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1. Introduction
In RAN4#108, RAN4 had some discussion on L1-RSRP measurement requirement for LTM, 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
Applicability rule for L1-RSRP measurement
	[bookmark: _Hlk127802379]Issue 2-1-3: known cell condition for L1-RSRP measurement.
<Way Forward> FFS the following options
· Option 1 (MTK, CATT, xiaomi, CMCC, ZTE, OPPO, vivo, 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 (Apple):
· 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 (Nokia):
· For rel-18 LTM, remove “during the last 5 seconds” from the known cell conditions.
· Known condition is not currently visible to the network.
· Cells detected more than 5s ago but are still detectable, are considered as known cells for LTM.


In last meeting, RAN4 was agreed that UE is not required to perform L1-RSRP measurement on unknown cell, in other words, RAN4 is to define L1-RSRP measurement requirements under known condition. Regarding the definition of cell known condition for L1-RSRP measurement, in our understanding, option 1 and option 2 are quite similar, the difference is that whether the UE is required to report L3 measurement report on target cell. Considering the UE may be configured L3 measurement with event-triggered reporting, the UE may not report the L3 measurement result in last 5s, but the UE has performed L3 measurement on target cell in last 5s, in this case, we think the target cell can be considered as a known cell.
Proposal 1: The known condition for neighbour cell in L1-RSRP measurement is defined as follows.
· 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 remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
Intra-frequency L1-RSRP measurement
	Issue 2-4-1-2: whether to support the case that SSB periodicity of FR1 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM.
<Way Forward> FFS the following options:
· Option 1 (Apple, MTK, Huawei, vivo, Ericsson): Yes.
· Option 1a (Ericsson): RAN4 to agree that sharing factor P between L3 for mobility and LTM for L1-RSRP is 1.
· Option 1b (QC): For LTM L1 measurement SSB occasions always colliding with SMTC, the LTM L1 measurement requirement is defined assuming the SSB occasions are shared for L3 measurement and LTM L1 measurement with a ratio of two L3 measurements to one LTM L1 measurement.
· Option 2 (OPPO): No.


In our understanding, RAN4 needs to first clarify which frequency layer the SMTC periodicity refers to. If the SMTC periodicity is for the same intra-frequency layer, we think it is beneficial to support the case that SSB periodicity of FR1 intra-frequency neighbour cell equals to SMTC periodicity, as L1 measurement and L3 measurement can be performed simultaneously on the same measurement occasion. If the SMTC periodicity is for an inter-frequency layer, in other words, the SSB periodicity of FR1 intra-frequency cell is fully overlapped with SMTC periodicity of an inter-frequency neighbour cell, in this case, we think the existing sharing factor P used for L1/L3 measurements can be reused, e.g. P =3 for L1 measurement and P=1.5 for L3 measurement. In addition, RAN4 also needs to clarify the UE measurement behavior when the SSB periodicity of FR1 intra-frequency cell is partially overlapped with the SMTC periodicity of inter-frequency neighbour cell, in my understanding, the legacy assumption of UE measurement behavior can be reused for L1-RSRP measurement, e.g. L1-RSRP measurement is done outside of SMTC.
Proposal 2: RAN4 to support the case that SSB periodicity of FR1 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM. 
Proposal 3: When the SSB periodicity of FR1 intra-frequency cell is fully overlapped with SMTC periodicity of inter-frequency neighbour cell, the existing sharing factor P used for L1/L3 measurements can be reused, e.g. P =3 for L1 measurement and P=1.5 for L3 measurement.
Proposal 4: When the SSB periodicity of FR1 intra-frequency cell is partially overlapped with SMTC periodicity of inter-frequency neighbour cell, L1-RSRP measurement is done outside of SMTC. 
	Issue 2-4-2-1: Basic assumption
<Way Forward> 
· Common understanding: For UE incapable of RTD>CP, assume that UE has one FFT module for L1-RSRP measurement for all cells on the same frequency layer.
· This issue is closed.
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 >: FFS the following options
· Option 1 (xiaomi, Huawei, Ericsson): Only define measurement periods with condition that RTD is no larger than CP. When actual RTD is larger than CP, no requirements or allow accuracy degradation.
· Option 1a (xiaomi, Huawei)
· when the actual RTD of serving cell and neighbour cell is no larger than CP the legacy measurement, restriction and scheduling restriction defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell.
· when actual RTD>CP, there are no requirements.
· Option 1b (Ericsson):
· UE measures L1-RSRP using single timing
· Accuracy may be degraded if the cell RTD is larger than CP
· Option 2 (MTK, Nokia, QC): RAN4 to define requirements for both RTD > CP and RTD <= CP
· Option 2a (MTK, QC): Define requirements covering all possible RTD values. 
· In FR1:‘the existing L1-RSRP measurement period (Table 9.5.4.1-1)’ x ‘the number of L1 measurement cells (including non-LTM L1-RSRP measurement cells) having SSBs colliding in the time domain’
· In FR2: same as the measurement period when UE supports RTD>CP
Issue 2-4-2-3: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE incapable of RTD>CP or not supporting measuring multiple cells on the same OFDM symbol when RTD>CP
< Way Forward>: 
· Pending on issue 2-4-2-2.


For intra-frequency L1-RSRP measurement, it is RAN4’s common understanding that if the UE does not support the L1 measurement with RTD > CP, and when the case that the RTD between neighbor cell and serving cell is larger than CP, one single FFT module is assumed for intra-frequency L1-RSRP measurement. In this case, the UE may follow serving cell’s FFT timing or follow intra-frequency neighbour cell’s FFT timing to perform intra-frequency L1-RSRP measurement as shown in following figure. If the UE follows serving cell’s FFT timing, the L1-RSRP measurement performance is expected to be degraded due to timing misalignment. If the UE follows intra-frequency neighbour cell’s FFT timing, the measurement on serving cell is expected to be degraded or the measurement delay on serving cell is expected to be extended, which has significant impact on serving cell measurement.


Proposal 5: For UE incapable of RTD>CP, it is assumed that UE follows serving cell’s FFT timing for intra-frequency neighbour cell measurement.
For the behaviour of UE incapable of RTD > CP but the actual RTD between serving cell and neighbour cell is larger than CP, as the performance degradation of L1-RSRP is expected for intra-frequency neighbour cell, we support not to define requirement for this case, and it is up to UE implementation whether the UE perform L1-RSRP measurement on neighbour cell or not. 
Proposal 6: For UE incapable of RTD>CP but the actual RTD between serving cell and neighbour cell is larger than CP, RAN4 not to define requirement for LTM L1-RSRP measurement on neighbour cell, it is up to UE implementation whether the UE perform L1-RSRP measurement on neighbour cell or not.
Inter-frequency L1-RSRP measurement
	Issue 2-5-2-2: The principles in defining inter-frequency L1-RSRP measurement period with MG in FR1
< Agreement>:
· In FR1, within one gap occasion,
· If L1-RSRP and L3 measurement of the same frequency layer overlap, they can be counted as same frequency layer when calculating CSSF. 
· FFS: Otherwise, L1 inter-frequency measurement on a frequency layer is considered as an independent frequency layer when calculating CSSF for other overlapped inter-frequency layers.


For inter-frequency L1-RSRP measurement in FR1, RAN4 was agreed that when L1 and L3 measurement of the same inter-frequency overlaps, they can be measured simultaneously within one gap occasion, they can be counted as same frequency layer when calculating CSSF. Otherwise, L1 inter-frequency measurement on a frequency layer is considered as an independent frequency layer when calculating CSSF for other overlapped inter-frequency layers, as shown in following figure 1 and table 1.


Figure 1: CSSF calculation for L1 and L3 measurement
Table 1: CSSF calculation for L1 and L3 measurement
	
	gap#1
	gap#2
	gap#3
	gap#4

	L1 on f0
	4
	3
	4
	3

	L3 on f0
	4
	3
	4
	3

	L1 on f1
	4
	3
	4
	3

	L3 on f1
	4
	
	4
	

	L3 on f2
	4
	
	4
	

	L3 on f3
	4
	3
	4
	3


Proposal 7: If L1-RSRP and L3 measurement of the same frequency layer does not overlap within one gap occasion, the L1 inter-frequency measurement on a frequency layer is considered as an independent frequency layer when calculating CSSF for other overlapped inter-frequency layers.
Based on table 1, it is observed in table 1 that the value of CSSF for both L1 and L3 measurement can be different in different gap occasion, e.g. at gap occasion#1, the CSSF of L1 measurement on f0 is 4, however, the CSSF of this L1 measurement on f0 is 3 at gap occasion#2. In our understanding, the maximum value of CSSF among all the gap occasions should be used when defining L1-RSRP and L3 measurement delay requirements for an inter-frequency layer. 
Proposal 8: The maximum value of CSSF among the gap occasions should be used when defining L1-RSRP measurement delay requirements for an inter-frequency layer.
	Issue 2-5-2-5: The principles in defining inter-frequency L1-RSRP measurement period with MG in FR2
< Way Forward >: FFS the following options
· Option 1 (xiaomi): In FR2, L1 inter-frequency measurement and L3 inter-frequency measurement are considered as independent frequency layer when calculating CSSF within gap
· Option 1a (MTK): Treat L1 inter-frequency measurement with Type-1 MG on [each cell of] each frequency layer as an independent inter-frequency layer in FR2. When calculating CSSF, overlapping with one additional L1 measurement on [each cell of] each frequency layer is equivalent to overlapping with one more L3 frequency layer.
· Option 1b (Huawei, Ericsson): In FR2, for inter-frequency L1-RSRP with type 1 gap, legacy CSSFwithingap is supposed to be updated: each cell which is configured for L1-RSRP measurement is regarded as one independent candidate to be measured in a gap.
· Option 2 (Apple): In FR2, introduce gap sharing between L1 and L3 gap based measurement.
· Option 3 (Nokia): RAN4 is to discuss how to ensure L1 and L3 being measured efficiently in FR2


In FR2, since L1 inter-frequency measurement and L3 inter-frequency measurement cannot be measured within one MG occasion, L1 inter-frequency measurement and L3 inter-frequency measurement on the same frequency layer are considered as independent frequency layer when calculating CSSF within gap. In addition, since the beam direction used for L1 measurement on different cell may be different, each cell which is configured for L1-RSRP measurement is treated as one independent layer in a gap occasion.
Proposal 9: In FR2, L1 inter-frequency measurement and L3 inter-frequency measurement of the same frequency layer are considered as independent frequency layer when calculating CSSF within gap.
Proposal 10: In FR2, each cell which is configured for L1-RSRP measurement is considered as one independent layer when calculating CSSF within gap.
3. Conclusion
In this contribution, we discuss the intra-frequency and inter-frequency L1-RSRP measurement for LTM and provide our proposals as follows.
Proposal 1: The known condition for neighbour cell in L1-RSRP measurement is defined as follows.
· 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 remains detectable according to the cell identification requirements specified in clause 9.2 and 9.3.
· Otherwise, it is unknown
Proposal 2: RAN4 to support the case that SSB periodicity of FR1 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM. 
Proposal 3: When the SSB periodicity of FR1 intra-frequency cell is fully overlapped with SMTC periodicity of inter-frequency neighbour cell, the existing sharing factor P used for L1/L3 measurements can be reused, e.g. P =3 for L1 measurement and P=1.5 for L3 measurement.
Proposal 4: When the SSB periodicity of FR1 intra-frequency cell is partially overlapped with SMTC periodicity of inter-frequency neighbour cell, L1-RSRP measurement is done outside of SMTC. 
Proposal 5: For UE incapable of RTD>CP, it is assumed that UE follows serving cell’s FFT timing for intra-frequency neighbour cell measurement.
Proposal 6: For UE incapable of RTD>CP but the actual RTD between serving cell and neighbour cell is larger than CP, RAN4 not to define requirement for LTM L1-RSRP measurement on neighbour cell, it is up to UE implementation whether the UE perform L1-RSRP measurement on neighbour cell or not.
Proposal 7: If L1-RSRP and L3 measurement of the same frequency layer does not overlap within one gap occasion, the L1 inter-frequency measurement on a frequency layer is considered as an independent frequency layer when calculating CSSF for other overlapped inter-frequency layers.
Proposal 8: The maximum value of CSSF among the gap occasions should be used when defining L1-RSRP measurement delay requirements for an inter-frequency layer.
Proposal 9: In FR2, L1 inter-frequency measurement and L3 inter-frequency measurement of the same frequency layer are considered as independent frequency layer when calculating CSSF within gap.
Proposal 10: In FR2, each cell which is configured for L1-RSRP measurement is considered as one independent layer when calculating CSSF within gap.
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