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1. Introduction
L1-RSRP measurement requirements of L1/L2 based inter-cell mobility have been discussed widely for several meetings. The latest agreement can be found in the approved WF [1]. There are still some remaining issues that need to be addressed. In this contribution, we provide further discussion on the open issues.
2. Discussion
2.1 Sub-topic 2-1 Applicability rule for L1-RSRP measurement
The first open issue in section 2 in [1] is whether to consider L1 measurements on unknown cell:
[bookmark: _Hlk135980725]Issue 2-1-2: Whether to consider L1 measurements on unknown cell
< Way Forward>: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· UE is not required to perform L1 measurements on [undetected or undetectable or unknown] cell.
This issue is highly related to definition of ‘unknown’, which is being discussed under next issue 2-1-3. Although issue 2-1-3 hasn’t been concluded, it can be observed that in all candidate options for known cell condition there is one condition “The SSB from the target cell remains detectable”. Thus, using ‘unknown’ in this agreement can avoid performing L1 measurement directly on target cell on which UE doesn’t have valid T/F information. Therefore, we think ‘unknown’ is more suitable to be captured in the agreement.
[bookmark: _Ref141974168]Proposal 1: UE is not required to perform L1 measurements on [undetected or undetectable or unknown] cell.

Next issue is about known cell condition:
[bookmark: _Hlk127802379]Issue 2-1-3: known cell condition for L1-RSRP measurement
<Way Forward> FFS the following options: 
· Proposals
· Option 1 (CATT, CMCC, Apple, xiaomi, ZTE, CTC):
·  In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has performed L3 measurement on the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
· Option 2 (Nokia): FFS if known condition is needed.
·  In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a valid L3 measurement report during the last [5] seconds, and
· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
· Option 3(vivo):
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a report of valid L3 measurement results during the last [5] seconds, and
· The SSB from the target cell remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown

We support a combination of option 1 and 3:
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a report of valid L3 measurement results of the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
We originally support option 1 since we believe it is technically correct most of the time. However, it might not cover all the cases. For instance, if network configures L1 measurement before receiving valid L3 report from UE (e.g. right after configuring L3 measurement), UE may need to finish cell identification and L3 measurement first before it can perform L1 measurement. Although this kind of configuration is not encouraged, it is still possible from spec point of view. 
Regarding option 2, we think 5 seconds condition shall remain, similarly to other known conditions in many places in existing RRM spec. 
As for option 3, the problem is network may transmit different SSB with different Tx beams. If the SSB remaining detectable is not the one configured for L1-RSRP measurement, the condition doesn’t help. UE cannot have accurate result from the SSB configured for L1-RSRP measurement if it is undetectable, regardless other SSB from the same cell remains detectable or not.
[bookmark: _Ref141974171]Proposal 2: definition of known cell condition:
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a report of valid L3 measurement results of the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown

Next issue is about how to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement:
[bookmark: _Hlk132206118]Issue 2-1-5: How to get SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell before L1-RSRP measurement?
<Way Forward> FFS the following proposals:
· Proposal 1 (MTK, Apple, Huawei):
· To perform intra-frequency L1-RSRP on candidate target cell, if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length and less than 2 SSB symbols (CP length< RTD< 2 SSB symbols, deriveSSB-IndexFromCell is enabled), UE can derive SSB index according to serving cell timing.
· To perform intra-frequency L1-RSRP on candidate target cell, if SFN offset between serving cell and target cell is not aligned, and if the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols (RTD>2 SSB symbols), i.e., deriveSSB-IndexFromCell is not enabled,
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.
· Proposal 2 (MTK, Apple): 
· To perform inter-frequency L1-RSRP on candidate target cell, if deriveSSB-IndexFromCellInter-r17 is enabled, UE can derive SSB index according to serving cell timing.
· To perform inter-frequency L1-RSRP on candidate target cell, if deriveSSB-IndexFromCellInter-r17 is enabled, and UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· Proposal 3 (vivo):
· In case deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE may skip the DL synchronization for obtaining frame/slot/symbol level synchronization and SFN level synchronization
In general all three proposals are agreeable to our understanding. According to definition of deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter, if network enables it UE can assume SFN and frame boundary alignment across cells on the serving frequency. 
	deriveSSB-IndexFromCell
This field indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the serving frequency as specified in TS 38.133 [14].

	deriveSSB-IndexFromCellInter
If this field is present, UE assumes SFN and frame boundary alignment between the reference serving cell indicated by ServCellIndex and all neighbour cells in this MeasObjectNR as specified in TS 38.133 [14]. This field also indicates that the UE can utilize the timing of the reference serving cell indicated by ServCellIndex to derive the index of SS block transmitted by all inter-frequency neighbour cells on the frequency indicated by the MeasObjectNR. When this field is included, the network should set deriveSSB-IndexFromCell to true.


Besides, RAN4 requirements can guarantee that once deriveSSB-IndexFromCell is enabled, UE can assume frame boundary alignment (including half frame, subframe and slot boundary alignment) is less than min (2 SSB symbols, 1 PDSCH symbol). In summary, if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE can derive SSB index according to serving cell timing. Otherwise, it depends on whether UE has performed L3 measurement with SSB index reading or not.
[bookmark: _Ref141974180]Proposal 3: if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE can derive SSB index according to serving cell timing. Otherwise, 
· If UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement and SSB index reading, no additional time is needed.

2.2 Sub-topic 2-2 Whether to use L3 measurement results in L1 measurement report
Next issue is whether to use final L3 measurement results for L1 measurement report:
Issue 2-2-1: Whether to use final L3 measurement results for L1 measurement report
<Agreement>
· Baseline: UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· UE shall support L1 measurements for at least [2 or 3] neighboring cells
· Introduce optional UE support to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report
· Note 1: No impact on RAN1/2 design is expected
· Note 2: the principles of the solution need to be agreed in RAN4 #108 meetings and the mechanism can be removed if no consensus reached on solution.
This issue has been discussed for several meetings. We are not convinced that using L3 measurement results for intra-frequency or inter-frequency L1 measurement report is beneficial. As we highlighted before, using L3 measurement results in L1 measurement reporting (reusing existing L3 measurement requirement framework) may result in longer L1 measurement reporting. According to existing L3 measurement requirements, it is up to UE on detailed measurement scheme. For instance, a UE is configured with 5 intra-frequency MOs on CC1, CC2, …, CC5. Assuming SMTC on all CCs are well aligned, it is up to UE which CC to measure during each SMTC occasion. The total measurement period is 5 * 5 = 25 SMTC (5 sample per CC). If UE is configured with L1 measurement one neighbour cell on CC5, it is possible that UE first measure CC1~CC4. After 4*5=20 SMTC UE starts measuring CC5. In this example, UE won’t have L1 measurement result on CC5 until the 25th SMTC.
[bookmark: _Ref141974186]Proposal 4: from RAN4 requirements point of view, RAN4 shall not use L3 measurement results for L1 measurement report, including intra-frequency and inter-frequency.

2.3 Sub-topic 2-3 Measurement capability
Next issue is about intra-frequency layers to measure:
Issue 2-3-1: Intra-frequency layers to measure
<Way Forward> FFS the following options:
· Option 1 (MTK): For L1-RSRP measurement on neighbour cell, UE measures only one intra-frequency layer on each FR2 band in CA scenario.
· Option 2 (vivo):
· For the Baseline ‘UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report’: 
· RAN4 do not introduce any requirements for the case RTD > CP  
· For the case RTD no larger than CP, not to limit the number of frequency layer for existing L1 measurements.
· For the optional UE support ‘to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report’:
· the number of frequency layer to measure neighbour cell follows the same requirements as L3 measurements.
Option 1 is supported. RAN4 already agreed that “UE is not required to perform L1 measurements on [undetected or undetectable or unknown] cell”. In other word, RRM measurement (including cell search) is a prerequisite for L1 measurement on neighbor cell. According to existing RRM requirements, UE is only required to perform RRM measurement on intra-frequency neighbor cell on one layer on each FR2 band in CA scenario:
	9.2.3.2	Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,


[bookmark: _Ref141974221]Observation 1: RRM measurement is a prerequisite of L1 measurement on neighbor cell.
[bookmark: _Ref141974224]Observation 2: UE only performs RRM measurement on one single intra-frequency layer in a band according to current RAN4 requirements.
[bookmark: _Ref141974189]Proposal 5: For L1-RSRP measurement on neighbour cell, UE measures only one intra-frequency layer on each FR2 band in CA scenario.

Next issue is how to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability:
Issue 2-3-3: How to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability
<Way Forward> FFS the following options:
· Option 1 (MTK, Apple): Regarding how to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability, RAN4 can wait for RAN1 conclusion at this time.
· Option 2 (CATT): It is possible for UE to autonomously down select cells and/or SSBs for L1 measurements. 
· The down selection criteria can be defined based on NW indication or event configuration.
· It would be better to discuss the event conditions that trigger the downward selection of cells and/or SSBs in RAN2.
· Option 3 (CTC, Intel): The configured SSB for L1 measurement on neighbour cell shall not exceed UE capability.
· Option 4 (vivo): No RRM requirements are defined if the number of cells configured/activated to perform L1 measurement exceeds UE capability.
· Option 5 (ZTE): Up to UE implementation.
· Option 6 (Nokia): Maximum number of cells configured for L1-measurements can be higher than the maximum number UE is capable of measuring
· Option 7 (Ericsson): When number of LTM candidate cells configured exceeds the UE capability of number of cells UE can measure, down selection of cells for LTM measurement is based on explicit or implicit indication from the NW
· Option 8 (QC): If UE autonomously selects cells/SSBs for LTM L1-RSRP measurements among preconfigured cells/SSBs for LTM L3 measurements, the down selected LTM cells are considered known cells in terms of requirement applicability rule even without so-called an intermediate LTM L3 measurement report.
Actually, this issue has already been discussed in RAN1. The following agreement was captured in RAN1 LS [1]:
	Conclusion
· For the beam selection for SSB based L1-RSRP measurement report, except SpCell is configured to be included, 
· the selection of cells for the L1 measurement report is up to UE implementation.
· the selection of beams per cell for the L1 measurement report is the same as legacy behaviour.



Therefore, RAN4 shall just follow RAN1 agreement to leave it to UE implementation.
[bookmark: _Ref141974191]Proposal 6: it is up to UE implementation on how to choose cells/SSB to measure and report if the number of cells/SSB NW configured to measure exceeds UE capability.

2.4 Sub-topic 2-4 Intra-frequency L1-RSRP Measurement delay
2.4.1 Scenario
Next issue is whether to specify requirements for SSB for intra-frequency L1 measurement not covered by serving cell active BWP:
[bookmark: _Hlk135408073]Issue 2-4-1-1: Whether to specify requirements for SSB for intra-frequency L1 measurement not covered by serving cell active BWP
< Way Forward>: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· [bookmark: _Hlk135222590]Decide whether to support the case that target SSB is not within active BWP for intra-frequency L1 measurement in R18 LTM in RAN4#108 meeting.
Technically, if target SSB is not within active BWP for intra-frequency L1 measurement, it can be measured within measurement gap. Given that gap based inter-frequency L1 measurement is to be supported based on RAN4 agreement, it is feasible to support gap based intra-frequency L1 measurement if target SSB is not within active BWP in R18 LTM.
	Issue 2-5-1-1: Type of inter-frequency L1-RSRP measurement to support
< Agreement >
· Define the requirement for inter-frequency L1-RSRP measurement with type 1 MG as a baseline.


[bookmark: _Ref141974194]Proposal 7: it is feasible to support gap based intra-frequency L1 measurement if target SSB is not within active BWP in R18 LTM.

Next issue:
Issue 2-4-1-2: whether to support the case that SSB periodicity of FR2 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM.
<Way Forward> FFS the following options:
· Option 1 (vivo, Ericsson): Define L1-RSRP measurement requirements for the case that SSB periodicity of FR2 intra-frequency neighbour cell and serving cell equals to SMTC periodicity in R18 LTM.
· Option 2 (QC): Not define L1-RSRP measurement requirements for the case that SSB periodicity of FR2 intra-frequency neighbour cell and serving cell equals to SMTC periodicity in R18 LTM.
As long as the sharing between L1 and L3 measurement is decided, it is feasible for the case that SSB periodicity of FR2 intra-frequency neighbour cell and serving cell equals to SMTC periodicity. 
[bookmark: _Ref141974226]Observation 3: As long as the sharing between L1 and L3 measurement is decided, it seems unnecessary to exclude the case that SSB periodicity of FR2 intra-frequency neighbour cell and serving cell equals to SMTC periodicity.

2.4.2 UE incapable of RTD>CP
Issue 2-4-2-1: Basic assumption
<Way Forward> FFS the following proposals:
· Proposal 1 (CTC, xiaomi): For UE incapable of RTD>CP, assume that UE has one FFT module for L1-RSRP measurement.
· Proposal 2 (Ericsson): 
· For all possible RTD values, RAN4 to reuse the same principles of L3-RSRP for L1-RSRP of LTM.
· RAN4 to agree that within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility
Issue 2-4-2-2: Measurement period of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP when RTD of serving cell and neighbour cell is always within CP.
< Way Forward >: 
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· If UE is incapable of RTD>CP, the legacy measurement periods specified in R17 for non-serving cell can be used as a baseline when RTD of serving cell and neighbour cell is within CP.
· FFS: How to define the requirements for multiple neighbor cells in a frequency layer in FR2.
For UE incapable of RTD>CP, UE cannot perform accurate measurement on multiple cells with RTD>CP simultaneously. There are two approaches to move forward. One is not to define RRM requirements for this kind of UE when RTD>CP. The drawback is network may only enable this feature for the UE when RTD<CP can always be guaranteed by deployment. Alternatively, RAN4 can define RRM requirement assuming UE can only measure one cell at a time when RTD>CP. The problem is UE does not know actual RTD status, assuming UE is not required to estimate RTD of candidate cells. Therefore, if UE always conservatively choose to always measure one cell at a time, then even when RTD<CP, UE won’t do parallel measurement on multiple cells, which is technically feasible at least in FR1. We are open to further discussion.
[bookmark: _Ref141974196]Proposal 8: For UE incapable of RTD>CP, consider the following options for measurement requirements:
· Option 1: only define requirements with condition that RTD is no larger than CP.
· Option 2: define requirements covering all possible RTD values. UE is only expected to measure one cell at a time.

As for the requirement for UE incapable of RTD>CP but actual RTD is larger than CP:
Issue 2-4-2-4: Whether to define measurement delay requirements if UE incapable of RTD>CP but the actual RTD of serving cell and neighbour cell is larger than CP
[bookmark: _Hlk135812956]<Way Forward> FFS the following options:
· Option 1 (xiaomi, Huawei): Not to define requirement. It is up to UE implementation.
· Option 2 (MTK): 
· For UE incapable of RTD>CP, when the actual RTD of serving cell and neighbour cell is larger than CP, UE would not be able to measure different cells simultaneously even in FR1. UE would measure different intra-frequency cells in TDM fashion.
· For UE incapable of RTD>CP, if there are multiple neighbour cells in an intra-frequency layer to measure, the measurement delay would be scaled up by the number of cells (including the serving cell) of the intra-frequency layer, when NW has no confidence on ensuring RTD always within CP.
· FFS: how to share with TCI state tracking on neighbour cell.
Issue 2-4-2-5: Whether to define measurement and scheduling restriction requirements if UE incapable of RTD>CP but the actual RTD of serving cell and neighbour cell is larger than CP
<Way Forward> FFS the following options:
· Option 1 (Huawei): Not to define requirements. 
· Option 2 (MTK): 
· If NW has no confidence on ensuring RTD always within CP, scheduling restriction should be always expected for UE incapable of RTD>CP.
Our proposal under these issues is similar with P8 above. One thing we would like to emphasize is that under issue 2-4-2-4 option 2 implies that UE may measure different cells simultaneously when RTD is no larger than CP but would measure one cell at a time when RTD>CP. However, so far there is no any mechanism to let UE know whether current RTD is larger than CP or not. If UE has to perform RTD estimation for all candidate cells on the same frequency layer, additional complexity can be foreseen.
[bookmark: _Ref141974229]Observation 4: for UE incapable of RTD>CP, without estimation of RTD of all candidate cells on the same frequency layer, it is problematic to assume that UE can measure multiple cells in FR1 simultaneously when RTD <CP while UE would measure one cell at a time when RTD>CP. 

2.4.3 UE capable of RTD>CP
Issue 2-4-3-2: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1
<Way Forward> FFS the following options:
· Option 1 (MTK): 
· If UE only performs L1-RSRP measure on a single intra-frequency, the legacy requirements specified in R17 for FR1 non-serving cell are also applicable when RTD of serving cell and neighbour cell is larger than CP.
· focusing on the case that UE is required to measure on the neighbour cell of a single FR1 intra-frequency layer when RTD of serving cell and neighbour cell is larger than CP. Otherwise, the measurement delay should be scaled by the number of intra-frequency layers to measure.
· Option 2 (vivo): 
· For the Baseline ‘UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report’:
· RAN4 do not introduce any requirements for the case RTD > CP. 
· Option 3 (Ericsson): Measurement period should be derived based on the following principle. 
· Within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility.
In general we are fine with both option 1 and 3 with some modification.
[bookmark: _Ref141974200]Proposal 9: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1:
· If UE only performs L1-RSRP measure on a single intra-frequency, the legacy requirements specified in R17 for FR1 non-serving cell are also applicable when RTD of serving cell and neighbour cell is larger than CP.
· focusing on the case that UE is required to measure on the neighbour cell of a single FR1 intra-frequency layer when RTD of serving cell and neighbour cell is larger than CP. Otherwise, the measurement delay should be scaled by the number of intra-frequency layers to measure.
· Within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility.


Issue 2-4-3-3: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2
<Way Forward> FFS the following options:
· Option 1 (MTK): 
· When there is only one intra-frequency neighbour cell to measure: The legacy measurement period requirement defined in cl. 9.13.4 for FR2 intra-frequency non-serving cell is also applicable to intra-frequency L1-RSRP measurement when RTD of serving cell and neighbor cell larger than CP. P1 is valid when any symbol of the SSBs from serving cell and neighbour cell are overlapping or adjacent (in time domain). Adjacent here means the actual timing difference between the symbol of the SSB from serving cell and neighbour cell is within CP.
· Focus on the case that UE is required to measure on a single FR2 intra-frequency layer (for neighbor cell) when RTD of serving cell and neighbor cell is larger than CP. Otherwise, the measurement delay would be scaled up with the number of FR2 inter-band intra-frequency layers.
· In FR2, if there are multiple neighbour cells in an intra-frequency layer to measure, the measurement delay would be scaled up by the number of cells (including the serving cell) of the intra-frequency layer for UE capable of RTD>CP.
· FFS: how to share with TCI state tracking on neighbour cell
· Option 2 (vivo): 
· For the Baseline ‘UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report’:
· RAN4 do not introduce any requirements for the case RTD > CP. 
· Option 3 (Ericsson): Measurement period should be derived based on the following principle. 
· Within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility.
Conclusions for FR1 cannot be directly reused for FR2 considering these aspects: 1) in FR2, UE is only required to perform RRM measurement on neighbor cell on one frequency layer per band. 2) beams are different between L1 and L3 measurement, also different for L1 measurement on different neighbor cells. Therefore, we support option 1 with some moficaition:
[bookmark: _Ref141974204]Proposal 10: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2:
· When there is only one intra-frequency neighbour cell to measure: The legacy measurement period requirement defined in cl. 9.13.4 for FR2 intra-frequency non-serving cell is also applicable to intra-frequency L1-RSRP measurement when RTD of serving cell and neighbor cell larger than CP. 
· Focus on the case that UE is required to measure on a single FR2 intra-frequency layer (for neighbor cell) when RTD of serving cell and neighbor cell is larger than CP. Otherwise, the measurement delay would be scaled up with the number of FR2 inter-band intra-frequency layers.
· In FR2, if there are multiple neighbour cells in an intra-frequency layer to measure, the measurement delay would be scaled up by the number of cells (including the serving cell) of the intra-frequency layer for UE capable of RTD>CP.


Issue 2-4-3-4: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP
<Way Forward> FFS the following options:
· Option 1 (QC, MTK): For UE capable of RTD>CP, measurement restriction and scheduling restriction should be extended also to the symbol before and after SSB symbols.
· MTK: deriveSSB_IndexFromCell should be always enabled
· Option 2 (Huawei):
· In FR1, if UE doesn’t support simultaneousRxDataSSB-DiffNumerology, 
· If UE performs neighbour cell L1-RSRP measurement based on SSB occasion, RAN4 is to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is enabled, and is not to specify requirements when deriveSSB_IndexFromCell is not enabled.
· If UE performs neighbour cell L1-RSRP measurement based on SMTC, legacy scheduling restriction defined in clause 9.2.5.3.2 can be reused.
· In FR2-1, for scheduling restriction for L1-RSRP measurement on neighbor cell, on top of the legacy scheduling restriction defined for non-serving cell in R17, additional 1 symbol is added before and after those OFDM symbols corresponding to the configured LTM L1-RSRP measurement SSBs
Technically, legacy measurement restriction and scheduling restriction shall also apply. Since RTD>CP, it is reasonable to consider additional symbol before and after SSB symbols.
[bookmark: _Ref141974207]Proposal 11: For UE capable of RTD>CP, measurement restriction and scheduling restriction should be extended also to the symbol before and after SSB symbols.

2.5 Sub-topic 2-5 Inter-frequency L1-RSRP Measurement delay
2.5.1 Scenario
Issue 2-5-1-1: Type of inter-frequency L1-RSRP measurement to support
< Agreement >
· Define the requirement for inter-frequency L1-RSRP measurement with type 1 MG as a baseline.
· FFS: whether L1/L3 may share the MG or not, depending on the conclusion of the other issue 2-2-1.
· Define the requirement for Inter-frequency without gap (target SSB within DL active BWP) with UE capability.
· FFS: The details of the capability.
· Not consider L1 inter-frequency with NCSG in R18 LTM.
· Not consider L1 inter-frequency with NeedforGap in R18 LTM.
· FFS: whether to support type 2 MG in R18 LTM.
RAN4 agreed that using type 1 MG for inter-frequency L1-RSRP measurement shall be supported as baseline. Since MG is also used for L3 measurement in legacy, L1 measurement would compete with L3 measurement when L1 and L3 cannot be done simultaneously, e.g. in FR2 due to different beam assumption. One solution is to introduce gap sharing between L1 and L3. Network can flexibly balance L1 and L3 measurement in different scenario. 
For FR1, L1 and L3 measurement can be done simultaneously. Note that L3 measurement is a prerequisite for L1 measurement, (RAN4 agreed that UE does not perform L1 measurement on [undetected or undetectable or unknown] cell). Therefore, existing CSSF design can be reused for L1 as well.
[bookmark: _Ref141974210]Proposal 12: for inter-frequency L1-RSRP measurement with type 1 MG:
· In FR1, existing CSSF design can be reused. 
· In FR2, introduce gap sharing between L1 and L3 gap based measurement.
Regarding inter-frequency without gap (target SSB within DL active BWP) with UE capability, a simple solution is to introduce a UE capability similar with interFrequencyMeas-NoGap-r16.
Another point we would like to highlight is that type 2 MG can also be considered for the case that L1 and L3 measurement cannot be perform simultaneously, e.g. in FR2. For instance, a dedicated gap can be associated to L1 measurement to facilitate L1 measurement:
[image: A green and blue rectangles

Description automatically generated]
[bookmark: _Ref141974232]Observation 5: a dedicated MG associated with L1 measurement can be used to facilitate L1 measurement when L1 and L3 cannot be done simultaneously, e.g. in FR2.
[bookmark: _Ref141974213]Proposal 13: consider type 2 MG with association with L1 measurement. 

3. Conclusion
In this contribution, we provide further discussion on L1-RSRP measurement requirements of L1/L2 based inter-cell mobility. After discussion, the following conclusions are provided:
Proposal 1: UE is not required to perform L1 measurements on [undetected or undetectable or unknown] cell.
Proposal 2: definition of known cell condition:
· In L1-RSRP measurement for neighbour cell, target cell is considered as known if the following conditions are met in this requirement:
· The UE has sent a report of valid L3 measurement results of the target cell during the last [5] seconds, and
· The SSB from the target cell configured for L1 measurement remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
Proposal 3: if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is provided, UE can derive SSB index according to serving cell timing. Otherwise,
Proposal 4: from RAN4 requirements point of view, RAN4 shall not use L3 measurement results for L1 measurement report, including intra-frequency and inter-frequency.
Observation 1: RRM measurement is a prerequisite of L1 measurement on neighbor cell.
Observation 2: UE only performs RRM measurement on one single intra-frequency layer in a band according to current RAN4 requirements.
Proposal 5: For L1-RSRP measurement on neighbour cell, UE measures only one intra-frequency layer on each FR2 band in CA scenario.
Proposal 6: it is up to UE implementation on how to choose cells/SSB to measure and report if the number of cells/SSB NW configured to measure exceeds UE capability.
Proposal 7: it is feasible to support gap based intra-frequency L1 measurement if target SSB is not within active BWP in R18 LTM.
Observation 3: As long as the sharing between L1 and L3 measurement is decided, it seems unnecessary to exclude the case that SSB periodicity of FR2 intra-frequency neighbour cell and serving cell equals to SMTC periodicity.
Proposal 8: For UE incapable of RTD>CP, consider the following options for measurement requirements:
· Option 1: only define requirements with condition that RTD is no larger than CP.
· Option 2: define requirements covering all possible RTD values. UE is only expected to measure one cell at a time.
Observation 4: for UE incapable of RTD>CP, without estimation of RTD of all candidate cells on the same frequency layer, it is problematic to assume that UE can measure multiple cells in FR1 simultaneously when RTD <CP while UE would measure one cell at a time when RTD>CP.
Proposal 9: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1:
· If UE only performs L1-RSRP measure on a single intra-frequency, the legacy requirements specified in R17 for FR1 non-serving cell are also applicable when RTD of serving cell and neighbour cell is larger than CP.
· focusing on the case that UE is required to measure on the neighbour cell of a single FR1 intra-frequency layer when RTD of serving cell and neighbour cell is larger than CP. Otherwise, the measurement delay should be scaled by the number of intra-frequency layers to measure.
· Within the same SMTC occasion, UE can perform measurement for L1-RSRP for LTM and L3-RSRP for L3 mobility.
Proposal 10: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2:
· When there is only one intra-frequency neighbour cell to measure: The legacy measurement period requirement defined in cl. 9.13.4 for FR2 intra-frequency non-serving cell is also applicable to intra-frequency L1-RSRP measurement when RTD of serving cell and neighbor cell larger than CP. 
· Focus on the case that UE is required to measure on a single FR2 intra-frequency layer (for neighbor cell) when RTD of serving cell and neighbor cell is larger than CP. Otherwise, the measurement delay would be scaled up with the number of FR2 inter-band intra-frequency layers.
· In FR2, if there are multiple neighbour cells in an intra-frequency layer to measure, the measurement delay would be scaled up by the number of cells (including the serving cell) of the intra-frequency layer for UE capable of RTD>CP.
Proposal 11: For UE capable of RTD>CP, measurement restriction and scheduling restriction should be extended also to the symbol before and after SSB symbols.
Proposal 12: for inter-frequency L1-RSRP measurement with type 1 MG:
· In FR1, existing CSSF design can be reused. 
· In FR2, introduce gap sharing between L1 and L3 gap based measurement.
Observation 5: a dedicated MG associated with L1 measurement can be used to facilitate L1 measurement when L1 and L3 cannot be done simultaneously, e.g. in FR2.
Proposal 13: consider type 2 MG with association with L1 measurement.
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