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Introduction
In RAN4 104-bis-e and RAN4 105, R18 L1L2-triggered mobility was discussed in RRM session and the WFs are agreed in [1], [2].
Based on all above information, we provide our views on the general aspects for R18 L1L2-triggered mobility.

Discussion 
<On	the general scenario considered for R18 LTM>
In last RAN4 meeting, the following issues were listed as the general aspects.
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.
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 1-7-6: 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


In our view, they are all related to the general scenario/enhancements considered in R18 LTM. So far, we see 2 options of R18 enhancements comparing to R15 baseline. In Figure 1 and Figure 2, we have shown the R15 baseline in red lines and enhancement option 1 and option 2 in green/purple lines respectively.
For option 1, it can be assumed as for UE supporting basic R18 LTM features. Compared to R15 baseline, the key enhancement is the L1L2 based measurement and reporting for the neighbour cell in R18 LTM scenario, which should be done before ‘L1/L2 handover’, i.e. ‘LTM cell switch’ command is sent to the UE. To ensure UE measurement performance not worse than R15 L3 measurement, our understanding to this type of ‘inter-cell L1 measurement’ is exactly the same as legacy L3 measurement, from UE measurement perspective. The key difference from R15 is in the reporting mechanisms, while some new reporting schemes for L3 measurement is also discussed in R18 efeRRM WI. For this type of ‘L1 measurement’, there is no need for downlink synchronization before the measurement is performed. Moreover, since it is quite likely that UE may only be able to provide the corresponding L1 reporting to the source cell, uplink synchronization between source cell and target cell is not set before cell switch.
Proposal 1  For L1 measurement performed by UE on target cell without prior precise uplink/downlink sync to target cell, it is proposed to re-use the legacy R15 L3 UE measurement behaviour assumption, i.e. measurement delay requirement and accuracy requirements follows, as much as possible, L3 measurement requirements, as specified in 9.2 to 9.3, 10.1.2 to 10.1.5, of TS 38.133, respectively.
On the other hand, for option 2, downlink sync and uplink sync can be performed before UE reporting L1 measurement result of target cell. In this case, the L1 measurement performance can be ensured the same as R15/R16/R17 L1 measurement with e.g. one measurement samples.
Proposal 2  For L1 measurement performed by UE on target cell with prior precise uplink uplink/downlink sync to target cell, it is proposed to re-use the legacy R15/R16/R17 L1 UE measurement behaviour assumption, i.e. measurement delay requirement and accuracy requirements follows, as much as possible, R15/R16/R17 L1 measurement requirements as specified in 9.5, 10.1.19 to 10.1.20, of TS 38.133, respectively.
Based on above discussion, we do not see strong motivation of defining a different pack of downlink synchronization or uplink synchronization requirements before cell switch compared to the R18 LTM basic UE (i.e. only capable of downlink sync and uplink sync after cell switch), since the UE behaviour assumed to meet those sync requirements is the same, no matter whether the sync is performed before or after cell switch. However, whether UE has performed DL sync or not may have impact on the accuracy of L1 measurements.
Proposal 3  RAN4 strive to specify DL/UL synchronization requirements during LTM cell switch in a general manner, i.e. to cover both cases that they are done before/after cell switch.
Proposal 4  RAN4 to clarify DL/UL synchronization assumption for L1 measurements performed on target cell, especially if L1 measurement is performed before cell switch, but DL/UL synchronization is done after cell switch.
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Figure 1  R18 enhancement option 1 (in green lines) compared to R15 baseline (in red lines). In the enhancement option 1, Step 10 is MAC CE decoding and should be in L1L2; A rough TCI is indicated in Step 9.
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Figure 2  R18 enhancement option 2 (in purple lines) comparing to R15 baseline (in red lines). Step 9 is MAC CE and is combined with Step 16. Step 13 is provided by DU-1. A ‘precise’ TCI can be indicated in HO command, i.e. new Step 16

<On	simultaneous data Rx/Tx >
In last RAN4 meeting, the following is discussed. 
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 understanding, in the issue description, the meaning of ‘data’ is ambiguous. Looking at the original proposal from proponent, it is intended to preclude ‘dual-protocol-stacks’ based schemes, i.e. DAPS-like schemes in R18 LTM. The key of DAPS is that 2 RLC entities are set up in the UE. However, in the LSs from RAN2 [3][4], the following conclusions were made.
Conclusions/Agreements in RAN2 119-e
Confirm to Support L1/L2-based inter-cell mobility for inter-DU scenario (as well as intra-DU scenarios).  
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.

Conclusions/Agreements in RAN2 119-bis-e
R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed.


In our understanding, how to avoid data loss in the cell switch of LTM, especially in the inter-DU scenario, should be up-to RAN2. NO agreements from RAN2 have shown that UE needs to set up 2 RLC entities with different DUs, even in the inter-DU cell switch. Therefore, it seems there is no need for RAN4 to further discuss. 
Moreover, for the assumption on the number of RLC entities, we are not sure what is the impact to RAN4 RRM requirements.
Proposal 5  If ‘simultaneous data Rx/Tx’ means whether UE need to set up 2 active RLC entities to different DUs in the inter-DU cell switch, it should be discussed in RAN2, and RAN4 proceeds current discussion with the assumption of only one active RLC entity, if this assumption is needed.
Another understanding of the ‘data’ means physical data channels and reference signals, i.e. ‘PUSCH/PUCCH/SRS’, ‘PDSCH/PDCCH/SSB/CSI-RS’ in the physical layer. If so, there could be different understanding on the wording ‘simultaneous’. 
If ‘simultaneous’ here means whether 2 physical data channels can be set up between source at target cell, our answer to the issue is Yes. For legacy CA and/or ICBM capable UE, the simultaneous Rx/Tx from/to different serving cells, or TRPs of different serving cells, is already supported. 
If ‘simultaneous’ here means whether UE needs to physically transmitting or receiving to both source/target at the same time, our answer to the issue is No or Yes depending on the scenario considered, and the feasibility should be discussed in a case-by-case manner, from both RRM requirements and RF requirements perspective. For example, from RRM measurement requirement perspective, UE is required to perform L3 measurement of source cell and target cell in the same SSB occasion if certain conditions e.g. MRTD or single FR2 UE panel, is met, which means simultaneous Rx is feasible for certain scenario. There could be some other scenarios which are already discussed in our previous paper [5]. Clearly, UE is not required to simultaneous Rx/Tx in all the scenarios.
Proposal 6  If ‘simultaneous data Rx/Tx’ means whether 2 physical data channels can be set up simultaneously between source cell and target cell, it should be supported, following the same rules for ICBM or CA.
Proposal 7  If ‘simultaneous data Rx/Tx’ means whether UE needs to physically transmitting or receiving to both source and target cells at the same time, RAN4 should discuss the ‘simultaneous data Rx/Tx’ in a case-by-case manner. Therefore, RAN4 not to further clarify ‘simultaneous data Rx/Tx’, but to further discuss the corresponding RRM requirements and the feasibility of ‘UE simultaneous Rx/Tx’ laying behind.

<On	Definition of Intra-f/Inter-f >
In last RAN4 meeting, progress have been achieved on the definition of SSB-based intra-frequency L1 measurement. However, there is one remaining issue on the CSI-RS based L1 measurement.
Issue 4-4-2: Define intra/inter-frequency definition for non-SSB resources
< Wayforward >: 
· FFS after RAN1/2 agree on using CSI-RS L1 measurement for neighbour cell.


Based on Figure 1 and Figure 2, a UE with basic R18 LTM feature may not need to support CSI-RS based L1 measurements on candidate cells. In R17 ICBM, a CSI-RS can be configured with a TCI from the cell with different PCI, implying UE can receive the corresponding CSI-RS which is actually transmitted from neighbour cell. In R18, as agreed in RAN2, ICBM is assumed as one of the scenarios for R18 LTM. Therefore, considering already heavy workload in R18 LTM, we have the following proposal.
Proposal 8  For ICBM scenario in R18 LTM, RAN4 not to specify any new CSI-RS based L1 measurement requirements, following the same rule of R17 ICBM. For non-ICBM scenario in R18 LTM, even if RAN1 agrees to support CSI-RS based L1 measurement on candidate cells, RAN4 may further discuss whether to specify new requirements for CSI-RS based L1 measurement on candidate cell in R18, including the definition of intra-f/inter-f in CSI-RS based L1 measurements.
Some other issues discussed are about the 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.


In RAN2 #120, it is agreed that CellGroupConfig IE is mandatory needed in an LTM candidate cell config. Therefore, for R18 LTM, SpCell switch is mandatory. On the other hand, there is no agreement in RAN2 showing that SCell activation/de-activation can be supported by L1 measurements in R18 LTM. Given this situation, we have the following proposal:
Proposal 9  In R18 LTM, for inter-frequency cell switch, RAN4 only specify RRM requirements for the case when the same number of serving cells is assumed between current active CellGroupConfig (i.e. including both current SpCell and SCells) and target CellGroupConfig:
· For the case when only SpCell switch is performed, i.e. without SCell in the target cell group, inter-frequency cell switch is defined as the case where the SSBs of SpCell and the target SpCell are on different frequency layers.
· For the case when SpCell switch and SCell switch are simultaneously performed, i.e. a new SCellConfig is included in the target CellGroupConfig, inter-frequency cell switch is defined as the case where the SSB frequency layer of any target serving cell (can be either target SpCell or SCell) is not in the list of frequency layers of SSBs of current serving cells.

<Whether to cover inter-f L1 measurement>
In last meeting, companies have discussed the necessity of supporting inter-frequency L1-RSRP measurement in R18 LTM.
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. 


The most serious concern about inter-frequency L1 measurement is that, if it is supposed to be performed within gaps, how to achieve fast L1L2-based cell switch based on such measurement. However, given the discussion about option 1 and option 2 in Figure 1 and Figure 2 above, if RAN4 can move forward by re-using all L3 measurement requirements for the L1 measurement before cell switch command, then, considering the dependency on prior L3 measurement as discussed in our companion paper [6], it is also reasonable to support inter-frequency ‘L1 measurement’ to be performed within gaps.
Proposal 10  RAN4 to support inter-frequency L1 measurement by re-using L3 measurement behaviour assumption for the UE, i.e. assuming UE uses inter-mediate L3 measurement results in the L1L2-based measurement triggering and reporting.

<Synchronization assumption>
[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.
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


As discussed above, in RAN2, DAPS-like scheme is unlikely to be supported in R18 LTM, from UE architecture perspective UE may not need to equip with 2 separate baseband components to support R18 LTM. As discussed and captured in Table 6.1.3.2-1 of TS 38.133, the definition of sync and aync DAPS is based on the RTD difference for both the intra-frequency scenario and inter-frequency scenario. In our view, there is no need to consider async scenario at least for R18 LTM.
Proposal 11  RAN4 to re-use sync condition defined for DAPS as the sync condition for LTM. Based on RAN2 conclusion, RAN4 only needs to specify requirements under sync condition in R18 LTM.
Even if only the sync scenario is considered, there could be different UE implementations. One important issue is whether single FFT is assumed. In our view, except the searcher for L3 measurement, single FFT should be the baseline UE implementation assumption. For UE with higher capability, more than one FFT windows can be set-up, enabling UE to receive Rx signals with larger timing difference. This is the trade-off between performance and complexity.
From network deployment perspective, UE Rx/Tx timing difference from different cells can be larger than CP. However, in most cases UE will not need to deal with too many cells with different Rx timing simultaneously. For example, in R17 ICBM, the number of cells to be measured simultaneously is up-to UE capability. Given the trade-off above, regarding the RTD difference above, we have the following proposal.
Proposal 12  For Rx timing difference between source cell and target cell, RAN4 to discuss and support UE capability based approach:
· For baseline UE, the Rx/Tx timing between source cell and target cell is within CP. 
· For UE with higher capability, UE may support N group of cells, while the Rx/Tx timing difference within each group is less than CP. N is reported as UE capability, and at least N = 2 should be considered in RRM requirements and test cases design.
· The above capability is not applied to L3 measurement/reporting of the UE, and not applied to L1/L2 measurement/reporting if the intermediate result of L3 measurement is used in the reporting.


Conclusions
Based on above analysis, we have following proposals.
Proposal 1  For L1 measurement performed by UE on target cell without prior precise uplink/downlink sync to target cell, it is proposed to re-use the legacy R15 L3 UE measurement behaviour assumption, i.e. measurement delay requirement and accuracy requirements follows, as much as possible, L3 measurement requirements, as specified in 9.2 to 9.3, 10.1.2 to 10.1.5, of TS 38.133, respectively.
Proposal 2  For L1 measurement performed by UE on target cell with prior precise uplink uplink/downlink sync to target cell, it is proposed to re-use the legacy R15/R16/R17 L1 UE measurement behaviour assumption, i.e. measurement delay requirement and accuracy requirements follows, as much as possible, R15/R16/R17 L1 measurement requirements as specified in 9.5, 10.1.19 to 10.1.20, of TS 38.133, respectively.
Proposal 3  RAN4 strive to specify DL/UL synchronization requirements during LTM cell switch in a general manner, i.e. to cover both cases that they are done before/after cell switch.
Proposal 4  RAN4 to clarify DL/UL synchronization assumption for L1 measurements performed on target cell, especially if L1 measurement is performed before cell switch, but DL/UL synchronization is done after cell switch.
Proposal 5  If ‘simultaneous data Rx/Tx’ means whether UE need to set up 2 active RLC entities to different DUs in the inter-DU cell switch, it should be discussed in RAN2, and RAN4 proceeds current discussion with the assumption of only one active RLC entity, if this assumption is needed.
Proposal 6  If ‘simultaneous data Rx/Tx’ means whether 2 physical data channels can be set up simultaneously between source cell and target cell, it should be supported, following the same rules for ICBM or CA.
Proposal 7  If ‘simultaneous data Rx/Tx’ means whether UE needs to physically transmitting or receiving to both source and target cells at the same time, RAN4 should discuss the ‘simultaneous data Rx/Tx’ in a case-by-case manner. Therefore, RAN4 not to further clarify ‘simultaneous data Rx/Tx’, but to further discuss the corresponding RRM requirements and the feasibility of ‘UE simultaneous Rx/Tx’ laying behind.
Proposal 8  For ICBM scenario in R18 LTM, RAN4 not to specify any new CSI-RS based L1 measurement requirements, following the same rule of R17 ICBM. For non-ICBM scenario in R18 LTM, even if RAN1 agrees to support CSI-RS based L1 measurement on candidate cells, RAN4 may further discuss whether to specify new requirements for CSI-RS based L1 measurement on candidate cell in R18, including the definition of intra-f/inter-f in CSI-RS based L1 measurements.
Proposal 9  In R18 LTM, for inter-frequency cell switch, RAN4 only specify RRM requirements for the case when the same number of serving cells is assumed between current active CellGroupConfig (i.e. including both current SpCell and SCells) and target CellGroupConfig:
· For the case when only SpCell switch is performed, i.e. without SCell in the target cell group, inter-frequency cell switch is defined as the case where the SSBs of SpCell and the target SpCell are on different frequency layers.
· For the case when SpCell switch and SCell switch are simultaneously performed, i.e. a new SCellConfig is included in the target CellGroupConfig, inter-frequency cell switch is defined as the case where the SSB frequency layer of any target serving cell (can be either target SpCell or SCell) is not in the list of frequency layers of SSBs of current serving cells.
Proposal 10  RAN4 to support inter-frequency L1 measurement by re-using L3 measurement behaviour assumption for the UE, i.e. assuming UE uses inter-mediate L3 measurement results in the L1L2-based measurement triggering and reporting.
Proposal 11  RAN4 to re-use sync condition defined for DAPS as the sync condition for LTM. Based on RAN2 conclusion, RAN4 only needs to specify requirements under sync condition in R18 LTM.
Proposal 12  For Rx timing difference between source cell and target cell, RAN4 to discuss and support UE capability based approach:
· For baseline UE, the Rx/Tx timing between source cell and target cell is within CP. 
· For UE with higher capability, UE may support N group of cells, while the Rx/Tx timing difference within each group is less than CP. N is reported as UE capability, and at least N = 2 should be considered in RRM requirements and test cases design.
· The above capability is not applied to L3 measurement/reporting of the UE, and not applied to L1/L2 measurement/reporting if the intermediate result of L3 measurement is used in the reporting.
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