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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]  Pre-synchronisation aspects for LTM    
In previous meetings, RAN1 agreed to support RACH transmission before the cell switch command and the corresponding RAN1 agreements are shown below.
	· Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
· On mechanism to acquire TA of the candidate cell(s) in Rel-18 LTM, at least support PDCCH ordered RACH.
· The PDCCH order is only triggered by source cell
· FFS: the details including content of DCI, RACH resource configuration, RAR transmission mechanism, etc.
· Note: any other RACH-based solutions are for discussion separately




DL pre-synchronisation has mainly two advantages. 
1. To transmit RACH without additional synchronisation delay after receiving PDCCH order 
2. To skip fine time tracking after receiving the cell switch command 
In the subsequent sections we discuss the pre-sync aspects for PDCCH order-based RACH to target cell and fine timing acquisition after cell switch command.
Pre-sync aspects for PDCCH order-based RACH
In RAN4#108 meeting, following is 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. However, for mobility, all the SSB are assumed to be transmitted from the same TRP. 
As per the existing timing error, UE is allowed to detect path with up to 115 meters accuracy. That means, even if the propagation delay difference is up to 115mts, UE will meet the timing error requirements. We think in both FR1 and FR2, propagation delay difference between different SSB may not be more than 115 meters for most practical cases. 
Further, since the number of SSB that can be activated in 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 RRSP 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. 
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. 
Pre-sync aspects for cell switch command
For serving cell when the TCI states are activated, UE acquires the spatial filter and timing information so that these TCI states can be scheduled without much delay. Similarly for the target cells when NW activates TCI states before the cell switch command, NW expectation is that UE would be maintaining the TCI states similar to serving cells once the target cells TCI states are activated. Hence, when TCI state is activated for candidate cell, UE need to acquire or maintain DL synchronisation so that NW can schedule UE without additional delay after the cell switch command.
UE needs SSB occasions to track the T/F for the activated TCI states and the SSB occasions are also used for L3 and L1-RSRP measurement. In FR1 UE can measure SSB on the serving cells one layer at a time. When UE is configured with more than one layer for measurement, as per existing SSB occasion sharing framework, on 2 occasions UE measures L3 and on one occasion UE measure L1. Further, since UE must measure L1 for serving and neighbours configured with LTM, this one SSB occasion for L1 may have to be shared with serving cell and other neighbour cells. To understand the above principles from the delay perspective we consider following examples. 
For SSB periodicity of 20ms, L1 measurement can be performed once every 60ms as per current sharing framework. When SSB occasions of neighbour cells are overlapping, if more than one frequency layer is configured, measurement time will scale with number of layers. That means if 3 layers are configured, UE can measure each layer L1-RSRP once every 180ms. In offline discussion with companies, we understood that if the last L1-measurement is performed longer than 160ms, UE needs additional sample to perform T/F tracking when the PDCCH order received, or cells witch command is received.  Using equal sharing approach even though NW activates TCI state, NW is not aware of whether UE needs additional sample for T/F or not, which may not be disable from NW point of view for the following reason.
Number of active TCI states UE can support may be up to 8 and NW may configure TCI state of a neighbour cell in active TCI state list only when NW may be certain about UE handover to that cell. In this scenario, it is beneficial for UE to track TCI state once in every 160ms at least. As analysed in the above example if more than 2 layers are configured, if the cells configured with TCI state activation is treated as any other layer, the usefulness NW configuring TCI state before is lost. Hence, we think it is beneficial if UE can prioritize the cell configured with TCI state activation. In other words, to guarantee predictable behaviour, we think UE should make sure cell configured with TCI state is tracked at least once every 160ms. 
Proposal 2:  If a TCI state is configured in the active TCI state list, UE shall track the TCI state once in every 160ms to guarantee predictable scheduling after LTM HO. 
In offline discussion with companies, we understood that when UE performs L1-RSRP measurement on a cell, it can perform DL fine timing acquisition too and if the NW schedules PDCCH order or cell switch command within 160ms from the L1 measurement, UE do not need additional time for fine time tracking. However, UE may not need to store the tracking for all the SSB or cells it tracks. However, we think UE shall be able store tracking for certain number of cells. RAN4 to define how many cells/SSB UE can store the tracking information
Proposal 3:  RAN4 to define the number of cells for which UE can store time frequency tracking information.
SFN acquisition of the candidate cell
In previous meeting it was discussed about when can UE acquire the SFN for the candidate cell as SFN acquisition is needed for following aspects.
· PDCCH order-based RACH
· Cell switch 
UE measures neighbour cells L1-RSRP using a measurement engine and in general measurement engine is based on the time domain correlation. If we understand the companies concerns clearly, measurement engine does not generally operate in frequency domain, though UE is measuring L1-RSRP, UE may not take L1-RSRP measurement in frequency domain and hence there is less chance that UE measures SFN during L1-RSRP measurement. However, we would also understand that RAN4 agree to obtain fine time tracking when UE performs the L1-RSRP measurement. We think without going to decode SSB in frequency domain, UE may not be able to obtain strict time and frequency to satisfy transmit timing error requirements. Since UE is expected to go to frequency domain decoding at least once in few L1-RSRP occasions to get fine timing, we think UE can obtain SFN at the same time. 
Proposal 4:  RAN4 to agree that UE obtains SFN during L1-RSRP measurement and no additional delay is needed for SFN reading.
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. 
Proposal 2:  If a TCI state is configured in the active TCI state list, UE shall track the TCI state once in every 160ms to guarantee predictable scheduling after LTM HO.
Proposal 3:  RAN4 to define the number of cells for which UE can store time frequency tracking information.
Proposal 4:  RAN4 to agree that UE obtains SFN during L1-RSRP measurement and no additional delay is needed for SFN reading.
[bookmark: _Ref536781364][bookmark: _Ref517094573][bookmark: _Ref536781239]References
[1] RP-221799 “WID on Mobility enhancements”, MediaTek
[2] R2-2303175




2

