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1	Introduction
RAN4#91 agreed with the way forward on RRM requirements for NR-U [1], and RAN4 need to specify new requirements on L1-RSRP measurement and its accuracy requirements depending on signal availability for PCell/SCell/PSCell.
	
	Comments
	NR-U SCell
(Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell 
(Scenario B)
	NR-U PCell 
(Scenario C)

	Measurements requirements
	Non-CA intra-frequency
	
	PSCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability
	PCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability

	
	CA intra-frequency
	SCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability
	
	

	Measurements accuracy requirements
	Non-CA intra-frequency
	
	PSCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability
	PCell: L1 RSRP for reporting: new requirements are needed, depending on signal availability

	
	CA intra-frequency
	SCell: L1 RSRP for reporting: requirements are needed for NR-U bands
	
	



This contribution discusses the impact of L1-RSRP measurements for reporting under unlicensed spectrum operation. 
2	L1-RSRP measurement for reporting
As a part of CSI reporting, UE shall report the L1-RSRP measurement results for the configured SSB and/or CSI-RS resources. The network configures the L1-RSRP reporting with periodic reporting with PUCCH, semi-persistent reporting with PUCCH/PUSCH, or aperiodic reporting with PUSCH. For beam reporting, RAN4 specified the measurement period.
Table 1 shows the measurement period of SSB based L1-RSRP for FR1 used for beam reporting specified in TS38.133 9.5.4. For SSB based L1-RSRP measurement, the evaluation period is based on the measurements of M SSB samples, and therefore the evaluation period depends on the P (measurement gap), TSSB (SSB periodicity), TDRX (DRX cycle length), and the minimum measurement period of TReport (configured periodicity of L1-RSRP reporting). The number of SSB samples, M, depends on the configuration; it is set to 1 if timeRestrictionForChannelMeasurement is configured and set to 3 otherwise. 
In the case of CSI-RS based L1-RSRP reporting, the number of CSI-RS samples also depends on the network configuration; it is set to 1 if aperiodic CSI-RS resource is configured. For the periodic or semi-persistent CSI-RS resources, it is set to 1 if timeRestrictionForChannelMeasurement is configured and set to 3 otherwise. 
[bookmark: _Ref16594276]Table 1	SSB based L1-RSRP measurement period for FR1. 
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

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

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

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



RAN4 also specified the L1-RSPR measurement accuracy requirements based on the measurement period above. Table 2 shows SSB based L1-RSRP absolute accuracy in FR1 specified in TS38.133 10.1.19.

Observation 1: L1-RSRP accuracy requirements are set based on one or more number of SSB or CSI-RS samples. 

[bookmark: _Ref16595217]Table 2	SSB based L1-RSRP absolute accuracy in FR1. 
Table 10.1.19.1.1-1: SSB based L1-RSRP absolute accuracy in FR1
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	SSB Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups Note 2
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm / SCSSSB
	dBm/BWChannel
	dBm/BWChannel

	
	
	
	
	SCSSSB = 15 kHz
	SCSSSB = 30 kHz
	
	

	±5.0
	±9.5
	-3dB
	NR_FDD_FR1_A, NR_TDD_FR1_A,
NR_SDL_FR1_A
	-121
	-118
	N/A
	-70

	
	
	
	NR_FDD_FR1_B
	-120.5
	-117.5
	N/A
	-70

	
	
	
	NR_TDD_FR1_C
	-120
	-117
	N/A
	-70

	
	
	
	NR_FDD_FR1_D, NR_TDD_FR1_D
	-119.5
	-116.5
	N/A
	-70

	
	
	
	NR_FDD_FR1_E, NR_TDD_FR1_E
	-119
	-116
	N/A
	-70

	
	
	
	NR_FDD_FR1_G
	-118
	-115
	N/A
	-70

	
	
	
	NR_FDD_FR1_H
	-117.5
	-114.5
	N/A
	-70

	±8.5
	±11.5
	-3dB 
	NR_FDD_FR1_A, NR_TDD_FR1_A, 
NR_SDL_FR1_A,
NR_FDD_FR1_B, NR_TDD_FR1_C, NR_FDD_FR1_D, NR_TDD_FR1_D, NR_FDD_FR1_E, NR_TDD_FR1_E, NR_FDD_FR1_G, NR_FDD_FR1_H,
	N/A
	N/A
	-70
	-50

	NOTE 1:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 2:	NR operating band groups in FR1 are as defined in clause 3.5.2.



3	L1-RSRP measurement impact due to LBT
According to regulations, the operation in unlicensed spectrum in 5GHz usually mandates the channel access procedure or listen before talk (LBT), which determines whether the channel is free or not before the signal transmission [2][3]. If gNB under unlicensed spectrum operation detects the signals from other systems, e.g., IEEE 802.11ac or other LAA/NR-U nodes, gNB does not transmit any signals or channels (LBT failure) and wait until the next opportunity. This is significant restriction for L1-RSRP measurements because the requirements are set based on the number of SSB or CSI-RS samples as we observed in section 2.
For example, the L1-RSRP measurement accuracy is set based on one or more SSB or CSI-RS samples. If UE cannot receive the assumed samples within the measurement period, UE may not satisfy the L1-RSRP accuracy requirements. One more thing we should point out is if gNB configures aperiodic CSI reporting or timeRestrictionForChannelMeasurement, the L1-RSRP measurement performed only with one sample. However if the gNB cannot transmit SSB or CSI-RS due to the LBT failure, UE have no resources to measure. 
Observation 2: it may not be ensured the same the L1-RSRP measurement reporting performance due to the LBT failure. In the worst case, UE need to report L1-RSRP without any SSB/CSI-RS measurement resources. 
Considering the observation, we think RAN4 should revisit the L1-RSRP measurement requirements to ensure the same performance as licensed carrier operations. Since gNB use the reported L1-RSRP for beam switching it is important to ensure the same accuracy as licenced spectrum operation, otherwise UE will receive PDCCH/PDSCH or transmit PUCCH/PUSCH on nonoptimal beams.
[bookmark: _GoBack]Proposal 1: For NR-U, keep the same L1-RSRP accuracy requirements as licensed spectrum operation. 
One possible option is to extend the measurement period to ensure UE can monitor a certain number of SSB and/or CSI-RS resources. For example, we add LL1-RSRP samples for the measurement period.
Proposal 2: For NR-U, extend the L1-RSRP measurement period of SSB and CSI-RS resources, e.g., 
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil((M+LL1-RSRP)*P)*TSSB)



Proposal 3: 	RAN4 specifies the limit of LL1-RSRP to avoid too long evaluation period. 
Another important thing is to avoid the case UE reports L1-RSRP without any SSB and/or CSI-RS resource measurements or with a very few numbers of samples. We therefore to propose to skip the L1-RSRP reporting if UE does not receive a certain number of SSB and/or CSI-RS samples within the measurement period. 
Alternatively, UE reports ‘not valid’ if UE cannot receive a certain number of SSB and/or CSI-RS samples within the measurement period so the gNB ignore the report and wait for the next report. 
Proposal 4: L1-RSRP measurement reporting is performed only when UE receive MSSB SSB samples and MCSI-RS CSI-RS samples during the measurement period. If UE cannot skip the L1-RSRP reporting but UE does not receive a certain number of SSB and/or CSI-RS samples with the measurement period, UE report ‘not valid’. 
4	Conclusion
Observation 1: L1-RSRP accuracy requirements are set based on one or more number of SSB or CSI-RS samples. 
Observation 2: it may not be ensured the same the L1-RSRP measurement reporting performance due to the LBT failure. In the worst case, UE need to report L1-RSRP without any SSB/CSI-RS measurement resources.
Proposal 1: For NR-U, keep the same L1-RSRP accuracy requirements as licensed spectrum operation. 
Proposal 2: For NR-U, extend the L1-RSRP measurement period of SSB and CSI-RS resources, e.g., 
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil((M+LL1-RSRP)*P)*TSSB)



Proposal 3: 	RAN4 specifies the limit of LL1-RSRP to avoid too long evaluation period. 
Proposal 4: L1-RSRP measurement reporting is performed only when UE receive MSSB SSB samples and MCSI-RS CSI-RS samples during the measurement period. If UE cannot skip the L1-RSRP reporting but UE does not receive a certain number of SSB and/or CSI-RS samples with the measurement period, UE report ‘not valid’.
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