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Introduction
[bookmark: OLE_LINK6]L1-RSRP measurement requirements of L1/L2 based inter-cell mobility have been discussed widely for several meetings. During RAN4 #108bis meeting, we have reached lots of consensus on L1/L2 inter-cell mobility delay requirements for inter-cell mobility in WF [1]. There are still some remaining issues that need to be addressed. In this contribution, we want to share further considerations on these open issues. 
Discussion
2.1Applicability rule for L1-RSRP measurement
The first open issue is whether L1 measurement layer is configured on the same frequency as one of current L3 MO.
	Issue 2-1-1: Whether L1 measurement layer is configured on the same frequency as one of current L3 MO
<Way Forward> FFS the following option
· [bookmark: _Hlk143108367]For LTM L1 measurement, RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO
· FFS: whether to be addressed in the spec.



In previous meeting, we have reached agreement based on baseline that UE is NOT expected to use L3 measurement results for intra-frequency or inter-frequency L1 measurement report. From the view of UE, UE should have performed L3 measurement on the neighbour cell before UE performs L1 measurement on that cell. It means that UE is not required to directly perform L1 measurement on unknown target cell. Therefore, in our understanding, there shall be a L3 MO on the same frequency layer when UE is configured to perform L1 measurement on target neighbour cell. Meanwhile, if a cell is undetected, it is not possible for UE to perform L1 measurement as UE has no timing information about the target cell. And L3 measurements refer here to the cell level measurements and cell being detected.
Proposal 1: For LTM L1 measurement, RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO.

	[bookmark: _Hlk127802379]Issue 2-1-3: known cell condition for L1-RSRP measurement.
< Agreement>
· 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, and
· FFS whether to add time constraint e.g. during the last [5] seconds
· 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



In last meeting, we have reached a consensus that UE is not required to perform L1 measurements on unknown cell. Based on this, we should discuss the known cell condition for L1-RSRP measurement. In our understanding, the known cell condition of Rel-17 ICBM can be used as baseline for L1-RSRP measurement for Rel-18 LTM and update is needed. As we known, the purpose of R17 ICBM is beam management and not to consider the inter-frequency case. But for R18 LTM, we should consider both intra-frequency and inter-frequency. Therefore, the conditions need to be updated accordingly to cover inter-frequency case. Additional, we have reached the agreement that L3 measurement report is not the prerequisite of L1 measurement configuration for the behaviour of the NW and UE should have performed L3 measurement on the neighbour cell before UE performs L1 measurement on that cell from the view of UE. Consequently, there is no need to consider the measurement report as one of the conditions. 
The company proposes to remove the time limit that “during the last [5] seconds”, but we believe that this time condition is necessary as it can limit L3 measurements to a certain time. Without a time constraint, the measurement results are likely to be invalid due to long time intervals. Therefore, time constraint shall remain which similarly to other known conditions in many places in existing RRM spec, e.g. during the last [5] seconds . 
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
	· Issue 2-1-4: 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?
· For information
	· RAN4#108
· Common understanding: If deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing.


· <Way Forward>
· If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, but UE has performed L3 measurement with SSB index on the candidate cell, no additional time is needed 
· If deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17 are not enabled, and UE has not performed L3 measurement without SSB index reading on the candidate cell, additional time for time index detection is needed.


About how to get SSB index information of the to-be-measured neighbor cell before L1-RSRP measurement, we can discuss case by case. 
	deriveSSB-IndexFromCell
This field indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell. If this field is set to true, the UE assumes SFN and frame boundary alignment across cells on the serving frequency as specified in TS 38.133 [14].

	deriveSSB-IndexFromCellInter
If this field is present, UE assumes SFN and frame boundary alignment between the reference serving cell indicated by ServCellIndex and all neighbour cells in this MeasObjectNR as specified in TS 38.133 [14]. This field also indicates that the UE can utilize the timing of the reference serving cell indicated by ServCellIndex to derive the index of SS block transmitted by all inter-frequency neighbour cells on the frequency indicated by the MeasObjectNR. When this field is included, the network should set deriveSSB-IndexFromCell to true.


For intra-frequency L1-RSRP or inter-frequency L1-RSRP on candidate target cell, if network enables deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter, UE can assume SFN and frame boundary alignment across cells on the serving frequency. Meanwhile, we have the common understanding that if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing and skip the DL synchronization for obtaining frame/slot/symbol level synchronization and SFN level synchronization.
For intra-frequency L1-RSRP or inter-frequency L1-RSRP on candidate target cell, if deriveSSB-IndexFromCell or deriveSSB-IndexFromCellInter is not enabled, which means that the RTD between the SSBs of serving cell and neighbour cell on the same carrier is larger than 2 SSB symbols, we can discuss it on whether UE has performed L3 measurement with SSB index reading. In our understanding, no additional time is needed if UE has performed L3 measurement with SSB index reading on the to-be-measured neighbor cell, otherwise, additional time for reading SSB index is needed. 
[bookmark: _Hlk142487044]Proposal 3: If deriveSSB-IndexFromCellInter-r17 or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing, otherwise, 
· If UE only performed L3 measurement without SSB index on the candidate cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement with SSB index on the candidate cell, no additional time is needed.
2.2 Measurement capability
	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
<Way Forward> 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.



This issue is about how to handle the case that the number of cells NW configured to measure exceeds the configuration to exceed UE capability. It was agreed that the supported maximum number of cells/SSBs configured for L1 measurement is up to UE capability. If configuring more cells than UE capability is not allowed, based on the UE capability, NW may need to reconfigure the cells. In our understanding, it should be allowed that the SSB configured for L1 measurement on neighbour cells exceeds the UE capability to make sure NW can configure equal number of cells for all the UEs which with different capabilities.
If the configuration exceed UE capability, down selection maybe a good choice. We suggest that the dowm selection of the candidate cells to perform L1 measurements should be indicated by NW as NW needs to be able to control whether UE is expected to perform L1 measurement.
Proposal 4. When number of LTM candidate cells configured exceeds the UE capability of number of cells,  UE can down selection of cells for LTM measurement is based on indication from the NW.
2.3 Intra-frequency L1-RSRP Measurement delay
	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.
Background: In RAN4#107, a CR (R4-2310139) was agreed to support this case in R17 ICBM.
<Way Forward> 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.



Regarding whether to support the case that SSB periodicity of FR2 intra-frequency neighbour cell equals to SMTC periodicity in R18 LTM, we support option1. 
First, according to RAN1 agreement, SSB configuration is up to network, it can be the same or different as SMTC. Therefore in FR2, both cases that SSB periodicity of intra-frequency neighbour cell is the same as SMTC and is different as SMTC shall be considered when defining requirements. Meanwhile, a CR (R4-2310139) is agreed to support the case that SSB of intra-frequency neighbor cell is fully overlapped with SMTC in FR2 in R17 ICBM. Therefore, it’s ok for us to support this case in R18 LTM too [2]. Regarding how to share with L3 measurement, we suggest following the same sharing rule as R17 ICBM for the baseline L1 measurement.
Proposal 5: In FR2, both cases that SSB periodicity of intra-frequency neighbour cell is the same as SMTC and is different as SMTC is supposed to be considered, and R17 L1-measurement requirement on neighbour cell can be re-used as baseline.
	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’



Regarding whether to define the requirement for UE incapable of RTD>CP when the actual of serving cell and neighbour cell is larger than CP, we prefer option 1. If the actual RTD of the serving cell and neighbour cell is greater than CP, but because the UE at this time does not support RTD>CP, the UE follows the serving cell timing and L1-RSRP measurement cannot be performed correctly on neighbour cell. For option2, the UE need to perform L1-RSRP measurement on neighbour cell by tuning UE’s timing to target neighbour, which will cause the interruption on serving cell and UE is not expected to do this. Meanwhile, for UE incapable of RTD>CP, if the actual RTD of the serving cell and neighbour cell is not greater than CP, the traditional measurement and scheduling limitations defined in R17 for non serving cells apply to L1 RSRP measurements within the frequency range of adjacent cells.
Proposal 6: For UE incapable of RTD>CP, 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.
	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



In the last meeting, we discussed the issue that 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 and have reached consensus. For UE capable of RTD>CP, if only a single intra-frequency layer is configured for measurement, the legacy measurement period specified in R17 for FR1 non-serving cell are also applicable. When there are multiple cells, since UE needs to use different beam for different cell, measurement delay needs to be scaled up by number of cells on the same frequency layer.
Proposal 7: 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.
2.4 Inter-frequency L1-RSRP measurement requirements 
	Issue 2-4-1-1: The principles in defining inter-frequency L1-RSRP measurement period with MG in FR1
For information:
	RAN4#108
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.


< Way Forward >:
FFS
· In FR1, within one gap occasion, if there is L1 measurement to measure but L3 MO on the same frequency layer is not the candidate due to that SSB periodicity is smaller than SMTC periodicity, the L1-RSRP measurement is regarded as one independent candidate to be measured in a gap when calculating CSSF for other overlapped inter-frequency layers.



In last meeting, RAN4 has agreed the principles in defining inter-frequency L1-RSRP measurement period with MG in FR1 that If L1-RSRP and L3 measurement of the same frequency layer overlap, they can be counted as same frequency layer when calculating CSSF. In FR1, if L1-RSRP measurement and L3 measurement are configured on the same frequency, SSB for L1-RSRR measurement and SMTC for L3-RSRP are overlapped within one gap, L1 measurement is able to be simultaneously performed with L3 measurement. For the remaining part, if L1 measurement MO exists and no L3 MO on the same frequency, it is reasonable that the L1-RSRP MO is regarded as one independent candidate to be measured in a gap when calculating CSSF for other overlapped inter-frequency layers.
Proposal 8: 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. 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.
3 Conclusion
In this contribution, we give some discussions on L1/L2 inter-cell mobility delay requirements mobility, The conclusions are:
Proposal 1: For LTM L1 measurement, RRM requirements are applicable only if L1 measurement layer is configured on the same frequency as one of current L3 MO.
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-IndexFromCellInter-r17 or deriveSSB-IndexFromCellInter is enabled, UE can derive SSB index according to serving cell timing, otherwise, 
· If UE only performed L3 measurement without SSB index on the candidate cell, additional time for reading SSB index is needed.
· If UE has performed L3 measurement with SSB index on the candidate cell, no additional time is needed.
Proposal 4. When number of LTM candidate cells configured exceeds the UE capability of number of cells,  UE can down selection of cells for LTM measurement is based on indication from the NW.
Proposal 5: In FR2, both cases that SSB periodicity of intra-frequency neighbour cell is the same as SMTC and is different as SMTC is supposed to be considered, and R17 L1-measurement requirement on neighbour cell can be re-used as baseline.
Proposal 6: For UE incapable of RTD>CP, 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.
Proposal 7: 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.
Proposal 8: 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. 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.
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