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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[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]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 first 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 the 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 1:  For FR1 LTM candidate cell, 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 
Issue 1-2-1-3: The value of additional time for RF/BB preparation and RF re-tuning: when PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell
Thursday ad-hoc agreement:
· For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell
· Introduce UE capability to report the time needed for RF/BB preparation and RF retuning, down select from [1ms, 3ms, 5ms, 10ms].

In last meeting, RAN4 agreed on introducing UE capability for RF/BB preparation and RF retuning. However, the values for UE capability are open for further discussion. As per our analysis presented in last meeting, we expect RF and BB preparation time can be 5 ms. Since the value is agreed as UE capability, among the other values, to allow different UE implementation we are fine to consider one value among 1 or 3ms.
Proposal 2:  When PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation can be UE capability and the values for UE capability is [3ms, 5ms].


TCI state activation requirements 
In last meeting RAN4 agreed to define the delay requirements for TCI state activation. 
· 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.
Based on the above agreement, RAN4 need to define the delay required for UE to be ready with T/F tracking for the TCI states indicated in the active TCI state list. We think before discussing the TCI state list activation requirements of the LTM candidate cells, lets take a step back and see what is supported from RAN1/2 point of view. 
In the LTM candidate cell config, NW can configure following for the potential candidate cells.
· Cell configuration
· Measurement configuration
· RACH configuration
· TCI states configuration 
Triggering of PDCCH order-based RACH to neighbour cell can be for any cell in the candidate cell configuration. Activation of TCI states of neighbour cell can be to any cell from the candidate cell configuration. In other words, as per RAN1 design, TCI state activation or PDCCH triggered RACH to neighbour cell need not be on the cell for which L1-RSRP report is triggered. It can be for any cell which was configured as a LTM candidate cell. We think PDCCH order-based RACH or TCI state activation can be based on L3-RSRP or L1-RSRP report as NW may have better information regarding cell deployment and UE may or may not send L1-RSRP report on all the cells (especially which cells UE reports for L1-RSRP before PDCCH order-based RACH is not in NW control). 
Further in last meeting, RAN4 agreed on the following.
· In Rel-18, if the number of cells/SSB NW configured/activated to measure exceeds UE capability, 
· if TCI state of all the neighbour cells are not in the active TCI state list, it is up to UE implementation on how to choose cells/SSB to measure. 
· Otherwise, UE should at least measure cells which are activated for TCI state within UE capability (# of TCI states supported by UE) and additional cells to measure is up to UE implementation.

In a scenario where UE do not have capability of measuring on all the configured cells, we think NW can still trigger TCI state activation based on L3 measurement report. Based on the above agreement, UE can measure the cell whose TCI state is activated after the TCI state is activated though UE was not measuring it or reporting before TCI state activation. Based on the above agreement, UE shall prioritise the cell that was indicated in TCI state for measurement and report. Considering these agreements, we think RAN4 shall define requirements for both scenarios.
Proposal 3:  [bookmark: _Hlk149894313]RAN4 to define requirements when TCI state activation and PDCCH order-based RACH trigger is based on L1-RSRP report or L3-RSRP report. 
We can consider legacy TCI state list update as baseline for the requirements definition. If the TCI state of the LTM candidate cell in the active TCI state list is known (i.e., UE has sent L1-RSRP report within last X1 secs), upon receiving MAC-CE command for activating the candidate cell TCI state, we think UE shall be acquire T/F synchronization with one L1-RSRP sample and one L1-RSRP sample needs M SSB samples based on whether the cell is intra-frequency or inter-frequency. In last meeting after the TCI state activation, RAN4 agreed to prioritize the L1-RSRP of cells whose TCI states are activated, and based on the agreement, we can assume that UE measures the cell in the next SSB measurement occasion. T/F acquisition delay for known TCI state case is 3ms + Tfirst-SSB + M*TSSB. Where M is 0 or [1] based on whether the cell is intra or inter-frequency. 
Proposal 4:  TCI state activation delay if the TCI state is known is 3ms + Tfirst-SSB + M*TSSB. Where M is 0 or [1] based on whether the cell is intra or inter-frequency.

If the TCI state of the LTM candidate cell in the active TCI state list is unknown (i.e., UE has not reported the  L1-RSRP report within last X1 secs and NW may have activated TCI state based on L3-RSRP), upon receiving MAC-CE command for active TCI state list update for LTM candidate cells, we think UE shall be acquire T/F synchronization with one L1-RSRP measurement. One L1-RSRP measurement requires M SSB samples based on whether candidate cell is on intra or inter-frequency carrier. In last meeting RAN4 agreed to prioritize the L1-RSRP of cells whose TCI states are activated, and based on the agreement, we can assume that UE measures the cell in the next SSB occasion. T/F acquisition delay for unknown TCI state case is 3ms + Tfirst-SSB + M*TSSB. Where M is 0 or 1 based on whether the cell is intra or inter-frequency. 
Proposal 5:  TCI state activation delay if the TCI state is unknown is 3ms + Tfirst-SSB + M*TSSB. Where M is 0 or [1] based on whether the cell is intra or inter-frequency.

Proposal 6:  If UE has reported the L1-RSRP for the cell whose TCI state was indicated to be activated within last X1ms, cell is considered known.
Proposal 7:  If UE has reported the L3-RSRP but not the L1-RSRP for the cell whose TCI state was indicated to be activated within last X2ms, cell is considered unknown for TCI state activation.

Summary and Conclusion
In this contribution we have analysed RAN4 aspects for L1/L2 based inter-cell mobility and made following proposals. 
Proposal 1:  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 2:  When PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation can be UE capability and the values for UE capability is [3ms, 5ms].
Proposal 3:  RAN4 to define requirements when TCI state activation and PDCCH order-based RACH trigger is based on L1-RSRP report or L3-RSRP report.
Proposal 4:  TCI state activation delay if the TCI state is known is 3ms + Tfirst-SSB + M*TSSB. Where M is 0 or [1] based on whether the cell is intra or inter-frequency.
Proposal 5:  TCI state activation delay if the TCI state is unknown is 3ms + Tfirst-SSB + M*TSSB. Where M is 0 or [1] based on whether the cell is intra or inter-frequency.
Proposal 6:  If UE has reported the L1-RSRP for the cell whose TCI state was indicated to be activated within last X1ms, cell is considered known.
Proposal 7:  If UE has reported the L3-RSRP but not the L1-RSRP for the cell whose TCI state was indicated to be activated within last X2ms, cell is considered unknown for TCI state activation.
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