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1 Introduction
According to the WID [1], objectives related to TA for L1/L2 inter-cell mobility is identified as follows:
· Timing Advance management [RAN1, RAN2]

In the RAN2#119bis meeting, RAN2 has performed initial discussions about the TA and made some agreements as follows.
· RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. RACH-less if the UE doesn’t need to acquire TA during the cell switch. 

· RAN2 understands that the feasibility of RACH-less may depend on RAN1, and expect that RAN1 is working on this. 

RAN1 has confirmed the assumption about TA as follows.

	Agreement
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.

· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)


In this paper, we discuss the issues related to TA acquisition and propose some potential enhancements accordingly.

2 Discussion
Shorten the interruption time during the handover can reduce the latency of the RACH procedure for UL synchronization. If the uplink synchronization can be achieved before the handover procedure or before the interruption time, this part of latency for the mobility can be reduced. RAN1 has studied RACH-based solutions and RACH-less solutions to achieve the TA acquisition and made the following baseline agreement in RAN1#110-bis.
	Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
· RACH-based solutions
· e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
· RACH-less solutions
· e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)



Different solutions were proposed for RACH-based solutions and RACH-less solutions. Further discussions were made in RAN1 in the following meetings and some issues are still open. RAN2, as the leading group of this WI, could assume the whole picture of TA acquisition mechanism and study the RAN1 related aspects based on RAN1’s agreements. In this contribution, discussion are divided into two parts: the RACH-based solutions and RACH-less solutions.
2.1 RACH-based solutions
for the RACH-based solutions for TA pre-acquisition, PDCCH-order RACH is supported as the baseline. Besides, several initial designs were made as shown in the listed agreements from RAN1#111.
	Agreement
On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.

· The PDCCH order is only triggered by source cell

· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.

· Note: any other RACH-based solutions are for discussion separately

Agreement

For PDCCH ordered RACH in LTM, at least the following enhancements are supported

· Introduce indication of candidate cell and/or RO of candidate cell in DCI

· configuration of RACH resource for candidate cell(s) is provided prior to the PDCCH order

· FFS: whether/how to transmit RAR

Agreement

On whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM, the following alternatives are considered for further study

· Alt 1: RAR is needed

· Alt 2: RAR is not needed

· Note: If Alt 2 is supported, TA value of candidate cell is indicated in cell switch command

· Alt 3: whether RAR is needed can be configured


As can be seen, one controversial point is whether RAR is needed for PDCCH ordered RACH for a candidate cell in LTM. Some further discussions were performed in the following RAN1#112 meeting as follows. 
	Agreement
For Rel-18 LTM, Random Access Preamble indices and indication of RACH occasions with the associated SSB indices are configured for each candidate cell. 

Note: the detailed signalling is left to RAN2

Agreement
For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)

· TA value of candidate cell is indicated in cell switch command

· FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated

· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order

· If reception of RAR is configured/indicated (with RAR), FFS

· whether RAR is received from serving cell or candidate cell

· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR

· FFS: signaling for configuration/indication of whether RAR needs to be received

· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement

· Note: Definition of candidate cells is up to RAN2

Agreement 

· For PDCCH-order based RACH for TA measurement for candidate cells, legacy CBRA is not supported


Based on RAN1’s latest agreements, PDCCH ordered-RACH without RAR was confirmed by which TA value of candidate cell is indicated in cell switch command while the reception of RAR is configured/indicated is still FFS. As mentioned, high layer should check the feasibility about the above agreements. 
For RACH based TA acquisition solutions with RAR, the TA is sent by RAR during the RA procedure triggered by PDCCH order. There are a lot of identified issues to be resolved. For example, TA acquisition with configured RAR results in larger latency since UE needs to wait for the window for RAR reception. After receiving the TA via RAR, UE needs to maintain TAs for all candidates. UE even need to keep running multiple TATs corresponding to these TAs conveyed in different RAR. As mentioned by RAN1, the content of the RAR for TA-acquisition is another issue to be solved which means more specification impacts for modified RAR design. 
Observation 1: Compared with PDCCH ordered-RACH without RAR, PDCCH ordered-RACH with RAR introduces more specification impact, latency and complexity.
For RACH based TA acquisition solutions without RAR, network could maintain the TA and send it to UE via switch command only upon cell switch. Network could ensure the validity of the pre-acquired TA. If the network found the TA is not valid, it can update the TA by reusing the triggering mechanism for the initial TA acquisition as the below agreement from RAN1.
	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 


In addition, it is straight forward to have the TA value in cell switch command. With this solution, UE receives the TA when it switches to the candidate cell indicated in the LTM switch command. That is, the UE is not required to receive RARs from different candidate cells nor needs to perform unnecessary RACH to the serving cell for acquiring TA of candidates when it is served by the source cell. UE RACH based TA acquisition solutions without RAR reduce the complexity and workload.
Proposal 1: Prioritize the study of TA acquisition via switch command for RACH-based TA acquisition. Study TA acquisition via configured RAR if time allows.

2.2 RACH-less solutions

PDCCH ordered RACH is one of the common solutions for UE to acquire TA while the RACH-less solutions were also used under certain scenarios. Take RACH-less HO as an example. The TA value of the target cell could be two alternatives: 1) the same with the current serving cell; 2) zero. The same TA value with the source cell is usually applied when the source and target cell are co-located. And the values 0 is usually applied in the small cell. In those scenarios, the initial TA could be acquired based on either the TA of current cell or the DL reception timing.
Observation 2: RACH-less TA acquisition is supported for RACH-less HO.
In the CA scenario of LTM, the candidate target PCell/SCell for LTM is the current SCell/PCell. The TA of the the target SCell/PCell is already known by UE since it is the TA of the current PCell/SCell.
Observation 3: RACH-less TA acquisition can be supported for the PCell/SCell role exchange in the CA scenario of LTM.

During the RAN1#112 meeting, they assumed that the UE-based TA measurement is supported. That is, 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.
	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


Observation 4: RAN1 assumes that UE-based TA measurement is supported for RACH-less TA on Rx timing difference.
If the DL reception timing difference could be required by UE, UE could calculate the uplink TA to the candidate cells. The initial TA derived be UE based on the timing difference could be used for the first transmission to the target cell. And the target cell can adjust the TA values based on the first uplink transmission. The Rx timing difference-based solutions can expand the using scenarios compared to the LTE scenarios. 

Proposal 2: For the RACH-less solutions, RAN2 is kindly asked to support UE-based TA measurement.
3 Conclusions
In this contribution, we list the potential issues related to TA acquisition. Following observations and proposals are made in this contribution:
Observation 1: Compared with PDCCH ordered-RACH without RAR, PDCCH ordered-RACH with RAR introduces more specification impact, latency and complexity.
Proposal 1: Prioritize the study of TA acquisition via switch command for RACH-based TA acquisition. Study TA acquisition via configured RAR if time allows.

Observation 2: RACH-less TA acquisition is supported for RACH-less HO.

Observation 3: RACH-less TA acquisition can be supported for the PCell/SCell role exchange in the CA scenario of LTM.

Observation 4: RAN1 assumes that UE-based TA measurement is supported for RACH-less TA on Rx timing difference.

Proposal 2: For the RACH-less solutions, RAN2 is kindly asked to support UE-based TA measurement.
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