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Introduction
RAN4#101bis continued to discuss Rel-17 feMIMO WI to specify RRM core requirements.  In RAN4 #101bis-e meeting, companies mainly discussed RRM requirements of items below :
· TCI switching delay requirements under Rel-17 unified TCI framework
· L1 measurement requirements for inter-cell beam management
· Others : BFD/CBD/BFRQ  and QCL
In this contribution, we provide our view on remaining issues on L1 beam management, especially on L1 RSRP measurements on non-serving cell. 
Discussion
RAN4 has discussed L1 beam management and achieved agreements below. In this contribution, we discuss L1-RSRP measurement requirements when a UE does not support simultaneous reception. 
In RAN4#101 and RAN4#101bis, agreements below have made regarding inter-cell beam management. RAN4 focuses on how to measure L1-RSRP on a non-serving cell.
	
WF R4-2120321 RAN4#101-e [2]
· Define known/unknown cell condition for non-serving cell configured for L1-RSRP measurements
· Measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell for inter-cell beam management 
· The L1-RSRP measurement requirements for non-serving cells are only applicable to SSB within the active DL BWP of the UE.
· RAN4 develops UE requirements for at least Nmax = 1, where Nmax is the maximum number of RRC configured PCIs different from the serving cell for measurement/reporting.
· RAN4 will further study to specify the requirements for other Nmax value taking RAN1 decision into account 
· RAN4 will further study timing offset assumptions between non-serving cell and serving cell for L1-RSRP measurement in future RAN4 meetings 
· Where non-serving cell refers to all the TRPs configured by gNB for inter-cell BM and serving cell(s) is the cell(s)/TRP(s) from which UE receive PDCCH/PDSCH.
· RAN4 will further study the FFT implementation assumption for L1-RSRP measurement
· RAN4 will further study the Rx beam assumption for L1 RSRP measurement
· RAN4 will further study the measurement behavior for L1-RSRP measurement for non-serving cell whether to perform the non-serving cell L1-RSRP measurement outside SMTC or within SMTC




	WF R4-2202772 RAN4#101bis-e [3]
Requirements for inter-cell L1-RSRP measurement
· For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, the timing offset between a serving cell and a cell with different PCI is within one CP and take one FFT as the assumption 
· RAN4 will further study the measurement behaviour if timing offset is more than CP 
· For inter-cell L1-RSRP measurement performed inside SMTC
· In FR1, FFS for whether UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC
· Option 1: UE is able to simultaneous measure L1 for serving cell and non-serving cell within SMTC assuming L1-RSRP is intermediate results of L3-RSRP measurement, i.e., without L3 filter, UE could obtain the L1 results
· Option 2: UE is NOT able to simultaneous measure L1 for serving cell and non-serving cell within SMTC considering side condition (SNR range) is different for L3 and L1 measurement which result in different UE complexity
· FFS: In FR2, requirements will be specified regardless the timing offset assumptions between serving cell and cell with different PCI.
· The same Rx beam assumption as serving cell measurement will be used for cell with different PCI, i.e., rough beam for L3 measurement and fine beam for L1 measurement for outside SMTC 
· RAN4 will further study whether using same RX beam assumption for L3 and L1 inside SMTC
· L1-RSRP measurement requirement for cell with different PCI will be specified for known condition and unknown condition 
· Known condition for cell with different PCI shall include at least 
· RAN1 agreements for non-serving cell, i.e., same center frequency, SCS, SFN offset 
· Cell detectable condition (FFS : existing intra-frequency measurement can be reused) 
· Timing alignment between serving cell and cell with different PCI are within CP 
· FFS other conditions 
· RAN4 will further study the flow for L1-RSRP measurement, (e.g., whether the L3 measurement will be configured before L1 measurement configuration.)  
· RAN4 will further study the measurement requirements for L1-RSRP measurement taking the existing R15/16 measurement requirements as starting point
· RAN4 will further study the sharing factor for the case that SSB for serving cell and cell with different PCI are fully overlapped
· For FR1 and FR2, the requirements for L1-RSRP measurement of cell with different PCI will be specified for measurement within STMC and outside SMTC 




FR1 UE L1 RSRP measurement on NSC

	· [bookmark: _Hlk95226360]For inter-cell L1-RSRP measurement performed outside SMTC for FR1 and FR2, the timing offset between a serving cell and a cell with different PCI is within one CP and take one FFT as the assumption 
· [bookmark: _Hlk95227880]RAN4 will further study the measurement behaviour if timing offset is more than CP 




For FR1 UE, behaviors itself on L3 and L1 measurements are not different, differences are found in measurement side conditions and requirements.
· The side condition for SSB Es/Iot for L3-RSRP is -6dB (for SSB to be detectable)
· The side condition for SSB Es/Iot for L1-RSRP is -3dB (for SSB to be measurable for L1)
The expected accuracy level from the requirement is similar with 0.5dB difference. For FR1 UEs, there is no additional complexity related with UE implementation to L3- and L1- RSRP on one SSB occasion, but measurement complexity increases with simultaneous measurements on the serving- and non-serving cells, since a UE needs to process two SSB receptions at the same time. Therefore, there is no need to distinguish beam assumption or SMTC window behaviors to measure L3-RSRP and L1-RSRP, but there may be a need to distinguish simultaneous measurement capability between the serving- and non-serving cells.
Observation 1 : For FR1 UEs, there is no additional UE complexity related to performing simultaneous L3- and L1- RSRP on same SSB occasion.
Proposal 1 : FR1 UE is able to simultaneously measure L1 for serving cell and non-serving cell when measuring within same SMTC window, assuming L1-RSRP is an intermediate result of L3-RSRP measurement (hence, using 1 or 3 samples out of 5 samples). It is assumed UE can obtain L1-RSRP measurements results based on a subset of the L3 RSRP measurement results before applying a L3 filtering.
Proposal 2 : We support Option 1 regarding whether FR1 UE is able to simultaneously measure L1-RSRP for serving cell and non-serving cell within SMTC :
· Specify option 1 with clarification in Proposal 1 
· FR1 UE is also able to measure L1-RSRP for serving cell and non-serving cell outside of SMTC without restriction.
Proposal 3 : For FR1 UEs, assuming single FFT implementation, if the received timing offset between the SC and NSC cells is within the CP, the UE is able to perform simultaneous L1-RSRP measurements on serving and non-serving cell. 
Proposal 4 : For FR1 UEs, assuming single FFT implementation, if the received timing offset between the SC and NSC cells is larger than CP, a UE is only required to perform L1-RSRP measurements sequentially on SC and NSC. RAN4 defines measurement period for this case with separate measurement conditions. 


If assuming L1 measurement on non-serving cell is measured like serving cell, Table 9.5.4.1-1 should be considered.
	Table 9.5.4.1-1: Measurement period TL1-RSRP_Measurement_Period_SSB for FR1
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(K *M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	K = 1 when TSSB ≤ 40 ms and highSpeedMeasFlag-r16 are configured; otherwise K = 1.5.
Note 3:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16].






It needs a bit more discussion to conclude that the Table 9.5.4.1-1 is the requirement as baseline. L1 RSRP on non-serving cell should be measured like the serving cell, we propose to apply measurement period TL1-RSRP_Measurement_Period_SSB for FR1 in Table 9.5.4.1-1.

Proposal 5 : we propose to apply measurement period TL1-RSRP_Measurement_Period_SSB for FR1 in TS38.133 Table 9.5.4.1-1.

For FR1, the UE should be able to measure L1-RSRP on SC and NSC simultaneously and simultaneously with L3 measurements – hence, without any measurement time sharing factor. Otherwise, if simultaneous measurements are not possible, a time-sharing factor must be defined for requirements. 
We note that NSC can be received with the same RF signal due to FR1 assumptions and because UE is already having the necessary RRC configurations, our understanding is that L1 RSRP can be measurable simultaneously from SC and NCS. NSC is measured with the same RF signal setting and RRC configuration conditions, therefore its measurement on NSC should be different measurement mechanisms from neighbor cell measurement case.
Proposal 6 : For FR1, the UE should be able to measure L1-RSRP on SC and NSC simultaneously and simultaneously with L3 measurements without a measurement time sharing factor. Otherwise, if simultaneous measurements are not possible out of the measurement conditions, a time-sharing factor is defined for requirements.
Then, the next question is which accuracy requirement is applied. As agreed, the accuracy requirement in 10.1.19 is reused. This is already agreed : 
· 10.1.19	L1-RSRP accuracy requirements for FR1 are reused for FR1 L1-RSRP on NSC.


FR2 L1-RSRP measurement on NSC

Several UE assumptions and behaviors on L1 RSRP measurement on non-serving cell remain unclear. If one assumption is changed, it impacts other assumptions and other behaviors. Hence, it seems tricky to make an agreeable scope. RAN4 starts with discussing the measurement conditions regarding when a non-serving cell. is for L1-RSRP measurement as below :
	L1-RSRP on non-serving cell is measured (known) under conditions of …

· Intra-frequency in Rel-17 
· RX beam assumption :
· NSC measurement beam assumption is same as serving cell measurement beam 
· FFS : same RX beam assumption for L3 and L1 inside SMTC
· Time difference between SC and NSC (within CP)
· Cell detection  
· FFS : existing intra-frequency measurement can be reused




Just few green highlights were agreed in the last meeting. Other items are open for further discussion. On contrary, we can build conditions that non-serving cell is unknown, that RAN4 also needs separate discussions.
Of course, possible unknown conditions will be broader than the known conditions with more RX techniques. The listed bullets in unknown conditions may or may not be required up to RAN4 consensus.  However, it is a key milestone agreement that RAN4 defines known/unknown cell condition for non-serving cell configured for L1-RSRP measurements.
· Define known/unknown cell condition for non-serving cell configured for L1-RSRP measurements
RAN4 needs to discuss separately non-serving cell known conditions for FR1 UE.  Conditions will be different between FR1 UE and FR2 UE. FR1 UE conditions will be simpler than FR2 UE conditions, so RAN4 can work on FR1 UE condition cases by removing or revising some conditions from FR2 cases. 
Proposal 7 : RAN4 discuss separately non-serving cell known conditions for FR1 UE and FR2 UE.  Conditions will be different between FR1 UE and FR2 UE.

0. FR2 L1 RSRP measurement on known NSC

FR2 L1 RSRP measurement within and outside of SMTC

In RAN4#101bis, RAN4 discussed on L1 measurements regarding SMTC
· Option 1: Outside SMTC only 
· Option 2: Both within and outside SMTC

From the options, at least a UE should be able to measure L1-RSRP on non-serving cell outside SMTC window. If a UE measure it outside of SMTC, RX scheduling restriction is required during the measurement.
	RAN4#100 agreement
To guarantee UE’s mobility performance, RAN4 shall agree that PCell/PSCell’s L3-RSRP measurement delay shall not be impacted by NSC measurements. FFS UE measurement behaviour for L1-RSRP.

RAN4#101 agreement
Measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell for inter-cell beam management

RAN4#101bis agreement

· The same Rx beam assumption as serving cell measurement will be used for cell with different PCI, i.e., rough beam for L3 measurement and fine beam for L1 measurement for outside SMTC 
· RAN4 will further study whether using same RX beam assumption for L3 and L1 inside SMTC



Observation 2 : If a FR2 UE measures L1-RSRP within SMTC, L3-RSRP measurement period is impacted. 
Observation 3 : For FR2 UE, if applying the same beam assumption for L1- and L3-RSRP on non-serving cell within SMTC,  the same measurement beam is L1-beam for the measurements.
Proposal 8 : Given the assumption from the agreement that L3-RSRP measurement delay shall not be impacted by NSC measurements, then L1 measurement on NSC cannot be supported within SMTC window. 
However, we interpretate as RAN4 applies measurement period requirement that a UE measure L1-RSRP on non-serving cell outside of SMTC window. This means that a UE is not prohibited to measure L1-RSRP within SMTC widow. As long as a UE satisfies the accuracy requirement within the given required period, such a UE should be qualified to the RAN4 tests.
Proposal 9 : RAN4 works on NSC L1-RSRP measurement period requirement assuming that a UE measures NSC L1-RSRP outside of SMTC window for Rel-17 requirement.
Proposal 10 : RAN4 spec does not restrict L1-measurement behavior on NSC within or outside SMTC. A spec does not prohibit FR2 UE behavior to measure L1-RSRP on NSC within SMTC widow.

FR2 UE L1 RSRP measurement RX beam assumption

From our Proposal 8,9, the same Rx beam assumption as serving cell (SC) measurement will be used for cell with different PCI (NSC), i.e., rough beam for L3 measurement and fine beam for L1 measurement for outside SMTC. This has been agreed in RAN4#101bis.
However, if RAN4 concludes L1-measurement within SMTC window, the same measurement beam is L1-beam for the L1 and L3 measurements, however the spec will not specify beam assumption for the measurement accuracy. So, when a UE attempts to measure NSC L1-measurement within SMTC window, the serving cell L1-RSRP and L3-RSRP accuracy requirements are applied respectively to the L1- and L3-RSRP measurements.
Proposal 11 : In case if a FR2 UE measures NSC L1-measurement within SMTC window, a beam assumption can be up to UE implementation, however a UE should satisfy current FR2 L1-RSRP accuracy requirement. 

Cell detection condition
TS38.133 chapter 10.1.19.1 and 10.1.20.1 specify requirement application conditions for L1 RSRP for FR1 UE and FR2 UE respectively including SSB Ês/Iot ³-3. This is for a serving cell, we agree to apply the same condition for NSC L1 RSRP measurement under NSC know conditions.
Proposal 12 : For cell detection condition we agree to apply the measurement conditions specified in TS38.133 chapter 10.1.19.1 and 10.1.20.1  for NSC L1 RSRP measurements under NSC known conditions for FR1 UE and FR2 UE respectively.

FR2 UE L1 RSRP measurement accuracy requirement
This has been agreed Measurement accuracy for serving cell L1-RSRP can be reused for L1-RSRP measurement for non-serving cell for inter-cell beam management.
For FR2 UE, RAN4 applies the accuracy requirement of TS38.133, 10.1.20 L1-RSRP accuracy requirements for FR2.

FR2 UE L1 RSRP measurement period requirement on NSC

We are discussing FR2 UE not supporting simultaneous reception from different QCL-type D sources. Therefore, a UE measures SSB from SC and NSC sequentially, that is a basic assumption.
	9.5.4	L1-RSRP measurement requirements

Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.






Two cases need to be specifically discussed :
· When SSB from NSC is measured outside of SMTC window.
· When SSBs from SC and NSC overlap, a sharing factor is applied.
When SSB from NSC is measured outside of SMTC window, it is unclear which SSB time resource is counted. There is no time indication yet. Once NSC L1 measurement is performed, a UE can technically measure L1-RSRP in every T_ssb period of non-serving cell.

Proposal 13 : For FR2 UE, we propose to reuse measurement period TL1-RSRP_Measurement_Period_SSB in TS38.133 Table 9.5.4.1-2 as baseline.

Proposal 14 : FR2 L1-RSRP measurement period requirement on serving cell is not impacted by NSC measurement period, if SSBs from SC and NSC are not overlapped.
If L1-RSRP on NSC is measured outside of SMTC, the SMTC overlapping issue is eased, but the SSBs from SC and NSC can be still overlapped if both are outside SMTC. When SSBs for L1-RSRP from SC and NSC are overlapped, the measurement time of SC and NSC need to be extended by a sharing factor. 
Proposal 15 : When SSBs from SC and NSC overlap, a new sharing factor is applied to the L1-RSRP requirement in Table 9.5.4.1-2. (FFS : value of sharing factor)

RX scheduling restriction during NSC L1 RSRP measurement
When a UE measures NSC L1 RSRP measurement, a UE is expected to set RX scheduling restriction from a serving cell.
Proposal 16 : When a UE measures NSC L1 RSRP measurement, a UE is expected to have RX scheduling restriction from a serving cell.

Starting point of L1-RSRP measurement on non-serving cell
Current RAN4 requirements states:
When configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP.
The UE shall be able to measure all CSI-RS resources and/or SSB resources of the nzp-CSI-RS-ResourceSet and/or csi-SSB-ResourceSet within the CSI-ResourceConfig settings configured for L1-RSRP for the active BWP, provided that the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS.
Hence, we see the same applicable also for L1-RSRP on NSC.
Network will provide UE with RRC configuring for the non-serving cell, and the UE is supposed to measure L1-RSRP as currently for SC. RAN4 may agree on additional conditions now when the L1-RSRP measurement on NSC as above, for when the UE at least shall be able to perform accurate L1-RSRP on a non-serving cell.
RAN4 has already defined the following conditions on serving cell for requirement applicability and reporting, and they can be reused to the non-serving cell case.
9.5.2 Requirements applicability
9.5.3 Measurement Reporting Requirements
RAN4 may add the known conditions to the requirement applicability, but the additional conditions do not change the measurement starting point and reporting requirement on the non-serving cell.

Conclusion
In this contribution, we provide our observations and proposals on inter cell beam management.
Observation 1 : For FR1 UEs, there is no additional UE complexity related to performing simultaneous L3- and L1- RSRP on same SSB occasion.
Proposal 1 : FR1 UE is able to simultaneously measure L1 for serving cell and non-serving cell when measuring within same SMTC window, assuming L1-RSRP is an intermediate result of L3-RSRP measurement (hence, using 1 or 3 samples out of 5 samples). It is assumed UE can obtain L1-RSRP measurements results based on a subset of the L3 RSRP measurement results before applying a L3 filtering.
Proposal 2 : We support Option 1 regarding whether FR1 UE is able to simultaneously measure L1-RSRP for serving cell and non-serving cell within SMTC :
· Specify option 1 with clarification in Proposal 1 
· FR1 UE is also able to measure L1-RSRP for serving cell and non-serving cell outside of SMTC without restriction.
Proposal 3 : For FR1 UEs, assuming single FFT implementation, if the received timing offset between the SC and NSC cells is within the CP, the UE is able to perform simultaneous L1 measurements on serving and non-serving cell. 
Proposal 4 : For FR1 UEs, assuming single FFT implementation, if the received timing offset between the SC and NSC cells is larger than CP, a UE is only required to perform L1 measurements sequentially on SC and NSC. RAN4 defines measurement period for this case with separate measurement conditions. 
Proposal 5 : For FR1 UE, we propose to apply measurement period TL1-RSRP_Measurement_Period_SSB for FR1 in TS38.133 Table 9.5.4.1-1.
Proposal 6 : FR1 UE should be able to measure L1-RSRP on SC and NSC simultaneously and simultaneously with L3 measurements without a measurement time sharing factor. Otherwise, if simultaneous measurements are not possible out of the measurement conditions, a time-sharing factor is defined for requirements.

Proposal 7 : RAN4 separately specifies non-serving cell measurement (known) conditions for FR1 UE and FR2 UE.  Conditions will be different between FR1 UE and FR2 UE.
Proposal 8 : Given the assumption from the agreement that L3-RSRP measurement delay shall not be impacted by NSC measurements, then L1 measurement on NSC cannot be supported within SMTC window. 
Proposal 9 : RAN4 works on NSC L1-RSRP measurement period requirement that a UE measures NSC L1-RSRP outside of SMTC window for Rel-17 requirement.
Proposal 10 : RAN4 spec does not restrict L1-measurement behavior on NSC within or outside SMTC. A spec does not prohibit FR2 UE behavior to measure L1-RSRP on NSC within SMTC widow.
Proposal 11 : In case, if a FR2 UE measures NSC L1-measurement within SMTC window, a beam assumption can be up to UE implementation, however a UE should satisfy current FR2 L1-RSRP accuracy requirement. 
Proposal 12 : For cell detection condition we agree to apply the measurement conditions specified in TS38.133 chapter 10.1.19.1 and 10.1.20.1  for NSC L1 RSRP measurements under NSC known conditions for FR1 UE and FR2 UE respectively.
Proposal 13 : For FR2 UE, we propose to reuse measurement period TL1-RSRP_Measurement_Period_SSB in TS38.133 Table 9.5.4.1-2 as baseline.
Proposal 14 : For FR2 UE, L1-RSRP measurement period requirement on serving cell is not impacted by NSC measurement period, if SSBs from SC and NSC are not overlapped.
Proposal 15 : When SSBs from SC and NSC are overlapped, a new sharing factor is applied to the L1-RSRP requirement in Table 9.5.4.1-2. (FFS : value of sharing factor)
Proposal 16 : When a UE measures NSC L1 RSRP measurement, a UE is expected to have RX scheduling restriction from a serving cell.
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