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1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK110][bookmark: OLE_LINK111]In the last RAN4 meeting, WF on L1/L2 inter-cell mobility was approved. In this contribution [1], some open issues on L1-RSRP measurement requirements for L1/L2 based inter-cell mobility are further discussed.
2. Discussion
Applicability rule for L1-RSRP measurement
[bookmark: _Hlk135980725]Whether to consider L1 measurements on unknown cell
The WF on requirements on whether to consider L1 measurements on unknown cell in the last meeting is duplicated as follows:
	<Way Forward>
· UE is not required to perform L1 measurements on unknown cell.


In the previous meeting, companies didn’t reach a consensus on ‘[undetected or undetectable or unknown] cell’. From our understanding, according to the severity of the requirements, the condition of 'known' is the strictest, followed by detected, and finally detectable. We believe that UE should at least meet the requirements of ‘UE is not required to perform L1 measurements on unknown cell’.
Proposal 1: UE is not required to perform L1 measurements on unknown cell.
[bookmark: _Hlk132896914]Known cell condition for L1-RSRP measurement
The WF on requirements on known cell condition for L1-RSRP measurement in the last meeting is duplicated as follows:
	<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.


[bookmark: OLE_LINK22][bookmark: OLE_LINK23]From our understanding, the known cell condition discussed in this issue is used to make sure the cell to perform L1-RSRP measurement is known to UE [2]. Given that the baseline “UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report” was agreed in the last meeting. This means that NW will not rely on L3 measurement report to configure L1 measurement, so we support the wording in option 1 for the known cell condition compared with option 2.
Proposal 2: Target cell is considered as known if the following conditions are met in this requirement:
· 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.
[bookmark: _Hlk132206118]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: OLE_LINK90][bookmark: OLE_LINK91]The WF on requirements on how to get SSB index information of the to-be-measured neighbor cell before L1-RSRP measurement in the last meeting is duplicated as follows:
	<Way Forward>
· Common understanding: If deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing.
· FFS: deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is not enabled.


[bookmark: OLE_LINK126][bookmark: OLE_LINK127]To perform intra-frequency and inter-frequency L1-RSRP on candidate target cell, if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing. Otherwise, we support that if UE only performed L3 measurement without SSB index reading on the candidate target cell, additional time for reading SSB index is needed. And if UE has performed L3 measurement and SSB index reading, no additional time is needed.
Proposal 3: If deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter 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.
Intra-frequency L1-RSRP Measurement delay
UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP
In the last meeting, companies have already had a common understanding on UE incapable of RTD>CP, it is assume that UE has one FFT module for L1-RSRP measurement for all cells on the same frequency layer.
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.
The WF on requirements on 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 in the last meeting is duplicated as follows:
	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.


For the case of UE incapable of simultaneous measurement when RTD>CP in FR1, we believe that at least the measurement requirements for intra-frequency should be defined if FFT based fix timing is considered, that is, UE measures L1-RSRP using single timing (i.e., serving cell). For the requirements, when the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy delay and scheduling restriction requirements defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell. If the actual RTD of serving cell and neighbour cell is larger than CP, accuracy degradation will be allowed for a certain deployment or no requirement.
Proposal 4: At least for the case of FFT based fix timing (UE measures L1-RSRP using single timing), the measurement requirements for intra-frequency in FR1 should be defined.
· When the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy delay and scheduling restriction requirements defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell. 
· If the actual RTD of serving cell and neighbour cell is larger than CP, accuracy degradation will be allowed for a certain deployment or no requirement.
UE capable of RTD>CP
For UE capable of RTD>CP, we assume that UE has extra FFT module for L1-RSRP measurement per layer.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119]Proposal 5: For UE capable of RTD>CP, assume that UE has extra FFT module for L1-RSRP measurement per layer.
Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1 if UE only performs L1-RSRP measurement on a single intra-frequency layer
The WF on measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in FR1 if UE only performs L1-RSRP measurement on a single intra-frequency layer in the last meeting is duplicated as follows:
	<Way Forward>:
For UE capable of RTD>CP, if UE only performs L1-RSRP measure on multiple cells of a single intra-frequency layer, the legacy measurement period specified in R17 for FR1 non-serving cell are also applicable.


For FR1 L1-RSRP measurement for LTM, if FFT based fix timing and only single carrier intra-frequency is considered, the legacy measurement period specified for R17 non-serving cell can be reused.
Proposal 6: For UE capable of RTD>CP in FR1, if FFT based fix timing and only single carrier intra-frequency is considered, the legacy measurement period specified for R17 non-serving cell can be reused.
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
The WF on 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 the last meeting is duplicated as follows:
	< Way Forward >: FFS the following options
· Option 1 (Apple, 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.
· Focus on the case that UE is required to measure on a single FR2 intra-frequency layer (for neighbor cell). Otherwise, the measurement delay would be scaled up with the number of FR2 inter-band intra-frequency layers.
· Option 2 (Huawei)
· if only single intra-frequency layer is considered for L1-RSRP measurement, the requirements are simplified to scale with cell number of L1-RSRP measurement on one intra-frequency layer.
· Option 3 (QC): Serving cell takes half of the measurement occasions. Neighbor cells share another half
· ‘the existing L1-RSRP measurement period (Table 9.5.4.1-2)’ x ‘the number of L1 measurement cells (not including serving cell’s) having SSBs colliding in the time domain’ x ‘2’
· Option 4 (vivo): 
· RAN4 do not introduce any requirements on existing L1 measurements for the case RTD > CP. RAN4 only define RRM requirements for a new type of L1 measurements, if agreed by other WGs, for the case RTD>CP.
· Option 5 (Ericsson):
· For basic UE capability, different cells are measured in TDM fashion. L3 and L1 of neighbour cell share the SSB occasion. 
· If optional capability is supported, different cells are measured in TDM fashion. L3 and L1 of neighbour cell use the same SSB occasion


For FR2 L1-RSRP measurement for LTM, if only single intra-frequency layer is considered for L1-RSRP measurement, 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 there are multiple intra-frequency neighbour cells to measure, the measurement period requirements are scaled with cell number of L1-RSRP measurement on one intra-frequency layer.
Proposal 7: For FR2 L1-RSRP measurement for LTM, if only single intra-frequency layer is considered for L1-RSRP measurement, 
· 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 there are multiple intra-frequency neighbour cells to measure, the measurement period is scaled with the number of cell on one intra-frequency layer.
Issue 2-4-3-3: Measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in if UE performs L1-RSRP measurement on multiple intra-frequency layer
The WF on measurement period of intra-frequency L1-RSRP measurement for UE capable of RTD>CP in if UE performs L1-RSRP measurement on multiple intra-frequency layers in the last meeting is duplicated as follows:
	[bookmark: _Hlk143703298]< Way Forward >: FFS the following options
· Option 1 (Apple, MTK, Huawei, 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): 
· For the L1 measurement on multiple SSB frequency layers within active BWPs, UE is assumed to be able to perform L1 measurement on different frequency layers simultaneously, i.e. RRM requirements for L1 measurement will not be scaled by the number of frequency layers.
· For intra-frequency LTM L1 measurement, if configured, the corresponding L3 measurement is performed by sharing the PCC searcher, and the CSSF calculation for L3 measurement is updated based on whether intra-frequency L1 measurement is configured on this L3 frequency layer.


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 in FR1. In FR2, the measurement period is at least scaled with cell number of L1-RSRP measurement.
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Proposal 8: If multiple intra-frequency layers are considered for L1-RSRP measurement, 
· In FR1, the measurement period is scaled with the number of intra-frequency layers.
· In FR2, the measurement period is at least scaled with the number of cell.
3. Conclusion
[bookmark: _Toc423020280]In this paper, we provide our views on L1-RSRP measurement requirements for L1/L2 based inter-cell mobility. From this discussion we have derived the following proposals: 
Proposal 1: UE is not required to perform L1 measurements on unknown cell.
Proposal 2: Target cell is considered as known if the following conditions are met in this requirement:
· 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: If deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter 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 4: At least for the case of FFT based fix timing (UE measures L1-RSRP using single timing), the measurement requirements for intra-frequency in FR1 should be defined.
· When the actual RTD of serving cell and neighbour cell is no larger than CP, the legacy delay and scheduling restriction requirements defined for non-serving cell in R17 apply for intra-frequency L1-RSRP measurement on neighbour cell. 
· If the actual RTD of serving cell and neighbour cell is larger than CP, accuracy degradation will be allowed for a certain deployment or no requirement.
Proposal 5: For UE capable of RTD>CP, assume that UE has extra FFT module for L1-RSRP measurement per layer.
Proposal 6: For UE capable of RTD>CP in FR1, if FFT based fix timing and only single carrier intra-frequency is considered, the legacy measurement period specified for R17 non-serving cell can be reused.
Proposal 7: For FR2 L1-RSRP measurement for LTM, if only single intra-frequency layer is considered for L1-RSRP measurement, 
· 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. 
· [bookmark: _GoBack]When there are multiple intra-frequency neighbour cells to measure, the measurement period is scaled with the number of cell on one intra-frequency layer.
Proposal 8: If multiple intra-frequency layers are considered for L1-RSRP measurement, 
· In FR1, the measurement period is scaled with the number of intra-frequency layers.
· In FR2, the measurement period is at least scaled with the number of cell.
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