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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
One of the Rel-18 Mobility enhancement WI scops is to support L1/L2 signaling based as approved in RP-222332[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
· 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




And in RAN1#112, the following agreements and working assumption about TA management in L1/L2 based mobility were reached[2].
	Agreemment
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 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
Agreement
on whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated, down select one from the following alternatives.
· Alt 1: UE autonomous re-transmission of PRACH is not allowed (e.g., by setting the number of allowed PRACH transmission to the minimum value of PreambleTransMax=1)
· Alt 2: UE autonomous Re-transmission of PRACH is allowed, 
· The number of PRACH transmission will be defined e.g. set the times of RACH transmission to the minimum value of PreambleTransMax
Agreement
If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

Agreement
Whether RAR needs to be received is configured by RRC.

Agreement
study at least the following issues on PDCCH-order based PRACH for candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured
· Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
· Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx

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



In this contribution, we provide our understanding on TA management for L1/L2 based mobility for the remaining issues. 
Discussion
[bookmark: _Toc115098539]For PDCCH-order based RACH for TA measurement for candidate cells, it is agreed to use the reserved bit(s) of the PDCCH order for indication of cell identity which can be named as cell identity field compared to the legacy PDCCH order. It is known that PDCCH order can initiate PRACH transmission to the serving cell or any of the configured candidate cells. Therefore, the bit width of the cell identity field should be ceil(log2(N+1)), where N is the number of the configured candidate cells. Based on the analysis above, we propose that:
Proposal 1 [bookmark: _Hlk131412504][bookmark: _Toc115098540][bookmark: _Toc115098561][bookmark: _Toc115183362]The bit width of the cell identity field in the DCI of a PDCCH order for TA measurement for candidate cells is ceil(log2(N+1)), where N is the number of the configured candidate cells.
It is under discussion about PDCCH-order based PRACH for candidate cell that is not UL serving cell, i.e. without PUCCH/PUSCH configured in last meeting, where further studying will be continued this meeting. It can be seen that if the candidate cell is not UL serving cell, RF retuning should be considered for the PRACH transmission associated with the candidate cell which is similar with SRS carrier switching. However, there is another scenario that RF retuning should be considered for the PRACH transmission to a candidate cell if the candidate cell is inter-frequency with the serving cell, where RF retuning is needed when UE is switched from the serving cell to the inter-frequency candidate cell. Therefore, we propose to study the two cases together where the candidate cell is a non UL serving cell or an inter-frequency cell for the issues of minimal gap between PDCCH order and its triggered PRACH transmission and impact/interruption on UL Tx of serving CCs due to the PRACH Tx to the candidate cell.
Proposal 2 [bookmark: _Hlk127199326]Study the case that the candidate cell is an inter-frequency cell together with the case that the candidate cell is non UL serving cell for the following issue.
· Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
· Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx
It is already agreed that whether RAR needs to be received is configured by RRC for PDCCH order for TA measurement of a candidate cell. However, it is still FFS whether RAR is transmitted from the serving cell or the candidate cell. If the RAR is transmitted from the serving cell, the Type1-CSS configured for RAR monitoring in the serving cell can be reused directly, while the spec impact of RAR2 may be large. If the RAR is transmitted from the candidate cell, there is no spec impact in RAN2, while additional Type1-CSS in the candidate cell should be configured for UE and UE will monitor RAR in the candidate cell where the spec impact of RAN1 is large. Therefore, we should consider the spec impact of the two alternatives for both RAN1 and RAN2 carefully for down selecting. Based on the analysis, we propose that:
Proposal 3 [bookmark: _Hlk131412604]Consider spec impact to both RAN1 and RAN2 together to determine whether RAR is transmitted from the serving cell or the candidate cell if reception of RAR associated with a candidate cell is configured.
Besides, there are two alternatives should be down selected during this meeting on whether UE should initiate re-transmit PRACH when reception of RAR is not configured. It can be seen that UE will initiate re-transmit PRACH when UE doesn’t receive the corresponding RAR during a RAR window from the legacy specification. From our perspective, there is no need to retransmission of PRACH if reception of RAR is not configured since UE does not know whether the PRACH is received successfully or not. Since only CFRA is supported for RACH based solution of TA measurement associated with a candidate cell, gNB knows when and where a PRACH triggered by a PDCCH order is. Therefore, gNB can send UEanother PDCCH order to trigger a retransmission of the PRACH if it did not receive the last PRACH. Based on the analysis before, we propose that:
Proposal 4 [bookmark: _Hlk131412650]Support Alt1 (UE autonomous re-transmission of PRACH is not allowed) on whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated.
Unlike the TA command associated with the serving cell which will be applied for UL transmission from application timing of TA command specified in TS38.213, the TA command associated with a candidate cell can only be applied for UL transmission after the UE is switched to the candidate cell regardless whether it is indicated before or in the cell switch command. Therefore, the application timing of TA command in legacy specification is not applicable, and this needs to be specified for LTM. Considering the TA command associated with a candidate cell can only be applied after the UE is switched to the candidate cell the application timing of TA command associated with the candidate cell is related to the application timing of a cell switch command. Based on the analysis above, we propose that:
Proposal 5 [bookmark: _Hlk126766619]Support to enhance the application timing of TA command associated with a candidate cell considering the application timing of a cell switch command indicating the candidate cell.
Conclusion
As a summary, we have the following proposals on TA management for L1/L2 based mobility.
Proposal 1: The bit width of the cell identity field in the DCI of a PDCCH order for TA measurement for candidate cells is ceil(log2(N+1)), where N is the number of the configured candidate cells.
Proposal 2: Support to study the case that the candidate cell is an inter-frequency cell together with the case that the candidate cell is non UL serving cell for the following issue.
•Whether gap between the DCI and PRACH longer than timeline defined in spec is needed
•Any impact/interruption on UL Tx of serving CCs due to the PRACH Tx
Proposal 3: Consider spec impact to both RAN1 and RAN2 together to determine whether RAR is transmitted from the serving cell or the candidate cell if reception of RAR associated with a candidate cell is configured.
Proposal 4: Support Alt1 (UE autonomous re-transmission of PRACH is not allowed) on whether UE should initiate re-transmit PRACH when reception of RAR is not configured/indicated.
Proposal 5: Support to enhance the application timing of TA command associated with a candidate cell considering the application timing of a cell switch command indicating the candidate cell.
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