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1	Introduction
A WF on Rel-18 Mobility enhancement was approved in RAN4#104bis-e meeting [1]. Two LSs [2][3] were also sent from RAN1 and RAN2 on the progress of L1/L2-triggered mobility.
In this contribution, we discuss the issues on general aspects and scenarios of L1/L2 based inter-cell mobility.
2	Discussion
	RAN2 LS R2-2211061：
Agreement:
· 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). 

	RAN1 LS R1-2210727:
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)


RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. For RACH-less, the UE is not expected to acquire TA during the cell switch, but before cell switch command is received in L1/L2 based mobility. The feasibility of RACH-less may depend on RAN1, and RAN1 is working on RACH-based or RACH-less solutions of acquire TA of candidate cells. 
From RAN4’s perspective, both RACH-based and RACH-less based timeline for L1/L2 mobility delay need to be defined if RACH-less and RACH-based case are supported.
· For RACH-less case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· For RACH-based case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
Observation 1: The feasibility of RACH-less and RACH-based cases may depend on RAN1/2 conclusion.
Proposal 1: For RACH-less case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
For RACH-based case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
	<Way forward >: Issue 1-3-2: Components of L1/L2 inter-cell mobility delay
Background: To discuss whether to include other components in L1/L2 inter-cell mobility delay except the components in the following table.
	[bookmark: _Hlk118408264]Components
	Meaning

	Tcmd
	Time for processing L1/L2-command (HARQ and parsing)

	Tprocessing,2
	Time for UE processing. This may include L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc.

	Tsearch
	Time required to search the target cell

	TΔ
	Time for fine tracking and acquiring full timing information

	Tmargin
	Time for SSB or CSI-RS post-processing

	TIU
	interruption uncertainty in acquiring the first available PRACH occasion in the new cell


· Option 1 (Huawei, Intel, xiaomi): TCI state switching time is needed
· Option 2 (Apple): L1/L2 inter-cell mobility execution time is needed.
· Option 3 (MTK):
· FFS to add TCI state switching time in L1/L2 mobility delay
· Not add L1/L2 inter-cell mobility execution time in L1/L2 mobility delay
· Option 4 (OPPO)
· FFS to add TCI state switching time in L1/L2 mobility delay
· FFS to add L1/L2 inter-cell mobility execution time in L1/L2 mobility delay
· Option 5 (Nokia): Use “Tswitch-cmd processing” to replace “Tcmd and Tprocessing,2” 
· Option 6 (QC, Intel, Ericsson, vivo, OPPO, Nokia): wait for RAN1/2 progress
<Way forward >: Issue 1-3-3: Components of L1/L2 cell switch interruption Tinterruption
· Modified Option 1 (Huawei, CMCC, Apple): further discussion
· Option 2 (QC, Ericsson): all the other components in L1/L2 inter-cell mobility delay except Tcmd.
· Option 3 (MTK, CTC): Focus on the delay requirement at first. 
· Option 4 (QC, Ericsson, Apple, vivo, Nokia): wait for RAN1/2 progress
<Way forward >: Issue 1-3-4: On each component 
· Option 1 (MTK): further consider the possibility of reducing Tprocessing,2, Tsearch and TΔ
· Option 2 (Huawei): further analyze each component of L1/L2 inter-cell mobility delay: 
· Handover command processing delay: processing of L1 or L2 (MAC CE) is faster than RRC
· Tsearch=0
· FFS TCI state switching time
· FFS reduction on Tprocessing,2
· reuse legacy value for TIU for RACH-based L1/L2 mobility, FFS for RACH-less
· Option 3 (Xiaomi): For L1/L2 based inter-cell mobility,
· the MAC/DCI decoding delay instead of RRC processing delay should be defined in HO delay requirement;
· the delay of cell search is not needed in HO delay requirement;
· the UE processing time can be reduced in HO delay requirement;
· fine timing tracking and RACH uncertainty delay need to be considered in HO delay requirement
· Option 4 (Nokia): 
· LLM (low layer mobility) cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time
· RAN4 is to review the delay components of the existing definition for L3 handover and discuss the adaptability of such definition in LLM
· Option 5 (QC, Intel, Ericsson, Apple, vivo, OPPO): wait for RAN1/2 progress


We can focus on the delay requirement at first. Tinterrupt is the data interruption time during the mobility procedure including all the other components in L1/L2 inter-cell mobility delay except L1/L2 command processing delay (Tcmd). L1/L2 inter-cell mobility delay (DL1/L2_mobility) is defined as 
DL1/L2_mobility = Tcmd + Tinterrupt
Proposal 2: DL1/L2_mobility = Tcmd + Tinterrupt, where Tinterruption includes all the other components in L1/L2 inter-cell mobility delay except L1/L2 command processing delay (Tcmd).
Compared to L3 based mobility delay, L1/L2 based inter-cell mobility delay should at least consider the following components and the possible reduction.
· L1/L2 command processing delay, e.g. MAC/DCI decoding time;
· UE processing time;
· Cell search time;
· Fine timing tracking time;
· Uncertainty delay;
RAN2 agreed that a L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered. RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, FFS if the MAC CE or a DCI is used for the actual triggering. Thus, the MAC/DCI decoding delay should be one component instead of RRC processing delay in the timeline. 
For UE processing, the following is assumed to be performed after receiving the cell switch command: MAC/RLC reset (when configured), RF retuning (e.g. needed for inter-frequency), baseband retuning. No security update support in Rel-18 with L1/L2 based mobility.
For cell search, the target/candidate cell is assumed to be known or current SCell. In this case, Tsearch = 0. Otherwise, for inter-frequency neighbor cell which has not detected before, Tsearch could be long duration which is not an expected scenario for L1/L2 based faster mobility. 
Similar to L3 mobility, TΔ for fine time tracking and acquiring full timing information and Tmargin for SSB or CSI-RS post-processing are also needed for L1/L2 based mobility.
TIU is also needed due to interruption uncertainty in acquiring the first available PRACH occasion in the new cell or the first DL/UL reception/transmission on the indicated beam.
In summary, we propose to consider the following components for L1/L2 based mobility delay:
Proposal 3: L1/L2 based inter-cell mobility delay should consider at least the following components
· Tcmd : L1/L2 command processing delay, e.g. MAC/DCI decoding time
· Tprocessing :UE processing time including MAC/RLC reset (when configured), RF retuning and baseband retuning
· Cell search time: if the target/candidate cell is assumed to be known or current SCell, Tsearch = 0
· TΔ : fine timing tracking time
· Tmargin: SSB or CSI-RS post-processing
· TIU: Interruption uncertainty in acquiring the first available PRACH occasion in the new cell or the first DL/UL reception/transmission on the indicated beam
	RAN1 Agreement
· RAN1 to further study the potential RAN1 enhancements and spec impact to perform at least the following procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption
· DL synchronization for candidate cell(s) 
· TRS tracking for candidate cell(s)
· CSI acquisition for candidate cell(s)
· Activation/Selection of TCI states for candidate cell(s), if feasible
· Note: Uplink synchronization aspect will not be discussed under this A.I.
· FFS: Whether the above procedures prior to the reception of L1/L2 cell switch command can be performed on candidate cell when it is deactivated SCell (if defined in RAN2) 
· Detailed discussion will be commenced after receiving RAN2 LS. 

	RAN2 agreement
RAN2 assumes that whether to use the unified TCI framework as the baseline for beam indication for L1L2 mobility is up to RAN1 (RAN2 observes that L1/L2 mobility need to support inter-freq cases). 
FFS if the MAC CE can indicate TCI state(s) (or other beam info) to activate for the target Cell(s), dep on RAN1 progress.


RAN1 is also discussing the potential enhancements and spec impact on at least the components of procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption. These may have impact on L1/L2 based mobility delay, such as DL sync assumption, activation/selection of TCI states for candidate cell(s).
For example, RAN1 will further study if the beam indication of candidate cell(s) L1/L2 mobility should be designed based on R15 or R17 TCI framework. The potential impact on activation/switching of TCI states for candidate cell could be discussed after RAN1 concludes on this.
We suggest RAN4 to Wait for RAN1/2 agreements on potential enhancements on the procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay/interruption
Proposal 4: Wait for further RAN1/2 agreements on potential enhancements on the procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption.
3	Conclusion
Observation 1: The feasibility of RACH-less and RACH-based cases may depend on RAN1/2 conclusion.
Proposal 1: For RACH-less case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
For RACH-based case (if supported), the timeline for L1/L2-based inter-cell mobility is defined as the time UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
Proposal 2: DL1/L2_mobility = Tcmd + Tinterrupt, where Tinterruption includes all the other components in L1/L2 inter-cell mobility delay except L1/L2 command processing delay (Tcmd).
Proposal 3: L1/L2 based inter-cell mobility delay should consider at least the following components
· Tcmd : L1/L2 command processing delay, e.g. MAC/DCI decoding time
· Tprocessing : UE processing time including MAC/RLC reset (when configured), RF retuning and baseband retuning
· Cell search time: if the target/candidate cell is assumed to be known or current SCell, Tsearch = 0
· TΔ : fine timing tracking time
· Tmargin: SSB or CSI-RS post-processing
· TIU: Interruption uncertainty in acquiring the first available PRACH occasion in the new cell or the first DL/UL reception/transmission on the indicated beam
Proposal 4: Wait for further RAN1/2 agreements on potential enhancements on the procedures prior to the reception of L1/L2 cell switch command aiming at the reduction of handover delay / interruption.
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