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1. Introduction
In RAN4#105, RAN4 had some initial discussion on L1/L2 based inter-cell mobility, and the related WF was approved in [1]. In this contribution, we would like to discuss L1-RSRP measurement requirements for LTM and provide our proposals.
2. Discussion
General principles
	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 2-1-2: 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.
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.
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


In our understanding, DL synchronization on target cell the prerequisite for performing L1-RSRP measurement on target cell. Thus, the NW should have the information of DL synchronization before configuring L1 measurement. For synchronous case, the NW can directly configure L1 measurement for candidate cell(s) which are synchronized to serving cell. For asynchronous case, L3 measurement report is required to inform the NW that the UE is synchronized to the candidate cells, then, the L1 measurement can be configured. In addition, Rel-17 inter-cell L1-RSRP measurement requirement is defined under known cell condition where the UE has sent a valid L3 measurement report during the last 5 seconds. We think the same assumption can be used to define L1-RSRP measurement requirement in Rel-18 LTM.
Observation 1: For synchronous case, L3 measurement report is not needed before configuring L1 measurement.
Observation 2: For asynchronous case, L3 measurement report is required before configuring L1 measurement.
Proposal 1: L1-RSRP measurement for Rel-18 LTM is defined under known cell condition. If needed, L3 measurement report is required before L1 measurement configuration.
Proposal 2: RAN4 not to define L1-RSRP measurement delay requirement for unknown cells.
Intra-frequency L1-RSRP measurement
For intra-frequency L1-RSRP measurement, it is possible that the target SSB for intra-frequency L1-RSRP measurement is not within the active BWP, and measurement gap is needed. Considering the UE complexity and work load, it is not preferred to define requirement for intra-frequency L1-RSRP measurement with gap.
Proposal 3: RAN4 not to define intra-frequency L1-RSRP measurement requirement in Rel-18.
For inter-frequency L1-RSRP measurement, in RAN1 incoming LS [2], RAN1 has agreed to support inter-frequency L1-RSRP measurement in Rel-18 LTM. RAN4 needs to define requirements for inter-frequency L1-RSRP measurement. And the scenarios of inter-frequency L1-RSRP measurement can be categorized as follows:
· Inter-frequency L1-RSRP measurement without gap
· The SSB of the target cell is within the active BWP of serving cell;
· For UEs reporting‘NeedForGapsInfoNR’ with ‘nogap’ indication;
· For UEs reporting‘NeedForGapNCSG-InfoNR’ with ‘nogap-noncsg’ indication
· Inter-frequency L1-RSRP measurement with gap
· With type 1 MG;
· With type 2 MG, e.g. Concurrent MG, pre-MG and NCSG;
Considering the discussion of inter-frequency L1-RSRP measurement with NCSG and needforgap is overlapped with the ongoing Rel-18 MG enhancement WI. Thus, it is proposed to define the requirement for inter-frequency L1-RSRP measurement with type 1 MG in first phase, and the requirements for inter-frequency L1-RSRP measurement with NCSG or ‘needforgap’ or type2 MG can be defined in late phase/release.
Proposal 4: RAN4 to define the requirement for intra-frequency L1-RSRP measurement with type 1 MG in first phase.
Proposal 5: RAN4 to consider to define the requirement for intra-frequency L1-RSRP measurement with NCSG or ‘needforgap’ or type2 MG in late phase/release.
For inter-frequency L1-RSRP measurement with gap, RAN4 need to consider whether to use the gap shared with L3 measurement or to configure a dedicated gap for L1 measurement.
Proposal 6: RAN4 to consider whether to use the gap shared with L3 measurement or to configure a dedicated gap for L1-RSRP measurement.
L1-RSRP measurement delay requirement
	Issue 2-2-1: intra-frequency L1-RSRP measurement delay requirements
[bookmark: _Hlk119570953]< Wayforward >: FFS the following options
· Option 1 (MTK, Nokia): For intra-frequency L1-RSRP measurement on neighbor cell, use the requirements for L1 measurement on NSC in R17 as a baseline:
· FFS: whether to consider multiple neighbor cells in a frequency layer,
· FFS: whether to consider timing difference between neighbor cell and serving cell larger than a CP.
· Option 2 (Huawei): For intra-frequency inter-cell L1-RSRP measurement, if there are more than 1 neighbour cell, the sharing factor (PSC and PCDP) in R17 ICBM shall be modified.
· Option 3 (OPPO, ZTE): FFS
· Option 4 (Ericsson): 
· RAN4 to reuse intermediate results of L3 measurement for L1 measurement.
· Measurement requirements of ICBM shall not be taken as baseline for L1 measurement requirements of LTM
· RAN4 to discuss L1 measurement delay requirements considering same measurement occasion of L3 measurement can be used for L1 measurement


For intra-frequency L1-RSRP measurement delay, the requirement of Rel-17 L1-RSRP measurement for NSC can be used as a baseline.
Proposal 7: For intra-frequency L1-RSRP measurement delay, the requirement of L1-RSRP measurement for Rel-17 NSC can be used as a baseline.
Reply LS on L1 intra- and inter- frequency measurement for L1/L2-based inter-cell mobility
RAN4 has sent the feedback on question 2 in RAN1 incoming LS [3] in [4], however, RAN4 has not yet achieved the consensus on question 1. In Rel-17, the intra-frequency L1-RSRP measurement requirement for NSC was defined provided that the following restrictions are fulfilled:
	The cell with different PCI from serving cell is considered as known if the following conditions are met in this requirement:
-	The SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE
-	The SSB of the cell with different PCI from serving cell has the same SCS, sfn-SSB-Offset and center frequency as the SSB of the serving cell
-	The timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS
-	The UE has sent a valid L3 measurement report during the last 5 seconds, and
-	The SSB from the cell with different PCI remains detectable according to the cell identification requirements specified in clause 9.2.
Otherwise, the cell is unknown.


The condition of BWP setting, e.g. the SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE, is to ensure the UE can simultaneously receive the SSB of serving cell and target NSC, otherwise, measurement gap for intra-frequency L1 measurement is needed. Considering the measurement gap for L1-RSRP measurement will be introduced in Rel-18 L1/L2 based inter-cell mobility, the condition of BWP setting should be revised.
Proposal 8: The condition of BWP setting, e.g. the SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE, can be relaxed if the measurement gap for L1-RSRP measurement is introduced in Rel-18 LTM.
The condition of SFN alignment, e.g. the SSB of NSC has the same sfn-SSB-Offset as the SSB of the serving cell, in my understanding, the intention of the same sfn-SSB-Offset as the SSB of the serving cell is to ensure UE can receive the SSB of serving cell and the SSB of target cell at the same time, otherwise, the UE cannot perform simultaneously L1 measurement on serving cell and neighbour cell. In summary, if the same L1 measurement resources are configured for both serving cell and intra-frequency neighbour cell, the condition of ‘sfn-SSB-Offset’ is not needed.
Proposal 9: If the same L1 measurement resources are configured for both serving cell and intra-frequency neighbour cell, the condition of ‘sfn-SSB-Offset’ is not needed.
The condition of Rx timing difference, e.g. the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS, is to guarantee the UE can simultaneously receive the signals from the serving cell and target NSC without degradation, otherwise, the impact and interference on serving cell is expected. We think the condition of Rx timing difference cannot be relaxed.
Proposal 10: The condition of Rx timing difference cannot be relaxed, e.g. the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS.
3. Conclusion
In this contribution, we discuss the L1-RSRP measurement for L1/L2 based inter-cell mobility based on RAN1 incoming LS and provide our proposals as follows.
Observation 1: For synchronous case, L3 measurement report is not needed before configuring L1 measurement.
Observation 2: For asynchronous case, L3 measurement report is required before configuring L1 measurement.
Proposal 1: L1-RSRP measurement for Rel-18 LTM is defined under known cell condition. If needed, L3 measurement report is required before L1 measurement configuration.
Proposal 2: RAN4 not to define L1-RSRP measurement delay requirement for unknown cells.
Proposal 3: RAN4 not to define intra-frequency L1-RSRP measurement requirement in Rel-18.
Proposal 4: RAN4 to define the requirement for intra-frequency L1-RSRP measurement with type 1 MG in first phase.
Proposal 5: RAN4 to consider to define the requirement for intra-frequency L1-RSRP measurement with NCSG or ‘needforgap’ or type2 MG in late phase/release.
Proposal 6: RAN4 to consider whether to use the gap shared with L3 measurement or to configure a dedicated gap for L1-RSRP measurement.
Proposal 7: For intra-frequency L1-RSRP measurement delay, the requirement of L1-RSRP measurement for Rel-17 NSC can be used as a baseline.
Proposal 8: The condition of BWP setting, e.g. the SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE, can be relaxed if the measurement gap for L1-RSRP measurement is introduced in Rel-18 LTM.
Proposal 9: If the same L1 measurement resources are configured for both serving cell and intra-frequency neighbour cell, the condition of ‘sfn-SSB-Offset’ is not needed.
Proposal 10: The condition of Rx timing difference cannot be relaxed, e.g. the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS.
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1. Overall Description:
RAN4 thanks RAN1 for the LS on LS on L1 intra- and inter- frequency measurement and configurations for L1/L2-based inter-cell mobility. RAN4 has provided the response on Question 1 in [1] in RAN4#105, and in RAN4#106, RAN4 further discussed Question 1 and made the following consensus.
[bookmark: _Hlk116971447]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.
[RAN4]: RAN4 has discussed and concluded on the restrictions defined in 9.13.2 of TS38.133 for intra-frequency L1 non-serving measurement as follows:
· RAN4 to confirm the restriction of SFN alignment, e.g. the SSB of NSC has the same ‘sfn-SSB-Offset’ as the SSB of the serving cell can be relaxed if the same L1 measurement resources are configured for both serving cell and intra-frequency neighbour cell.
· RAN4 to confirm the restriction of Rx timing difference, e.g. the timing difference of arrival at UE between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS cannot be relaxed.
· RAN4 to confirm the restriction of BWP setting (e.g. the SSB from the cell with different PCI completely contained in the active BWP or associated with initial downlink BWP of the UE) can be relaxed if the measurement gap for L1-RSRP measurement is introduced in Rel-18 LTM.

2	Actions
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work.

3	Date of next TSG-RAN WG1 meeting
RAN4#106bis-e                  17-26 April 2023	e-meeting              
RAN4#107                      22-26 May 2023	Korea




