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Introduction
In RAN4 104-bis-e and RAN4 105, R18 L1L2-triggered mobility was discussed in RRM session and the WF was agreed in [1] [2].
On the other hand, RAN1 has sent one LS to RAN4 [3]. Two questions were asked.
Questions to RAN4 in R1-2210727
[bookmark: _Hlk116971433]Question 1 (to RAN4): As mentioned in this agreement, while RAN1 assumes Rel-17 ICBM CSI measurement as starting point for L1 intra-frequency measurement for Rel-18 L1/L2 mobility, RAN1 wonders if the restriction on e.g., SFN offset alignment, BWP setting, i.e. non-serving cell SSB should be covered by serving cell active BWP, and Rx timing difference, etc, described in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement can be relaxed or not.

Question 2 (to RAN4): As mentioned in this agreement, RAN1 would like to ask RAN4 to confirm our understanding that the supported scenarios not included in intra-frequency are regarded as inter-frequency for L1 measurement, which includes at least the following scenarios:
· The frequency of the measured RS not covered by any of the active BWPs of SpCell and Scells configured for a UE, but covered by some of the configured BWPs of SpCell and Scells configured for a UE.
· The frequency of the measured RS not covered by any of the configured BWPs of SpCell and Scells configured for a UE 
Also, RAN1 would like to inform RAN4 of our understanding that the introduction of measurement gap and SMTC for L1 inter-frequency measurement, if any, is expected to be a RAN4 issue.


In the reply LSs from RAN4 [4], the following conclusions were made.
RAN4 feedback for Q1: 
RAN4 has not yet achieved any consensus and will further study whether the restrictions described in 9.13.2 of TS 38.133 for intra-frequency L1 non-serving measurement for Rel-18 L1/L2 mobility can be relaxed.
RAN4 feedback for Q2: 
For the definition of SSB based intra/inter-frequency L1 measurement,
· The following definition of SSB based intra-frequency L1 measurement has been agreed in RAN4#104bis-e, RAN4 recommends RAN1 to use the same definition as RAN4.
· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
· Note: RAN4 will revisit the definition based on RAN1/2 conclusion.

· The supported scenarios not included in intra-frequency L1 measurement are regarded as inter-frequency L1 measurement.
· For SSB based L1 measurement, intra-frequency or inter-frequency is defined with reference to the centre frequency and SCS of serving cell SSB but not BWP.
· For CSI-RS based L1 measurement, RAN4 has not discussed the definition of ‘intra-frequency/inter-frequency’ yet. 
For the clarification on Scenario#1 and Scenario#2,
· For SSB based L1 measurements in both Scenario#1 and Scenario#2 mentioned in Question 2, it can be intra-frequency or inter-frequency L1-RSRP measurement depending on whether SSB of neighbour cell has the same centre frequency and SCS as serving cell or not. If SSB of neighbour cell has the same centre frequency and SCS as serving cell, then this scenario is the intra-frequency L1 measurement. Otherwise, it is the inter-frequency L1 measurement.



Based on all above information, we provide our views on the L1 measurements for R18 L1L2-triggered mobility.
Discussion on ‘intra-/inter- frequency’ for LTM
<On	relation between L3 measurement and L1 measurement >
In last meeting, the following was discussed.
Issue 2-1-1: Whether L1 measurement configured after receiving L3 measurement report on that cell
< Wayforward >: FFS the following options
· Option 1 (CTC, Apple, MTK, Xiaomi, Huawei): Network shall configure L1 measurement on a neighbor cell after receiving L3 measurement report on that cell
· Option 2 (CATT, Ericsson): L3 measurement report is not the prerequisite of L1 measurement configuration on a neighbor cell.
· Option 3 (CMCC): wait for RAN1/2 progress
· Option 4 (vivo): Pending on whether intermediate results from L3 measurements is used in L1-RSRP reporting for both serving cell and candidate cell
Issue 2-1-4: Whether to define L1-RSRP measurement delay requirements for unknown cells
< Wayforward >: FFS the following option
· Option 1 (Ericsson): RAN4 to define L1 measurement requirements for both known and unknown cells.
· If a cell is reported L3 measurement report in last X seconds, it is considered as known cell, otherwise unknown cell for LTM requirements purpose
Issue 2-1-3: How to get L1-RSRP measurement results? 
< Wayforward >: FFS the following options
· Option 1 (vivo, Ericsson): For both intra-frequency and inter-frequency L1 measurement, RAN4 to discuss using L3 measurement framework as baseline for LTM HO
· RAN4 to assume same RX beam (rough beam) for L3 measurement and L1 measurement 
· RAN4 to reuse intermediate results of L3 measurement for L1 measurement.
· Option 2 (Huawei): SSB based inter-frequency L1-RSRP measurement can be simultaneously performed with inter-frequency L3 measurement on the same frequency layer in FR1.


As discussed in our companion paper [5], if RAN4 agrees to support using intermediate results from L3 measurements in L1/L2 reporting for both serving cell and candidate cell, then in this case L3 and L1 measurements are performed simultaneously, and L3 measurements is not necessarily regarded as the perquisite of L1 measurements. In other word, for this case, L3 measurement is not the perquisite for L1 measurements.
For all other cases, L1 measurements are similar to legacy CSI measurements. In those cases, L3 cell search and measurement should be done before L1 measurement.
Proposal 1  L3 measurement on the corresponding candidate cell is also the perquisite of inter-cell L1 measurements in R18, except the case when intermediate results from L3 measurements is used in L1/L2 reporting for both serving cell and candidate cell, if supported in R18.
Based on proposal 1, generally there could be two types of L1 measurements specified/re-used in R18. One is re-used from legacy L3 measurements, while the measurement report triggering and reporting are L1/L2 based but not L3 based. The other is re-used form legacy L1 measurement, with ICBM as baseline. For the former one, there is similar discussion in RAN4-lead efeRRM WI. Before activation of unknown FR2 SCell, network may trigger UE to report L3 measurement results. Since activation of SCell is mostly determined by gNB L1/L2, the triggering and reporting of UE measurement results may also happen in L1 or L2. Therefore, the mechanism, if concluded in efeRRM WI, can be re-used in R18 LTM.
Proposal 2  If L1/L2 reporting of L3 measurement results is agreed in efeRRM WI, the same mechanism can be re-used in R18 LTM.

<On intra-frequency L1 measurement on de-activated SCell>
So far, RAN1/2/4 have achieve the following agreements.
Agreements in RAN4 #104-bis-e
· For SSB L1-RSRP measurement, follow the definition of L3 measurement:
· A measurement is defined as a SSB based intra-frequency L1 measurement provided the center frequency and SCS of the SSB of the neighbor cell is the same as SSB of the serving cell indicated in ServingCellConfigCommon 
· Note: RAN4 will revisit the definition based on RAN1/2 conclusion.
Agreements in RAN2 #119-bis-e
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates.
Agreements in RAN1 #110-bis-e
Agreement 
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)


It is obvious that one of the important scenarios for R18 LTM is that current SCell is configured as candidate SpCell. In this scenario, almost zero interruption can be achieved. Moreover, as discussed in RAN1/2, the scenario when de-activated SCell is configured as candidate SpCell is not precluded.
However, for L3 measurement on de-activated SCell, it is regarded as intra-frequency L3 measurement, while the measurement period is indicated in meascycleSCell. UE performs intra-frequency L3 measurement on de-activated SCell outside measurement gaps, but is allowed with some interruption before and after the SMTC that used for de-activated SCell L3 measurement, which is used for UE RF module reset.
On the other hand, R15 L1 measurement requirements are only applicable if the RSs to be measured are within active BWP. However, there is no active BWP on de-activated SCell. Moreover, there is no precise DL synchronization on deactivated SCell. As discussed in [5], normally precise DL sync is assumed while UE is performing L1 measurement.
Based on above analysis, we have the following proposal.
Proposal 3  RAN4 makes the following clarifications for intra-frequency L1 measurement on de-activated SCell:
· The L1 measurement performed on de-activated SCell is performed outside gaps.
· The inter-mediate results of L3 measurements is used in L1/L2 reporting.
· Interruption defined for L3 measurements on de-activated SCell is re-used.
Proposal 4  In case inter-mediate results of L3 measurement is used in L1/L2 reporting, there is NO need to restrict requirement applicability of L1 measurements that the RS to be measured has to be within the active BWP.

<On	L1 measurement and L3 measurement sharing>
In last meeting, the following was discussed.
Issue 2-1-2: Whether candidate cell L1-RSRP measurements can be measured within SMTC? 
< Wayforward >: FFS the following options and more clarification on the applicable scenarios
· [bookmark: _Hlk118528879]Option 1 (Ericsson, ZTE): Candidate cell L1-RSRP measurements can be measured within SMTC
· Option 2 (CATT): If the restrictions on the requirements of the L1-RSRP measurements of the neighbor cell can be relaxed, candidate cell L1-RSRP measurements may need to be measured within SMTC.


In R17, ICBM is supported. In R18 LTM, ICBM is considered to be one of the important scenarios. On the other hand, inter-cell L1 measurement after precise synchronization, where L1-RSRP and/or L1-SINR is obtained, is normally used for beam management. In the WID, for LTM, the enhancement to beam managements is not precluded.
For FR2, one important assumption is that UE uses different Rx beams for L1 measurement and L3 measurement. For L3 measurement, normally the rough beam is assumed. For L1 measurement, the fine beam is assumed.
Proposal 5  For L1 measurement on candidate cells after precise synchronization, which is normally used for beam managements, fine Rx beam is assumed. For the case when inter-mediate result of L3 measurement is reported in L1/L2, the rough Rx beam is assumed for the corresponding measurement.
In R18, it is necessary to extend the use case of inter-cell L1 measurement, requirements of which is specified in 9.13 of TS 38.133. Besides ICBM scenario, it can also be used in the non-ICBM based LTM scenario, e.g. inter-DU, where inter-cell L1-RSRP/L1-SINR is reported to the source DU, so that the precise TCI information can be indicated before cell switch command or within cell switch command, which is illustrated in Figure 2 of our companion paper [5]. For inter-cell L1-RSRP measurement and reporting, the requirement can be defined for the case when SSB of candidate cell is fully overlapped with SMTC, but SSB of serving cell is not overlapped with SMTC. In this case, the sharing between L1 and L3 the same as serving cell can be re-used. 
Proposal 6  For L1 measurement on candidate cells after precise synchronization, RAN4 to define the L1-RSRP requirements when SSB of candidate cell is fully overlapped with SMTC, but SSB of serving cell is not overlapped with SMTC. In this case, the sharing factor between L3 and L1 measurement defined for serving cell can be re-used for candidate cell.

<On relaxing restrictions on SFN offset>
In last meeting, the following was discussed.
0.1 Sub-topic 4-1 SFN offset alignment
< Wayforward >: FFS the following options
· Confirm SFN offset alignment is always assumed in FR1 TDD and FR2, and further discuss FR1 FDD.


For L1 measurement performed after precise synchronization, actually the SSB periodicity is indicated by servingcellConfigCommon, but not in the SMTC configuration of the MO that indicated by the servingcellMO. In R17, from requirement applicability perspective, there is restriction on the SFN offset configuration for serving cell SSB. However, in R18 LTM, such restriction may not be necessary and feasible for the inter-DU case. As long as L1 and L3 sharing in FR2 can be concluded, the SFN offset alignment is no longer needed. RAN4 may ever further discuss whether such restriction is necessary for R17 ICBM.
Proposal 7  RAN4 not to introduce any restriction on SFN offset alignment in R18 inter-cell L1-RSRP measurement requirements, based on the common understanding that it is an error configuration when the SSBs for L1-RSRP measurement and SMTCs are fully non-overlapped.

Conclusions
Based on above analysis, we have following proposals.
Proposal 1  L3 measurement on the corresponding candidate cell is also the perquisite of inter-cell L1 measurements in R18, except the case when intermediate results from L3 measurements is used in L1/L2 reporting for both serving cell and candidate cell, if supported in R18.
Proposal 2  If L1/L2 reporting of L3 measurement results is agreed in efeRRM WI, the same mechanism can be re-used in R18 LTM.
Proposal 3  RAN4 makes the following clarifications for intra-frequency L1 measurement on de-activated SCell:
· The L1 measurement performed on de-activated SCell is performed outside gaps.
· The inter-mediate results of L3 measurements is used in L1/L2 reporting.
· Interruption defined for L3 measurements on de-activated SCell is re-used.
Proposal 4  In case inter-mediate results of L3 measurement is used in L1/L2 reporting, there is NO need to restrict requirement applicability of L1 measurements that the RS to be measured has to be within the active BWP.
Proposal 5  For L1 measurement on candidate cells after precise synchronization, which is normally used for beam managements, fine Rx beam is assumed. For the case when inter-mediate result of L3 measurement is reported in L1/L2, the rough Rx beam is assumed for the corresponding measurement.
Proposal 6  For L1 measurement on candidate cells after precise synchronization, RAN4 to define the L1-RSRP requirements when SSB of candidate cell is fully overlapped with SMTC, but SSB of serving cell is not overlapped with SMTC. In this case, the sharing factor between L3 and L1 measurement defined for serving cell can be re-used for candidate cell.
Proposal 7  RAN4 not to introduce any restriction on SFN offset alignment in R18 inter-cell L1-RSRP measurement requirements, based on the common understanding that it is an error configuration when the SSBs for L1-RSRP measurement and SMTCs are fully non-overlapped.
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