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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK110][bookmark: OLE_LINK111]In the last RAN4 meeting, WF on NR mobility enhancements (part 1) was approved. In this contribution, some open issues on DL/UL synchronization before cell switch command are further discussed [1].
2. Discussion
DL synchronization before cell switch command
Regarding the DL synchronization before cell switch command, there was still some issues left that have not yet reached a consensus in the last meeting and. In this paper, we will further provide our views and proposals:
Issue 1-1-2: Requirements for acquiring SFN of target cell before cell switch command
The WF on requirements for acquiring SFN of target cell before cell switch command in the last meeting is duplicated as follows:
< Way Forward>: 
· 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.
· FFS when and how to acquire SFN of the candidate cell
For the requirements for acquiring SFN of target cell before cell switch command, we believe that 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.
For how to acquire SFN of the candidate cell, it is related to deriveSSB-IndexFromCell, If deriveSSB-IndexFromCell is enabled, the target cell SFN can be directly acquired. Otherwise, the target cell SFN may be acquired in MIB.
Proposal 1: Regarding the method of UE acquisition of target cell SFN
· If deriveSSB-IndexFromCell is enabled, the target cell SFN can be directly acquired.
· If deriveSSB-IndexFromCell is not enabled, the target cell SFN may be acquired in MIB.
Issue 1-1-3: UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command
The WF on UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command in the last meeting is duplicated as follows:
<Way Forward> FFS the following options:
· Option 1 (MTK): After the TCI state of a neighbour cell is activated, UE performs SSB based T/F fine tracking on the corresponding beam, and UE will not active the corresponding BWP.
· Option 2 (vivo): For the inter-frequency cell switch, if UE can perform T/F fine tracking before cell switch, RAN4 discuss and clarify whether the DL BWP of target cell is activated during downlink sync before the cell switch. 
RAN1 has agreed that beam indication will be transmitted together with cell switch command. After the TCI state of a neighbour cell is activated, maybe there is no need for UE to activate the BWP of the neighbour cell. For the UE behaviour upon reception of TCI state activation of neighbour cell before cell switch command, we support that UE performs SSB based T/F fine tracking on the corresponding beam and UE will not active the corresponding BWP after the TCI state of a neighbour cell is activated [2].
Proposal 2: After the TCI state of a neighbour cell is activated, UE performs SSB based T/F fine tracking on the corresponding beam, and UE will not active the corresponding BWP.
Issue 1-1-5: UE capability requirements for SSB based T/F fine time tracking
The WF on UE capability requirements for SSB based T/F fine time tracking in the last meeting is duplicated as follows:
<Way Forward> FFS the following proposals:
· Proposal 1 (CATT):
· RAN4 to discuss the UE capability aspects of DL sync to multiple cells.
· More details are FFS.
· [bookmark: OLE_LINK39][bookmark: OLE_LINK40]e.g. what relationship between the capability for DL sync and the capability for the number of cells supporting PDCCH ordered RACH in RAN1.
· Proposal 2 (ZTE, Ericsson): RAN4 to discuss the UE capability aspects of downlink synchronisation to multiple cells so that UE can transmit PRACH to the candidate cell on the first PRACH occasion after the PDCCH order reception.
· Proposal 3 (xiaomi): RAN4 to define UE capability on T/F fine time tracking on candidate cells.
· Proposal 4 (vivo): 
· For ICBM scenario, T/F fine tracking i.e. activation of target cell TCI before cell switch command is received, is supported without any additional UE capability.
· For non-ICBM scenario, T/F fine tracking i.e. activation of target cell TCI before cell switch command is received, is supported with an additional UE capability.
· Proposal 5: RAN4 to define UE capability on T/F fine time tracking on candidate cells if not defined by RAN1.
RAN4 has discussed the UE capability aspects of DL sync to multiple cells so that UE could transmit PRACH to candidate cell on the first PRACH occasion after PDCCH order reception, it is mainly focus on UE capability on measurement. At the same time, RAN1 has agreed UE capability on measurement report, and the working assumption in the last meeting is as follows:
	Working Assumption
· For the beam selection for SSB based L1-RSRP measurement report,
· For the value of M, L 
· the RRC configured candidate values are: 
· M = 1, 2, 3, 4
· L = [1], 2, 3, 4
· Note: the maximum value of M*L and combination of M and L is up to UE capability.


We believe that the two capability is different and the UE capability aspects of the number of beams UE can measure could be larger than M x L.
Proposal 3: RAN4 to discuss the UE capability aspects of DL sync to multiple cells.
· The capability is different with the capability on measurement report agreed in RAN1 (L cells x M beams) . 
· The UE capability aspects of the number of beams UE can measure could be larger than M x L.
UL synchronization before cell switch command
Regarding the UL synchronization before cell switch command, it is related to LS R1-2304276. RAN1 has discussed PDCCH ordered RACH mechanism in R18 LTM in the previous meeting [4], some questions left in the LS should be further answered by RAN4. In this paper, we will further provide our views and proposals:
Delay requirements for PDCCH ordered RACH
The WF on Delay requirements for PDCCH ordered RACH in the last meeting is duplicated as follows:
<Agreement>
· On top of specified delay requirement in RAN1 as below the RAN4 agreed
· For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is  
·   
· Do not change ∆Delay component
· FFS for ∆BWPSwitching 
· FFS whether DCI-based or RRC-based BWP switching should be applied
· FFS whether to keep or remove the component
· FFS for additional delays components
· Option 1: 1 SSB occasion for T/F tracking
· Option 2: additional time for RF and/or BB preparation and retuning
For this issue, RAN4 has agreed to do not change ∆Delay component, regarding the component of ∆BWPSwitching, it is still have some controversial views. We prefer to remove the component of ∆BWPSwitching. At the same time, it is suggested to add the time for RF retuning and baseband processing [3]. If RACH occasion (RO) is within active BWP, the time is equal to 0. 
In addition, RAN4 has agreed UE needs to access the target SSB within a 160ms window to guarantee accurate UL timing [1]. If the total delay (the tracking period and other time components before UL transmission) is larger than 160ms or tracking is not configured before PDCCH order, the additional time of 1 SSB occasion for T/F tracking should be considered.
Proposal 4: For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is

· Existing delays components
· : Do not change  component.
· : remove the component.
· Additional delays components
· 1 SSB occasion for T/F tracking provided that:
· The total delay (the tracking period and other time components before UL transmission) is larger than 160ms or tracking, or
· Tracking is not configured before PDCCH order.
· The time for RF retuning and baseband processing provided that:
· RACH occasion (RO) is outside active BWP.
Interruption requirements for PDCCH ordered RACH
In the LS R1-2304276, RAN1 also asked RAN4 to investigate any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH [4]. 
For PDCCH-order based PRACH on a candidate cell that is not a current serving cell with PUCCH/PUSCH or inter-frequency with the current serving cell, UL transmission of serving cell will be interrupted by RACH transmission, that is:
· If RACH occasion (RO) is outside active BWP, there will be interruption on UL Tx of all the serving cells due to RF retuning. 
· There will be interruption on UL Tx of all the serving cells after RACH transmission due to returning to serving cell.
It is suggested to introduce the scheduling restriction for UL of all the serving cells before and after RACH transmission and the relevant requirements will be captured in RAN4 spec. The length is FFS and it is also related to whether UE is capable to support RTD>CP.
In addition, RAN1 also discussed the interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any in the last meeting. The issue is still under discussion in RAN1, and the agreement is as follows [5]:
	Agreement
· For PDCCH-order based PRACH for candidate cell, If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell other than current serving cell(including any interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any) happen to overlap over one or more symbols or have a time gap below a certain threshold (e.g., N symbols, FFS: the value of N) with following UL transmission to one of the serving cells
· PRACH transmission 
· PUCCH/PUSCH transmission carrying HARQ-ACK, SR, P/SP CSI, aperiodic CSI 
· SRS transmission
· Any other PUCCH/PUSCH transmission
· Down-select the UE behavior in this case
· Alt 1: Dropping rule is needed 
· Alt 2: up to UE implementation 


Therefore, the interruption requirements for PDCCH ordered RACH is also related to RAN1’s conclusion, if RAN1 makes progress on the issue, RAN4 should further capture it in the spec.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Proposal 5: For the impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH.
· If RACH occasion (RO) is outside active BWP, there will be interruption on UL Tx of all the serving cells due to RF retuning. 
· There will be interruption on UL Tx of all the serving cells after RACH transmission due to returning to serving cell.
Proposal 6: It is suggested to introduce the scheduling restriction for UL of all the serving cells before and after RACH transmission and the relevant requirements will be captured in RAN4 spec. The length is FFS and it is also related to whether UE is capable to support RTD>CP.
· Note: If RAN1 makes progress on the issue, RAN4 should further capture it in the spec.
[bookmark: _Toc423020296][bookmark: _Toc423020279][bookmark: _Toc423019950]3. Conclusion
[bookmark: _Toc423020280]In this paper, we provide our views on DL/UL synchronization before cell switch command. From this discussion we have derived the following proposals: 
Proposal 1: Regarding the method of UE acquisition of target cell SFN
· If deriveSSB-IndexFromCell is enabled, the target cell SFN can be directly acquired.
· If deriveSSB-IndexFromCell is not enabled, the target cell SFN may be acquired in MIB.
Proposal 2: After the TCI state of a neighbour cell is activated, UE performs SSB based T/F fine tracking on the corresponding beam, and UE will not active the corresponding BWP.
Proposal 3: RAN4 to discuss the UE capability aspects of DL sync to multiple cells.
· The capability is different with the capability on measurement report agreed in RAN1 (L cells x M beams) . 
· The UE capability aspects of the number of beams UE can measure could be larger than M x L.
Proposal 4: For PDCCH ordered CFRA, the minimum timing gap between PDCCH order reception and Msg1 transmission is

· Existing delays components
· : Do not change  component.
· : remove the component.
· Additional delays components
· 1 SSB occasion for T/F tracking provided that:
· The total delay (the tracking period and other time components before UL transmission) is larger than 160ms or tracking, or
· Tracking is not configured before PDCCH order.
· The time for RF retuning and baseband processing provided that:
· RACH occasion (RO) is outside active BWP.
Proposal 5: For the impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH.
· If RACH occasion (RO) is outside active BWP, there will be interruption on UL Tx of all the serving cells due to RF retuning. 
· There will be interruption on UL Tx of all the serving cells after RACH transmission due to returning to serving cell.
[bookmark: _GoBack]Proposal 6: It is suggested to introduce the scheduling restriction for UL of all the serving cells before and after RACH transmission and the relevant requirements will be captured in RAN4 spec. The length is FFS and it is also related to whether UE is capable to support RTD>CP.
· Note: If RAN1 makes progress on the issue, RAN4 should further capture it in the spec.
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