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Introduction
Based on the WF in RAN4#107 [1], this contribution provides further analysis on L1/L2 inter-cell mobility delay requirements.
Discussion
RACH-less LTM
In RAN2, the following agreement is achieved for RACH-less LTM. To align with RAN2 agreement, the ending point of RACH-less cell switch is the moment that UE performs the first UL transmission on the indicated beam of the target cell.
	RAN2#121bis-e agreements
In RACH-less LTM, the target cell is aware of the UE’s arrival based on reception of the first UL transmission from this UE
In RACH-less LTM, RRCReconfigurationComplete can be the content of the first UL MAC PDU/transmission to indicate UE arrival, i.e. no need to introduce any new signaling to indicate UE arrival (for the MCG-switch case)
For RACH-less LTM, the UE considers that LTM execution procedure is successfully complete when the UE determines the NW has successfully received its first UL data.




Proposal 1: Ending point of RACH-less cell switch delay for PCell/PSCell is UE performs the first UL transmission on the indicated beam of the target cell.
Cell switch delay requirements
In RAN4#107 meeting, the baseline of both RACH-based and RACH-less cell switch delay are determined as below [1],
	Issue 3-3-1: RACH-based Cell switch delay for Pcell/PSCell
< Agreement>:
· The baseline of RACH-based cell switch delay requirements is Tdelay = Tcmd + Tprocessing / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity /TIU, where Tuncertainity /TIU is the uncertainty in acquiring the first available PRACH occasion in the new cell.
· FFS: the exact value of each component. Some components can be 0 in certain cases, if agreed.
· FFS: add/remove/modify other component(s).
Note: ‘/’ means ‘or’ here.
Issue 3-3-2: RACH-less Cell switch delay for Pcell/PSCell
< Agreement>:
· The baseline of RACH-less cell switch delay requirements is Tdelay = Tcmd + Tprocessing,2 / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity/TIU,
· FFS: the ending point
· FFS: the exact value of each component. Some components can be 0 in certain cases, if agreed.
· FFS: add/remove/modify other component(s).
Note: ‘/’ means ‘or’ here.




As per the current RAN1/RAN2 progress, the cell switching delay requirements are discussed in the followings:
· Cell switch command processing delay Tcmd: it is agreed in RAN4#106bis-e [1] that Tcmd equals to THARQ+3ms.
· Tprocessing: In RAN2 discussion Tprocessing is divided into Tprocessing,1 and Tprocessing,2 for before and after cell switch command respectively (see Figure.1). 
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Figure 1. Components of mobility latency for L1/L2-based inter-cell mobility before enhancement[R2-2209256]
Tprocessing,1 is not considered in cell switching delay. Before cell switch, there are multiple candidate neighbor cells. Only partial L2/L3 configuration are pre-processed and loaded. After LTM command, target cell/beam is indicated, and completed L1/L2/L3 reset/RFretuning/BB parameter loading are executed. 
Proposal 2: It is not assumed that entire L1/L2/L3 configuration and parameter loading are performed within T processing,1 before LTM.
As which part of L3 configuration can be pre-processed is up to UE implementation, the worst case is that UE needs to process the entire L1/L2/L3 reset/RFretuning/BB parameter loading procedures after cell switch command is received. The procedure is comparable as legacy Tprocessing. Therefore Tprocessing,2 is 20ms for the same FR and 40ms for different FR.
Proposal 3: Tprocessing,2 is 20ms for the same FR and 40ms for different FR.
It is agreed to specify requirements for special case, that is, Target Pcell/SCell is current SCell/Pcell. As the target Pcell is current Scell, so some parameters have already been loaded before cell switch command. After cell switch command, some new configuration is to be loaded and no need of RF retuning and BB processing execution. Therefore Tprocessing,2 may be reduced when Pcell/SCell is current SCell/Pcell. 
Proposal 4: Tprocessing,2 can be reduced when target Pcell/SCell is current SCell/PCell.

· 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


Proposal 5: Tsearch is zero as DL coarse synchronization has been performed before cell switch.
· Tdelta: 
According to RAN1 agreement, TCI state can be activated before TCI index is received, it means that multiple TCI states are kept in the active TCI state list before cell switch. UE keeps tracking on the TCI state in the active TCI state list. In RAN1 TRS based tracking for candidate cells has no conclusion. Therefore in RAN4 SSB based tracking before LTM is assumed as a baseline. 
	Agreement
For the Rel-17 unified TCI based beam indication in Rel-18 LTM, at least Alt 1 is supported:
· Alt 1: TCI state activation of a candidate cell is received before the reception of beam indication of the candidate cell, 
· Alt 2: TCI state activation of a candidate cell is received together with the reception of beam indication of the candidate cell
· FFS: signalling details for TCI state indication, if both activation and indication are done in the same MAC CE message carrying switch command
· Alt 3: Alt 1 and/or Alt 2 can be supported based on the UE capability
FFS: signalling details for TCI state activation
FFS: For Alt 1, whether/how TCI state activation for candidate cell(s) is allowed
Note: If scenarios 1 and 3 are to be supported other beam indication/TCI activation timing relationships are not precluded.




Upon UE receives cell switching command, UE first decodes the command (THARQ+3ms) and process L1/L2/L3 (Tprocessing2), at this moment, if the time tracking is valid, the fine time acquisition step can be skipped. As per agreement achieved at RAN4#107 meeting, at least one SSB is available in last 160ms to support the first UL transmission. 


	[bookmark: _Hlk135404216]Issue 1-1-4: Requirements of TCI state activation of neighbour cell before cell switch command
<Agreement>
· For DL T/F tracking to the candidate cells, at least one SSB is available at the UE during the last 160ms to satisfy transmit timing requirements.




As we know UE performs timing tracking together with L1-RSRP measurement. In FR1, if (L1-RSRP measurement period+ Tcmd+Tprocessing,2) >160ms, one Trs is needed for fine time tracking, otherwise Tdelta =0. 
Proposal 6: In FR1, if (L1-RSRP measurement period+ Tcmd+Tprocessing,2) >160ms, one Trs is needed for fine time tracking, otherwise Tdelta =0.
In FR2, For L1-RSRP measurement, Rx beam sweeping shall be performed. Considering the typical SSB configuration is 20ms, L1-RSRP measurement period is 160ms. It is up to UE implementation, which RX sweeping beam is used for time tracking, the worst timing tracking acquisition time before cell switch equals to L1-RSRP measurement period. Considering the additional time for cell switching command decoding and UE processing time, the total time of (L1-RSRP measurement period+ Tcmd+Tprocessing,2) is larger than160m. Therefore for FR2, one additional Trs is needed for fine timing.
Proposal 7: In FR2, as (L1-RSRP measurement period+ Tcmd+Tprocessing,2) is larger than160ms, one Trs is needed for fine time tracking.
· 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
 



Proposal 8: For RACH-based cell switch, Tiu can be reused. For RACH-less based cell switch, Tiu is zero.
Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: Ending point of RACH-less cell switch delay for PCell/PSCell is UE performs the first UL transmission on the indicated beam of the target cell.
Proposal 2: It is not assumed that entire L1/L2/L3 configuration and parameter loading are performed within T processing,1 before LTM.
Proposal 3: Tprocessing,2 is 20ms for the same FR and 40ms for different FR.
Proposal 4: Tprocessing,2 can be reduced when target Pcell/SCell is current SCell/PCell.
Proposal 5: Tsearch is zero as DL coarse synchronization has been performed before cell switch.
Proposal 6: In FR1, if (L1-RSRP measurement period+ Tcmd+Tprocessing,2) >160ms, one Trs is needed for fine time tracking, otherwise Tdelta =0.
Proposal 7: In FR2, as (L1-RSRP measurement period+ Tcmd+Tprocessing,2) is larger than160ms, one Trs is needed for fine time tracking.
Proposal 8: For RACH-based cell switch, Tiu can be reused. For RACH-less based cell switch, Tiu is zero.
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