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1	Introduction
RAN4#92bis agreed with the way forward on RRM requirements for NR-U [1], and RAN4 agreed to extend the L1-RSRP measurement period considering LBT.
	RAN4 prioritizes the SSB based L1-RSRP measurements for reporting for NR-U. RAN4 can revisit CSI-RS based L1-RSRP measurements if RAN1 decides the CSI-RS configuration for L1-RSRP measurements.s
Measurement period for SSB-based L1-RSRP:
[image: ]
· L1 is the number of SSBs not available at the UE during TL1-RSRP_Measurement_Period_SSB where L1 ≤ L1max. L1=0 if higher layer parameter timeRestrictionForChannelMeasurement is configured
· Maximum values of L1
· L1max =TBD for max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
· L1max =TBD for 40<max(TDRX,TSSB)≤320
· L1max =TBD for max(TDRX,TSSB)>320
· Defining L1MAX and L1MAX for other ranges of TDRX, TSSB is not precluded
· UE reports ‘not valid’ to the network when L1>L1max
· Use RSRP_0 to indicate ‘not valid’




2	Discussion
2.1	L1max for SSB based L1-RSRP measurements
As discussed in RAN4#92 and RAN4#92bis, NR-U cannot transmit SSB every SSB transmission period due to the LBT failure and therefore RAN4 agreed to extend the evaluation period with L1. 


[bookmark: _Ref23710190]Figure 1	Example of L1-RSRP measurement with M=3 and L1max=3.

Figure 1 shows an example of L1-RSRP measurements with M=3 and L1max=3. 
· At t3, UE reports L1-RSRP based on M=3 SSB samples transmitted on t1, t2 and t3. 
· At t4, UE reports the same L1-RSRP as t3 because no SSB due to LBT failure on t4. 
· At t5, UE reports L1-RSRP based on SSB samples transmitted on t2, t3, and t5 (L1=1).
· At t6/t7, UE reports the same L1-RSRP as t5 because of no SSB samples due to LBT failure on t6 and t7 (L1 <= L1max).
· At t8, UE reports L1-RSRP based on SSB samples transmitted on t3, t5 and t8 (L1=3). 
· At t9, UE reports ‘not valid’ because L1 (=4) > L1max (=3).
· At t10, UE reports L1-RSRP based on SSB samples transmitted on t5, t8 and t10 (L1=3).
· At t11, UE reports L1-RSRP based on SSB samples transmitted on t8, t10 and t11. (L1=3).
· At t12, UE reports L1-RSRP based on SSB samples transmitted on t10, t11, and T12 (L1=1). 
[bookmark: _Hlk24026774]Regarding L1max, we want to avoid larger value especially for DRX > 320ms because it results in very large delay. We therefore propose to the same number of LBT failure (=3) for long DRX cycle > 320ms, which corresponds to 50% of DL LBT failure rate. 
· L1max=3 for TDRX > 320ms
For no DRX or shorter DRX cycle cases, we allow more LBT failures. In the case 40ms < Max(TDRX, TSSB) ≤ 320ms, considering the scaling factor 1.5, we propose L1max=5, which is derived by ceil(L1max for DRX>320ms * 1.5). 
[bookmark: _Hlk23757473]For Max(TDRX,TSSB) ≤ 40ms where TDRX=0 for non-DRX, we propose to set L1max=7, which corresponds to 70% of LBT failure rate. 
Proposal 1: 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=7 for Max(TDRX,TSSB) ≤ 40 where TDRX=0 for non-DRX, L1max=5 for 40 < Max(TDRX, TSSB) ≤ 320, and L1max=3 for TDRX > 320.



2.1	UE behaviour in the case of UL LBT failure
RAN4#92bis discussed the impact of UL BLT on UE reporting [1]. Although the way forward discusses L1 measurement reporting, we think it is also applicable for CSI repotting. We discuss the UE behaviour when UE cannot transmit CSI reporting due to UL LBT failure.
UL LBT failure for aperiodic CSI reporting
In the case of Aperiodic CSI reporting, gNB sends CSI request with DCI. If UE can decode DCI but UE cannot transmit CSI reporting due to UL LBT failure, probably gNB sends CSI request again with CSI resource. 
UL LBT failure for periodic CSI reporting
In the case of Periodic CSI reporting, gNB configures the periodic CSI reporting together with UL resources with RRC signalling. Even if UE cannot transmit CSI reporting due to UL LBT failure, UE continues to update the CSI measurements and attempt to report in the next transmission time.
UL LBT failure for semi-persistent CSI reporting
Semi-persistent CSI reporting is in principle same as the periodic CSI reporting although it is activated/deactivated by DCI or MAC CE. We propose to apply the same UE behaviour as periodic CSI reporting in principle, i.e., UE continues to update the CSI measurements and attempts to report in the next transmission time. However, from the network scheduling point of view, the latest CSI report is most important. We think the L1-RSRP reporting delay should be extended for the last CSI if UE cannot transmit CSI reporting due to the UL LBT failure. If the UE is able to report the latest measurement result if it gets additional UL resources, e.g., CSI request, UE use the CSI for the CSI reporting. 
UL LBT failure for HACK-ACK for semi-persistent CSI reporting activation/deactivation
Semi-persistent CSI reporting with PUCCH is triggered by MAC CE. This means UE needs to send HARQ-ACK when UE decodes PDSCH for MAC CE. Since UE needs to perform UL LBT before HARQ-ACK transmission, we need to consider the case when UE cannot transmit HARQ-ACK due to UL LBT failure. 
· In the case of activation, UE should not start CSI measurement and not transmit the report because gNB may not transmit CSI resources because it does not receive HARQ-ACK for MAC CE.
· In the case of deactivation, gNB may continue to transmit CSI resources because gNB does not receive HARQ-ACK for deactivation. In this case UE should continue the CSI measurements, i.e., update CSI. However the L1-RSRP report should be delayed because gNB might not need additional L1-RSRP information. If gNB does not re-transmit the deactivation command until the end of the extended delay, UE restarts to report according to the configuration. If UE can receive the deactivation command during the delayed period, UE stops the semi-persistent CSI reporting.

[bookmark: _GoBack]Proposal 2: For periodic and aperiodic L1-RSRP reporting, the L1-RSRP reporting delay reuses the Rel-15 reporting delay. 
Proposal 3: For semi-persistent CSI reporting, L1-RSRP reporting delay for the last CSI is extended to account for UL LBT failures resulting in UE being not being able to transmit, provided the UL resources are configured. FFS how to extend the delay. 
Proposal 4: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE activation due to UL LBT failures, UE should not start the L1-RSRP measurement and reporting. 
Proposal 5: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE deactivation due to UL LBT failures, UE continues the L1-RSRP measurement and delay the L1-RSRP reporting. If UE does not receive deactivation command during the delay period, UE restart to transmit L1-RSRP. FFS how to extend the delay.

3	Summary
Proposal 1: Set the SSB based L1-RSRP evaluation period for NR-U as follows:  
· L1max=7 for Max(TDRX,TSSB) ≤ 40 where TDRX=0 for non-DRX
· L1max=5 for 40 < Max(TDRX, TSSB) ≤ 320
· L1max=3 for TDRX > 320
Proposal 2: For periodic and aperiodic L1-RSRP reporting, the L1-RSRP reporting delay reuses the Rel-15 reporting delay. 
Proposal 3: For semi-persistent CSI reporting, L1-RSRP reporting delay for the last CSI is extended to account for UL LBT failures resulting in UE being not being able to transmit, provided the UL resources are configured. FFS how to extend the delay. 
Proposal 4: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE activation due to UL LBT failures, UE should not start the L1-RSRP measurement and reporting. 
Proposal 5: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE deactivation due to UL LBT failures, UE continues the L1-RSRP measurement and delay the L1-RSRP reporting. If UE does not receive deactivation command during the delay period, UE restart to transmit L1-RSRP. FFS how to extend the delay.
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