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Introduction
[bookmark: _Hlk492027000]In order to reduce the mobility latency, in Rel-18 WID on Further NR mobility enhancements, RP-222332 [1], one of the objectives was agreed to specify mechanism and procedures of Layer 1/Layer 2 (L1/L2)-triggered mobility (LTM) which includes the following items:

	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 the last RAN1 meeting (RAN1 #110-bis-e), it was agreed for Rel-18 LTM that the TA acquisition of a candidate cell before cell switch command is received is supported [2]. In this contribution, we discuss the further details on TA acquisition mechanism, TA update, indication, and number of TAs to be acquired. 
Discussion
The following agreement was made in RAN #110-bis-e regarding the Timing advance (TA) acquisition of candidate cell(s) for Rel-18 LTM [2]:

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)


The following relevant RAN2 agreements were made in RAN2 #119-bis-e [3]:
· 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. 
· RAN2 assumes RACH resource for CFRA for L1 L2 dynamic switch may be provided in RRC configuration (or potentially by MAC CE FFS). 

TA acquisition mechanism
The following agreement was made in RAN #110-bis-e regarding the TA acquisition mechanisms for Rel-18 LTM [2]:
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)


For the TA acquisition mechanism in Rel-18 LTM, the following two cases can be supported:
Case 1 - TA is known by the network (RACH-less solution)
In many cases, the TA of a candidate cell can be known by the network. As in Rel-16 LTE (Random Access Channel) RACH-less paradigm, the network can indicate the UE whether the TA of the target cell is the same as that of the source cell (in case of co-located source and target cell) or equal to 0 (in case of small cell deployment scenarios). 
Proposal 1: In RACH-less LTM, the network can indicate to the UE whether the TA of the candidate cell is the same as that of the source cell of handover or equal to 0.
In the last meeting, RAN2 has agreed to support LTM for Carrier aggregation (CA) scenarios where target Primary Cell/Secondary Cell (PCell/SCell) can be current SCell/PCell. In these cases, the TA acquired for a current SCell/PCell before the cell switch can be used as TA for the target PCell/SCell after the cell switch. 
Proposal 2: In CA, the UE can apply the TA acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell after the cell switch.
Case 2 – RACH-based solutions
In case the TA of a candidate cell is not known, the UE can be configured to acquire the TA of that candidate cell. One mechanism to achieve that is based on the L1 measurement reports, the serving cell can determine one and more candidate cells for the TA acquisition. The serving cell can trigger TA acquisition for a candidate using the legacy PDCCH order (using DCI 1_0) mechanism. The PDCCH order for a candidate cell’s TA acquisition would trigger the PRACH preamble transmission from the UE towards the candidate cell. The benefit of using such mechanism is that it could work for non-synchronized candidate cells (w.r.t the serving cell) which may be more prevalent specially in inter-DU cases. Furthermore, due to guard period, CP, and support of different number preamble sequences, PRACH preamble based transmission would allow better synchronization estimation performance compared to other UL transmission (e.g., SRS) at least for the absolute TA estimation. 
Observation 1: PRACH preamble transmission based TA estimation could work for non-synchronized candidate cells (w.r.t the serving cell), and allow better TA estimation performance compared to other UL transmission (e.g., SRS) based estimation.
Proposal 3: Based on the L1 measurement reports, serving cell may trigger PDCCH order based PRACH preamble transmission by the UE for a candidate cell. 
For the DCI used for PDCCH order, the serving cell can indicate an SSB index associated with the candidate cell based on the measurement report. Depending on the reporting format, an additional field may be required in the DCI to indicate the PCI associated with the SSB index. If Rel-17 ICBM based CSI configuration and CSI reporting are used for Rel-18 LTM, then SSB index may be sufficient to implicitly indicate the associated PCI. 
Observation 2: PDCCH order DCI may need to indicate the PCI associated with the indicated SSB index if Rel-17 ICBM based CSI configuration and CSI reporting are not used for Rel-18 LTM.
Since the RACH procedure with a candidate cell may cause some interruption to UE’s communication with the serving cell, CFRA may be preferred to minimize this interruption and also to avoid the preamble re-transmissions in case of collisions. For that, candidate cell can make relevant parameters, e.g., CFRA preamble index, etc, available at the serving cell. This can be confirmed with RAN2 if these parameters can be available or not at the serving cell. 
Proposal 4: PDCCH ordered CFRA should be used to minimize the interruption due to TA acquisition of a candidate cell. 
· RAN1 to confirm with RAN2 about the availability of CFRA related parameters of the candidate cell at the serving cell. 
Although it is up to RAN2/RAN4 to determine how the RACH procedure with a candidate cell can be performed while being served by the serving cell. For example, in one approach, both PRACH transmission and RAR (containing the estimated TA by the candidate cell) reception could be done with the candidate cell; in another approach, after the PRACH transmission to the candidate cell, RAR could be received by the serving cell. The first approach would incur larger interruption time unless the UE can be assumed with a dual reception/transmission capability which may not align with the latest agreement in RAN4, i.e., For intra-frequency L1/L2 mobility, not consider simultaneous data Rx/Tx with both source cell and target cell during L1/L2 inter-cell mobility delay [4]). The second approach would require additional coordination between the serving cell and the candidate cell for sharing the TA. 
Observation 3: There can be different approaches for performing RACH procedure with a candidate cell in terms of the level of interruption time and inter-cell coordination. 
TA Adjustment/Update
Once the TA of a candidate cell is acquired, depending on the duration between the TA acquisition and the cell switch, TA may need to be updated, e.g., due to the UE mobility. 
Observation 4: Depending on the duration between the TA acquisition and the cell switch, TA may need to be updated for a candidate cell. 
Proposal 5: TA update mechanism for a candidate cell should be supported for Rel-18 LTM.
Following the legacy TA update mechanism there can be multiple options to support Rel-18 LTM TA update:
· Network based TA update: In the legacy network based TA update, if the network determines the need of TA adjustment, e.g., based on the UL transmissions from the UE, it may either send a MAC-CE based TA command (TAC) to the UE indicating the adjustment value for the UE to adjust its UL transmission timing accordingly or may send a PDCCH order to ask the UE to re-synchronize with the network. In case of Rel-18 LTM, TA update needs to be done with respect to a candidate cell to which UE may not be transmitting any UL signal, therefore candidate cell may not determine the need of TA update. One option to handle this issue is to use measurements at the serving cell. Assuming TA adjustment requirement at the serving cell also implies the need of TA adjustment at a candidate cell (e.g., due to change in the UE location). Based on that, if serving cell determines the need of TA adjustment, it may send another PDCCH order to the UE to re-acquire the TA of the candidate cell(s) for which the TA was acquired. 
Observation 5: In case of network based TA update in Rel-18 LTM, a candidate cell may not determine the need of TA update as UE may not be transmitting any UL signal towards any candidate cell.
Observation 6: The serving cell may trigger TA re-acquisition for a candidate cell based on a TA validity timer, UL signal quality, or any other mechanism. Serving cell may trigger TA re-acquisition for a candidate cell at the UE using another PDCCH order.
· UE based TA update: Another option is to configure a TA timer (TAT) for each of the candidate cell for which the initial TA has been acquired (e.g., a TAG can be given for a candidate cell). Upon the expiration of the TAT of a candidate cell, the UE may re-acquire the TA of that candidate cell. However, in this case, the UE may need to perform CBRA to re-acquire the TA unless the UE has CFRA related resources (e.g., PRACH preamble index) available. In case of CBRA, it may need to determine whether the MSG3/MSG4 would be transmitted/received to/from the serving cell or the candidate cell. Therefore, CBRA may increase the signalling overhead and interruption due to TA acquisition. 
Observation 7: In case of UE based TA update in Rel-18 LTM, the UE may need to perform CBRA to re-acquire the TA as the UE may not have CFRA related resources (e.g., PRACH preamble index) available. CBRA based mechanism would increase the signalling overhead and interruption due to TA re-acquisition. 
Proposal 6: To support UE based TA update, CFRA should be supported.
Mapping between TA and Candidate Cell 
The following agreement was made in RAN #110-bis-e regarding the association between TA and candidate cell for Rel-18 LTM [2]:

Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration

The need of association between TA/TAG and candidate cell may depend on the TA acquisition mechanism. In case of PDCCH ordered PRACH preamble transmission from the UE to a candidate cell and then transmission of the value of TA/TAG of that candidate cell (e.g., via the serving cell) may not need any association as the UE already knows about the candidate cell for which it is expecting to receive a TA/TAG. The association may be required if the UE has performed PRACH transmissions to N (>1) candidate cells and waiting for the TAs for more than one candidate cell. Also, in case network combines the value of TAs for multiple candidate cells and then send jointly to the UE. For such cases, TA may need to associate with the correct candidate cell. 
In case of PDCCH ordered RACH, serving cell can avoid the situation where the UE is waiting for TAs for more than one candidate cells. Therefore, there may not be any need of association. 
Observation 8: With PDCCH ordered RACH, the need of association between a candidate cell and the associated TA can be avoided with the network implementation unless network combines the value of TAs for multiple candidate cells and then send jointly to the UE. 
Also, it depends on the number of TAs to be acquired before the cell switch. If there is only one candidate cell is selected by the serving cell to perform TA acquisition, that also rules out the need of such association between a candidate cell and its TA.
Observation 9: In case of only one candidate cell configured for the TA acquisition before the cell switch, association between a candidate cell and its TA is not needed.   
Proposal 7: RAN1 to study the need of association between a candidate cell and its TA in light of the agreements to be made on the TA acquisition mechanism(s) and the number of supported TAs to be acquired before the cell switch.  
In the last RAN1 meeting, the timing of the TA indication was also discussed, i.e., TA is indicated before the cell switch command is received or in the cell switch command. This also depends on the TA acquisition mechanism. If the PDCCH ordered RACH is employed then the TA would be indicated as soon as it is available at the serving cell, irrespective of the cell switch command. The need of binding the TA indication with the cell switch command is not clear until the complete TA acquisition mechanism is finalized. 
Proposal 8: The timing of TA indication can be studied based on the agreed TA acquisition mechanism.     
Number of TAs to be acquired before cell switch 
In RAN1 #110-bis-e, there was a discussion on number of TAs for the UE to be acquired before cell switch but no agreement was made [2]. The following aspects were highlighted:
· the maximal number of TAs associated with candidate cell(s) can be handled by UE
· whether two TA(s)/TAG(s) for a candidate cell can be configured
In Rel-18 LTM, multiple cells can be prepared as a set of candidate cells for the target cell. TA acquisition for a candidate cell would at least require the UE to disconnect from the serving cell and transmit PRACH preamble (based on the PDCCH ordered RACH mechanism) which would incur additional burden at the UE and also interruption to the communication between the serving cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated. Although the maximal number of TAs which can be acquired by the UE before the cell switch can be dependent on the UE capability, in order to limit this implementation complexity, early UL (as well as DL) synchronization can only be limited to a sub-set of candidate cells. For instance, based on L1 measurements, the serving cell may identify the target cell of handover and can instruct the UE to perform UL synchronization with respect to only that target cell. Once the UE acquires the DL/UL synchronization with respect to the target cell, the serving cell can initiate the cell switch.
Observation 10: TA acquisition for a candidate cell would incur additional UE burden and interruption to the communication between the serving cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated.
Proposal 9: TA acquisition can be restricted only to the relevant candidate cell(s) (e.g., only the selected target cell by the serving cell).
In case of number of TA(s)/TAG(s) per candidate cell, since in case of CA or mTRP operations up to two TAGs are supported, the same can be supported for Rel-8 LTM. 
Proposal 10: Up to two TAGs can be supported per candidate cell for Rel-18 LTM.

Conclusion
In this contribution, we provide our further views on TA acquisition mechanism, TA update, indication, and number of TAs to be acquired. The following observations and proposal have been made:
Observation 1: PRACH preamble transmission based TA estimation could work for non-synchronized candidate cells (w.r.t the serving cell), and allow better TA estimation performance compared to other UL transmission (e.g., SRS) based estimation.
Observation 2: PDCCH order DCI may need to indicate the PCI associated with the indicated SSB index if Rel-17 ICBM based CSI configuration and CSI reporting are not used for Rel-18 LTM.
Observation 3: There can be different approaches for performing RACH procedure with a candidate cell in terms of the level of interruption time and inter-cell coordination.
Observation 4: Depending on the duration between the TA acquisition and the cell switch, TA may need to be updated for a candidate cell.
Observation 5: In case of network based TA update in Rel-18 LTM, a candidate cell may not determine the need of TA update as UE may not be transmitting any UL signal towards any candidate cell.
Observation 6: The serving cell may trigger TA re-acquisition for a candidate cell based on a TA validity timer, UL signal quality, or any other mechanism. Serving cell may trigger TA re-acquisition for a candidate cell at the UE using another PDCCH order.
Observation 7: In case of UE based TA update in Rel-18 LTM, the UE may need to perform CBRA to re-acquire the TA as the UE may not have CFRA related resources (e.g., PRACH preamble index) available. CBRA based mechanism would increase the signalling overhead and interruption due to TA re-acquisition. 
Observation 8: With PDCCH ordered RACH, the need of association between a candidate cell and the associated TA can be avoided with the network implementation unless network combines the value of TAs for multiple candidate cells and then send jointly to the UE.
Observation 9: In case of only one candidate cell configured for the TA acquisition before the cell switch, association between a candidate cell and its TA is not needed.   
Observation 10: TA acquisition for a candidate cell would incur additional UE burden and interruption to the communication between the serving cell and the UE. Also, in order to apply the acquired TA, the DL reference timing needs to be keep tracked and updated.

Proposal 1: In RACH-less LTM, the network can indicate to the UE whether the TA of the candidate cell is the same as that of the source cell of handover or equal to 0.
Proposal 2: In CA, the UE can apply the TA acquired for a current SCell/PCell before the cell switch as TA for the target PCell/SCell after the cell switch.
Proposal 3: Based on the L1 measurement reports, serving cell may trigger PDCCH order based PRACH preamble transmission by the UE for a candidate cell.
Proposal 4: PDCCH ordered CFRA should be used to minimize the interruption due to TA acquisition of a candidate cell. 
· RAN1 to confirm with RAN2 about the availability of CFRA related parameters of the candidate cell at the serving cell. 
Proposal 5: TA update mechanism for a candidate cell should be supported for Rel-18 LTM.
Proposal 6: To support UE based TA update, CFRA should be supported.
Proposal 7: RAN1 to study the need of association between a candidate cell and its TA in light of the agreements to be made on the TA acquisition mechanism(s) and the number of supported TAs to be acquired before the cell switch.  
Proposal 8: The timing of TA indication can be studied based on the agreed TA acquisition mechanism.     
Proposal 9: TA acquisition can be restricted only to the relevant candidate cell(s) (e.g., only the selected target cell by the serving cell).
Proposal 10: Up to two TAGs can be supported per candidate cell for Rel-18 LTM.
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