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1 	Introduction
In RAN4#108, some companies had some proposals on cell switch delay requirements. Due to limited time in last meeting, there are still a few issues that are open [1]. We will provide our views on cell switch delay requirements in this contribution.
2 Discussion
2.1 Cell switch delay for PCell/PSCell
2.2.1 Scenarios
Although MCG LTM is prioritized in the revised WID [2], RAN2#123 concluded to consider SCG LTM too. We suggest following RAN2 conclusion and defining the cell switch delay requirements for PSCell too.

	1b) The case of PCell change (MCG) by LTM, without SCG, is supported (If there is an SCG configuration it is released at LTM execution). 
2b) The case of SCG LTM, without MN involvement is supported 
as a working assumption (can be revisited e.g. at the last meeting), it is assumed that other MCG/SCG cases are not supported.



Proposal 1: Define delay requirements for PSCell cell switch.

2.2.2 known cell conditions and known TCI state conditions
Before going to the detail of cell switch delay requirements, we would like to discuss known cell conditions and known TCI state conditions at first as RAN4 had agreed not to consider unknown cell and unknown TCI state cases.

For known cell condition, we suggest using the conditions for L3 HO with a bit modification:
	The target cell is known if it has been meeting the following conditions:
-	During the last 5 seconds before the reception of the handover cell switch command:
-	the UE has sent a valid L1 [or L3] measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell or 9.3 for inter-frequency cell,
-	One of the SSBs measured from the target cell also remains detectable during the handover cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell or 9.3 for inter-frequency cell.
otherwise it is unknown.



In previous meetings, some company pointed out that the side condition discussed for L1-RSRP measurement may have impact on the known cell condition. We are open to further discuss whether to align the side condition with L1-RSRP measurement. In our understanding, NW can choose to trigger cell switch based on L1-RSRP measurement report or L3 measurement report. Even when the actual SNR is lower than -3dB and higher than -6dB, UE would keep measuring L1-RSRP as requested by NW. The known cell condition is to make sure the cell is actually detectable to UE. From this point, we prefer to use the same side condition as L3 HO.

For known TCI state condition, we suggest using legacy known TCI state conditions with a bit modification:
	The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI statecell switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI statecell switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI statecell switch command
-	The TCI state remains detectable during the TCI statecell switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI cell switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.



Here we want to point out that even with L3 results in L1 report, we can reuse the same known condition. The reason is that the condition is whether UE has sent L1 report recently, and the TCI state remains detectable. There is no limitation on what to put in L1 report.
[bookmark: _Hlk134435075]Proposal 2: Use the following known cell conditions as a baseline in LTM:
	The target cell is known if it has been meeting the following conditions:
-	During the last 5 seconds before the reception of the cell switch command:
-	the UE has sent a valid L1 [or L3] measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell or 9.3 for inter-frequency cell,
-	One of the SSBs measured from the target cell also remains detectable during the cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell or 9.3 for inter-frequency cell.
Otherwise, it is unknown.


Proposal 3: Known TCI state conditions in LTM:
	The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of cell switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	cell switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the cell switch command
-	The TCI state remains detectable during the cell switching period
-	The SSB associated with the TCI state remain detectable during the cell switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.


[bookmark: _Hlk134435142]
2.2.3 Components of cell switch delay requirements for PCell/PSCell
RAN4#106bis-e reached the consensus on the baseline of the cell switch delay for PCell/PSCell. During the past few meetings, RAN4 had some agreements on part of the components. There are still some open issues. In this section, we would like to discuss these open issues.

· L1/L2 inter-cell mobility execution time:
RAN4#106bis-e reached the agreement to wait for RAN2 progress. According to RAN2 agreement, UE may perform early ASN.1 decoding and validity/compliance check of candidate cell configuration and may not. As RAN4 defines the requirements for the worst case, Texecution for ASN.1 decoding and validity/compliance check of target cell configuration should be added in the delay requirements.
	Issue 3-3-12: Execution time
<Agreement>
· Wait for RAN2 progress.



	RAN2#121bis-e Agreement
The UE may perform early decoding and early validity check. FFS whether Early validity check triggers early re-establishment. FFS the possible timing, FFS subset of cells, FFS if need to specify anything or just up to UE impl, FFS if other signalling to notify network is needed. 
Initial agreements, from RAN2 point of view (may be dep on RAN1 progress).



[bookmark: _Hlk134435154][bookmark: _Hlk142489994]Proposal 4: Texecution for RRC message decoding and validity/compliance check of target cell configuration should be added in the cell switch delay requirements.
Some company proposed to define a new component for the time to form a complete configuration through reference and delta configuration. Some also proposed to reduce the execution time. We propose to a simplified and compromised solution by reusing the same value as execution time (10ms) in CHO without introducing any new component.
[bookmark: _Hlk146621410][bookmark: _Hlk134435166]Proposal 5: Texecution =10ms. 

· Tprocessing,2/ TLTM-processing: It is the time for L1/L2/L3 reconfiguration and RF retuning. When discussing the value of processing time, the following factors should be considered:

· Intra-DU or inter-DU cell switch
Our view is that the key difference between intra-DU and inter-DU lies in that DU entity remains unchanged in NW for intra-DU. But what really matters to UE is whether there is any L1/L2/L3 reconfiguration. DU entity remains the same does not mean no L2/L3 reconfiguration. 
An IE will be used to indicate whether L2 reset should be performed, according to RAN2 running CR.
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In addition, as shown in the following RAN2 agreement, MAC reset is necessary during cell switch. Among L2/L3 reset, MAC reset is the dominant part in the processing time. This makes little difference in the processing time needed for intra-DU and inter-DU cell switch and no matter L2 reset is indicated or not.
	RAN2#122 Agreement
For non-TA parts, we do MAC reset, which overrides earlier agreements on partial MAC reset. As earlier agreed RLC-AM can continue at LTM cell switch (intended for intra-DU).



[bookmark: _Hlk146621421]Proposal 6: The processing time needed is the same for intra-DU and inter-DU case.
· Switch to active SCell (including role change)
The active SCell may be DL only SCell, or DL&UL SCell or PUCCH SCell. No matter which kind of Scell, L1 reconfigurations are unavoidable.
· If the target cell is previous DL only SCell, L1 reconfiguration is necessary at least for UL.
· If the target cell is previous DL&UL SCell, L1 reconfiguration is necessary at least for PUCCH, RACH and paging.
· If the target cell is previous PUCCH SCell, L1 reconfiguration is necessary at least for RACH and paging.
[bookmark: _Hlk134435177][bookmark: _Hlk146621438]Observation 1: If the target cell is an active SCell, L1 reconfiguration is necessary.
· The difference between inter-frequency and intra-frequency cell switch 
· RF retuning is needed for inter-frequency cell switch. RF retuning may not be needed for intra-frequency cell switch if BWP remains the same. 
· If the inter-frequency is different from all the serving cell, L1 reconfiguration is definitely necessary. If the inter-frequency cell is an intra-frequency neighbor cell of SCell, L1 reconfiguration is needed at least for RACH and paging.
· For intra-frequency cell switch, at least PCI is different from source cell and PCI is used in scrambling for many UL transmissions. In addition, we think it is not a good way to define requirements based on whether any specific parameters are changed. There are too many L1 parameters, we suggest avoiding the discussion on how much time can be reduced if L1 is partially reconfigured. Besides the configuration of different channels (PDCCH, PDSCH, PUCCH, PUSCH and etc.), there are also quite a number of configurations on RS. To avoid and/or handle inter-cell interference, usually some configurations of RS in intra-frequency neighbor cells are different, e.g., CSI-RS for CQI report. We don’t think no L1 reconfiguration is a typical case.
[bookmark: _Hlk131536446][bookmark: _Hlk146621456]Proposal 7: L1 reconfiguration is assumed during cell switch.
[bookmark: _Hlk131536469]Due to MAC reset and L1 reset are necessary during cell switch, we propose to reuse the legacy processing time for L3 HO.
[bookmark: _Hlk146621467]Proposal 8: In cell switch delay requirements, Tprocessing,2/ TLTM-processing =20ms for intra-FR cell switch and Tprocessing,2/ TLTM-processing =40ms for inter-FR cell switch. 

· TΔ: Considering that the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms, we reached the following way forward last meeting.
	Issue 3-3-2-1: T/F fine tracking: TΔ and Tmargin
<Way Forward >:
· Option 1: If TCI state of target cell has been activated before cell switch command, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking. otherwise, additional time for SSB based T/F tracking is needed. 
· Option 2: In FR1, if (L1-RSRP measurement period+ Tcmd+Tprocessing,2) >160ms, one Trs is needed for fine time tracking, otherwise Tdelta =0. In FR2, as (L1-RSRP measurement period+ Tcmd+Tprocessing,2) is larger than160ms, one Trs is needed for fine time tracking.


Option 1 and Option 2 are similar, we understand that even the tracking period equals to 160ms, it cannot guarantee that UE has tracked the target cell within 160ms as cell switch delay should also be counted in. We agree with this in general, but we think it is better to use a simple rule to judge whether T/F fine tracking is needed or not during cell switch delay. Not counting in cell switch delay is actually to tighten the requirements for UE. It is acceptable to us to have such tightening.

· Tmargin: When UE needs T/F fine tracking, Tmargin is needed and equals to 2ms.
[bookmark: _Hlk131536488][bookmark: _Hlk142490071]Proposal 9: In cell switch delay requirements, the baseline is:
· TΔ=1 Tfirst-RS, Tmargin = 2ms
· TΔ and Tmargin can be 0 if TCI state of target cell has been activated before cell switch command, and measurement period of L1-RSRP is no longer than 160ms.
	
· Other components ---TCI state switching time:
In last meeting, some companies proposed that TCI state switching time is also needed during cell switch delay requirement.
Last meeting, RAN4 agreed to only consider known TCI state case. For DL, the only component in TCI state switching is T/F fine tracking which is already included in cell switch delay requirements. RAN1#114 has agreed that TRS can be configured in the TCI state before/ during cell switch command. We would like to analyze the impact here.
	RAN1#114
Agreement
In R18 LTM, on the QCL source of the TCI state before/during the cell switch command, 
· SSB or TRS can be configured in a TCI state for the candidate cell(s) before/during cell switch command
· Whether the TRS can be used for the candidate cell(s) before/during cell switch command is up to UE capability



Considering there are only two meetings left, we don’t think we have sufficient time to discuss TRS based T/F tracking before cell switch command. So the assumption is that UE only performs pre T/F tracking based on SSB. We want to clarify that even TRS is configured in the TCI state, it is feasible to only track the associated SSB. During SCell activation, TRS is also configured in the indicated TCI state. The delay requirements are defined based on SSB based T/F tracking but not TRS. We suggest discussing the requirements for two cases:
· T/F tracking during cell switch delay is needed
This happens if pre T/F tracking is not activated or SSB based pre T/F tracking is activated but L1-RSRP measurement is within 160ms. 
In this case, as UE needs to perform T/F tracking anyway, we think UE can use TRS to have more accurate T/F estimation and shorter delay.
· T/F tracking during cell switch delay is not needed
This happens when SSB based pre T/F tracking is activated and L1-RSRP measurement is within 160ms.
In this case, if UE is still required to do TRS based T/F tracking during cell switch delay, the delay is longer and there is no need to perform pre T/F tracking.
[bookmark: _Hlk146621512]Proposal 10: Not to consider TRS based T/F tracking before cell switch command in R18 LTM.
Proposal 11: When TRS is configured for the indicate TCI state in cell switch command, UE will perform TRS based T/F tracking if T/F tracking after cell switch command is needed. Otherwise, UE will not perform T/F tracking, regardless TRS or SSB based, during cell switch delay.
For UL, since now only SSB based L1-RSRP measurement is supported, we think it is reasonable to configure reference PL-RS as a known SSB but not CSI-RS. Also we think PL-RS to use will be the same SSB associated with the TCI state. If the measurement delay of the SSB is longer than 160ms, then UE will need one shot SSB for fine tracking. At the same time, UE can also use this SSB sample for PL-RS measurement. If the measurement delay of the SSB is no longer than 160ms, we think UE can skip the measurement on PL-RS too.
[bookmark: _Hlk134435301][bookmark: _Hlk142490081][bookmark: _Hlk131536540]Proposal 12: For PCell/PSCell switch delay, the PL-RS to use should be one of the SSBs UE performs L1-RSRP measurement on.
Proposal 13: For PCell/PSCell switch delay, UE does not need extra time to measure the PL-RS if L1-RSRP measurement period of corresponding SSB is no longer than 160ms.

2.2.4 Beam application time 
RAN1 asked RAN4 some beam application time related questions in LS R1-2306259 [3]. 
	A. Beam application time

RAN1 has made the following agreement in RAN1#113:

Agreement
· For the beam application time for Rel-18 LTM,
· Beam application time is supported, and starts after the last symbol of the PUCCH or PUSCH carrying the HARQ-ACK for the PDSCH which carries MAC-CE containing cell switch command with the beam indication for the target cell(s)
· FFS: reference SCS, i.e. serving cell and/or target cell
· At least the following components are further studied to define the beam application time
· Whether TCI state activation is received before/together with cell switch command
· Legacy values, i.e.  and BeamAppTime-r17
· RF retuning time when inter-frequency switch is performed, which is up to RAN4
· Whether the target cell is one of the current serving cells
· Cell switching time, which is defined by RAN2 and RAN4, may or may not include the potential components of beam application time above. 

RAN1 respectfully asks RAN2 and RAN4 to provide their feedback to complete the RAN1 work on beam switching time for LTM.




Last meeting, RAN4 replied RAN1 as following:
	RAN4 is still discussing whether beam application time shall be taken into account in RAN4 cell switch delay requirements and the possible latency when UE is ready for PDCCH in target cell in different scenarios.



We would like to recall that BeamApplicationTime is introduced in R17 for DCI based unified TCI state switch in RAN1. UE reports minBeamApplicationTime-r17 needed and NW configures beamAppTime-r17 based on UE capability. As shown in the following figure, UE is supposed to use the target TCI state BeamApplicationTime after HARQ-ACK feedback. It means UE is ready for DL and UL on the target TCI state after BeamApplicationTime. 
[image: ]
When it comes to LTM, cell switch command is MAC CE based but not DCI based, so we cannot use DCI based TCI state switch delay as a baseline to define cell switch delay requirements. When defining cell switch delay, there are much more factors to consider, e.g., FR1/FR2, whether pre-sync is needed, RACH-based/less, exact values of Texecution and Tprocessing. After cell switch delay we are defining, UE is ready for both DL and UL. In our view, there is no need to define BeamApplicationTime from RAN4’s point. We only need to define cell switch delay. If RAN1 see the need to define BeamApplicationTime, RAN1 can take the cell switch delay requirements defined in RAN4 as a reference.
[bookmark: _Hlk142490108]Proposal 14: From RAN4’s point, no need to define BeamApplicationTime.
3 Summary
In this paper, we provide some views on cell switch delay requirements. We have the following proposals and observations:
Proposal 1: Define delay requirements for PSCell cell switch.
Proposal 2: Use the following known cell conditions as a baseline in LTM:
	The target cell is known if it has been meeting the following conditions:
-	During the last 5 seconds before the reception of the cell switch command:
-	the UE has sent a valid L1 [or L3] measurement report for the target cell and
-	One of the SSBs measured from the NR target cell being configured remains detectable according to the cell identification conditions specified in clause 9.2 for intra-frequency cell or 9.3 for inter-frequency cell,
-	One of the SSBs measured from the target cell also remains detectable during the cell switch delay according to the cell identification conditions specified in clause 9.2 for intra-frequency cell or 9.3 for inter-frequency cell.
Otherwise, it is unknown.


Proposal 3: Known TCI state conditions in LTM:
	The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of cell switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	cell switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the cell switch command
-	The TCI state remains detectable during the cell switching period
-	The SSB associated with the TCI state remain detectable during the cell switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.



Proposal 4: Texecution for RRC message decoding and validity/compliance check of target cell configuration should be added in the cell switch delay requirements.
Proposal 5: Texecution =10ms.
Proposal 6: The processing time needed is the same for intra-DU and inter-DU case.
Observation 1: If the target cell is an active SCell, L1 reconfiguration is necessary.
Proposal 7: L1 reconfiguration is assumed during cell switch.
Proposal 8: In cell switch delay requirements, Tprocessing,2/ TLTM-processing =20ms for intra-FR cell switch and Tprocessing,2/ TLTM-processing =40ms for inter-FR cell switch. 
Proposal 9: In cell switch delay requirements, the baseline is:
· TΔ=1 Tfirst-RS, Tmargin = 2ms
· TΔ and Tmargin can be 0 if TCI state of target cell has been activated before cell switch command, and measurement period of L1-RSRP is no longer than 160ms.
Proposal 10: Not to consider TRS based T/F tracking before cell switch command in R18 LTM.
Proposal 11: When TRS is configured for the indicate TCI state in cell switch command, UE will perform TRS based T/F tracking if T/F tracking after cell switch command is needed. Otherwise, UE will not perform T/F tracking, regardless TRS or SSB based, during cell switch delay.
Proposal 12: For PCell/PSCell switch delay, the PL-RS to use should be one of the SSBs UE performs L1-RSRP measurement on.
Proposal 13: For PCell/PSCell switch delay, UE does not need extra time to measure the PL-RS if L1-RSRP measurement period of corresponding SSB is no longer than 160ms.
Proposal 14: From RAN4’s point, no need to define BeamApplicationTime.
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This field is used by the UE to determine on whether L2 reset should be performed for an LTM candidate cell upon an LTM cell switch procedure. If the value of itm-NoResetiD
inan LTM candidate cell is the same as the value of ltm-ServingCellNoResetiD in the serving cell of a cell group, then the UE shall not perform any L2 reset during the LTM
cell switch procedure





