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Introduction
Based on the WF in RAN4#105 [1], this contribution provides further analysis on L1/L2 inter-cell mobility delay requirements.
Discussion
Scenarios
For L1/L2 mobility, RAN2 had the following agreement that role change is supported. In this scenario, the coarse timing and fining timing of the target cell are maintained, and TA is also known to UE, therefore UE can quickly switch to target cell (i.e., previous SCell). There is almost no interruption during the cell switch procedure. In other words, cell switching delay would be largely reduced. It is suggested to specify corresponding requirements for this case. Of course, the case that target Pcell/SCell is not current SCell/PCell is also to be specified.
	· Agreements in RAN2#119bis
· For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.


Proposal 1: Specify cell switch requirements for the following scenarios:
- Target Pcell/SCell is not current SCell/PCell, and
- Target Pcell/SCell is current SCell/PCell.
Cell switch delay
In legacy the handover delay is specified when the UE receives a RRC message implying handover to the UE shall be ready to start the transmission of the new uplink PRACH channel from the end of the last TTI containing the RRC command. The legacy handover delay includes the following parts: 
Dhandover =RRC procedure delay +UE processing delay+ cell detection delay+ fine timing +margin+ RACH uncertainty
For R18 LMT, RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE. Therefore the LTM (L1/L2-triggered mobility) delay can be specified as: 
· For RACH-less case, it 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, it 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: Cell switch delay can be specified as: 
· For RACH-less case, it 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 (depends on RAN1/RAN2 conclusion).
· For RACH-based case, it 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.
As per the current RAN1/RAN2 progress, the cell switching delay requirements are discussed in the followings:
· Cell switch command processing delay: as RAN2 assumes L1/2 mobility trigger information is conveyed in a MAC CE, the processing time of LTM would be largely decreased compared with RRC signaling.
Observation 1：The processing time of cell switch command (MAC CE) would be decreased compared with RRC procedure delay.
· Tprocessing: UE processing time is UE software processing and RF warmup delay. In this scenario MAC/RLC reset may be needed, and the RF chain/baseband are to be activated. As L1/L2 inter-cell mobility candidate (target) configuration is received within an RRC message before the L1/L2 dynamic switch is triggered,  the software parameter loading time of  target cell may have room to be reduced. Moreover as the DL synchronization can be performed before cell switch command, so in this scenario, the RF chain/baseband can be activated in advance. Therefore there are rooms to reduce UE processing time for L1/L2 mobility.
Observation 2: Tprocessing has rooms to be reduced.
· Tsearch: In our understanding, the typical scenario of LTM is that UE has measured both L3 measurement and L1 measurement on the target cell. Moreover RAN1 has the following agreement that at least the SSB based DL coarse synchronization before cell switch command is supported. Therefore the target cell is already known to UE. Tsearch can be zero. 
	Agreement
· Regarding the potential RAN1 enhancements to reduce the handover delay / interruption for Rel-18 LTM
· Support at least DL synchronization for candidate cell(s) based on at least SSB before cell switch command
· Further study the necessary mechanism, e.g. signaling and UE capability


Observation 3: If DL coarse synchronization is performed before cell switch, Tsearch is zero.
· Tdelta: If the SSB based fine timing of the candidate cell is performed before LTM command, Tdelta may also be skipped.
Observation 4: If SSB based fine synchronization is performed before cell switch, Tdelta is zero.
· TCI state switch delay
RAN1 agreed to support TCI indication together with cell switch command. In LTM scenario, indicated TCI is already known to UE. If the target TCI is in the active TCI state list, it is no need to perform fine timing. If the target TCI is not in the active TCI state list, fine timing is needed. However if UE support DL fine timing before cell switch command, the timing of candidate TCI state is supposed to be maintained.
	Agreement
· For beam indication timing for Rel-18 LTM, 
· Support Scenario 2: Beam indication together with cell switch command, 
· For Rel-17 unified TCI framework, 
· Beam indication indicates TCI state for each target serving cell
· FFS: Scenario 1: Beam indication before cell switch command
· FFS: Scenario 3: Beam indication after cell switch command
· FFS: Activation of TCI state(s) of target serving and/or candidate cell(s). 



Observation 5: If SSB based fine synchronization is performed before cell switch, TCI state switch delay may not be needed.
· RACH: RAN2 assumes that both RACH-based (CFRA, CBRA) and RACH-less procedures for L1 L2 mobility switch may be supported. 
· For RACH-based cell switch, the legacy RACH procedure is to be reused. UE transmits preamble which corresponds to one good beam, and then network responds TA to UE. In the procedure, it seems no need to indicate beam index to UE as UE has already selected. The legacy interruption uncertainty (Tiu) in acquiring the first available PRACH occasion in the new cell can be reused.
· If TA candidate cell(s) is acquired before the cell switch, RACH-less procedure can be performed. In this case Tiu is zero.
	Agreement (Made in RAN1#110b-e)
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
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
 



Observation 6: For RACH-based cell switch, Tiu can be reused. For RACH-less based cell switch, Tiu is zero.
For the scenario that Target Pcell/SCell is current SCell/PCell, the coarse timing and fining timing of the target cell are maintained before cell switch. TA is also known to UE (it is a kind of RACH-less handover).  Therefore UE can quickly switch to target cell (i.e., previous SCell). There is almost no interruption during the cell switch procedure.
Proposal 3: There is almost no interruption during cell switch procedure when target Pcell/SCell is current SCell/PCell.
Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: Specify cell switch requirements for the following scenarios:
- Target Pcell/SCell is not current SCell/PCell, and
- Target Pcell/SCell is current SCell/PCell.
Proposal 2: Cell switch delay can be specified as: 
· For RACH-less case, it 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 (depends on RAN1/RAN2 conclusion).
· For RACH-based case, it 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 processing time of cell switch command (MAC CE) would be decreased compared with RRC procedure delay.
Observation 2: Tprocessing has rooms to be reduced.
Observation 3: If DL coarse synchronization is performed before cell switch, Tsearch is zero.
Observation 4: If SSB based fine synchronization is performed before cell switch, Tdelta is zero.
Observation 5: If SSB based fine synchronization is performed before cell switch, TCI state switch delay may not be needed.
Observation 6: For RACH-based cell switch, Tiu can be reused. For RACH-less based cell switch, Tiu is zero.
Proposal 3: There is almost no interruption during cell switch procedure when target Pcell/SCell is current SCell/PCell.
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