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1 	Introduction
RAN4#108 had some discussion on pre DL and UL synchronization on R18 L1/L2 mobility [1]. There are still some issues open. We will discuss related open issues in this contribution.
2 Discussion
2.1 When and how to acquire SFN of the candidate cell
RAN4#107 had some common understandings on SFN acquisition [2]:
· Common understanding is that RAN4 does not need to define any new requirements for SFN acquisition delay of target cell before cell switch command, as legacy requirements of SFN acquisition delay defined for L3 CSI-RS measurement in table 9.10.2.5-3 or Table 9.10.3.5-3 or TSSB_time_index_inter in Clause 9.3.4 apply, if needed.

We think it is important to discuss when to acquire SFN of candidate cell. This would have impact on both PDCCH-order RACH delay requirements and cell switch delay requirements. In the next, we would like to provide some of the analysis.

Which procedures need SFN？
To transmit RACH to target cell, SFN is necessary to calculate the time resources used to transmit RACH as shown in 38.211 (E.g., Table 6.3.3.2-2). 
[image: ]
Therefore, before transmitting RACH on target cell either during cell switch or PDCCH-order RACH, UE needs to acquire SFN of target cell at first.
[bookmark: _Hlk146570396]Observation 1: Before RACH transmission on target cell either during cell switch or PDCCH-order RACH, UE needs to acquire SFN of the target cell at first.

How to acquire SFN of the target cell
There are some scenarios guarantee UE to know the SFN without PBCH decoding
· FR1 TDD intra-frequency and FR2 intra-frequency <Fact #1>
The SFN is known because deriveSSB-IndexFromCell is always enabled
· FR1 TDD/FDD intra/inter-frequency with Lmax=4 and FR1 TDD with Lmax=8 <Fact #2>
This is provided by clause 6.3.3.2 in TS38.211 as below. 
	From 38.211 6.3.3.2
For handover purposes to a target cell in paired (MTK: FDD) or unpaired spectrum (MTK: TDD) where the target cell uses , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.
For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell is in unpaired spectrum and uses  (MTK: inter-f TDD), the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than 


Note that there are no FDD bands with . According to 38.213 clause 4.1,  is only applicable for carrier frequencies larger than 3 GHz. However, all the FDD bands specified is smaller than 3 GHz according to 38.101-1. <Fact #3>
Based on the above analysis, we summarize whether SFN is known before cell switch command for different cases as in Table 1. And we can conclude that UE can get SFN of target cell before PDCCH-order RACH and cell switch command in most scenarios, except for the last case.
Table 1
	FR
	Duplex mode of target cell
	Intra-f or inter-f target cell
	 = 4 or 8
	Known SFN?

	FR1
	FDD
	Intra-f
	
	Y  <Fact #2>

	
	FDD
	Intra-f
	
	NA <Fact #3>

	
	FDD
	Inter-f
	
	Y  <Fact #2>

	
	FDD
	Inter-f
	
	NA <Fact #3>

	
	TDD
	Intra-f
	
	Y  <Fact #1>

	
	TDD
	Inter-f
	
	Y  <Fact #2>

	FR2
	TDD
	Intra-f
	-
	Y  <Fact #1>

	
	TDD
	Inter-f
	-
	TBD



For this last case, we understand that UE already gets SFN of the target cell through reading SBI if
· UE has reported SBI in L3 measurement reports, or
· UE has reported L1-RSRP measurement results of the same cell, as UE should have acquired SBI before performing L1-RSRP measurement 
[bookmark: _Hlk146570410]Therefore, if RAN4 agrees that PDCCH-order RACH and cell switch command are only triggered after network received the L1-RSRP measurement report. We can conclude that in the extra time for SFN acquisition is not needed in all cases.
Proposal 1: If RAN4 agrees that PDCCH-order RACH and cell switch command are only triggered after network received the L1-RSRP measurement report, no extra time for SFN acquisition toward target cell is needed before PDCCH-order RACH and cell switch command in all scenarios.
2.2 PDCCH ordered RACH on neighbor cell
Last meeting, RAN4 had some discussions on how to define the requirements for PDCCH ordered RACH on neighbor cell [1]. 
2.2.1 Additional time for T/F tracking and related interruption
Regarding the applicability rule of Tx timing requirements for PDCCH ordered RACH to target cell, RAN4 reached the following agreement last meeting. We would like to discuss the second bullet further.
	< Agreement>
· Applicability of UL Tx timing requirements for PDCCH ordered PRACH to target cell
· If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet Te requirements. otherwise, additional time for SSB based T/F tracking is needed.
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed for TSSB is FFS.


[bookmark: _Hlk145957575]We want to point out that T/F tracking is per TCI state based UE behavior. That is why a UE capability “maxNumberActiveTCI-PerBWP” is introduced to indicate supported number of activated TCI states for serving cell since R15. As long as the SSB index indicated in PDCCH order is not in the active TCI state list, UE will anyway need additional time for T/F tracking, no matter whether other the TCI states of the target cell are activated or not.
[bookmark: _Hlk146570427]Proposal 2: Even some of the TCI state of the target cell is activated but SSB index indicated in PDCCH order is not in the active TCI state list, UE still needs additional time for T/F tracking.
[bookmark: _Hlk146021790]In last meeting, RAN4 agreed on additional time for T/F tracking is needed but had no discussion on the exact value yet. In our understanding, PDCCH ordered RACH on target cell will be triggered by L1-RSRP measurement report. So TSSB in the additional time is the time waiting for the first SSB for L1-RSRP measurement. Case by case, the exact definition of TSSB is:
· Target cell of intra-f or inter-f w/o gap if supported: 
· L1-RSRP measurement is configured: TSSB is SSB periodicity 
· Target cell of inter-f with Type 1 MG
· L1-RSRP measurement is configured: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
[bookmark: _Hlk146570437]Proposal 3: If L1-RSRP measurement is configured, TSSB in the additional time for T/F tracking during PDCCH ordered RACH delay is the time waiting for the first SSB for L1-RSRP measurement. 
As UE uses the occasion for L1 measurement or L3 measurement to perform T/F tracking if needed, we don’t need to define extra interruption or scheduling restriction requirements because it is already covered by scheduling restriction due to L1/L3 measurement or MG.
[bookmark: _Hlk146570447]Proposal 4: Interruption or scheduling restriction due to additional T/F tracking if needed can be covered by scheduling restriction due to L1/L3 measurement or MG.

2.2.2 Additional time for RF/BB preparation and RF re-tuning
We copy the related agreements reached last meeting here for information.
	Issue 1-2-2-3: Whether the time for RF preparation and RF re-tuning is needed
<Agreement>
· The time for RF preparation and RF re-tuning is needed if RACH bandwidth of neighbor cell is not in the UL active BWP
Issue 1-2-2-5: The value of additional time for RF/BB preparation and RF re-tuning
< Agreement>
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability). 
· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation is FFS
Issue 1-2-2-6: Other components ∆Delay, Tswitch, NT,2
<Agreement>
· ∆Delay, Tswitch, NT,2 remain unchanged.



Regarding the time needed for RF/BB preparation and RF retuning for the case that PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, some company proposed to introduce UE capability to indicate the time needed. We understand the intention is to fully reflect UE capability on the time needed based on the exact target frequency. The time needed highly depends on the current serving band combination and BWP configurations of serving cell. In our understanding, dynamic UE capability reporting is needed if UE wants to fully reflect the actual time required. As we have categorized the scenarios into three cases last meeting, we think the time needed for the single case “RACH BW is outside of any configured BWP” will be similar. Considering RACH transmission on target cell before cell switch command is not very urgent, we prefer to define a single value. Some company wants to reuse the value of BWP switching time for the case that RACH BW is not in any of the configured BWP, too. We would like to point out that for BWP switching, UE has already generated the corresponding RF configuration after receiving the BWP configurations, and all BWPs are within the same channel BW (and the same band) Here, multiple candidate cells may be configured, asking UE to generate RF configurations for all the candidate cells will consume quite an amount of memory. And the cell to transmit PRACH on can be on any band. So BWP switching time cannot be reused here. To cover the worst case, we propose 10ms.
[bookmark: _Hlk146570458]Proposal 5: Define a single value ∆RF/BB_preparation for the case that RACH BW is not within any of the configured BWP. ∆RF/BB_preparation is 10ms.

2.2.3 Interruption due to RACH on target cell
We suggest discussing the interruption on serving cell(s) due to RF retuning and RACH transmission from three parts
· Part 1: RF retuning to candidate cell before RACH transmission
· Part 2: RF retuning back to serving cell after RACH transmission
· Part 3: During RACH transmission
Regarding Part 1 and Part 2, similar as the delay requirements, we would like to discuss the related interruption for the following three cases:
· If RACH bandwidth of neighbor cell is not in the UL active BWP: 
No additional interruption, as no need for RF retuning. The legacy requirements for PDCCH-order RACH on serving cell as copied below can be reused.
	For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214].



· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell
As RAN4 agreed to reuse the value of DCI based BWP switching delay in the delay requirements, we think it is reasonable to reuse the interruption of BWP switching on other serving cells for asynchronous scenarios (38.133 clause 8.2.4.2.5), i.e., the interruption defined in the following table plus an additional extension of 1 slot length.
	[image: ]
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
	17


The reason to use the interruption in asynchronous scenarios is no limitation on the timing difference between serving cell and neighbor cell here.
· For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell:
Similar reason as not reusing the value of BWP switching time when defining the delay requirements, here we still cannot reuse the interruption of BWP switching on other serving cells. We propose to reuse the same value as PSCell/SCell activation, i.e., 1ms. Also, considering there is no limitation on the timing difference between serving cell and neighbor cell, one more slot extension is needed.
[bookmark: _Hlk146570473]Proposal 6: For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, the interruption on serving cells due to RF retuning before and after RACH transmission on target cell is X+1 slots, where X is 
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	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
	17


Proposal 7: For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, the interruption on serving cells due to RF retuning before and after RACH transmission on target cell is 1ms +1 slot.
[bookmark: _Hlk142679663]Regarding Part 3 “interruption at RACH transmission”, for UL on other CC(s), RAN1 are discussing the related UE capability. We can leave this to RAN1. As the target cell may be on any band, UE is not supposed to support simultaneous DL reception on one band and RACH transmission on another. There may be interruption also on serving cell(s) DL reception. We suggest introducing a UE capability similar as RAN1’s conclusion on interruption on UL.
Proposal 8: Introduce a UE capability to indicate whether there will be interruption on serving cell(s) when transmit RACH on target cell.
3 Summary
In this paper, we provide some views on pre- DL and UL sync before cell switch command in L1/L2 triggered mobility. We have the following proposals and observations:
[bookmark: _Hlk142597625]Observation 1: Before RACH transmission on target cell either during cell switch or PDCCH-order RACH, UE needs to acquire SFN of the target cell at first.
Proposal 1: If RAN4 agrees that PDCCH-order RACH and cell switch command are only triggered after network received the L1-RSRP measurement report, no extra time for SFN acquisition toward target cell is needed before PDCCH-order RACH and cell switch command in all scenarios.
Proposal 2: Even some of the TCI state of the target cell is activated but SSB index indicated in PDCCH order is not in the active TCI state list, UE still needs additional time for T/F tracking.
Proposal 3: If L1-RSRP measurement is configured, TSSB in the additional time for T/F tracking during PDCCH ordered RACH delay is the time waiting for the first SSB for L1-RSRP measurement. 
Proposal 4: Interruption or scheduling restriction due to additional T/F tracking if needed can be covered by scheduling restriction due to L1/L3 measurement or MG.
Proposal 5: Define a single value ∆RF/BB_preparation for the case that RACH BW is not within any of the configured BWP. ∆RF/BB_preparation is 10ms.
Proposal 6: For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, the interruption on serving cells due to RF retuning before and after RACH transmission on target cell is X+1 slots, where X is 
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	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	5
	0.03125
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Proposal 7: For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, the interruption on serving cells due to RF retuning before and after RACH transmission on target cell is 1ms +1 slot.
Proposal 8: Introduce a UE capability to indicate whether there will be interruption on serving cell(s) when transmit RACH on target cell.
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