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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN4 #104bis-e meeting, the L1/L2 based inter-cell mobility were discussed and WF [1] has been approved. In this paper, some issues on L1/L2 inter-cell mobility delay requirements are further discussed.
2. [bookmark: OLE_LINK108][bookmark: OLE_LINK109]Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Issue 1-3-1: L1/L2 cell switch delay
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]In last meeting, companies had different views on definition of cell switch delay. The Way forward during the last meeting is duplicated as below [1]:
	<Way forward>:
· Option 1 (Xiaomi, Intel): The timeline for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· Option 2 (Apple): 
· For RACH-less case (if supported), 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 (if supported), 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.
· Option 3 (CMCC): taking RAN2 agreements on HO interruption time for L1/L2-based inter-cell mobility into account, and discuss following issues 
· For the RAN2 agreements that end point of HO interruption is when UE performs the first UL transmission on the indicated beam of the target cell, it is proposed to further discuss whether first UL transmission refer to PRACH transmission or UL data? If it refers to UL data, how to reflect this in RAN4 HO interruption requirements
· For the RAN2 agreements that end point of HO interruption is when UE performs the first DL reception on the indicated beam of the target cell, it is proposed to further discuss how to reflect this in RAN4 HO interruption requirements
· Option 4 (Huawei, MTK): For RACH-based case, the start point is UE receiving the cell switch command, the end point is UE transmitting PRACH to the target cell.
· Option 5 (QC, Intel, Ericsson, vivo, OPPO, Nokia, CTC): wait for RAN2 progress. 


[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In LS R2-2209257, RAN2 had proposed the assumption as follow, HO interruption time for L1/L2-based inter-cell mobility is the time from UE receives the cell switch command to UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. FFS if TRS tracking after HO and CSI RS measurement should also be included, i.e., the time to use a high-performance beam (can be clarified further).  
For clearer to understand, we prefer to replace the “HO interruption time” here with “cell switch delay”.
In legacy L3 cell switch, the cell switch delay is the time from UE receives the cell switch command to UE starts transmission of the new uplink PRACH channel to the target cell.
Observation 1: The differences on cell switch delay between the assumption of RAN2 and legacy L3 is shown in table 1.
	
	The starting point
	The end point

	Assumption of L1/L2 mobility in RAN2
	UE receives the handover command.
	UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.

	Legacy L3
	
	UE starts transmission of the new uplink PRACH channel to the target cell for RACH-based.


Table 1
For the starting point, before UE receives the cell switch command, all the work is in preparation for the switch, which not mean the cell switch must happen. Only When UE receives the cell switch command from network, it starts to execute the procedure of cell switch. So we think it is ok that the starting point of cell switch is the time that UE receives the cell switch command.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK34]Proposal 1: The starting point of cell switch is the time that UE receives the cell switch command.
For the end point of cell switch, the first DL/UL reception/transmission on the indicated beam of the target cell in RAN2’s assumption is on the PRACH but data, which is different from L3 Mobility.
In order to reduce cell switch delay, UE is able to know the timing of target cell from network in advance, which means the RACH could been excluded. In which case, i.e., RACH-less case, the end point of cell switch is the time UE performs the first DL/UL reception/transmission on the indicated beam of the target cell. Otherwise, the RACH is necessary for obtaining the valid timing of target cell. Therefore, for the RACH-based case, the end point of cell switch could still be defined as the time UE starts transmission of the new uplink PRACH channel to the target cell.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Proposal 2: The end point of cell switch could be defined respectively as follow，
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK12][bookmark: OLE_LINK13]For RACH-less case, the end point of cell switch is the time UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· For RACH-based case, the end point of cell switch is the time UE starts transmission of the new uplink PRACH channel to the target cell.
However, after RAN2 clarifies the mechanism and procedure of L1/L2 inter-cell mobility, we should revisit the L1/L2 inter-cell mobility delay for the final definition.
Proposal 3: Revisit the L1/L2 inter-cell mobility delay for the final definition.

[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Issue 1-3-2: Components of L1/L2 inter-cell mobility delay
In last meeting, companies had different views on components of L1/L2 inter-cell mobility delay. The Way forward during the last meeting is duplicated as below [1]:
	<Way forward>:
· 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


Take the different definition of L1/L2 mobility delay for RACH-less case and RACH-based case into account, the components are different under two cases.
For RACH-less case, it could be shown as
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, Tcmd is the time for processing L1/L2-command, Tsearch is the time required to search the target cell , Tprocessing is the time for UE processing , T∆ is time for fine time tracking and acquiring full timing information of the target cell, Tmargin is the time for SSB or CSI-RS post-processing, TIU is the uncertainty in acquiring the first PUSCH transmission occasion [or SR on PUCCH].
For RACH-based case, it could be shown as
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
Proposal 4: For RACH-less case,
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the uncertainty in acquiring the first PUSCH transmission occasion [or SR on PUCCH].
For RACH-based case,
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK16][bookmark: OLE_LINK17]If some information is stored in active TCI state list for reducing delay, it could be considered that add the TCI state switching time. But it needs to rely on the LTM procedure, FFS.
Proposal 5: FFS to add TCI state switching time in L1/L2 mobility delay.

Issue 1-3-3: Components of L1/L2 cell switch interruption Tinterruption
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK14][bookmark: OLE_LINK15]In last meeting, companies had different views on components of Tinterruption. The Way forward during the last meeting is duplicated as below [1]:
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]<Way forward>:
· 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


[bookmark: OLE_LINK22][bookmark: OLE_LINK27]When UE processes the cell switch command, it could remain the connection with source cell. So it should be excluded from Tinterruption. In which case, the components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Proposal 6: The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.

Issue 1-3-4: On each component
In last meeting, companies had different views on each component. The Way forward during the last meeting is duplicated as below [1]:
	<Way forward> :
· 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


[bookmark: OLE_LINK37][bookmark: OLE_LINK38]L1 measurement could be performed before UE receives the cell switch command, in which case, UE could know the target cell and beam information in advance. So the time for cell search could reach to 0ms.
Proposal 7: The time for cell search could reach to 0ms by L1 measurement.
In intra-CU cell switch, some configurations and security could be remained. If not, network could transmit them to UE in advance. So the time for UE processing can been reduced.
Proposal 8: The time for UE processes could been reduced in intra-CU cell switch.
3. Summary
[bookmark: OLE_LINK51][bookmark: OLE_LINK20][bookmark: OLE_LINK21]In this paper, we provide our views on L1/L2 inter-cell mobility delay requirements. From this discussion we have derived the following observations and proposals: 
Observation 1: The differences on cell switch delay between the assumption of RAN2 and legacy L3 is shown in table 1.
	
	The starting point
	The end point

	Assumption of L1/L2 mobility in RAN2
	UE receives the handover command.
	UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.

	Legacy L3
	
	UE starts transmission of the new uplink PRACH channel to the target cell for RACH-based.


Table 1
Proposal 1: The starting point of cell switch is the time that UE receives the cell switch command.
Proposal 2: The end point of cell switch could be defined respectively as follow，
· For RACH-less case, the end point of cell switch is the time UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· For RACH-based case, the end point of cell switch is the time UE starts transmission of the new uplink PRACH channel to the target cell.
Proposal 3: Revisit the L1/L2 inter-cell mobility delay for the final definition.
Proposal 4: For RACH-less case,
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the uncertainty in acquiring the first PUSCH transmission occasion [or SR on PUCCH].
For RACH-based case
Tdelay = Tcmd + Tsearch + Tprocessing + Tmargin + TIU + T∆,
where, TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
Proposal 5: FFS to add TCI state switching time in L1/L2 mobility delay.
Proposal 6: The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
Proposal 7: The time for cell searching could reach to 0ms by L1 measurement.
Proposal 8: The time for UE process could been reduced.
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