA and candidate/target cell
First, if TA of target cell is measured via PDCCH order RACH without RAR, then the TA of target cell is indicated in cell switch command. Based on the discussion in agenda 9.10.1, information to identify the target cell(s), like the PCI or the configuration index of target cell, needs to be included in cell switch command. Based on this information, UE knows which cell the TA indicated in cell switch command belongs to. Therefore, the association of TA/TAG and target cell is explicitly provided as a part of cell switch command.
Proposal 3: If TA of target cell is measured via PDCCH order RACH without RAR, the association of TA/TAG and target cell is explicitly provided as a part of cell switch command.
Secondly, if the TAs of candidate cells is measured by PDCCH order RACH with RAR, these TAs are indicated via RAR before cell switch command. In last meeting, we agreed that RAR is transmitted from serving cell. However, the necessary information should be included in RAR has not been decided. Thus, the association of TA/TAG and target cell can be explicitly provided as a part of candidate cell(s) configuration or as a part of RAR.
Proposal 4: If TA of candidate cell is measured via PDCCH order RACH with RAR, the association of TA/TAG and candidate cell can be explicitly provided as a part of candidate cell configuration or as a part of RAR.
In addition, for UE based TA measurement, if supported, the TA is indicated by UE itself. It can be assumed that UE knows the association between TA and candidate/target cell.
Proposal 5: For UE based TA measurement, it can be assumed that UE knows the association between TA and candidate/target cell

TA updating
For the TA updating, we have reached an agreement in RAN1 #111 meeting as following [3]:
[bookmark: _Hlk126747492]Agreement
· TA updating (i.e. re-acquisition of TA) for candidate cell can be triggered by NW. 
· same triggering mechanism reuse the initial TA acquisition, i.e., PDCCH order triggered RACH in a candidate cell
[bookmark: _Hlk134723079]This agreement was trying to design a unified TA updating method for both RACH based solutions and RACH-less solution. The TA will be updated every time UE triggers TA measurement. For PDCCH order RACH based TA measurement, the TA can be updated based on another PDCCH order RACH. For UE based TA measurement, if agreed to be introduced, to support this TA updating method, how to trigger UE based TA measurement should be specified. 
Proposal 6: How to trigger UE based TA measurement should be specified if introduced.
However, when to trigger the TA updating is up to NW for both RACH-based and UE based TA measurement. Then, it cannot be guaranteed that the TA is valid when UE receives the cell switch command. 


Observation 2: It cannot be guaranteed that the TA is valid when UE receives the cell switch command for the current TA updating method.
There are two possible solutions to ensure the TA is valid when UE receives the cell switch command. First, NW triggers TA measurement of target cell when it decides to send cell switch command. While, in this case, the cell switch should be performed after UE measures the TA of target cell. This solution collides over the intention, which is reducing the cell switch delay, of this agenda. Another solution is to define a TA valid time for UE. UE can trigger RACH to candidate cell for TA measurement if NW does not trigger PDCCH order RACH within the TA valid time.
Proposal 7: UE can trigger RACH to candidate cell for TA measurement if NW does not trigger PDCCH order RACH within the TA valid time
· TA valid time can be newly introduced or reuse the current TA valid time.

Conclusion
In this contribution, we discussed the timing advance (TA) management in L1/L2 mobility. Based on above discusses, we provide the following proposals:
Proposal 1: Conform the working assumption about UE-based TA measurement.
Proposal 2: Possible impacts of UE based TA measurement on RAN1 spec.:
· The configuration/indication of the inherent time difference, if exists
· When to perform UE-based TA measurement
Observation 1: About TA indication time,
· TAs of candidate cells are indicated before cell switch if the TAs are measured via PDCCH order RACH with RAR. 
· TA is included in RAR
· TA of target cell is indicated together with cell switch if the TA is measured via PDCCH order RACH without RAR.
· There is no need to indicate TA of candidate cell
· There is no TA indication if UE based TA measurement is used
Proposal 3: If TA of target cell is measured via PDCCH order RACH without RAR, the association of TA/TAG and target cell is explicitly provided as a part of cell switch command.
Proposal 4: If TA of candidate cell is measured via PDCCH order RACH with RAR, the association of TA/TAG and candidate cell can be explicitly provided as a part of candidate cell configuration or as a part of RAR.
Proposal 5: For UE based TA measurement, it can be assumed that UE knows the association between TA and candidate/target cell
Proposal 6: How to trigger UE based TA measurement should be specified if introduced.
Observation 2: It cannot be guaranteed that the TA is valid when UE receives the cell switch command for the current TA updating method.
Proposal 7: UE can trigger RACH to candidate cell for TA measurement if NW does not trigger PDCCH order RACH within the TA valid time
· TA valid time can be newly introduced or reuse the current TA valid time.
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