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Introduction
In this contribution, we discuss the remaining issues on timing advance management for Rel-18 LTM.
Discussion
Remaining issues on RACH-based TA acquisition
The following agreements were made in previous meetings.
	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)

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)

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
· 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

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
The PDCCH order from the source cell contains the indication of candidate cell.
· The reserved bit(s) in DCI format 1_0 for PDCCH order can be used for indication of cell identity

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

Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control

Agreement
For PDCCH order based PRACH to candidate cell, the candidate cell SSB indicated in the PDCCH order serves as the path loss RS for PRACH Tx power determination.

Agreement
On the determination of the PRACH transmission power when reception of RAR is not configured, a [1-bit] field in PDCCH order explicitly indicating initial transmission or retransmission of PRACH is supported.

Agreement
On the determination of the PRACH transmission power when reception of RAR is not configured, a 1-bit field in PDCCH order explicitly indicating initial transmission or retransmission of PRACH, FFS
· UE will increase the power with the value of power ramping configuration if it is indicated as re-transmission, unless the max allowed power is achieved
· whether/how to reset the counter

Agreement
For the power control of PDCCH-ordered CFRA in LTM, the UE can maintain only one power ramping counter 

Agreement
For the power control of PDCCH-ordered CFRA in LTM, power-ramping counter is reset at least when UE receives a PDCCH order indicating the initial transmission of PRACH

Agreement 
For the power control of PDCCH-ordered CFRA in LTM, 
· When a UE receives a PDCCH order indicating a re-transmission of PRACH with the same associated SSB and same candidate cell as the previous PRACH, the counter is increased by 1.
· In addition to case 1, power-ramping counter is reset in the following cases:
· Case 2: The candidate cell indicated in the PDCCH order, indicating retransmission, is different from that indicated in the last PDCCH order. 
Note: the initial counter is 0 before receiving any PDCCH order.

Agreement
when a PDCCH order is sent for a candidate cell, 
· The bit size of N in DCI format 1_0 for cell indicator is determined by the number (e.g., C) of configured candidate cells with RACH configuration provided for early TA acquisition, the following alternative is supported:.
· Alt 2: N=
· The number of cells used to calculate the bit width is the number of candidate cells with RACH configuration provided for early TA acquisition + 1 (serving cell)

Agreement
The bit field codepoint ‘0’ of cell indicator field in PDCCH order indicates PRACH for current serving cell, the rest bit field codepoints are mapped to candidate cells configured with EarlyUlSyncConfig-r18.
· One-to-one mapping between bit field codepoint from 1 to C to candidate cell IDs in an ascending order

Conclusion
TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility is supported when the candidate cell(s) is deactivated SCell(s).



In previous meeting, PDCCH ordered RACH was agreed to be supported for TA acquisition of candidate cell(s). It was agreed that each PRACH configuration can be configured per candidate cell, and gNB can trigger PDCCH ordered CFRA with indication of candidate cell ID for a UE to acquire TA of the candidate cell. By RAN2 decision, RAR-based solution for RACH-based approach is not supported, so UE doesn’t need to receive RAR for candidate cell TA acquisition. However, there is a remaining issue whether/how to define DL reference timing of candidate cell for PRACH transmission. Considering asynchronous slot boundary scenario between serving cell and candidate cells, common understanding of DL reference timing for candidate cell between gNB and UE is important to derive accurate TA value of candidate cell from UE PRACH transmission. In RAN4 discussion on Rel-18 MIMO two TA, the following was agreed for two DL reference timing for two TAG in a serving cell[1].
	Agreement: @RAN4
· For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place [image: ] before the reception of the first detected path (in time) of the corresponding downlink frame of the reference signal associated with UL/joint TCI state.



In order to have consistency with RAN4 decision where both Rel-18 LTM and Rel-18 two TA are based on unified TCI framework, simple solution is that the reference signal associated with TCI state configured/activated for a candidate cell can be used for UE to measure DL reference timing for the candidate cell.
Proposal #1: Define DL reference timing of candidate cell for PRACH transmission in RACH-based TA acquisition.

On the other hand, there had been a discussion regarding retransmission of PRACH, but it was concluded that UE autonomous re-transmission of PRACH is not allowed, as agreed in the RAN1 #112bis meeting. In our view, in order to avoid RACH transmission failure which may cause additional delay since there is no RAR for UE to confirm the success of RACH transmission, the repetition number (as discussed in Rel-18 CE) for PRACH transmission can be adaptively indicated by ordering DCI wherein channel quality of candidate cell(s) is dynamically changing.
Proposal #2: Support indication of the PRACH repetition number (as discussed in Rel-18 CE) in PDCCH order.

Remaining issues on UE-based TA measurement
The following agreement was made in RAN1 #113.
	Agreement
Confirm the following Working Assumption, and sent LS to RAN4 to clarify the feasibility of supporting this mechanism
Working Assumption
From RAN 1 perspective, 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



In the last meeting, there were several discussions regarding UE-based TA measurement including concurrent configuration of RACH-based TA acquisition and UE-based TA measurement, triggering mechanism for UE-based TA measurement, and network assistance for UE-based TA acquisition, as below[2].
	Feature lead’s proposal #1
Regarding whether two different TA acquisition methods can be supported or not, 
· Alt 1: Priority rule is not needed. (DOCOMO, IDCC, LGE, Xiaomi, Ericsson, vivo, Lenovo, OPPO, Samsung(If UE based solution to be additionally active by MAC CE, only one solution to be activated/indicated))
· UE is not expected to be configured with both PDCCH order RACH and UE based TA measurement for a candidate cell
· Alt 2: Priority rule is needed. (HW, ZTE, QC, Nokia, Samsung(if RRC based triggering of UE-based measurement is supported))
· Support to configure UE with both PRACH based scheme and UE based scheme

Feature lead’s proposal #2
Proposal 2-4: for the configuration/activation/triggering of UE-based TA measurement, down-select among the following alternatives in RAN1 #114-bis meeting.
· Alt 1: UE-based TA measurement is configured by RRC
· Alt 2: UE-based TA measurement is configured by RRC and activated/triggered by MAC CE for TCI state activation for candidate cells or cell switch command MAC CE
· UE-based TA measurement for indicated candidate is performed if MAC CE for TCI state activation for candidate cells is provided.
· If MAC CE for TCI state activation for candidate cells is not provided, UE-based TA measurement for indicated target cell is performed when cell switch command MAC CE is received.
· [Upon reception of cell switch command MAC CE, the UE calculates the final target cell TA and applies it for UL transmission.]
· Alt 3: UE-based TA measurement is activated/triggered by MAC CE for TCI state activation for candidate cells or cell switch command MAC CE
· UE-based TA measurement for indicated candidate is performed if MAC CE for TCI state activation for candidate cells is provided.
· If MAC CE for TCI state activation for candidate cells is not provided, UE-based TA measurement for indicated target cell is performed when cell switch command MAC CE is received.
· [Upon reception of cell switch command MAC CE, the UE calculates the final target cell TA and applies it for UL transmission.]

Feature lead’s proposal #3
Proposal 2-2: For UE based TA acquisition, gNB should at least provide the following info for UE to derive the TA for candidate cell
· For each of measured serving cell and candidate cell
· Cell ID, measured SSB ID [and corresponding measured occasions]
· DL Tx timing difference between the serving and candidate cells ([From RAN1 perspective,] if UE-base TA acquisition is confirmed to be feasible for asynchronous scenarios)



In our view, for the first issue, there is no reason to concurrently configure two different TA acquisition mechanisms for a UE which has no clear benefit. RRC based switching between RACH-based TA acquisition and UE-based TA measurement should be sufficient.
Regarding second and third issues, UE-based TA measurement configured by RRC is also sufficient if a specific SSB per configured candidate cell is pre-determined/defined for UE-based TA measurement. For example, if a UE is already configured with SSBs of a candidate cell for L1-measurement, one of the configured SSBs for L1-reporting can be implicitly determined as the SSB for the candidate cell TA measurement. Then, there is no need for gNB to explicitly provide target candidate cell ID and/or SSB ID for UE-based TA measurement which causes additional signaling overhead. Regarding providing DL Tx timing difference between the serving and candidate cells, it seems that it should be firstly discussed whether to support asynchronous scenario for UE-based TA measurement.
Proposal #3: RRC based switching between RACH-based TA acquisition and UE-based TA measurement should be sufficient. There is no need to concurrently configure two different TA acquisition mechanisms for a UE.
Proposal #4: For UE-based TA measurement, introduce rule based determination for target SSB per candidate cell.

Conclusion
In this contribution, we have discussed the remaining issues on Rel-18 LTM TA management, and provided the following proposals.

Proposal #1: Define DL reference timing of candidate cell for PRACH transmission in RACH-based TA acquisition.
Proposal #2: Support indication of the PRACH repetition number (as discussed in Rel-18 CE) in PDCCH order.
Proposal #3: RRC based switching between RACH-based TA acquisition and UE-based TA measurement should be sufficient. There is no need to concurrently configure two different TA acquisition mechanisms for a UE.
Proposal #4: For UE-based TA measurement, introduce rule based determination for target SSB per candidate cell.
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