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[bookmark: _Hlk110923768]In this contribution, we provide our views on the DL and UL synchronisations aspects for L1/L2 triggered inter-cell mobility (LTM). 
Discussion
[bookmark: _Toc5952573] DL synchronization before cell switch command
In last meeting following WF was agreed.
· No extra time for SFN acquisition toward target cell is needed, if
· PDCCH-order RACH or cell switch command is triggered after network received the L1-RSRP measurement report or L3 measurement report with SBI, or
· SFN of serving cell from which the PDCCH order/cell switch command is received, and target cell are same. 
· Otherwise, FFS
Generally, NW would configure LTM candidate cells based on the L3 measurement report from the UE. However, since the cells on which UE makes measurements in a frequency layer or on which cells UE report is not in NW control, NW may not receive measurement report of the all the cells in a frequency layer though UE makes measurements on them. We think there may be some cases where NW may need to configure LTM candidate cells without L3 measurement report.  In these cases, UE may need additional time to read SFN. We think one additional sample is sufficient for SFN acquisition in those cases.
Proposal 1:  When LTM candidate cell is configured without L3 measurement report or without L3 measurement report with SBI, one SSB is allowed for SFN acquisition.
Sync aspects of PDCCH order-based RACH 
In RAN4#108 meeting, following was agreed w.r.t UL Tx timing requirements.
Applicability of UL Tx timing requirements for PDCCH ordered PRACH to target cell.
a. 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.
b. 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
As per this agreement if NW indicates the RACH preamble or RACH occasion corresponds to SSB which was in the active TCI state list, and if the measurement period of L1-RSRP is not longer than 160ms, UE do not need additional SSB for fine time tracking before transmitting the RACH preamble. One of the open issues was if NW indicated other SSB than the SSB corresponding to activated TCI, does the UE need additional time for fine time tracking. In MIMO multi-TRP, different SSB can be transmitted from different TRP which are non-collocated, and they may have large propagation delay difference between them. However, for mobility, all the SSB are assumed to be transmitted from the same TRP. AT least till Rel-18 we do not assume mTRP for mobility.
As per the existing timing error requirements, UE is allowed to detect path with up to 115 meters accuracy. That means, even if the propagation delay difference between SSBs is up to 115mts,  UE will meet the timing error requirements. We think in both FR1 and FR2, propagation delay difference between different SSB that are transmitted from same TRP may not be more than 115 meters for most practical cases. 
Further, since the number of SSB that can be activated in the active TCI state list is very low (hardly it may be one or two for neighbour cells), and the PDCCH order-based RACH indication need not be entirely based on the strongest SSB alone, if the two SSB RSRP are within close range, NW can indicate either of the SSB for RACH depending on which SSB RACH occasion comes first after the PDCH order. 
Further, in previous meetings, RAN4 agreed that UE obtains fine time tracking when UE measures L1-RSRP. When a TCI state is activated for a cell, at least for that cell, we think UE can store the timing information of the all the SSB. 
Moreover, when we define intra-frequency co-located requirements, we assume that RTD between different collocated nodes are less than 260ns. Since all the SSB are from same TRP or node, we can assume that RTD between the SSB is less than 260ns. If agreeing on a common timing for all SSB is risky from UE implementation point of view, we can add RTD as side condition.
Proposal 2:  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, additional delay is not needed for fine time tracking. 
a. This is applicable when RTD between SSB of the cell are within 260ns.
PDCCH order-based RACH requirements 
Delay requirements
One of the open issues after last meeting was 
The value of additional time for DL synchronization when needed in the delay requirements for PDCCH ordered RACH before cell switch command
<Way Forward>: FFS the following Options
· Option 1 (MTK): 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.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity 
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
· Option 2 (QC): UE cannot meet the Te requirements if the SSB periodicity of the target cell is longer than 160ms.
When L1-RSRP measurement period is more than 160ms, we think option 1 makes sense. We also understand the concern from proponents of option 2 that NW do not know when UE will measure each cell. However, when L1-RSRP measurement period for any configured LTM cell is more than 160ms, NW can assume UE needs additional SSB for all the configured cells and configure the RACH occasion accordingly. 
Proposal 3:  When L1-RSRP measurement period is larger than 160ms, one additional SSB is needed to acquire T/F tracking during the PDCCH order-based RACH trigger.
Other issue under discussion was 
The value of additional time for RF/BB preparation and RF re-tuning
< Agreement>
· For the case of PRACH bandwidth within active UL BWP, ∆RF/BB_preparation = 0.
· For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell
· Alt1: Define a single value
· Alt2: Introduce UE capability to report the time needed for RF/BB preparation and RF retuning, down select from [1ms, 3ms, 5ms, 8ms, 10ms, 15ms].

Since NW may configure multiple cells for early UL sync (using EarlyUL-SyncConfig), UE may noy generate RF and BB configuration for all the cells until UE receive the PDCCH order RACH command. Total delay till transmission of RACH can be divided into configuration generation time and RF/BB loading/preparation time. We think RF/BB loading and preparation time shall be equal to return time after transmitting the RACH on neighbour cell. Since level of EarlyUL-SyncConfig decoding UE may perform may be left to UE implementation, configuration generation time can be assumed as 4 ms and RF loading, and preparation time can be assumed as 1 ms. In total preparation time can be 5 ms.
Proposal 4:  When PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation can be same as RRC based BWP switch delay (i.e., 5 ms).
Interruption requirements
Duration of the interruption: In last meeting following WF was agreed
Interruption due to RF/BB retuning to target cell before RACH transmission or retuning back to serving cell after RACH transmission
< Agreement>
· When RACH bandwidth is in the UL active BWP, reuse legacy N symbols. 
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, reuse interruption requirements of BWP switching on other serving cells in NR-DC for asynchronous scenarios which are defined in 38.133 cl. 8.2.4.2.5.  
· FFS:
· For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell
· The interruption on both UL and DL is 
· Option 1: ⌈Y/1slot length⌉ slot +1 slot
· Option 2: ⌈(Y+1 symbol)/1slot length⌉ slot
· Other options not precluded
· Make a down-selection on the value of Y next meeting
· Alt.1: 0.5ms
· Alt.2: 1ms
· Alt.3: 0.5ms in FR1 and 0.25ms in FR2
· Alt.4: based on UE capability
In last meeting most of the options (e.g., Y + 1slot) proposed, interruption length by considering asynchronous scenario. From UE point implementation point of view, we think specifying interruption based on the worst-case scenario is not important. From the NW point of view, we consider interruption length for scheduling decisions. If we just specify the requirements based on the worst case, while we implement the scheduler, NW cannot schedule any data for the entire interruption duration (Y+1) slot. We should note that actual length of the interruption is very small if we do not take RTD between cells. Since defining interruption requirements based on worst case has impact on the NW scheduling implementation, we should specify the actual length of the interruption and not consider where it may occur based on the worst case. If due to RTD, if the interruption overlaps with two slots of the victim cells, NW will reschedule them anyway. If companies are worried about testing, we are fine to avoid testing of interruption for async cases. 
Interruption length: Since there was already RF preparation and loading time, we think alt3 is reasonable from the options discussed in last meeting. Since NW may not schedule for remaining part of the 0.5ms for 15 kHz, we think 1 slot interruption length is reasonable for FR1 and FR2.
Proposal 5:  RAN4 to agree that interruption due to RF retuning is 1 slot for FR1 and FR2.  
Other open issue was after last meeting was:
Location of interruption due to RF/BB retuning to target cell before RACH transmission or retuning back to serving cell after RACH transmission
FFS the following Options
· Option 1 (xiaomi, Ericsson): 
· 	Location of the interruption due to RF retuning is before and after the RACH transmission
· Option 2 (QC): Introduce new UE capability
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signalling, hardcoded in spec), and the value of margin is FFS
We think having a unified behaviour across all UEs w.r.t location of the interruption will help NW scheduling. Hence, we think RF retuning before and after the RACH transmission is a reasonable assumption.
Proposal 6:  Location of the interruption due to RF retuning is before and after the RACH transmission
Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  When LTM candidate cell is configured without L3 measurement report or without L3 measurement report with SBI, one SSB is allowed for SFN acquisition.
Proposal 2:  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, additional delay is not needed for fine time tracking. 
a. This is applicable when RTD between SSB of the cell are within 260ns.
Proposal 3:  When L1-RSRP measurement period is larger than 160ms, one additional SSB is needed to acquire T/F tracking during the PDCCH order-based RACH trigger.
Proposal 4:  When PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation can be same as RRC based BWP switch delay (i.e., 5 ms).
Proposal 5:  RAN4 to agree that interruption due to RF retuning is 1 slot for FR1 and FR2.  
Proposal 6:  Location of the interruption due to RF retuning is before and after the RACH transmission
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