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1 Introduction
[bookmark: OLE_LINK6]In RAN#96e meeting, the work item [1] on study on on further NR mobility enhancements was approved as one of Rel-18 RAN4 package. During last RAN4 #105 meeting, we have lot reached lots of consensus on L1/L2 inter-cell mobility delay requirements in [2] for inter-cell mobility. In this contribution, we want to share further considerations on these issues. 
2 Discussion
2.1 General principles
	Issue 3-1-2: The scenarios to define cell switch delay requirements
< Wayforward >: FFS the following proposals
· Proposal 1 (MTK): Define cell switch delay requirements at least for the two scenarios:
· PCell change without SCell change
· PSCell change without SCell change
FFS: define cell switch delay requirements for SCell at PCell/PSCell change.
· Proposal 2 (MTK): If define cell switch delay requirements for SCell at PCell change, focus on single non-PUCCH SCell at first 
· FFS: multiple SCells
· FFS: PUCCH SCell
· Proposal 3 (Nokia): 
· RAN4 to discuss CA scenario PCell change without SCell change and PCell change with SCell change
· RAN4 to discuss (at least) NR-DC scenario PSCell change without MN involvement case, i.e. intra-SN
· RAN4 to discuss LTM inter-frequency scenario where Mobility to inter-frequency cell that is not a current serving cell.
· Proposal 4 (Nokia, Ericsson): 
· RAN4 to discuss scenario where Target Pcell/SCell can be current SCell/Pcell
· Proposal 5 (Ericsson): Focus on LTM HO at first and Specify HO and SCell change requirements for following case
· LTM HO
· LTM HO with SCell change
· LTM HO with direct SCell activation


At the previous meeting, RAN2 defined two scenarios for L1/L2 mobility which were PCell change without SCell change and PSCell change without SCell change. At first, we could study delay requirements from these two scenarios.
Proposal 1. Define cell switch delay requirements at least for the two scenarios:
· PCell change without SCell change
· PSCell change without SCell change
2.2 Timeline of cell switch delay for Pcell/PSCell
	Issue 3-2-3: Ending point of RACH-less cell switch delay for PCell/PSCell
< Wayforward >: FFS the following options
· Option 1 (MTK): For RACH-less cell switch, cell switch delay for PCell/PSCell ends at UE transmitting SR on PUCCH or PUSCH on the target cell.
· Option 2 (CTC, Apple, OPPO, Huawei): UE performs the first DL/UL reception/transmission on the indicated beam of the target cell.
· Option 3 (Xiaomi): UE starts to transmit valid CSI report of target cell.
· Option 4 (vivo): RAN4 will further discuss end point of delay requirements for L1L2-triggered mobility after RAN1 conclude whether/how to perform the TRS tracking, CSI acquisition before/after cell switch command, and RAN4 agrees there is related impact on UE RRM requirements.
· Option 5 (Nokia): RAN4 to discuss if Tfirst-data is within the RAN4 scope.
· Other options are not precluded


At the previous meeting, RAN2 defined 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 for RACH-less case. And the ending point of switch delay is different from legacy L3 mobility. For L3 mobility, the ending point of switch delay is UE transmitting PRACH to the target cell for RACH-based case. And for RACH-less case which TA value is equal to 0. In general, as RAN2 has defined the end point for cases without RACH-less, RAN4 could start from this point for this case.
Proposal 2. UE performs the first DL/UL reception/transmission on the indicated beam of the target cell for RACH-lsee case.
2.3 Detail of cell swith delay requirements for Pcell/PSCell
	Issue 3-3-2: RACH-less Cell switch delay for Pcell/PSCell
< Wayforward >: FFS the following options
· Option 1 (CTC, MTK):  Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU,
where TIU is the uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH.
· Option 2 (Xiaomi): Tdelay = Tcmd + Tprocessing + T∆ + Tmargin + TTCI_switch +TCSI_report,
· Option 3 (OPPO):  Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU,
where TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam
· Option 4 (Ericsson): Tdelay = Tcmd + Tprocessing


For RACH-less switch delay, it was clarified that TIU is the first data transmission of the user plane between UE and the target cell. Based on our understanding, if UE needs to transmit data, it should apply for resources from network at first. And SR means that UE requires the network to send UL grant so that UE can transmit PUSCH information. In general, for RACH-less case, it can be shown as 
Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU
where Tcmd is the time for processing L1/L2-command, Tprocessing is the time for UE processing, Tsearch is the time required to search the target cell, T∆ is the time for fine tracking and acquiring full timing information, Tmargin is the time SSB or CSI-RS post-processing. 
Proposal 3. For RACH-less case 
Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU
where, TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam.
	Issue 3-3-4: Processing time: Tprocessing
< Wayforward >: FFS the following options
· Option 1 (MTK): The baseline is: Tprocessing,2=20ms for intra-FR cell switch, Tprocessing,2=40ms for inter-FR cell switch
· FFS: reduction on Tprocessing,2 under certain conditions
· Option 2 (CTC, ZTE, Huawei): The time for UE process could been reduced.
· Option 3 (Nokia): 
· RAN4 to differentiate processing times for intra-DU and inter-DU scenarios.
· RAN4 to discuss how to specify delay requirements to account for L2 delay requirements for each user plane protocol layer.
· LTM processing delays are not based on legacy Tprocessing_1 an Tprocessing_2 component requirements
· RRC UE processing requirements are analysed further to understand if RRC configuration can be performed before LTM switch command
· Other options not precluded


Tprccessing is the UE processing time, before and after cell switch command, respectively. This may include L2/3 reconfiguration, RF returning, baseband returning, security update if needed, etc. In the intra-CU scenario, during the handover process, the source cell and the target cell can share the signaling control and data processing of the upper layer (such as PDCP and RRC). Therefore, UE doesn’t need to perform reconfiguration, and the processing time could be reduced.    
Proposal 4. For intra-DU scenario, UE processing time could been reduced.
	Issue 3-3-8: TCI state switching time
< Wayforward >: FFS the following options and further explanation on what exact components to add, e.g, T/F fine tracking, L1-RSRP measurement and so on.
· Option 1 (MTK): no need to add TCI state switching time in cell switch delay.
· Option 2 (CTC): FFS to add TCI state switching time in cell switch delay.
· Option 3 (Huawei): FFS for RACH-less cell switch.
· Option 4 (vivo, Xiaomi): need to add TCI state switching time in cell switch delay.


In last meeting, some companies discussed that whether adds to TCI state switching time in cell switch delay. And according to RAN1 conclusions, the scenario of beam indication together with cell switch command should be  supported. For this scenario, we think that it has three cases should consider which are known cell and known TCI state, known cell and unknown TCI state, unknown cell and unknown TCI state. If cell is unknown, it means TCI state is unknown. UE should be perform CBRA. Obviously, RACH-less scenario should not be considered for an unknown case.  
Proposal 5. FFS to add TCI state switching time in cell switch delay.
3 Conclusion
In this contribution, we give some discussions on L1/L2 inter-cell mobility delay requirements. The conclusions are:
Proposal 1. Define cell switch delay requirements at least for the two scenarios:
· PCell change without SCell change
· PSCell change without SCell change
Proposal 2. UE performs the first DL/UL reception/transmission on the indicated beam of the target cell for RACH-lsee case.
Proposal 3. For RACH-less case 
Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU
where, TIU is the uncertainty in the first DL/UL reception/transmission on the indicated beam.
Proposal 4. For intra-DU scenario, UE processing time could been reduced.
Proposal 5. FFS to add TCI state switching time in cell switch delay.
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