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Introduction
Based on the WF in RAN4#108 [1], this contribution provides further analysis on L1/L2 inter-cell mobility delay requirements.
Discussion
For cell switching delay, the following agreements on Tsearch and Tuncertainty/Tiu are made in RAN4#108 meeting. Other components of cell switch delay need more analysis.
	Issue 3-3-4-1: Whether to define PCell switch delay requirements for unknown TCI state case when TCI state is indicated together with cell switch command
< Agreement >: 
· [bookmark: _Hlk144213155][bookmark: _Hlk135247566]When TCI state is indicated together with cell switch command, only define cell switch delay requirements for known TCI state case and not define requirements for unknown TCI state case in R18.
· FFS when TCI activation is based on L3 measurements
[bookmark: _Hlk135410441][bookmark: _Hlk135241777]Issue 3-3-3-1: Tsearch
[bookmark: _Hlk135817234]< Agreement >: 
· [bookmark: _Hlk144213141]Tsearch = 0 as unknown cell case is not considered in rel-18. 

[bookmark: _Hlk144213182]Issue 3-3-7-1: Tuncertainity/TIU
< Agreement>:
· [bookmark: _Hlk144213210]For RACH-based cell switch, legacy definition of Tuncertainity/TIU can be used.
· For RACH-less cell switch there is, [Tuncertainity/TIU ] delay uncertainty to wait for the UL resource to transmit RRCReconfigurationComplete.




As per the current RAN2 progress, the below cell switching delay timeline is present in TS38.300 running CR [R2-2309335].
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Figure 1. Components of mobility latency for L1/L2-based inter-cell mobility before enhancement[R2-2309335]
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). 
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 1: 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 2: 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 3: Tprocessing,2 can be reduced when target Pcell/SCell is current SCell/PCell.
· 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 is not supported in R18. 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 4: 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 5: In FR2, one additional Trs is always needed for fine time tracking during cell switch.
· [bookmark: _Hlk127883748]TCI state switching time
It is agreed that RAN4 only define cell switch delay requirements for known TCI state case.
	If the target TCI state is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, UE shall be able to receive PDCCH with target TCI state of the serving cell on which TCI state switch occurs at the first slot that is after slot n+ THARQ + + TOk*(Tfirst-SSB + TSSB-proc) / NR slot length. The UE shall be able to receive PDCCH with the old TCI state until slot n+ THARQ +  .Where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]; 
-	Tfirst-SSB is time to first SSB transmission after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to target TCI state
-	TSSB-proc = 2 ms; 
-	TOk = 1 if target TCI state is not in the active TCI state list for PDSCH, 0 otherwise.



In our understanding, TCI state switching procedure is already included in cell switch procedure: fine timing (if needed) is included in above Tdelta, and inter-frequency RF retuning is included in Tprocessing. Therefore it is no need to explicitly have TCI state switching component in cell switch delay.
Proposal 6: The delay of TCI state switching is already included in cell switching procedure, and it is no need to explicitly have TCI state switching component in cell switch delay.

Conclusions
This contribution provides further analysis on L1/L2 based inter-cell mobility for mobility latency reduction. The following proposals are provided:
Proposal 1: It is not assumed that entire L1/L2/L3 configuration and parameter loading are performed within T processing,1 before LTM.
Proposal 2: Tprocessing,2 is 20ms for the same FR and 40ms for different FR.
Proposal 3: Tprocessing,2 can be reduced when target Pcell/SCell is current SCell/PCell.
Proposal 4: In FR1, if (L1-RSRP measurement period+ Tcmd+Tprocessing,2) >160ms, one Trs is needed for fine time tracking, otherwise Tdelta =0.
Proposal 5: In FR2, one additional Trs is always needed for fine time tracking during cell switch.
Proposal 6: The delay of TCI state switching is included in cell switching procedure, and it is no need to explicitly have TCI state switching component in cell switch delay.
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