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1	Introduction
RAN4#92 agreed with the way forward on RRM requirements for NR-U [1], and RAN4 agreed to extend the L1-RSRP measurement period considering LBT.
	· Measurement period for SSB-based L1-RSRP:
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· Measurement period for CSI-RS based L1-RSRP:
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· Note: the above can be revisited when RAN1 design is finalized
· Define maximum values for L1 and L2



RAN4 also discussed the scenario UE cannot receive enough number of SSB or CSI-RS samples during the measurement period as agreed with:
	· SSB based L1-RSRP measurement reporting is performed only when UE receives MSSB SSB samples during the measurement period
· CSI-RS based L1-RSRP measurement reporting is performed only when UE receives MCSI-RS CSI-RS samples during the measurement period
· If the UE cannot skip the L1-RSRP reporting, but the UE does not receive a certain number of SSB and/or CSI-RS samples within the measurement period, the UE indicates ‘not valid’ (how to signal “not valid” is FFS)



2	Discussion
2.1	Measurement resources
The existing beam failure recovery (BFD) and candidate beam detection (CBD) requirements are specified based on SS/PBCH block (SSB) and CSI-RS. In NR-U, RAN1 has agreed that SSB is transmitted as a part of discovery reference signals (DRS). RAN1 also agreed UE can perform CSI-RS based RRM measurement, but it is not clear yet the detailed configuration such as where/where it is transmitted. We therefore propose RAN4 prioritizes the SSB based L1-RSRP measurement in NR-U. 
Proposal 1: RAN4 prioritizes the SSB based L1-RSRP measurements for reporting for NR-U. RAN4 will revisit CSI-RS based L1-RSRP measurements when RAN1 decided the CSI-RS configuration for L1-RSRP measurements. 
2.2	Maximum value of L1 for SSB based L1-RSRP measurements
As discussed in RAN4#92, NR-U cannot transmit SSB every SSB transmission period due to LBT failure and therefore RAN4 agreed to extend the evaluation period with L1. Although the LBT success rate depends on the deployed environment, we think larger L1 value should be avoided also because BS may perform the TCI switching based on old channel quality information. Especially when the network configures timeRestrictionForChannelMeasurement, UE need to report the L1-RSRP based on only the most recent occasion according to TS38.214 5.2.2.1. We think it is also applicable for NR-U, therefore we propose to set L1=0 when the network configures timeRestrictionForChannelMeasurement. When the network does not enable the channel measurement restriction, we propose to set the maximum of L1, i.e., L1max as follows. In principle we allow only the same number of LBT failure (=3) for long DRX cycle > 320ms, which corresponding to 50% of LBT failure rate. However we allow more LBT failures with no DRX or shorter DRX cycle.
Proposal 2: Set the SSB based L1-RSRP evaluation period for NR-U as follows:  
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil((M+L1)*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*(M+L1)*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil((M+L1)*P)*TDRX

	Note 1:	TSSB 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:	L1=0 if higher layer parameter timeRestrictionForChannelMeasurement is configured. Otherwise L1 is the number of SSBs not available at the UE during TL1-RSRP_Measurement_Period_SSB where L1 ≤ L1max.
Note 3: 	L1max for Max(TDRX,TSSB) ≤ 12 where TDRX=0 for non-DRX, L1max=6 for 40 < Max(TDRX, TSSB) ≤ 320, and L1max=3 for TDRX > 320.



2.3	L1-RSRP measurement failure
The measurement period of L1-RSRP for reporting in licensed spectrum is set based on M SSB occasions, where M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise. Since LBT results depends on the channel condition, it may happen the total number of LBT failures (L1) exceeds the maximum values, L1max, during the measurement period. We call it L1-RSRP measurement failure. In order to ensure the similar L1-RSRP measurement accuracy, we propose UE reports ‘not valid’ in the case of L1-RSRP measurement failure. 
Proposal 3: UE report ‘not valid’ to the network in the case of L1-RSRP measurement failure, i.e., L1 exceeds L1max. 
2.4	Invalid values
[bookmark: _GoBack]RAN4 specifies the reported value and L1-RSRP measured quantity value in TS38.133 Table 10.1.6.1-1 as below. As it is shown in the table, RAN4 does not assume to use the reported values from RSRP_0 to RSRP_15 and from RSRP_114 to RSRP_126 because of the limited range compared with SS-RSRP. We therefore propose to use RSRP_0 as ‘not valid’.
Proposal 4: Use RSRP_0 to indicate ‘not valid’.

Table 10.1.6.1-1: SS-RSRP and CSI-RSRP measurement report mapping
	Reported value
	Measured quantity value(L3 SS-RSRP)
	Measured quantity value(L1 SS-RSRP and CSI-RSRP)
	Unit

	RSRP_0
	SS-RSRP<-156
	Not valid
	dBm

	RSRP_1
	-156≤ SS-RSRP<-155
	Not valid
	dBm

	RSRP_2
	-155≤ SS-RSRP<-154
	Not valid
	dBm

	RSRP_3
	-154≤ SS-RSRP<-153
	Not valid
	dBm

	RSRP_4
	-153≤ SS-RSRP<-152
	Not valid
	dBm

	RSRP_5
	-152≤ SS-RSRP<-151
	Not valid
	dBm

	RSRP_6
	-151≤ SS-RSRP<-150
	Not valid
	dBm

	RSRP_7
	-150≤ SS-RSRP<-149
	Not valid
	dBm

	RSRP_8
	-149≤ SS-RSRP<-148
	Not valid
	dBm

	RSRP_9
	-148≤ SS-RSRP<-147
	Not valid
	dBm

	RSRP_10
	-147≤ SS-RSRP<-146
	Not valid
	dBm

	RSRP_11
	-146≤ SS-RSRP<-145
	Not valid
	dBm

	RSRP_12
	-145≤ SS-RSRP<-144
	Not valid
	dBm

	RSRP_13
	-144≤ SS-RSRP<-143
	Not valid
	dBm

	RSRP_14
	-143≤ SS-RSRP<-142
	Not valid
	dBm

	RSRP_15
	-142≤ SS-RSRP<-141
	Not valid
	dBm

	RSRP_16
	-141≤ SS-RSRP<-140
	RSRP<-140
	dBm

	RSRP_17
	-140≤ SS-RSRP<-139
	-140≤RSRP<-139
	dBm

	RSRP_18
	-139≤ SS-RSRP<-138
	-139≤ RSRP<-138
	dBm

	…
	…
	
	…

	RSRP_111
	-46≤ SS-RSRP<-45
	-46≤ RSRP<-45
	dBm

	RSRP_112
	-45≤ SS-RSRP<-44
	-45≤ RSRP<-44
	dBm

	RSRP_113
	-44≤ SS-RSRP<-43
	-44≤ RSRP
	dBm

	RSRP_114
	-43≤ SS-RSRP<-42
	Not valid
	dBm

	RSRP_115
	-42≤ SS-RSRP<-41
	Not valid
	dBm

	RSRP_116
	-41≤ SS-RSRP<-40
	Not valid
	dBm

	RSRP_117
	-40≤ SS-RSRP<-39
	Not valid
	dBm

	RSRP_118
	-39≤ SS-RSRP<-38
	Not valid
	dBm

	RSRP_119
	-38≤ SS-RSRP<-37
	Not valid
	dBm

	RSRP_120
	-37≤ SS-RSRP<-36
	Not valid
	dBm

	RSRP_121
	-36≤ SS-RSRP<-35
	Not valid
	dBm

	RSRP_122
	-35≤ SS-RSRP<-34
	Not valid
	dBm

	RSRP_123
	-34≤ SS-RSRP<-33
	Not valid
	dBm

	RSRP_124
	-33≤ SS-RSRP<-32
	Not valid
	dBm

	RSRP_125
	-32≤ SS-RSRP<-31
	Not valid
	dBm

	RSRP_126
	-31≤ SS-RSRP
	Not valid
	dBm

	RSRP_127 (Note)
	Infinity
	Infinity
	dBm

	Note:	The value of RSRP_127 is applicable for RSRP threshold configured by the network as defined in TS 38.331 [2], but not for the purpose of measurement reporting.




3	Summary
Proposal 1: RAN4 prioritizes the SSB based L1-RSRP measurements for reporting for NR-U. RAN4 will revisit CSI-RS based L1-RSRP measurements when RAN1 decided the CSI-RS configuration for L1-RSRP measurements. 
Proposal 2: Set the SSB based L1-RSRP evaluation period for NR-U as follows:  
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil((M+L1)*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*(M+L1)*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil((M+L1)*P)*TDRX

	Note 1:	TSSB 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:	L1=0 if higher layer parameter timeRestrictionForChannelMeasurement is configured. Otherwise L1 is the number of SSBs not available at the UE during TL1-RSRP_Measurement_Period_SSB where L1 ≤ L1max. 
Note 3: 	L1max for Max(TDRX,TSSB) ≤ 12 where TDRX=0 for non-DRX, L1max=6 for 40 < Max(TDRX, TSSB) ≤ 320, and L1max=3 for TDRX > 320.



Proposal 3: UE report ‘not valid’ to the network in the case of L1-RSRP measurement failure, i.e., L1 exceeds L1max. 
Proposal 4: Use RSRP_0 to indicate ‘not valid’.
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