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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]L1/L2 based inter-cell mobiliy delay requirements were widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are still some open issues. In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about scenarios:
	Issue 3-1-1: Whether define cell switch delay requirements for the case “PCell change with PSCell change”
< Wayforward >: FFS the following option
· Option 1 (MTK): Not define cell switch delay requirements for the case “PCell change with PSCell change”.

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


This work item is led by RAN2. It is recommended to discuss applicable scenarios based on WID and RAN2 progress.  Sometimes RAN4 even down selects some typical scenario when defining RAN4 requirements due to consideration of complexity, workload, gain and so on.
Regarding “PCell change with PSCell change”, we don’t think RAN4 shall consider this case at this moment. According to the WID, the procedures of L1/L2 based inter-cell mobility are applicable to SA, CA and NR-DC with serving cell change within one CG:
The detailed objective of this work item are:

1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized
[bookmark: _Ref127439902]Proposal 1: Not define cell switch delay requirements for the case “PCell change with PSCell change”.
As for other scenarios, RAN4 discussion can be based on RAN2 conclusions. Of course, a certain level of modification shall also be allowed due to complexity, workload, gain and so on. In RAN2#119bis-e, an LS [1] was approved to RAN4 with RAN2 progress of this topic, in which RAN2 agreements regarding scenarios can be found:
	L1L2 based mobility supports the following CA scenarios:
PCell change without SCell change
PCell change with SCell change
Support NR-DC scenario in L1L2 based mobility, at least for the PSCell change without MN involvement case, i.e. intra-SN. 
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.


For CA scenarios, RAN2 tends to support both PCell change with and without SCell change. From RAN4 perspective, we shall also support both if time allows in this work item. However, PCell change with SCell change may require some extra study and standardization work. Besides, PCell change without SCell change is the most typical scenario Hence, it is reasonable for RAN4 to start from PCell change without SCell change.
Regarding NR-DC, RAN2 plan is to at least support PSCell change without MN involvement case, i.e. intra-SN. From RAN4 requirements point of view, intra-SN PSCell change is extremely similar with PCell change. Once RAN4 finalises requirement for PCell change, it can be easily extended to PSCell change.
As for role change, i.e., PCell becomes SCell and SCell becomes PCell, there is something we can discuss in RAN4, e.g., potential interruption and cell switch latency. However, it is unclear to us whether RAN4 has to define requirement for this case. Some company mentioned in the last meeting that the interruption could almost zero. If that is the case, there is no clear ending point of this procedure. It could be very challenging for RAN4 to verify the cell switch delay requirements, if any.
[bookmark: _Ref127439907]Proposal 2: Define cell switch delay requirements for the following scenarios:
· PCell change without SCell change
· Intra-SN PSCell change without SCell change
[bookmark: _Ref127439909]Proposal 3: FFS whether to define cell switch delay requirements for the following scenarios:
· PCell change with SCell change
· Role change between PCell and SCell in the same CG.

Next issue is whether to specify cell switch delay requirements for intra- and inter-frequency cases:
	Issue 3-1-4: Whether to specify cell switch delay requirements for intra- and inter-frequency cases separately
< Wayforward >: FFS the following proposal
· Proposal (Nokia): RAN4 specifies cell switch delay requirements for intra- and inter-frequency cases separately



We would like to highlight that cell switch delay requirements are different from L1 measurement requirements for neighbor cell. In L1 measurement, most likely RAN4 will define different requirements for intra- and inter-frequency. However, for cell switch delay, we think it is premature for RAN4 to conclude this. Note that in legacy handover requirements, intra- and inter-frequency scenarios are not differentiated, even though in some component they have different values.
[bookmark: _Ref127439912]Proposal 4: similar with legacy handover requirements, RAN4 shall target at a set of general requirements which can cover both intra and inter-frequency, considering they may only have some difference in one or two components in cell switch delay equation.

Next issue is about starting point of cell switch:
	Issue 3-2-1: Starting point of cell switch delay for PCell/PSCell
< Wayforward >: FFS the following options
· The starting point of cell switch delay for PCell/PSCell is that UE receives cell switch command.


The wayforward is quite straightforward to us.
[bookmark: _Ref127439913]Proposal 5: The starting point of cell switch delay for PCell/PSCell is that UE receives cell switch command.

Regarding ending point:
	Issue 3-2-2: Ending point of RACH-based cell switch delay for PCell/PSCell
< Wayforward >: FFS the following options
For RACH-based cell switch, cell switch delay for PCell/PSCell ends at UE transmitting PRACH to the target cell.

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


For RACH-based cell switch, it is also straightforward that ending point should be the time when UE shall be able to transmit the first PRACH preamble.
[bookmark: _Ref127439915]Proposal 6: for RACH-based cell switch, cell switch delay for PCell/PSCell ends at the time when UE shall be able to transmit the first PRACH preamble to the target cell.
As for RACH-less cell switch, UE is expected to perform data Rx/Tx on the target cell without RACH procedure. In order to be easily verified, the ending point can be the first UL transmission. 
[bookmark: _Ref127439917]Proposal 7: for RACH-less cell switch, cell switch delay for PCell/PSCell ends at the time when UE shall be able to perform the first UL transmission on the indicated beam of the target cell.

Next issue is detail of cell swith delay requirements for RACH-based Cell switch delay:
	Issue 3-3-1: RACH-based Cell switch delay for Pcell/PSCell
< Wayforward >: FFS the following options
· The baseline of RACH-based Cell switch delay requirements for PCell/PSCell is Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU, where 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 other components, e.g., execution time and/or TCI state switching time


We support the baseline captured in the wayforward, i.e., Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU. Note that some components can be 0 in certain cases. For example, if network triggers LTM based on valid L1 and L3 report (as encouraged), the overall cell switch delay can be very short. In this case, cell search, fine timing tracking and corresponding margin are not necessary. One thing we would like to highlight is about the processing time, which is similar with execution time CHO. It depends on how many cells on which UE needs to perform L1 measurement. It is possible that network pre-configures multiple candidate cells for L1 measurement, together with cell parameters of the candidate cells. But eventually UE only needs to switch to one target cell. Therefore, it is unnecessary for UE to perform parameters validation and apply them for all the candidate cells, including but not limit to L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc. Our expectation is that UE keeps measuring all the candidate cells. Once it receives switch command to certain target cell, it can make the corresponding cell parameters valid and apply them (like CHO).
[bookmark: _Ref127439919]Proposal 8: The baseline of RACH-based Cell switch delay requirements for PCell/PSCell is Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU, where:
· Tcmd is the time for UE to process the cell switch command
· Tprocessing is the execution preparation time, including RF retuning, baseband retuning, security update if needed, etc.
· Tsearch is the time required to search the target cell when the target cell is not already known when the cell switch command is received by the UE. If the target cell is known, then Tsearch = 0 ms. FFS for unknown case.
· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ can be up to Trs . T∆ can be 0 under certain conditions which are FFS.
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms unless T∆ = 0.
· TIU is the uncertainty in acquiring the first available PRACH occasion in the new cell.

Next issue is for RACH-less case:
	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 case, most of the components in RACH-based case can be reused except that RACH related ones shall be replaced by the first UL transmission. 
[bookmark: _Ref127439922]Proposal 9: The baseline of RACH-less Cell switch delay requirements for PCell/PSCell is Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU, where:
· Tcmd is the time for UE to process the cell switch command
· Tsearch is the time required to search the target cell when the target cell is not already known when the cell switch command is received by the UE. If the target cell is known, then Tsearch = 0 ms. FFS for unknown case, if RACH-less for unknown target cell is supported.
· Tprocessing is the execution preparation time, including RF retuning, baseband retuning, security update if needed, etc.
· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ can be up to Trs . T∆ can be 0 under certain conditions which are FFS.
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms unless T∆ = 0.
· TIU is the uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH.

Regarding in Processing time: Tprocessing
	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


As mentioned above, processing time here is similar with execution time CHO. It is possible that network pre-configures multiple candidate cells for L1 measurement, together with cell parameters of the candidate cells. But eventually UE only needs to switch to one target cell. Therefore, it is unnecessary for UE to perform parameters validation and apply them for all the candidate cells, including but not limit to L2/3 reconfiguration, RF retuning, baseband retuning, security update if needed, etc. Our expectation is that UE keeps measuring all the candidate cells. Once it receives switch command to certain target cell, it can make the corresponding cell parameters valid and apply them (like CHO). Therefore, we propose to reuse execution time in CHO.
[bookmark: _Ref127439924]Proposal 10: reuse execution time defined in CHO as the processing time in LTM cell switch delay requirements. 

Next issue is about interruption:
	Issue 3-3-11: Tinterruption
< Wayforward >: FFS the following options
· Option 1 (CTC, CMCC, ZTE): The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd
· Option 2 (Nokia): LTM cell switch interruption time should be minimized, and upper limit should be agreed not to exceed the existing L3 HO interruption time. The target should be to be as close to a beam switch delay as possible


Option 1 is straightforward and supported.
[bookmark: _Ref127439927]Proposal 11: The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.

3. Conclusion
In this contribution, we provide further discussion on L1/L2 based inter-cell mobiliy delay requirements. After discussion, the following conclusions are provided: 
Proposal 1: Not define cell switch delay requirements for the case “PCell change with PSCell change”.
Proposal 2: Define cell switch delay requirements for the following scenarios:
· PCell change without SCell change
· Intra-SN PSCell change without SCell change
Proposal 3: FFS whether to define cell switch delay requirements for the following scenarios:
· PCell change with SCell change
· Role change between PCell and SCell in the same CG.
Proposal 4: similar with legacy handover requirements, RAN4 shall target at a set of general requirements which can cover both intra and inter-frequency, considering they may only have some difference in one or two components in cell switch delay equation.
Proposal 5: The starting point of cell switch delay for PCell/PSCell is that UE receives cell switch command.
Proposal 6: for RACH-based cell switch, cell switch delay for PCell/PSCell ends at the time when UE shall be able to transmit the first PRACH preamble to the target cell.
Proposal 7: for RACH-less cell switch, cell switch delay for PCell/PSCell ends at the time when UE shall be able to perform the first UL transmission on the indicated beam of the target cell.
Proposal 8: The baseline of RACH-based Cell switch delay requirements for PCell/PSCell is Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU, where:
· Tcmd is the time for UE to process the cell switch command
· Tprocessing is the execution preparation time, including RF retuning, baseband retuning, security update if needed, etc.
· Tsearch is the time required to search the target cell when the target cell is not already known when the cell switch command is received by the UE. If the target cell is known, then Tsearch = 0 ms. FFS for unknown case.
· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ can be up to Trs . T∆ can be 0 under certain conditions which are FFS.
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms unless T∆ = 0.
· TIU is the uncertainty in acquiring the first available PRACH occasion in the new cell.
Proposal 9: The baseline of RACH-less Cell switch delay requirements for PCell/PSCell is Tdelay = Tcmd + Tprocessing + Tsearch + T∆ + Tmargin + TIU, where:
· Tcmd is the time for UE to process the cell switch command
· Tsearch is the time required to search the target cell when the target cell is not already known when the cell switch command is received by the UE. If the target cell is known, then Tsearch = 0 ms. FFS for unknown case, if RACH-less for unknown target cell is supported.
· Tprocessing is the execution preparation time, including RF retuning, baseband retuning, security update if needed, etc.
· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ can be up to Trs . T∆ can be 0 under certain conditions which are FFS.
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms unless T∆ = 0.
· TIU is the uncertainty in acquiring the first PUSCH transmission occasion or SR on PUCCH.
Proposal 10: reuse execution time defined in CHO as the processing time in LTM cell switch delay requirements.
Proposal 11: The components of L1/L2 cell switch interruption Tinterruption are the components of L1/L2 inter-cell mobility delay except Tcmd.
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