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1 	Introduction
In RAN4#109, we reached some agreements on cell switch delay requirements. Due to limited time in last meeting, there are still some open issues [1]. We will provide our views on the remaining issues in this contribution.
2 Discussion
2.1 Extra time for PL-RS measurement?
In active uplink TCI state switching delay for unified TCI, if the target PL-RS is not maintained, extra time for PL-RS measurement is needed. The issue to discuss is whether extra time for PL-RS measurement is needed during cell switch. In the next, we would like to discuss this issue for RACH-based cell switch and RACH-less cell switch separately.
In legacy L3 HO, UE is supposed to use SSB as PL-RS to determine UL transmission power during RACH procedure and no additional PL-RS measurement time is needed. Similarly, for RACH based cell switch, UE also uses SSB as PL-RS to determine UL transmission power during RACH procedure and thus no additional PL-RS measurement time is needed.
Proposal 1: For RACH-based switch delay, the target PL-RS should be SSB and UE does not need extra time to measure the PL-RS.
For RACH-less cell switch, network is supposed to indicate the PL-RS in cell switch command. The PL-RS may be SSB or CSI-RS. In R17 unified TCI state switching, there were a lot of discussions in RAN4 and finally agreed to only consider maintained case in FR2 when the target PL-RS is SSB. As the motivation of LTM is to reduce HO delay, to achieve this goal, UE is supposed to perform pre-tracking and pre-UL synchronization. We think it is reasonable to consider the case when target PL-RS is maintained only. 
[bookmark: OLE_LINK1]Proposal 2: For RACH-less switch delay, UE does not need extra time to measure the PL-RS. The requirements are only applicable to the case when target PL-RS is maintained.
The definition of maintained PL-RS can follow R17 MIMO. We copy the definition in R17 MIMO here for information:
	-	PL-RS is maintained provided: 
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	There are no more than 4 different RS activated as PL-RS per serving cell among all active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions
-	The target pathloss reference signal remains detectable during TCI state switching period
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period.
-	SNR of the associated SSB ≥-3dB



Considering RAN1 has introduced UE capability of the maximum number of MAC-CE activated joint/UL TCI states as in Table 1, PL-RS can be considered as maintained the following conditions are met.
	-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability [MAC-CE activated joint LTM TCI states] or [MAC-CE activated DL/UL LTM TCI states]
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB



Table 1
	45-3a
	MAC-CE activated joint LTM TCI states
	1. Supported QCL source RS for MAC-CE activated joint LTM TCI states
12. Maximum number of MAC-CE activated joint LTM TCI states [per/across all] candidate cells [and serving cells] [in a band]
3. Maximum number of MAC-CE activated joint LTM TCI states across candidate cells and serving cells

	45-4a
	MAC-CE activated DL/UL LTM TCI states
	1. Supported QCL source RS for MAC-CE activated DL/UL LTM TCI states
21. Maximum number K1 of MAC-CE activated DL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
32. Maximum number K2 of MAC-CE activated UL TCI states [per/across all] candidate cells [and serving cells] [in a band] before cell-switch command
4. Maximum number of MAC-CE activated DL TCI states across all candidate cells and serving cells
5. Maximum number of MAC-CE activated UL TCI states across all candidate cells and serving cells



Proposal 3: During cell switch, PL-RS is maintained provided:
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability [MAC-CE activated joint LTM TCI states] or [MAC-CE activated DL/UL LTM TCI states]
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB
2.2 Conditions to skip T/F tracking during cell switch
Last meeting, RAN4 agreed to define a time gap between TCI state activation and cell switch command as one of the conditions to skip T/F tracking during cell switch delay. But the detail is still open. In this part, we would like to provide our views.
	Issue 1-1-2: Whether and how to define TCI state activation delay requirements for early T/F tracking before cell switch command 
< Agreement>:
· RAN4 to define a time gap between TCI state activation and PDCCH order RACH or cell switch. If PDCCH order or cell switch cmd is received before the time gap, additional time for T/F tracking in PDCCH order RACH delay or cell switch delay requirement is needed.



In our understanding, after receiving TCI state activation command, there can be two types of UE behaviours. One is that UE performs one shot SSB based T/F tracking immediately after TCI state activation command and then tracks the activated TCI states periodically (Option 1 in Fig.1). Another is that UE starts periodic T/F tracking after receiving TCI state activation command (Option 2 in Fig.1). One benefit of option 1: if NW sends cell switch command in less than 160ms after TCI state activation command, UE can skip T/F tracking during cell switch delay no matter L1 measurement period is less or larger than 160ms, as UE has just performed one shot T/F tracking. One drawback of Option 1 is that it is not applicable to unknown TCI sates in FR2. Another drawback of Option 1 is that it is only applicable to the case when TCI state(s) of only one candidate cell is activated in FR2 or for inter-frequency with MG case in both FR1 and FR2. In FR2 or inter-frequency with MG, if TCI states of multiple cells are activated, UE needs to track each cell TDM-ly and one SSB period or one MG is not enough for UE to track all the cells.
But in FR2, in general, NW is supposed to active the TCI sates based on L1 measurement reports. Unknown TCI sates in FR2 would be a corner case. In addition, we don’t think it is a strong limitation on NW to only activate TCI state(s) of one more cell at a certain time. Considering the above, we prefer Option 1.
[image: ]
Fig. 1
[bookmark: _Hlk158047340]Proposal 4: After receiving activation command of a known TCI state, UE performs one shot SSB based T/F tracking on candidate cell(s) immediately after TCI state activation command and then tracks the activated TCI state(s) periodically.
2.3 Time for T/F tracking when TRS as QCL source of Type A/C
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


As TRS based T/F tracking on candidate cell before cell switch command is not considered in R18 LTM, there are two configurations (Config 1 and config 2 as shown in Table 2) considering that QCL source of Type A/C of the indicated TCI state in cell switch command may be SSB or TRS. 
Table 2
	
	RS of activated candidate TCI state before Cell Switch Command
	RS of the indicated TCI state in Cell Switch Command
	UE behavior

	
	
	
	Before Cell Switch Command
	After Cell Switch Command

	Config 1
	SSB
	SSB
	Track SSB
	[bookmark: OLE_LINK4]If L1 meas period < 160ms, skip T/F tracking (Tfirst_SSB =0)

	
	
	
	
	If L1 meas period > 160ms, SSB based T/F tracking

	Config 2 
	SSB
	TRS
	Track SSB
	If L1 meas period < 160ms, FFS

	
	
	
	
	If L1 meas period > 160ms, FFS



We suggest discussing the requirements for the two cases in Configure#2 (TRS as QCL source of Type A/C in cell switch command ):
· 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 larger than 160ms. 
In this case, as UE needs to perform T/F tracking anyway, we think UE can follow NW indication and use TRS to have more accurate T/F estimation.
· 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 and interruption would be longer. There will be no benefit to perform pre T/F tracking.
[bookmark: _Hlk158047349]Proposal 5: When TRS is configured as QCL source for the indicate TCI state in cell switch command, UE will perform TRS based T/F tracking only if T/F tracking during cell switch is needed. Otherwise, UE will not perform T/F tracking, regardless TRS or SSB based, during cell switch delay.
2.4 Conditions for early ASN.1 decoding and validity check
	RAN4#108bis (R4-2317330)
[bookmark: _Hlk127889604][bookmark: _Hlk145078524]Issue 3-2-5-1: Execution time
< Agreement >:
· From RAN4 perspective, introduce new optional UE capability for early ASN.1 decoding and validity/compliance check [of LTM candidates]. FFS on capability design.
· [bookmark: _Hlk149743675]For UE not supporting [early ASN.1 decoding and validity/compliance check], Texecution_time/Ttarget-RRC-processing for ASN.1 decoding and validity/compliance check of target cell configuration should be added in the cell switch delay requirements. The value is 10ms.
· Further discuss the conditions that the UE with new capability can work with early ASN.1 decoding and validity/compliance check.


RAN4#108bis agreed to introduce a new optional UE capability for early ASN.1 decoding and validity/compliance check. As shown in the agreement, the applicable conditions should be further discussed. According to RAN2 design, multiple candidate cell groups can be configured. In each cell group, there may be multiple cells. The complexity introduced by early ASN.1 decoding and validity/compliance check increases linearly with the number of cell groups configured and the number of cells in each cell group. To support subsequent cell switch, the memory to store the decoded configuration cannot be released. Therefore, it is important to discuss the applicable conditions of this capability. 
There can be two options for further discussion. One is that UE performs early ASN.1 decoding and validity/compliance check only when NW preconfigures single candidate cell group. This is workable but will have some limitation on NW configuration. Another is that UE performs early ASN.1 decoding and validity/compliance check after NW activates TCI state of a candidate cell. But there are still some drawbacks. Now pre TCI state activation on multiple cells are supported in RAN1. If TCI states of multiple cells are activated before cell switch command, asking UE to do early ASN.1 decoding and validity/compliance check on multiple cells will also lead to high UE complexity. In addition, it is not clear how to link TCI state activation command with particular candidate cell group. There may be several candidate cell groups with the same SpCell but different SCell(s). Therefore, we need some further conditions to use pre TCI state activation as a trigger command for early ASN.1 decoding and validity/compliance check, i.e.,
· NW activates TCI state(s) from only one candidate cell
· [bookmark: _Hlk149806455]Not to consider CA as SpCell change with SCell(s) is not supported in R18. 
Even addition conditions are needed for option 2, the scenario sounds more reasonable and typical in our view. Therefore, we support to use TCI state activation on candidate cell as a trigger condition for early ASN.1 decoding and validity/compliance check.
[bookmark: _Hlk158047361]Proposal 6: Use TCI state activation to trigger early ASN.1 decoding and validity/compliance check on the candidate cell with the following conditions
· NW activates TCI state(s) from only one candidate cell across all frequency layers
· Not to consider CA.

2.5 Shorter processing time
RAN4#108bis reached the following agreement on the value of Tprocessing,2/ TLTM-processing. 
	<Agreement>:
· Tprocessing,2 /T LTM_processing can be 20ms for the intra-FR cell switch. Meanwhile, further discuss and down-select based on the two options:
· Option 1: FFS whether a smaller value can be considered based on other conditions/scenarios. FFS additional UE capabilities can be introduced for these conditions/scenarios.
· Option 2: introduce UE capability with up to 2 candidate values, one value is 20ms, and FFS the other one. 
· Tprocessing,2 /T LTM_processing for inter-FR cell switch is twice of that for intra-FR cell switch.



Based on the proposals, the targeting scenario in option 1 is that the target cell is an active SCell or the target cell is an intra-frequency neighbor cell with the same configured BWPs with serving cell. The main idea of option 1 is that less processing time due to less parameters to change or no change of RF. We think it is not a good way to define requirements based on whether any specific L1 parameters are changed or not. There are too many L1 parameters, we suggest avoiding the discussion on how much time can be reduced if L1 is partially reconfigured. In addition, we don’t think no L1 reconfiguration is a typical case. Even the target cell is an active PUCCH SCell, as the configuration of target cell is pre-configured, it is not reasonable to mandate no changes on active SCell’s configuration. For intra-frequency cells, 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. 
Therefore, we prefer to introduce a UE capability here. Last meeting, RAN4 allowed interruption during TLTM-RRC-processing. This gives UE more flexibility. We propose a shorter processing time 15ms for intra-FR cell switch without any other applicable conditions.
[bookmark: _Hlk158047377]Proposal 7: In cell switch delay requirements, introduce a UE capability for shorter TLTM-processing. The candidate values can be 15ms for intra-FR cell switch.
2.6. Interruption due to PSCell change
In current spec, the requirements of PSCell change are the same as PCell change, including delay and interruption. Currently, the interruption would be interpreted as interruption on all the active serving cells including MCG and SCG. But the interruption due to PSCell change on MCG should be different from SCG. RF retuning due to PSCell change would cause interruption on MCG but not other procedures, e.g., ASN.1 decoding and T/F tracking. The interruption on MCG due to PSCell change should be the similar as PSCell addition.
[bookmark: _Hlk158047391]Proposal 8: The interruption time in cl. 8.20.3 is applicable to SCG. The interruption on MCG due to PSCell change is the same as PSCell addition.
3 Summary
In this paper, we provide some views on cell switch delay requirements. We have the following proposals and observations:
Proposal 1: For RACH-based switch delay, the target PL-RS should be SSB and UE does not need extra time to measure the PL-RS.
Proposal 2: For RACH-less switch delay, UE does not need extra time to measure the PL-RS. The requirements are only applicable to the case when target PL-RS is maintained.
Proposal 3: During cell switch, PL-RS is maintained provided:
-		the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	Number of active UL TCI states (UL or joint TCI state) for PUSCH/PUCCH/SRS transmissions does not exceed UE capability [MAC-CE activated joint LTM TCI states] or [MAC-CE activated DL/UL LTM TCI states]
-	The target pathloss reference signal remains detectable during cell switch delay
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during cell switch delay
-	SNR of the associated SSB ≥-3dB
Proposal 4: After receiving activation command of a known TCI state, UE performs one shot SSB based T/F tracking on candidate cell(s) immediately after TCI state activation command and then tracks the activated TCI state(s) periodically.
Proposal 5: When TRS is configured as QCL source for the indicate TCI state in cell switch command, UE will perform TRS based T/F tracking only if T/F tracking during cell switch is needed. Otherwise, UE will not perform T/F tracking, regardless TRS or SSB based, during cell switch delay.
Proposal 6: Use TCI state activation to trigger early ASN.1 decoding and validity/compliance check on the candidate cell with the following conditions
· NW activates TCI state(s) from only one candidate cell across all frequency layers
· Not to consider CA.
Proposal 7: In cell switch delay requirements, introduce a UE capability for shorter TLTM-processing. The candidate values can be 15ms for intra-FR cell switch.
Proposal 8: The interruption time in cl. 8.20.3 is applicable to SCG. The interruption on MCG due to PSCell change is the same as PSCell addition.
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