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1. Introduction
L1/L2 based inter-cell mobiliy - General aspects and scenarios were widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are still some open issues. In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about simultaneous data Rx/Tx with both source cell and target cell during cell switch delay:
	Issue 1-2-1: Whether to consider simultaneous data Rx/Tx with both source cell and target cell during cell switch delay
< Wayforward >: FFS the following options 
· Option 1 (MTK, Ericsson): UE does not receive or transmit data on source cell after ACK transmission on cell switch command during cell switch delay. In other words, RAN4 to agree that DAPS plus LTM is not supported in Rel-18.
· Option 2 (Apple, ZTE): UE is not required to perform simultaneous data Rx or Tx with both source cell and target cell during LTM for both intra-frequency and inter-frequency scenario.
· Option 3 (xiaomi): For inter-frequency L1/L2 mobility,
· RAN4 not to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in non-CA case, 
· RAN4 to consider simultaneous reception with both source cell and target cell during L1/L2 inter-cell mobility delay in CA case.
· Option 4 (Huawei): For inter-frequency L1/L2 mobility, not to consider simultaneous RX/TX on serving cell and target cell, except: 
· For the case that inter-frequency target cell is a current serving SCell (i.e., role change), there is almost zero interruption during cell switch procedure.
· Option 5 (vivo):
· For R18 LTM, RAN4 assumes that UE needs not to set up 2 RLC entities with different DUs in the inter-DU cell switch, and the corresponding discussion should be done in RAN2.
· RAN4 should discuss the ‘simultaneous data Rx/Tx’ in a case-by-case manner. RAN4 not to discuss the simultaneous data Rx/Tx unless for some cases where the impact to RRM/RF/demod requirements is clear.
· UE is able to simultaneous Rx with both source cell and target cell for the scenarios at least when
· the RTD between source cell and intra-band target cell is within CP in FR1, or
· the RTD between source cell and inter-band target cell is within MRTD for inter-band CA in FR1, or
· considering single UE panel per FR2 band, the RTD between source cell and inter-frequency target cell is within MRTD for inter-band CA in FR2, and IBM is assumed
· UE is able to simultaneous Tx with both source cell and target cell for the scenarios at least when
· the Tx timing difference (TTD) between source cell and inter-frequency target cell is within MTTD for inter-band CA in FR1, or
· considering single UE panel per FR2 band, the TTD between source cell and inter-frequency target cell is within MTTD for inter-band CA in FR2, and IBM is assumed


In our view, RAN4 shall focus on the baseline procedure first. Simultaneous data Rx/Tx with both source cell and target cell during cell switch delay would result in extra complexity. For instance, dual protocols need to be implemented. Especially in FR2, simultaneous data Rx/Tx may require multi-Rx/Tx in different directions, which is too early to be considered in mobility procedure. However, the LTM procedure is expected to be quite short compared to legacy handover. Simultaneous data Rx/Tx during this procedure will not bring us too much gain. Note that DAPS handover has not been widely used in real network yet. Therefore, option 1 and 2 are supported.
Regarding option 3, L1/L2 mobility with CA can be discussed later after single mobility is stable. On the other hand, supporting CA doesn’t always mean UE can support simultaneous Rx/Tx with two different cells during mobility procedure. 
As for option 4, so far it is unclear whether RAN4 needs to define requirement for the role change, i.e., inter-frequency target cell is a current serving SCell. As mentioned in option 4, interruption could be almost zero. Actually, we believe LTM delay could also be very small for this case, during which UE can update some parameters of PCell and SCells. On one hand, before parameters update is complete, we doubt that UE can continue data Rx/Tx without any interruption. For instance, timing may need to be updated. On the other hand, the procedure is expected to be quite short. There is no significant gain to consider simultaneous Rx/Tx.
[bookmark: _Ref118634413][bookmark: _Ref127346435]Proposal 1: UE is not required to perform simultaneous Rx or Tx with both source cell and target cell during LTM for both intra-frequency and inter-frequency scenario, i.e., UE does not receive or transmit data on source cell after ACK transmission on cell switch command during cell switch delay. 

Next issue is about inter-frequency L1-RSRP measurement.
	Issue 1-3-1: Whether to cover inter-frequency cell switch
< Agreement >: 
· Introduce requirements for inter-frequency cell switch
· Which scenarios to define cell switch requirements is up to RAN4 discussion.
· FFS: whether to support inter-frequency L1-RSRP measurement.
Issue 1-3-3: Whether to cover inter-frequency L1-RSRP measurement
< Wayforward >: FFS the following options 
· Option 1 (MTK): deprioritize the discussion on L1 inter-frequency measurement
· Option 2 (Intel): Don’t define inter-frequency L1-RSRP measurement with MG requirement.
· Option 3 (CATT, OPPO): Further study whether to cover inter-frequency L1-RSRP measurement from the perspective of reducing measurement delay
· give priority to the inter-frequency without gap case, if inter-frequency L1-RSRP measurement needed.
· A measurement is regarded as a inter frequency L1-RSRP measurement without gap provided the center frequency and SCS of the SSB of the neighbor cell are different from the SSB of the serving cell, but the SSB of the neighbor cell is in the active BWP of serving cell.
· FFS: inter-frequency L1-RSRP measurement with gap
· Option 4 (CTC, Xiaomi, ZTE, Huawei, Nokia, Ericsson, CMCC): cover inter-frequency L1-RSRP measurement
· Option 4a (Apple): using MG for inter-frequency L1-RSRP can be considered as a baseline.
· Option 5 (vivo): 
· For inter-frequency measurement, further discuss how to avoid making the L1 measurement delay too long for fast cell switch in LTM if it is supposed to be performed within measurement gaps.
· For inter-frequency measurement, further discuss whether in R18 to support using intermediate results from L3 measurements in L1-RSRP reporting for both serving cells and candidate cells. 


In our understanding, RAN2, as the leading group, tends to support inter-frequency L1 RSRP measurement unless RAN1/4 identify any feasibility issue. Besides, RAN1 also confirmed that L1 inter-frequency measurement can be supported from their perspective.
	Agreement
· For Rel-18 LTM, L1 inter-frequency measurement is supported from RAN1 point of view.


According to previous RAN4 discussion, it seems most companies didn’t doubt about the feasibility. Thus we propose to include this case in this objective. Regarding details, such as number of supported inter-frequency layers, it can be further discussed after the procedure becomes clear and stable. As for whether MG can be used, we assume using MG shall be a baseline. There could be some advance UE which may support L1 inter-frequency measurement w/o gap. As baseline assumption in R15, UE is not required to perform inter-frequency L3 measurement simultaneously with PDCCH/PDSCH reception. NW would provide measurement gap for UE to conduct such measurement. An enhancement was introduced in R16. UE can optionally indicate support of inter-frequency L3 measurement without gap under certain conditions. However, it doesn’t apply to L1 measurement. To address this, we can consider extending the concept of inter-frequency measurement w/o gap to cover L1 measurement as well in R18, e.g. add new UE capability to inform network that UE can perform the inter-frequency L1 measurement without gap when the SSB is completely contained in the active BWP of the UE. Anyway, this can be further discussed once RAN4 finish the baseline part.
[bookmark: _Ref118634415]Proposal 2: inter-frequency L1-RSRP measurement shall be supported.
[bookmark: _Ref118634417]Proposal 3: using MG for inter-frequency L1-RSRP can be considered as a baseline. As an enhancement, inter-frequency L1-RSRP measurement without MG can be discussed later once RAN4 finishes the baseline design.

Regarding definition of inter-frequency cell switch
	Issue 1-3-2: Definition of inter-frequency cell switch
[bookmark: _Hlk119568214]< Wayforward >: FFS the following options
· Option 1 (CATT, vivo): where the SSBs of active serving cell(s) and the corresponding candidate target cell(s) are on different frequency layers
· Option 2 (Apple): where the SSBs of SpCell and the target cell are on different frequency layers.
· Option 3 (OPPO): From the point of cell switch, inter-frequency L1/L2-based mobility is considered assuming a current Scell is the target cell with different frequency layers from the SSBs of SpCell.
· Other options not precluded.


Since only SSB based L1-RSRP measurement on neighbor cell is confirmed, we suggest RAN4 considers definition based on SSB. Option 2 is good starting point.
[bookmark: _Ref127346443]Proposal 4: scenario wherein the SSBs of SpCell and the target cell are on different frequency layers is considered as inter-frequency LTM.

Next issue is whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement:
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Sub-topic 1-4 Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement
[bookmark: _Hlk118843704]Issue 1-4-1: Whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement
< Wayforward >: FFS the following options
· Option 1 (MTK, Xiaomi, OPPO, vivo): Start the discussion from RTD of serving cell and neighbour cell within one CP for SSB based L1-RSRP measurement. FFS impact to UE complexity, measurement delay and interruptions for RTD>CP.
· Option 2 (Intel, Ericsson, QC): No need to restrict the RTD between serving cell and neighbour cell to be within CP for SSB-based L1-RSRP measurement
· Option 3 (Apple): FFS after L1 measurement procedure become clearer and more stable.
· Option 4 (CATT, vivo): depends on UE implementation
· FFS: Whether to relax the RTD< CP restriction can be an optional capability of UE.
· Option 5(Huawei): For SSB based L1-RSRP, discuss whether Rx time difference between serving cell and non serving cell is larger than [x]us. Whether UE supports out of [x]us depends on UE capability.


This issue highly depends on UE implementation. If L1 measurements on serving cell and neighbour cell are handled separately in different modules, UE can handle RTD>CP. However, it is also possible that the two measurements are handled in the same module due to commonalities, such as they are on the same layer and can be processed together. Hence it is reasonable to introduce UE capability to allow different implementations. For the later implementation, it may need some extra standardization work. For instance whether the L1-RSRP measurement when RTD>CP needs measurement gap or scheduling restriction. The need of gap or scheduling restriction may change from time to time, since it depends on actual RTD. When RTD of target RS to be measured and serving cell reference timing is larger than threshold X (normally as CP length), gap or scheduling restriction is needed. note that actual RTD would change from time to time, depending on distance difference between UE to the two cells. Network may have such information timely. Therefore, some UE assistance information may be needed to inform when the gap or scheduling restriction is needed. considering complexity, we propose to further study whether it is necessary to consider RTD>CP for intra-frequency case.
[bookmark: _Ref127346445]Proposal 5: regarding whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement:
· Start the discussion from case 1: RTD of serving cell and neighbour cell within one CP for SSB based L1-RSRP measurement.
· FFS on case 2: RTD>CP. If case 2 has to be included, it shall be supported based on UE capability.

Next issue is about sync and async:
	Issue 1-5-1: Definition of synchronous and non-synchronous
< Wayforward >: FFS the following options
· Option 1 (CATT): define synchronous and non-synchronous from the network perspective.
· The definition of synchronous and non-synchronous shall be consistent with the definition of the cell phase sync in Clause 7.4 of TS 38.133.
·  Option 2 (Xiaomi): For synchronous scenario, the timing offset between source cell and target cell defined in Rel-17 inter-cell BM requirement can be reused, e.g. timing offset between source cell and target cell is smaller than CP.
· Option 3 (ZTE): Reuse the legacy definition of sync and async for L3 HO into synchronous and non-synchronous
· Option 4 (Huawei): When Rx time difference between serving cell and non serving cell is with [x]us, the scenario is regarded as intra-frequency synchronous LTM.
· Option 5 (Ericsson): RAN4 not to define sync and async scenarios for LTM requirements.

Issue 1-5-2: Whether to support non-synchronous
< Wayforward >: FFS the following options
· Option 1 (Apple, Xiaomi): whether to support sync and async can be discussed after L1 measurement procedure become clearer and more stable.
· Option 3 (Huawei): depend on UE capability
· Option 4: Depends on issue 1-5-1 conclusion


Considering LTM procedure, including L1 measurement and cell switch, is not stable yet, we still think it is premature to discuss this issue. Without clear picture of UE behaviours during LTM procedure, it is challenging for companies to determine whether and how to support async case. 
[bookmark: _Ref127346458]Observation 1: without clear picture of UE behaviours during LTM procedure, it is challenging for companies to determine whether and how to support async case. If decision has to be made at this point, the conclusion may be pessimistic.
[bookmark: _Ref127346447]Proposal 6: whether to support sync and async can be discussed after L1 measurement and cell switch procedures are stable.

Next issue is downlink synchronisation requirements before cell switch:
	Issue 1-7-2: Downlink synchronisation requirements before cell switch
< Wayforward >: 
· [bookmark: _Hlk118813004]FFS to discuss downlink synchronisation requirements for UE before receiving cell switch command, if RAN1 agreed to support RACH transmission before receiving cell switch command.


In RRM requirements design, UE is assumed to use fine beam for L1 measurement. Without L3 measurement to roughly know the direction of the RS, it is challenging for UE to try all the fine beams within the coverage.
In order to reduce the L1 measurement delay, NW shall configure L3 measurement first and configure L1 measurement only for the most possible candidate cell for handover/cell switch. Both downlink synchronisation and rough beam training can be done in L3 measurement procedure.
[bookmark: _Ref118634422][bookmark: _Ref127348076]Proposal 7: Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. No need to define specific requirements for downlink synchronisation before cell switch since it has already been covered by existing L3 measurement requirements.

For the following other issues, more RAN1/2 input are expected. RAN4 can start discussion after RAN1/2 design become stable.
	Issue 1-7-3: interruption requirements due to PRACH transmission before cell switch
< Wayforward >:
· [bookmark: _Hlk118834066]Wait for RAN1/2 progress and FFS to study interruption requirements due to PRACH transmission
Issue 1-7-4: Uplink synchronisation requirements before cell switch
< Wayforward >: 
· FFS to study the UL synchronisation requirements if RAN1 agreed to perform UL synchronisation before cell switch command.
Issue 1-7-5: the number of searchers supported for LTM
< Wayforward >: FFS the following option and more clarification on the motivation.
· FFS to confirm the number searchers supported for LTM.
Issue 1-7-6: RACH-less LTM
< Wayforward >: FFS the following option and more clarification on the motivation.
· FFS RACH-less approaches where network knows TA beforehand, and where TA is acquired before the LTM cell switch command




3. Conclusion
In this contribution, we provide further discussion on L1/L2 based inter-cell mobiliy - General aspects and scenarios. After discussion, the following conclusions are provided: 
Proposal 1: UE is not required to perform simultaneous Rx or Tx with both source cell and target cell during LTM for both intra-frequency and inter-frequency scenario, i.e., UE does not receive or transmit data on source cell after ACK transmission on cell switch command during cell switch delay.
Proposal 2: inter-frequency L1-RSRP measurement shall be supported.
Proposal 3: using MG for inter-frequency L1-RSRP can be considered as a baseline. As an enhancement, inter-frequency L1-RSRP measurement without MG can be discussed later once RAN4 finishes the baseline design.
Proposal 4: scenario wherein the SSBs of SpCell and the target cell are on different frequency layers is considered as inter-frequency LTM.
Proposal 5: regarding whether to consider RTD of serving cell and neighbour cell larger than one CP for intra-frequency L1-RSRP measurement:
· Start the discussion from case 1: RTD of serving cell and neighbour cell within one CP for SSB based L1-RSRP measurement.
· FFS on case 2: RTD>CP. If case 2 has to be included, it shall be supported based on UE capability.
Observation 1: without clear picture of UE behaviours during LTM procedure, it is challenging for companies to determine whether and how to support async case. If decision has to be made at this point, the conclusion may be pessimistic.
Proposal 6: whether to support sync and async can be discussed after L1 measurement and cell switch procedures are stable.
Proposal 7: Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell. No need to define specific requirements for downlink synchronisation before cell switch since it has already been covered by existing L3 measurement requirements.
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