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1.	Introduction
We present our views on L1-RSRP measurement requirements for LTM:
2. 	Discussion
Issue 2-1-2: Whether to consider L1 measurements on unknown cell
Agreement:
· UE is not required to perform L1 measurements on unknown cell.

The above agreement may not be compliant with RAN2. We believe what was originally meant by the agreement is ‘no requirement for unknown candidate cell.’

Proposal 1: Update the following agreement:
· From: UE is not required to perform L1 measurements on unknown cell.
· To: L1 measurement requirements are applied to unknown candidate cells.

Issue 2-2-2: How to handle the case that the number of cells NW configured/activated to measure exceeds the configuration to exceed UE capability
FFS:
· In Rel-18, 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 or network indicated down selection are further agreed in RAN1/2, the issue can be revisited.

The above scenario is not clear to us to tell whether it is a valid case or not. Proponent of the proposal needs to clarify the scenario with more precise wording based on RAN1/2 feature list.

Observation 1: The following issue needs more clarification:
· Issue 2-2-2: How to handle the case that the number of cells NW configured/activated to measure exceeds the configuration to exceed UE capability

Issue 2-3-1-1: whether to support the case that SSB periodicity of FR2 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM.
FFS:
· When the SSB periodicity of FR2 intra-frequency cell is fully overlapped with SMTC periodicity of intra-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.

We support the bullet under FFS on the above issue, which prioritizes the traditional L3 measurements over L1 measurements by the factor of 2. And based on the agreement made in RAN4#108bis on Issue 2-3-3-2, if we put the framework into a diagram, the overall L3 and L1 measurements scheduling can be depicted as Fig 1.
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Figure 1. UE beam refinement with serving and LTM cells for L1 measurements when all SSBs are colliding with SMTC

Proposal 2: When the SSB periodicity of FR2 intra-frequency cell is fully overlapped with SMTC periodicity of intra-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.

Issue 2-3-1-2: whether to consider L1-RSRP measurement on deactivated SCell
FFS:
· Option 1 (vivo): If the SSB for L1 measurement in LTM is an intra-frequency L1 measurement on de-activated SCC, RAN4 confirms to specify RRM requirements for this case
· The measurement cycle is the same as MeasCycleSCell configured in L3 MO.
· The interruption specified for L3 measurement on de-activated SCC can be re-used.
· Option 2 (Apple): more justification is expected to consider L1-RSRP measurement on deactivated SCell.

As per RAN12 agreement, UE has to perform L1-RSRP measurements on SCells if configured as candidate cells irrespective of the status of the SCell. The real question here should be whether/how to relax requirements on L3 and/or L1 measurements if the cells are deactivated. As UE already keeps track of the the deactivate cell and is connected to the cell, we don’t think the measurement periodicity needs to be made aggressive at least for L3 measurements.

Proposal 3: If the SSB for L1 measurement in LTM is an intra-frequency L1 measurement on de-activated SCC, the measurement period is still based on MeasCycleSCell of the cell at least for L3 measurements.

Issue 2-3-2-1: Measurement requirements for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP
Agreement:
· In FR2, measurement period follows the agreement of issue 2-3-3-2 (Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2 if UE only performs L1-RSRP measurement on a single intra-frequency layer)
· In FR1, down-selection from the following options:
· Option 1 (CATT, CMCC, xiaomi, ZTE, Huawei, MTK, vivo)
· when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy measurement period, 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, accuracy degradation will be allowed or no requirements. 
· Option 1a (Huawei):
· In FR1, when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy FR1 measurement period specified for R17 non-serving cell can be reused.  
· Option 2 (Apple, QC): RAN4 to define requirements for both RTD > CP and RTD <= CP
· 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’

We do not support Option 1 which effectively makes all L1-RSRP measurement reports untrustworthy as the actual RTD is unknown to NW.

Proposal 4: For UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP, measurement requirement for FR1 is ‘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.’

Issue 2-3-3-2: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2 if UE only performs L1-RSRP measurement 
Agreement:
· When # of neighboring cells configured/activated to be measured is equal to or larger than 2
· When TCI state of neighbor cell is activated, UE performs L1-RSRP measurement on the neighbor cell whose TCI state is activated and the serving cell. UE may measure any other cell(s) based on UE implementation
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· For the other neighbor cells: no measurement delay requirements
The above principle and requirements apply when the NW activate TCI state(s) from only one neighbor cell.
FFS: the requirements when TCI states are activated on neighbor cells in multiple bands.
· When TCI state of all the neighbor cells are not activated, UE performs L1-RSRP measurement on the serving cell and neighbor cell(s). 
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period scaled by 3
· The measurement period of the neighbor cells is R15/R16 SSB based L1-RSRP measurement period scaled by 3*(# of neighbor cells)
· When # of neighboring cells configured/activated to be measured is 1, reuse R17 ICBM measurement delay requirements.

Based on the agreement above, UE may not perform L1-RSRP measurements on all configured candidate cells at the discretion of the UE. In other words, there can be cases where the UE does not have measurement results to report for some candidate cells. In such cases, the measurement quantity to be reported should not cause an ambiguity, e.g. gNB may not be able to understand the reported value is the measurement quantity or just a dummy. In order to avoid such unnecessary ambiguity, the measured quantity to be reported for those unmeasured candidate cells should be chosen from one of invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0.

Proposal 5: In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0.

Issue 2-3-3-3: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1 if UE performs L1-RSRP measurement on multiple intra-frequency layer
FFS:
· Option 1 (CATT, CMCC, Huawei, Apple, MTK, QC): For multiple intra-frequency layers, additional scaling factor (i.e., number of intra-frequency layers) is to be scaled on top of measurement period specified for single frequency layer.

We support Option 1. And to make it more general, we propose to add ‘inter-frequency layers’ too.

Proposal 6: For multiple intra-frequency layers, additional scaling factor (i.e., number of intra- and inter-frequency layers) is to be scaled on top of measurement period specified for single frequency layer.


Issue 2-3-3-5: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE capable of RTD>CP
FFS
· When deriveSSB_IndexFromCell is enabled
· In FR1, if UE doesn’t support simultaneousRxDataSSB-DiffNumerology, RAN4 is not to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is not enabled.
· In FR1, When UE don’t support simultaneousRxDataSSB-DiffNumerology and deriveSSBIndexFromCell is enabled, UE would not receive and transmit on SSB which are configured as LTM L1-RSRP measurement, and 1 symbol before and after SSBs.
· In FR2, 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.
· Otherwise, FFS the following options
· Option 1 (Huawei): RAN4 is not to specify scheduling restriction requirements for L1-RSRP measurement on neighbor cell when deriveSSB_IndexFromCell is not enabled.
· Option 2 (MTK): deriveSSB_IndexFromCell should be always enabled

Proposal 7: In FR2, for scheduling restriction for L1-RSRP measurement on a candidate 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.

Issue 2-5-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
FFS:
· Reuse legacy value SNR= -3dB

We do not support the increase in SNR compared to the SNR side condition of L3 measurement. We understand that meeting the exacting L1-RSRP measurement accuracy requirement in the lower SNR than -3dB may be challenging. On the other hand, the higher SNR condition for L1-RSRP measurement on a candidate cell can be interpreted that the L1-RSRP measurement accuracy requirement will be made applicable only when the UE geographically gets closer to the target cell compared to L3-RSRP measurement. In other words, LTM cell switch may be triggered later than the traditional L3 measurement-based HO. We need to strike the balance between SNR side condition and achievable L1-RSRP accuracy requirement.

Proposal 8: The SNR side condition of L1-RSRP measurement accuracy requirements on candidate cells is the same as that of L3-RSRP, and the L1-RSRP measurement accuracy requirements are relaxed, compared to the existing L1-RSRP measurement requirements, by, e.g. 0.5 – 1dB. The exact value of the accuracy requirements will be defined during performance requirement definition phase.
3.	Conclusion
In this paper, we proposed the following.
Issue 2-1-2: Whether to consider L1 measurements on unknown cell
Proposal 1: Update the following agreement:
· From: UE is not required to perform L1 measurements on unknown cell.
· To: L1 measurement requirements are applied to unknown candidate cells.
Issue 2-2-2: How to handle the case that the number of cells NW configured/activated to measure exceeds the configuration to exceed UE capability
Observation 1: The following issue needs more clarification:
· Issue 2-2-2: How to handle the case that the number of cells NW configured/activated to measure exceeds the configuration to exceed UE capability
Issue 2-3-1-1: whether to support the case that SSB periodicity of FR2 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM.
Proposal 2: When the SSB periodicity of FR2 intra-frequency cell is fully overlapped with SMTC periodicity of intra-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.
Issue 2-3-1-2: whether to consider L1-RSRP measurement on deactivated SCell
Proposal 3: If the SSB for L1 measurement in LTM is an intra-frequency L1 measurement on de-activated SCC, the measurement period is still based on MeasCycleSCell of the cell at least for L3 measurements.
Issue 2-3-2-1: Measurement requirements for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP
Proposal 4: For UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP, measurement requirement for FR1 is ‘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.’
Issue 2-3-3-2: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR2 if UE only performs L1-RSRP measurement 
Proposal 5: In L1-RSRP measurement report, for unmeasured candidate cells, UE reports measured quantity value corresponding to one of the invalid codepoints in Table 10.1.6.1-1, preferably RSRP_0.
Issue 2-3-3-3: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1 if UE performs L1-RSRP measurement on multiple intra-frequency layer
Proposal 6: For multiple intra-frequency layers, additional scaling factor (i.e., number of intra- and inter-frequency layers) is to be scaled on top of measurement period specified for single frequency layer.
Issue 2-3-3-5: Measurement restriction and scheduling restriction of intra-frequency L1-RSRP measurement for UE capable of RTD>CP
Proposal 7: In FR2, for scheduling restriction for L1-RSRP measurement on a candidate 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.
Issue 2-5-1: side condition of intra-frequency L1-RSRP measurement accuracy requirements
Proposal 8: The SNR side condition of L1-RSRP measurement accuracy requirements on candidate cells is the same as that of L3-RSRP, and the L1-RSRP measurement accuracy requirements are relaxed, compared to the existing L1-RSRP measurement requirements, by, e.g. 0.5 – 1dB. The exact value of the accuracy requirements will be defined during performance requirement definition phase.
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