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1. Introduction
In RAN4#108bis, 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
Clarification on UE capable of RTD>CP and UE incapable of RTD>CP
According previous meeting, 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, one single FFT module is assumed for intra-frequency L1-RSRP measurement. In our understanding, the assumption of single FFT module only applies to single intra-frequency layer case. For NR CA scenario and NR-DC scenario, if the UE incapable of RTD>CP, does it mean only single FFT module is assumed or no spare FFT module used for neighbour cell L-RSRP measurement? In case of FR1 inter-band CA case, e.g. 2 serving cells, 2 FFT module should be assumed to perform the simultaneous measurement on the two serving cells, but the UE cannot perform L1 measurement on serving cells and neighbour cell simultaneously, as the UE does not have spare FFT module for L1 measurement on neighbour cell. Therefore, in our understanding, if the UE does not support RTD>CP, it is assumed there is no spare FFT module for intra-frequency neighbour cell measurement. 


           
Figure 1: UE incapable of RTD>CP and UE capable of RTD>CP in NR CA case
Proposal 1: For UE incapable of RTD>CP, it is assumed that no spare FFT module used for intra-frequency L1-RSRP measurement on neighbour cells.
If the UE supports RTD>CP, does it mean the UE can simultaneously measure all the neighbor cells configured in the same intra-frequency layer or does it mean the UE has extra FFT module to handle neighbor cell measurement? For the former case, when the UE has only one spare FFT module, the UE reports to support the capability of RTD>CP, and the UE is configured to perform L1 measurement on two neighbour cell in one intra-frequency layer, and if the RTD between the two neighbour cells are larger than CP, the UE is not able to measure simultaneously on the two neighbour cell with one spare FFT module, as shown in following figure. Based on above analysis, we think if the UE is capable of supporting RTD>CP, it is assumed there is at least one spare FFT module used for intra-frequency neighbour cell measurements, and if the number of neighbour cell is larger than the spare FFT modules, the measurement period should be scaled. In addition, it is necessary for UE to indicate the available number of FFT module used for intra-frequency neighbour cell measurement, since the number of spare FFT module will impact the scaling factor for measurement delay requirement. 


Figure 2: L1 measurement on two neighbour cells for UE capable of RTD>CP with one spare FFT module
Observation 1: The UE is capable of supporting RTD>CP, it does not mean the UE can simultaneously measure all the neighbor cells configured in the same intra-frequency layer.
Proposal 2: For UE capable of RTD>CP, it is assumed that there is at least one spare FFT module used for intra-frequency L1-RSRP measurement on neighbour cells.
Proposal 3: In the UE capability of RTD>CP, it is necessary to indicate the available number of FFT module used for intra-frequency neighbour cell measurement.
	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’


For UE incapable of RTD>CP, when the RTD between serving cell and neighbour cell(s) are larger than CP, the UE either follows serving cell’s FFT timing for serving cells’ L1-RSRP measurement or follows intra-frequency neighbour cell’s FFT timing for neighbour cells’ L1-RSRP measurement. If RAN4 agrees to define measurement requirement for this case, the measurement period requirement for both serving cell and neighbour cell would be scaled by the number of cells in this intra-frequency layer. If the number of neighbour cell is larger, the L1 measurement period for serving cell would be extended too much. In addition, as agreed in [1] in last meeting, RAN4 was agreed that the UE is prioritized to measure the neighbour cell in the TCI list compared with other neighbour cells in FR2, e.g. the serving cell and the neighbour cell in the TCI list have one-third of the measurement occasion respectively. And we think this principle can be applied to this case in FR1. And it is reasonable to prioritize L1 measurement on serving cell and on the neighbour cell whose TCI state is activated regardless it is in FR1 or in FR2.
Proposal 4: RAN4 to define the measurement delay requirement for UE incapable of RTD>CP when actual RTD>CP in FR1, and the neighbour cell whose TCI state is activated and the serving cell are prioritized.
· 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 is scaled by 3.
· The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period is scaled by 3. 
· Assuming the NW activate TCI state(s) from only one neighbor cell.
· For the other neighbor cells: no measurement delay requirements
· When TCI state of neighbor cell is not activated, UE performs L1-RSRP measurement on the neighbor cells and the serving cell.
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period is scaled by 3.
· The measurement period of the neighbor cell is R15/R16 SSB based L1-RSRP measurement period is scaled by 3*(number of neighbor cells).
	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
< Way Forward >: FFS the following options
· 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.
· Option 2 (vivo): 
· Not to define RRM requirements for multi-FFT engine based LTM L1 measurement, i.e. UE behaviour #3, in R18. It can be left to UE implementation.
· Option 3 (Ericsson):
· Measurement period requirements are derived from either of the following principle
· Approach 1: When UE receive active TCI state list from the neighbour cell, changing the sharing factor Klayer1_measurement for L3 measurement to 3 and sharing factor P for L1 measurement to 1.5. 
· Approach 3: When a neighbour cell’s SSB are indicated in active TCI state list, the cell to be treated as a separate frequency layer to perform measurement


For L1-RSRP measurement on multiple intra-frequency layers, the scaling factor should not be the number of intra-frequency layer, since the UE may not be able to perform L1-RSRP measurement on all neighbour cells configured in the same intra-frequency layer if the RTD between neighbour cells are larger than CP. Instead, the number of neighbour cell and the number of spare FFT module should be considered as the scaling factor for defining L1-RSRP measurement delay for multiple intra-frequency layers. As shown in following figure, if the UE has one spare FFT module (e.g. FFT#3) for neighbour cell measurements, and if there are two intra-frequency layers, one single neighbour cell is configured in one intra-frequency layer and two neighbour cells which RTD > CP are configured in the other intra-frequency layer. The spare FFT module should be shared among the neighbour cells and the scaling factor should be the number of neighbour cells (e.g. 3) instead of number of intra-frequency layers (e.g. 2).  


Figure 3: L1 measurement on two intra-frequency layer for UE capable of RTD>CP with one spare FFT module
Observation 2: For L1-RSRP measurement on multiple intra-frequency layers in FR1, the number of intra-frequency layer should not be considered as the scaling factor, instead, the scaling factor should take the number of neighbour cell and the number of spare FFT module into account.
Similarity, for UE capable of RTD>CP, it is beneficial to prioritize L1 measurement on the neighbour cell whose TCI state is activated. When the number of spare FFT module is larger than 1, the dedicated FFT module is used for the L1 measurement on neighbour cell whose TCI state is activated, and the legacy SSB based L1-RSRP measurement requirement is applied. And the other FFT module is shared by other neighbour cell(s), and it is up to UE implementation which neighbour cell(s) are selected for L1 measurement, and no requirements are defined for this neighbour cell.
Proposal 5: For intra-frequency L1-RSRP measurement period requirement for UE capable of RTD>CP in FR1, the neighbour cell whose TCI state is activated and the serving cell are prioritized.
· 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 not scaled, and R15/R16 SSB based L1-RSRP measurement period is applied.
· The R15/R16 SSB based L1-RSRP measurement period is applied to the measurement period of the neighbor cell whose TCI state is activated. 
· Assuming the NW activate TCI state(s) from only one neighbor cell.
· For the other neighbor cells: no measurement delay requirements
· When TCI state of neighbor cell is not activated, UE performs L1-RSRP measurement on the neighbor cells and the serving cell.
· The measurement period of serving cell is not scaled, and R15/R16 SSB based L1-RSRP measurement period is applied.
· The measurement period of the neighbor cell is R15/R16 SSB based L1-RSRP measurement period is scaled by ceil(). 
Proposal 6: If the neighbor cell whose TCI state is activated and other neighbor cells are measured with the same spare FFT module, The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period is scaled by 2. 
3. Conclusion
In this contribution, we discuss the intra-frequency L1-RSRP measurement for LTM and provide our proposals as follows.
Proposal 1: For UE incapable of RTD>CP, it is assumed that no spare FFT module used for intra-frequency L1-RSRP measurement on neighbour cells.
Observation 1: The UE is capable of supporting RTD>CP, it does not mean the UE can simultaneously measure all the neighbor cells configured in the same intra-frequency layer.
Proposal 2: For UE capable of RTD>CP, it is assumed that there is at least one spare FFT module used for intra-frequency L1-RSRP measurement on neighbour cells.
Proposal 3: In the UE capability of RTD>CP, it is necessary to indicate the available number of FFT module used for intra-frequency neighbour cell measurement.
Proposal 4: RAN4 to define the measurement delay requirement for UE incapable of RTD>CP when actual RTD>CP in FR1, and the neighbour cell whose TCI state is activated and the serving cell are prioritized.
· 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 is scaled by 3.
· The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period is scaled by 3. 
· Assuming the NW activate TCI state(s) from only one neighbor cell.
· For the other neighbor cells: no measurement delay requirements
· When TCI state of neighbor cell is not activated, UE performs L1-RSRP measurement on the neighbor cells and the serving cell.
· The measurement period of serving cell is R15/R16 SSB based L1-RSRP measurement period is scaled by 3.
· The measurement period of the neighbor cell is R15/R16 SSB based L1-RSRP measurement period is scaled by 3*(number of neighbor cells).
Observation 2: For L1-RSRP measurement on multiple intra-frequency layers in FR1, the number of intra-frequency layer should not be considered as the scaling factor, instead, the scaling factor should take the number of neighbour cell and the number of spare FFT module into account.
Proposal 5: For intra-frequency L1-RSRP measurement period requirement for UE capable of RTD>CP in FR1, the neighbour cell whose TCI state is activated and the serving cell are prioritized.
· 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 not scaled, and R15/R16 SSB based L1-RSRP measurement period is applied.
· The R15/R16 SSB based L1-RSRP measurement period is applied to the measurement period of the neighbor cell whose TCI state is activated. 
· Assuming the NW activate TCI state(s) from only one neighbor cell.
· For the other neighbor cells: no measurement delay requirements
· When TCI state of neighbor cell is not activated, UE performs L1-RSRP measurement on the neighbor cells and the serving cell.
· The measurement period of serving cell is not scaled, and R15/R16 SSB based L1-RSRP measurement period is applied.
· The measurement period of the neighbor cell is R15/R16 SSB based L1-RSRP measurement period is scaled by ceil(). 
Proposal 6: If the neighbor cell whose TCI state is activated and other neighbor cells are measured with the same spare FFT module, The measurement period of the neighbor cell whose TCI state is activated is R15/R16 SSB based L1-RSRP measurement period is scaled by 2. 
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