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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: _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:
	< 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


For whether to add time constraint, some companies believe that 5 seconds does not guarantee that the channel can be used for networks or UE, especially in mobility and/or FR2, and the network will have to configure UE to periodically send measurement reports, which is redundant. We can understand that more importantly thing is to inform the network of the true state of UE, rather than any time constraint, but we think that the time constraint can to some extent ensure the channel state, so the time constraint should be added. Considering that the network will have to configure UE to periodically send measurement reports, RAN4 can further discuss whether the value of the time constraint can be relaxed.
Proposal 1: For the known cell condition for L1-RSRP measurement, the time constraint should be added. 
Proposal 2: Considering that the network will have to configure UE to periodically send measurement reports, RAN4 can further discuss whether the value of the time constraint can be relaxed.
[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>
· 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.


[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 pevious 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 requirements for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP
The agreement on measurement requirements for 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 is duplicated as follows:
	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 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) and we support option 1. 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 [2].
Proposal 4: Measurement requirements for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP in FR1, 
· 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. 
· When actual RTD>CP, accuracy degradation will be allowed or no requirements. 
UE capable of RTD>CP
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
The WF on 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 layers in the last meeting is duplicated as follows [1]:
	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 multiple intra-frequency layers, we support option 1 to agree that 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. 
[bookmark: OLE_LINK120][bookmark: OLE_LINK121]Proposal 5: 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.
Inter-frequency L1-RSRP 
L1 inter-frequency with Type 1 MG
In the last meeting, there is no consensus has been reached on how to define inter-frequency L1-RSRP measurement period with MG in FR1 and FR2. The WF on L1 inter-frequency with Type 1 MG in the last meeting is duplicated as follows:
	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.
Issue 2-4-1-3: inter-frequency L1-RSRP measurement period with MG in FR1
<Way forward>: 
FFS:
· Option 1 (MTK): 
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR1:
	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.




· FFS the value or definition of “M” and “CSSFinter”.
· Option 2 (vivo): 
· For inter-frequency L1 measurement within type 1 measurement gap, UE starts to performs L1 measurement at the time UE finishes the L3 measurement on this frequency layer.
· Tidentify_inter_without_index_with_L1 = (  Tidentify_inter_without_index   +  TL1_measurement ) ms
· Tidentify_inter_with_index_with_L1 = (  Tidentify_inter_with_index   +  TL1_measurement ) ms
Issue 2-4-1-5: inter-frequency L1-RSRP measurement period with MG in FR2
<Way forward >: 
FFS:
· Option 1 (MTK): 
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR2:
	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.



· FFS the value or defination of “M” and “CSSFinter”.
· Option 2 (vivo): 
· For inter-frequency L1 measurement within type 1 measurement gap, UE starts to performs L1 measurement at the time UE finishes the L3 measurement on this frequency layer.
· Tidentify_inter_without_index_with_L1 = (  Tidentify_inter_without_index   +  TL1_measurement ) ms
· Tidentify_inter_with_index_with_L1 = (  Tidentify_inter_with_index   +  TL1_measurement ) ms


For the principles in defining inter-frequency L1-RSRP measurement period with MG in FR1, we agree that 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.
For the inter-frequency L1-RSRP measurement period with MG in FR1 and FR2, we support option 1 and agree to use the legacy framework of inter-frequency L1-RSRP measurement period with MG with some modifications as a baseline, which are as follows, and the value or defination of ‘M’ and ‘CSSFinter’ can be further discussed.
Measurement period for inter-frequency L1-RSRP measurements with gaps (FR1)
	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.



Measurement period for inter-frequency L1-RSRP measurements with gaps (FR2)
	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.


Proposal 6: 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.
Proposal 7: For the inter-frequency L1-RSRP measurement period with MG in FR1,
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR1:
	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.




· FFS the value or definition of ‘M’ and ‘CSSFinter’.
Proposal 8: For the inter-frequency L1-RSRP measurement period with MG in FR2,
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR2:
	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.



· FFS the value or defination of ‘M’ and ‘CSSFinter’.
 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: For the known cell condition for L1-RSRP measurement, the time constraint should be added. 
Proposal 2: Considering that the network will have to configure UE to periodically send measurement reports, RAN4 can further discuss whether the value of the time constraint can be relaxed.
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: Measurement requirements for UE incapable of RTD>CP or UE incapable of measuring multiple cells on the same OFDM symbol when actual RTD>CP in FR1, 
· 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. 
· When actual RTD>CP, accuracy degradation will be allowed or no requirements. 
Proposal 5: 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 6: 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.
Proposal 7: For the inter-frequency L1-RSRP measurement period with MG in FR1,
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR1:
	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.




· FFS the value or definition of ‘M’ and ‘CSSFinter’.
Proposal 8: For the inter-frequency L1-RSRP measurement period with MG in FR2,
· Use the following table as a baseline for inter-frequency L1-RSRP measurement period with MG in FR2:
	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.



· FFS the value or defination of ‘M’ and ‘CSSFinter’.
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