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1 	Introduction
RAN4#108 had some discussion on L1-RSRP measurement requirements [1] and there are still some remaining issues. In this contribution, we will provide our views on the remaining issues.
2 Discussion
[bookmark: _Hlk134346371]2.1 General
2.1.1 Whether to consider unknown cell
RAN4#107 reached some agreement and consensus on L1-RSRP measurement:
· For the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report”:
· For the behavior of the NW, L3 measurement report is not the prerequisite of L1 measurement configuration.
· From the view of UE, UE should have performed L3 measurement on the neighbor cell before UE performs L1 measurement on that cell.
· Before L1-RSRP measurement, UE should achieve frame/slot/symbol level synchronization including acquiring SSB index information (on which symbols the RS to-be-measured) of the to-be-measured neighbor cell, otherwise cell detection delay and SSB index acquisition delay are needed.

RAN4#108 also discussed the definition of known cell for L1-RSRP measurement and whether to consider L1-RSRP measurement on unknown cell. In the next, we would like to further discuss these issues.
As agreed in RAN4#107, UE should have performed L3 measurement on the neighbor cell before UE performs L1 measurement on that cell. RAN1 has agreed to configure SSB period but not SMTC for L1-RSRP measurement. For L3 measurement, NW is supposed to configure SMTC periodicity and offset. Through the configuration, UE knows where the SMTC window is. If NW only configures L1 measurement but doesn’t configure L3 measurement on that frequency layer, UE is unable to know where the SSB or SMTC window is and unable to perform L3 measurement. Therefore, it is necessary that L3 measurement of the corresponding frequency layer should be configured before L1 measurement.

[bookmark: _Hlk146613981]Proposal 1: L3 measurement of the corresponding frequency layer should be configured before performing L1 measurement.

To perform L1-RSRP measurement on a cell, the cell should be detectable. If a cell is detectable, then UE should be able to have detected that cell through L3 measurement as L3 measurement is configured as Proposal 1 and performed before L1 measurement the agreement in RAN4#107. As UE keeps performing L3 measurement, if a cell is not detected through L3 measurement, it means this cell is not good enough for cell switch and UE does not need to perform L1-RSRP measurement on that cell. So we prefer not to consider unknown cell. Regarding the known cell condition, we think it should be that the cell is detectable and detected recently.

[bookmark: _Hlk146613989]Proposal 2: In L1-RSRP measurement for neighbor 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.
[bookmark: _Hlk134346359]Otherwise, it is unknown.
Proposal 3: Not to consider L1-RSRP measurement on unknown cell.
[bookmark: _Hlk134346389]
2.1.2 Measurement capability
In last meeting, there are some proposals on putting a limitation on the number of intra-frequency layers for L1-RSRP measurement. Due to limited time, RAN4 didn’t further discuss these proposals.

We think RAN4 can reach some consensus on the number of intra-frequency layers in each FR2 band at first.
· FR2 intra-band CA
For FR2 intra-band CA, UE performs L3 measurement on neighbor cells of only one frequency layer of that FR2 band as shown in Fig.1. As L3 measurement is the prerequisite of L1 measurement, UE would perform L1-RSRP measurement on neighbor cell of only one frequency of the FR2 band for FR2 intra-band CA.

[image: ]
Fig.1
· FR2 inter-band CA and FR1+FR2 CA
For L3 measurement on neighbor cells, UE measures only one frequency layer of each FR2 band. So it is reasonable that UE performs neighbor cell L1-RSRP measurement on only one frequency layer of each FR2 band. 
[bookmark: _Hlk134346403]Proposal 4: For L1-RSRP measurement on neighbor cell, UE measures only one intra-frequency layer on each FR2 band in CA scenario.
Last meeting, RAN4 had some discussion on how to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability.
	Issue 2-3-2: How to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability
<Way Forward> 
· If the number of cells/SSB NW configured/activated to measure exceeds UE capability, it is up to UE implementation on how to choose cells/SSB to measure. If any selection rules are further agreed in RAN1/2, the issue can be revisited.


According to RAN1 LS [2], RAN1 discussed similar issue and reached the following conclusion. As the selection of cells for L1 measurement report is up to UE implementation, the measurement should also up to UE implementation.
	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.


[bookmark: _Hlk134346436]Some company proposed that if UE supports report L3 results in L1 report, UE can perform L3 measurements and report them in L1 reporting format measurements when the number of cells to measure exceeds the L1 based LTM measurement capability. The condition to report L3 results or L1 results should be aligned at both UE and NW. We don’t think whether the number of cells to measure exceeds UE capability is some information known both at UE and NW. NW has the information of the number of cells configured/activated for L1 measurement but has no idea of the exact number of cells detectable at UE. To say the least, even for L3 measurement, which cells or beams to measure is also up to UE implementation.
[bookmark: _Hlk146614027]Proposal 5: If the number of cells NW configured to measure exceeds UE capability, the selection of cells to measure is up to UE implementation.
2.2 Intra-frequency L1-RSRP measurement
[bookmark: _Hlk131520303]2.2.1 Whether to support the case that SSB fully overlapped with SMTC in FR2
[bookmark: _Hlk141883740]At first, in R17 ICBM, the case that SSB of intra-frequency neighbor cell is fully overlapped with SMTC in FR2 is not supported. But in RAN4#107, a CR (R4-2310139) is agreed to support this case in R17 ICBM. We propose to support the case in R18 LTM too. Regarding how to share with L3 measurement, we suggest following the same sharing rule as R17 ICBM for the baseline L1 measurement.
	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 (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.


[bookmark: _Hlk146614038]Proposal 6: Define L1-RSRP measurement requirements for the case that SSB of intra-frequency neighbor cell is fully overlapped with SMTC in FR2. For the baseline L1 measurement, reuse the same sharing factor between L3 and L1 measurement as R17 ICBM.
2.2.2 Basic assumptions and measurement requirements
RAN4#106 agreed to support RTD>CP case with UE capability. There will be two types of UEs. One type claims supporting RTD>CP case. Another type claims not. We found that it is important to re-interpret the definitions as: UE capable of RTD>CP means that UE can measure serving cell and neighbor cells on the same OFDM symbol in FR1 and implies UE supporting multiple timing and multiple FFTs for L1 measurement. For UE not reporting the capability, there can be two interpretations, one is that UE fails to perform L1 measurement if the actual RTD>CP or meet the requirements. Another interpretation is that UE cannot support measure serving cell and neighbor cells on the same OFDM symbol in FR1.
	<Agreement>: (RAN4#106)
· For SSB based intra-frequency L1 measurement, support the scenario that RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than CP length of the corresponding SCS with additional UE capability.
· Note: the need for UE capability can be further discussed subject to the outcome of the discussion on measurement framework



When we introduce this capability for RTD>CP case, the baseline of UE incapable of RTD>CP follows R17 ICBM behaviour, i.e., UE fails to perform L1 measurement if the actual RTD>CP or meet the requirements. If no consensus on updating the basic assumption, we suggest following the initial motivation of introducing the capability of RTD>CP case.
[bookmark: _Hlk146614048]Proposal 7: If no consensus on updating the basic assumption, follow the initial motivation of introducing the capability of RTD>CP case, i.e., for UE incapable of RTD>CP, UE fails to perform L1 measurement if the actual RTD>CP or meet the requirements.

2.2.3.1 UE incapable of RTD>CP
As we follow R17 ICBM assumption, measurement period and scheduling/measurement restriction should be the same as R17 ICBM if the actual RTD is within CP. Otherwise, there will be accuracy degradation or no requirements.
[bookmark: _Hlk131836581][bookmark: _Hlk134346537][bookmark: _Hlk131520378]Proposal 8: For UE incapable of RTD>CP, reuse the measurement period and scheduling/measurement restriction of R17 ICBM if the actual RTD is within CP. If the actual RTD is larger than CP, there will be accuracy degradation or no requirements. 
2.2.3.2 UE capable of RTD>CP
Basic assumption

RAN4 agreed to introduce a UE capability to indicate the number of supported cells/SSBs in RAN4#107. In our understanding, in FR1, the reported number of supported cells in a frequency layer is the number of cells that UE can measure on the same OFDM symbol. In FR2, due to beam difference, UE still need to measure different cells in the same frequency layer in a TDM fashion.
[bookmark: _Hlk131836668]Proposal 9: In FR1, the reported number of supported cells in a frequency layer is the number of cells that UE can measure on the same OFDM symbols.
Measurement period – FR1
When RTD of serving cell and neighbor cell is larger than CP:
· if there are multiple intra-frequency layers to measure and require UE to measure multiple intra-frequency layers simultaneously, UE complexity will be linearly increased with the number of intra-frequency layers. We suggest focusing on the case that UE is configured to perform L1-RSRP measure on neighbor cell of a single intra-frequency layer. 
Thus, we suggest limiting to a single intra-frequency layer. If so, the legacy requirements specified in R17 for non-serving cell are also applicable. 
[bookmark: _Hlk134346581][bookmark: _Hlk146614123][bookmark: _Hlk131520326]Proposal 10: 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 neighbor cell is larger than CP.
Proposal 11: Suggest focusing on the case that UE is required to measure on the neighbor cell of a single FR1 intra-frequency when RTD of serving cell and neighbor cell is larger than CP. Otherwise, the measurement delay should be scaled by the number of intra-frequency layers to measure.

Measurement period – FR2
In the following, we will discuss how to define intra-frequency L1-RSRP measurement requirement for FR2. All the following are under the condition of using fine beam.
As analysed in 2.1.2, we suggest UE only performs L1-RSRP measurement on a single intra-frequency in each FR2 band.
[image: ]
Fig. 2
Considering there are different UE implementations, as RAN4 define the minimum requirements, we suggest assuming UE uses separate L1 measurement engine for neighbour cell(s). Then similar as FR1, if there are multiple inter-band intra-frequency layers to measure and require UE to measure multiple inter-band intra-frequency layers simultaneously, UE complexity will be linearly increased with the number of FR2 band to measure. Or the measurement delay would be scaled up with the number of inter-band intra-frequency layers. We suggest focusing on the case that UE is configured to perform L1-RSRP measure on neighbor cell of a single intra-frequency.
[bookmark: _Hlk131836714]Proposal 12: Focus on the case that UE is required to measure on a single FR2 intra-frequency (for neighbor cell) layer 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 the legacy L1-RSRP measurement requirements for intra-frequency non-serving cell in FR2, there are some rules:
· Intra-frequency L1 measurement is performed outside gap.
· L3 measurement and L1 measurement cannot be measured simultaneously. 
· L1 measurement is performed outside SMTC when SSB periodicity is smaller than SMTC periodicity
· L1 measurement on different cells cannot be measured simultaneously.
[bookmark: _Hlk131520351]For RTD of serving cell and neighbor cell larger than CP, all the above rules should be followed too. Theoretically, when there is only one intra-frequency neighbor cell to measure, the legacy requirement defined in cl. 9.13.4 for FR2 is also applicable to the case that RTD of serving cell and neighbor cell larger than CP, except the condition to use the factor P1 needs further clarification. For simplicity and readable of spec, we propose if there are multiple neighbor 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. 
[bookmark: _Hlk134346624]Proposal 13: In FR2, if there are multiple neighbor 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.
Measurement restriction and scheduling restriction
In R17 measurement restriction is defined for SSB based L1-RSRP on non-serving cell
· FR1: when SSB for L1-RSRP measurement is in the same OFDM symbol as CSI-RS transmitted from serving cell(s) for RLM, BFD, CBD or L1-RSRP measurement & SSB and CSI-RS have different SCS & UE does not support simultaneousRxDataSSB-DiffNumerology
· FR2: 
· when SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as SSB transmitted from serving cell(s) for RLM, BFD, or CBD measurement on the same CC or different CCs in the same band
· when SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as SSB for L1-RSRP measurement on the different CCs in the same band
· when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS transmitted from serving cell(s) for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band
In the above cases, longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.
When RTD of serving cell and neighbor cell is larger than CP, measurement restriction should be extended also to the symbols before and after SSB symbols. Similarly, when RTD of serving cell and neighbor cell is larger than CP, scheduling restriction should be extended also to the symbol before and after SSB symbols.
[bookmark: _Hlk131520425][bookmark: _Hlk131803234]If UE capable of RTD>CP, UE uses different FFT timing for the measurement on neighbor cell. In general the actual RTD values observed by UE may change from time to time as UE moves. Furthermore, NW does not know the exact RTD of serving cell and neighbor cell at UE, so NW has to assume the worst case, i.e., RTD>CP. Measurement and scheduling restriction should be extended also to the symbol before and after SSB symbols even if the actual RTD is no larger than CP.
[bookmark: _Hlk131836772][bookmark: _Hlk131503945]Proposal 14: For UE capable of RTD>CP, measurement restriction and scheduling restriction should be extended by one more symbol before and after SSB symbols.
2.2.3 Intra-frequency L1-RSRP measurement accuracy requirement
RAN4 had some discussion on side condition used in intra-frequency L1-RSRP measurement accuracy requirements. 
	Issue 3-4-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
< Wayforward >: FFS the following Options
· Option 1 (Apple, MTK, OPPO, Huawei): Reuse legacy value SNR= -3dB
· Option 2 (ZTE, Ericsson): SNR =-6dB (same as L3 measurement) 


In our view, the same SNR side condition as serving cell and R17 ICBM should be used. Compared to L3 measurement, the sample number of L1-RSRP measurement is smaller. To guarantee measurement accuracy, higher SNR is needed. NW is supposed to configure L1 measurement for a cell with better channel condition based on L3 measurement report. It is reasonable that side condition of L1-RSRP is higher than L3 measurement. In addition, the side condition of L3 HO for unknown cell is -2dB, which is higher than legacy side condition of L1 measurement, i.e. -3dB.
[bookmark: _Hlk131520490]Proposal 15: Side condition in intra-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB.
2.3 inter-frequency L1-RSRP measurement
[bookmark: _Hlk131520510]RAN4#107 has agreed to define L1-RSRP measurement requirements for inter-frequency with Type-1 MG and inter-frequency without gap. We will provide our views on how to define the related requirements.
2.3.1 inter-frequency L1 measurement with Type-1 MG
In FR1, SSB based L1-RSRP does not need to be measured with L3 measurement in TDM. We can use L3 measurement period as a baseline to derive the measurement period for inter-frequency L1-RSRP measurement with Type-1 MG as in Table 1. In Table 1, we propose M= [2] or [4], which is [one] more sample than intra-frequency L1 measurement because of AGC. Some company raised the concern on whether it is reasonable to configure “timeRestrictionForChannelMeasurement”. We understand the motivation. The measurement period highly depends on NW configuration, e.g., MGRP, SSB period and # of L3/L1 measurement. With some certain configuration, L1 measurement period is still not long, and it is meaningful to configure “timeRestrictionForChannelMeasurement”. Therefore, we suggest keeping the option.

Table 1
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
		Max(200msTreport, Ceil(8 M * Kgap)  Max(MGRP , SMTC period SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport200ms, Ceil(8 M  1.5 * Kgap)  Max(MGRP, SMTC period SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(8 M * Kgap)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.
M = [2] or [4]



Regarding CSSFinter, the calculation of CSSFinter is similar as L3 measurement but need update. As SSB period is smaller than SMTC period in general, for some L3 inter-frequency layer, it may not overlap with L3 SMTC but overlap with L1 SSB in certain gap occasions. So we propose to confirm the FFS part in RAN4#108 agreement.
	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.


[bookmark: _Hlk146614287]Proposal 16: If L1-RSRP and L3 measurement of the same frequency layer don’t overlap, 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 17: Define inter-frequency L1-RSRP measurement period with Type-1 MG in FR1 as:
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(M * Kgap)  Max(MGRP , SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(M  1.5 * Kgap)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(M * Kgap)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.
M = [2] or [4]
CSSFinter can use the value for L3 measurement as a baseline. The value should be updated as RAN1 concluded to use SSB period for inter-frequency L1 measurement.



If inter-frequency L1-RSRP measurement is assumed of equal priority with other L3 inter-frequency measurement, then CSSFinter will be the same as L3 inter-frequency measurement. Although we think it is reasonable to set L1-RSRP measurement of a certain inter-frequency to higher priority as the intention of introducing L1-RSRP measurement is for fast measurement report, but considering the workload, we suggest focusing on the basic requirements in R18 and discussing further optimization in later releases. 

In FR2, inter-frequency L1 measurement needs to share the measurement opportunities with L3 measurement, regardless the L1 and L3 measurements are on the same frequency layer or not. UE cannot measure two cells of the same frequency at the same time due to beam direction of different cells may be different in FR2. Each measurement occasion is shared by different cells of L1 inter-frequency and L3 inter-frequency layers. Based on the proposals last meeting, there are following options

	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



For option 2, in our understanding, there may be two candidate alternatives as shown below. 
[image: ]

Option 1a also has two candidate alternatives. One is to treat L1 inter-frequency measurement on each cell as an independent inter-frequency layer, i.e., Option 1b. Another is to treat L1 inter-frequency measurement on each frequency layer as an independent inter-frequency layer, as shown as Option 1c in the following Fig. 

[image: ]
Compared to Option 1 and Option 2, Option 1 has flatter structure. We prefer the one with flatter structure, i.e., Option 1. In the next, we will compare the pros and cons of option 1b and option 1c.
Suppose SMTC period of f1, SMTC period of f2, SSB period of cell 1, SSB period of cell 2 and MGRP are the same. When there is no inter-frequency L1 measurement to measure, CSSF of f1 and f2 both equal to 2. When UE needs to perform L1 measurement on cell 1 and cell 2, CSSF for different measurements become:
	Option
	L3: f1
	L3: f2
	L1: cell 1 on f1
	L1: cell 2 on f1

	1b
	4
· Equally sharing with L3 on f2, L1 on cell 1 and L1 on cell 2
	4
· Equally sharing with L3 on f1, L1 on cell 1 and L1 on cell 2
	4
· Equally sharing with L3 on f1, L3 on f2 and L1 on cell 2
	4
· Equally sharing with L3 on f1, L3 on f2 and L1 on cell 1

	1c
	3
· Sharing with L3 on f2 and L1 on f1
	3
· Sharing with L3 on f1 and L1 on f1
	6 (3x2)
· 3 is due to sharing with L3 on f1 and L3 on f2
· 2 is the extra factor to share with cell 2
	6 (3x2)
· 3 is due to sharing with L3 on f1 and L3 on f2
· 2 is the extra factor to share with cell 1



From the above table, it can be observed that
	
	L3 of the target inter-frequency layer (L3: f1)
	L3 of other inter-frequency layer (L3: f2)
	L1 measurement

	Option 1b
	Longer
	Longer
	Shorter

	Option 1c
	Shorter
	Shorter
	Longer



Next we would like to use some more examples to show the difference between option 1b and option 1c. As shown below, the more cells to measure, the measure delay of L1 measurement in Option 1b is the shorter than Option 1c. The more L3 inter-frequency layers to measure, the measure delay of L1 measurement in Option 1b is the shorter than Option 1c. 
	
	CSSF for L1

	Config.
	2 L3 freq’s
2 L1 cells in f1
	2 L3 freq’s
4 L1 cells in f1
	2 L3 freq’s
2 L1 cells in f1
2 L1 cells in f2
	5 L3 freq’s
2 L1 cells in f1
	5 L3 freq’s
4 L1 cells in f1

	Option 1b
	2+2=4
	2+4=6
	2+2+2 = 6
	5+2=7
	5+4=9

	Option 1c
	(2+1)x2=6
	(2+1) x4=12
	(2+2) x2=8
	6x2=12
	6x4=24



Considering the motivation of introducing L1 measurement on neighbor cell is to have quick measurement results, we prefer Option 1b. 
[bookmark: _Hlk131520566]Proposal 18: Treat L1 inter-frequency measurement with Type-1 MG on each cell as an independent inter-frequency layer in FR2. When calculating CSSF, overlapping with one additional L1 measurement on each cell is equivalent to overlapping with one more L3 frequency layer.
We propose to define measurement period for inter-frequency L1-RSRP measurement with MG in FR2 as in Table 2. In Table 2, we propose M= [2] or [4], which is [one] more sample than intra-frequency L1 measurement because of AGC. CSSFinter should be updated as each measurement occasion is shared by different cell of inter-frequency L1 measurement and L3 inter-frequency layers. 
Table 2
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(Kgap  M*N)  Max(MGRP , SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(1.5 * Kgap  M*N)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(Kgap  M*N)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.
M = [2] or [4]
CSSFinter can use the value for L3 measurement as a baseline. CSSFinter should be updated as each measurement occasion is shared by different cell of inter-frequency L1 measurement and L3 inter-frequency layers. 


[bookmark: _Hlk142481856]Proposal 19: Same as L3 inter-frequency measurement, some margin on number of samples is needed to accommodate AGC imperfection for L1 inter-frequency measurement with Type 1 MG.
[bookmark: _Hlk131520612]Proposal 20: Define inter-frequency L1-RSRP measurement period with Type 1 MG in FR2 as:
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(Kgap  M*N)  Max(MGRP , SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(1.5 * Kgap  M*N)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(Kgap  M*N)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.
M = [2] or [4]
CSSFinter can use the value for L3 measurement as a baseline. CSSFinter should be updated as each measurement occasion is shared by different cell of inter-frequency L1 measurement and L3 inter-frequency layers. 


2.3.2 inter-frequency L1 measurement without gap
When defining the delay requirements for inter-frequency L3 measurement without gap, such inter-frequency is treated in the same way as intra-frequency layer of SCell. When it comes to inter-frequency L1 measurement without gap, we propose to treat it in the same way as L1 measurement on intra-frequency neighbor cell of SCell. RAN4 can focus on how to define the requirements for intra-frequency L1 measurement and apply the conclusions to inter-frequency L1 measurement without gap.
[bookmark: _Hlk142481877]Proposal 21: Treat L1 inter-frequency measurement without gap in the same way as L1 measurement on intra-frequency neighbor cell.
Proposal 22: RAN4 can focus on how to define the requirements for intra-frequency L1 measurement and apply the conclusions to inter-frequency L1 measurement without gap.
3 Summary
In this paper, we provide some views on L1 measurement in LTM. We have the following proposals and observations:
Proposal 1: L3 measurement of the corresponding frequency layer should be configured before performing L1 measurement.
Proposal 2: In L1-RSRP measurement for neighbor 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.
Proposal 3: Not to consider L1-RSRP measurement on unknown cell.
Proposal 4: For L1-RSRP measurement on neighbor cell, UE measures only one intra-frequency layer on each FR2 band in CA scenario.
Proposal 5: If the number of cells NW configured to measure exceeds UE capability, the selection of cells to measure is up to UE implementation.
Proposal 6: Define L1-RSRP measurement requirements for the case that SSB of intra-frequency neighbor cell is fully overlapped with SMTC in FR2. For the baseline L1 measurement, reuse the same sharing factor between L3 and L1 measurement as R17 ICBM.
Proposal 7: If no consensus on updating the basic assumption, follow the initial motivation of introducing the capability of RTD>CP case, i.e., for UE incapable of RTD>CP, UE fails to perform L1 measurement if the actual RTD>CP or meet the requirements.
Proposal 8: For UE incapable of RTD>CP, reuse the measurement period and scheduling/measurement restriction of R17 ICBM if the actual RTD is within CP. If the actual RTD is larger than CP, there will be accuracy degradation or no requirements. 
Proposal 9: In FR1, the reported number of supported cells in a frequency layer is the number of cells that UE can measure on the same OFDM symbols.
Proposal 10: 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 neighbor cell is larger than CP.
Proposal 11: Suggest focusing on the case that UE is required to measure on the neighbor cell of a single FR1 intra-frequency when RTD of serving cell and neighbor cell is larger than CP. Otherwise, the measurement delay should be scaled by the number of intra-frequency layers to measure.
Proposal 12: Focus on the case that UE is required to measure on a single FR2 intra-frequency (for neighbor cell) layer 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.
Proposal 13: In FR2, if there are multiple neighbor 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 14: For UE capable of RTD>CP, measurement restriction and scheduling restriction should be extended by one more symbol before and after SSB symbols.
Proposal 15: Side condition in intra-frequency L1-RSRP measurement accuracy requirements is SNR=-3dB.
Proposal 16: If L1-RSRP and L3 measurement of the same frequency layer don’t overlap, 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 17: Define inter-frequency L1-RSRP measurement period with Type-1 MG in FR1 as:
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(M * Kgap)  Max(MGRP , SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(M  1.5 * Kgap)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(M * Kgap)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.
M = [2] or [4]
CSSFinter can use the value for L3 measurement as a baseline. The value should be updated as RAN1 concluded to use SSB period for inter-frequency L1 measurement.


Proposal 18: Treat L1 inter-frequency measurement with Type-1 MG on each cell as an independent inter-frequency layer in FR2. When calculating CSSF, overlapping with one additional L1 measurement on each cell is equivalent to overlapping with one more L3 frequency layer.
Proposal 19: Same as L3 inter-frequency measurement, some margin on number of samples is needed to accommodate AGC imperfection for L1 inter-frequency measurement with Type 1 MG.
Proposal 20: Define inter-frequency L1-RSRP measurement period with Type 1 MG in FR2 as:
	Condition
	T L1-RSRP_SSB_measurement_period_inter

	No DRX
	Max(Treport, Ceil(Kgap  M*N)  Max(MGRP , SSB period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(Treport, Ceil(1.5 * Kgap  M*N)  Max(MGRP, SSB period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(Kgap  M*N)  DRX cycle  CSSFinter

	The definition of Kgap is the same as L3 measurement which is a scaling factor for a SSB frequency layer to be measured within an associated measurement gap pattern.
M = [2] or [4]
CSSFinter can use the value for L3 measurement as a baseline. CSSFinter should be updated as each measurement occasion is shared by different cell of inter-frequency L1 measurement and L3 inter-frequency layers. 


Proposal 21: Treat L1 inter-frequency measurement without gap in the same way as L1 measurement on intra-frequency neighbor cell.
Proposal 22: RAN4 can focus on how to define the requirements for intra-frequency L1 measurement and apply the conclusions to inter-frequency L1 measurement without gap.
4 Reference 
R4-2314453, “WF on NR mobility enhancements (part 1)”, MediaTek Inc., RAN4#108 meeting, Aug. 21 – 25, 2023
R1-2306259, “LS on beam application time, contents of cell switch command, TCI state activation and UE based TA measurement for LTM”, RAN1#113 meeting, May 22th – 26th, 2023.
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