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Introduction
[bookmark: OLE_LINK6]In RAN#96e meeting, the work item on study further NR mobility enhancements was approved as one of Rel-18 RAN4 package. During last meeting, we have reached lots of consensus on L1/L2 inter-cell mobility delay requirements in [1] for inter-cell mobility. In this contribution, we want to share further considerations on these issues.  
Discussion
In previous meetings, we discussed the start and end point for the cell switch delay. For the starting point of cell switch delay for PCell/PSCell, it was agreed that cell switch delay starts at UE receives cell switch command [2]. For ending point of cell switch delay for PCell/PSCell, the ending point is agreed as transmission of the new PRACH to the target cell for RACH-based case. And the ending point of cell switch delay is the time when UE performs the first UL transmission on the indicated beam of the target cell for RACH-less cell switch.
To reduce cell switch delay, some companies suggest to consider the procedure of cell switch that adjusting the execution order of T/F fine tracking and L1/L2/L3 processing.
	Issue 3-2-2: Procedure of cell switch
<Way Forward> FFS the following options:
· Option 1 (ZTE): Further discuss whether UE can perform T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2) to reduce the interruption time during cell switch.
· Option 2 (MTK, CTC): Under the condition that target cell is known, UE can perform SSB based T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2) to reduce the interruption time during cell switch.
· Option 3 (Apple): If T/F fine tracking (TΔ) is needed after receiving cell switch command, UE is not required to perform it before L1/L2/L3 processing (Tprocessing,2) as baseline.
· Option 4 (xiaomi): If T/F fine tracking (TΔ) is needed after receiving cell switch command, UE is not required to perform it before L1/L2/L3 processing (Tprocessing,2)
· Option 5 (vivo): UE can not perform TRS-based fine T/F tracking before necessary L1 reconfiguration, which get the UE's L1 ready to receive DL of the target cell. From conformance requirement perspective, UE may perform TRS tracking after L1/L2/L3 processing.
· Option 6 (QC):
· LTM cell switch execution latency requirement can be defined in such a way that the UE is required to process SSB and other delay components in parallel, meaning the requirement can be max (SSB reception + SSB processing time, partial RRC processing + RF reconfiguration + etc). The UE should be allowed to receive at least one SSB sample for fine parameter tuning before starting to monitor PDCCH candidates from the chosen new PCell among the configured multiple LTM candidate cells even when the TCI state was activated upfront.



We understand the purpose of this issue. Similar to L3 HO, the interruption will start from Tprocessing,2. In order to shorten the interruption time, some companies have proposed changing the procedure of cell switch, as shown in Figure 1 and Figure 2. Figure 1 shows the current cell switch procedure. UE will first perform L1/L2/L3 processing (Tprocessing,2) and then perform T/F fine tracking (TΔ). When UE performs L1/L2/L3 processing, UE cannot receive or send data in the source cell. Figure 2 has made adjustments to the current cell switch procedure. If UE performs T/F fine tracking (TΔ) at first and then perform L1/L2/L3 processing (Tprocessing,2), the interruption will be shorten. We can see the advantage of this proposal, so we support option 1.
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Fig.1
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Fig.2
Propoasl 1: Further discuss whether UE can perform T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2) to reduce the interruption time during cell switch.
In our understanding, if UE needs to perform fine T/F tracking before receiving cell switch command and UE do not need extra delay for T/F tracking after receiving cell switch command, it’ ok for us that UE can perform SSB based T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2) to reduce the interruption time during cell switch.
[bookmark: _Ref141979398]Proposal 2: If T/F fine tracking (TΔ) is needed after receiving cell switch command, UE is not required to perform it before L1/L2/L3 processing (Tprocessing,2).
Based on agreements that reached previous meeting, we can know that the baseline of cell switch delay requirements is Tdelay = Tcmd + Tprocessing / TLTM-processing + Tsearch + T∆ + Tmargin + Tuncertainity /TIU for cell switch delay for Pcell/PSCell, no matter RACH-based or RACH-less. Specifically, Tcmd is RRC procedure delay and equals to THARQ+3ms, where THARQ is the timing between cell switch command and acknowledgement as specified in TS 38.213. Meanwhile, Tsearch is the time required to search the target cell. Tsearch could be zero as the target cell is known in Rel-18. Meanwhile, Tuncertainity /TIU has been defined separately for RACH-based and RACH-less cell switch. Based on all above information, we provide our views on the Detail of cell switch delay requirements for Pcell.
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Fig.3
Processing time: Tprocessing,2 /TLTM_processing
	Issue 3-3-1-1: Processing time when target cell is an active serving cell
< Way Forward >: FFS the following options
· Proposal 1 (Apple): RAN4 shall NOT assume TLTM-processing = 0 when target cell is an active SCell.
· Proposal 2 (CMCC, Nokia, Ericsson): When the target cell is a current serving cell, TLTM-processing = 0.
· Proposal 3 (Huawei): Tprocessing,2 can be reduced when target Pcell/SCell is current SCell/PCell.
· Proposal 4 (MTK): If the target cell is an active SCell, L1 reconfiguration is necessary, and it is up to NW configuration whether L2/L3 reconfiguration is needed.
· Tprocessing,2/ TLTM-processing =20ms when L2 reset is needed.
· Tprocessing,2/ TLTM-processing = 15ms when L2 reset is not needed.
· Proposal 5 (QC): When one of SCells is promoted to PCell upon LTM-based handover, RAN4 to discuss whether and how to differently define the requirements depending on whether the SCell is for DL-only or both DL/UL. 
Issue 3-3-1-2: Value of Tprocessing,2 /T LTM_processing when the target cell is not a current serving cell
<Way Forward>:
· When the target cell is not a current serving cell, as a baseline, Tprocessing,2 /T LTM_processing is 20ms for the intra-FR cell switch and 40ms for inter-FR cell switch.
· FFS: in which scenarios Tprocessing,2 /T LTM_processing can be reduced and the detailed value.
· FFS: the value when target cell is a current serving cell.



In RAN2 discussion Tprocessing is divided into Tprocessing,1 and Tprocessing,2, where Tprocessing,1 happens before the cell switch command and Tprocessing,2 happens after the cell switch command. In legacy L3 HO delay requiements, Tprocessing is 20 ms when source and target cell are in the same frequency range, and the value is 40 ms when source and target cell are in different frequency ranges. 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. Therefore, the Tprocessing of L3 HO can be reused for LTM. When the target cell is not a current serving cell, Tprocessing,2 /T LTM_processing is 20ms for the intra-FR cell switch and 40ms for inter-FR cell switch as a baseline.
When target cell is a current serving cell, some parameters have already been loaded before cell switch command and there is no need to execute RF retuning and baseband processing. As mentioned by other company, there are some new configuration is to be loaded after cell switch command if target Pcell is current Scell. Note that some parameters are only needed for SpCell. Typical SCell doesn’t even have UL. Therefore, when an active SCell become SpCell, UE needs to reconfigure corresponding parameters. And RAN4 should consider a general requirement to cover all scenarios.
Proposal 3: Tprocessing,2/ TLTM-processing can be reduced when target Pcell/SCell is current SCell/PCell.
TΔ and Tmargin
T∆ and Tmargin are about T/F fine tracking. Similar to L3 mobility, TΔ for fine time tracking and acquiring full timing information and Tmargin for SSB post-processing are also needed for L1/L2 based mobility. Therefore, we think the requirements for L3 HO could be reused as baseline. In our understanding, T∆ is time for fine time tracking and acquiring full timing information of the target cell. If the DL synchronization can be performed before cell switch command, and then T∆ can be skipped.
Proposal 4: the requirements for L3 HO could be reused as baseline, i.e., TΔ=1 Tfirst-RS, Tmargin = 2ms.
Proposal 5: T∆= 0 for the case that for the case that DL synchronization for candidate cell(s) is performed before cell switch command.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Tinterruption
	Issue 3-3-8-1: Tinterruption
<Way Forward> FFS the following proposals:
· Proposal 1 (Apple, CATT, CMCC, CTC, ZTE, OPPO): The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd
· Proposal 2 (CATT, vivo): 
· For RACH-based cell switch, T_interruption at least include the time of Tprocessing,2 and T_IU.
· For RACH-less cell switch, T_interruption at least include T_processing,2



In legacy mobility, handover delay time is defined when the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover from the end of the last TTI containing the RRC command. And Dhandover equals the applicable RRC procedure delay plus the interruption time. When UE processes the cell switch command, it could remain the connection with source cell. So it should be excluded from Tinterruption. So from the definition of RAN4, Tcmd is not include in interruption time.
In our understanding, proposal 1 and proposal 2 are not conflict. Under the interruprion definition of P1, the partial compositions can be zero under certain conditions. That is to say, P2 is covered by P1.
Proposal 6. The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd from RAN4 definition.

Conclusion
In this contribution, we give some discussions on L1/L2 inter-cell mobility delay requirements. The conclusions are:
Propoasl 1: Further discuss whether UE can perform T/F fine tracking (TΔ) if needed at first and then L1/L2/L3 processing (Tprocessing,2) to reduce the interruption time during cell switch.
Proposal 2: If T/F fine tracking (TΔ) is needed after receiving cell switch command, UE is not required to perform it before L1/L2/L3 processing (Tprocessing,2).
Proposal 3: Tprocessing,2/ TLTM-processing can be reduced when target Pcell/SCell is current SCell/PCell.
Proposal 4: the requirements for L3 HO could be reused as baseline, i.e., TΔ=1 Tfirst-RS, Tmargin = 2ms.
Proposal 5: T∆= 0 for the case that for the case that DL synchronization for candidate cell(s) is performed before cell switch command.
Proposal 6. The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd from RAN4 definition.
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