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1	Introduction
RAN4#93 agreed with the way forward on RRM requirements for NR-U [1], and RAN4 agreed to extend the L1-RSRP measurement period considering LBT failure.
	· L1,max:
· L1,max=7 for Max(TDRX,TSSB) ≤ 40 where TDRX=0 for non-DRX
· L1,max=5 for 40 < Max(TDRX, TSSB) ≤ 320
· L1,max=3 for TDRX > 320
· For periodic and aperiodic L1-RSRP reporting, the L1-RSRP reporting delay reuses the Rel-15 reporting delay
· Option 1: reuses the Rel-15 reporting delay
· Option 2: is extended to account UL LBT failure (e.g., similar to semi-persistent)
· 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
· FFS how to extend the delay, where the maximum extension is
· Option 1: determined by RAN1/RAN2 specifications
· Option 2: is pre-defined
· FFS: 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
· 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





2	Discussion
2.1	L1max for SSB based L1-RSRP measurements
NR-U gNB cannot transmit SSB every SSB transmission period due to the LBT failure and therefore RAN4 agreed to extend the evaluation period with the extension value L1. According to WF, RAN4 agreed with the maximum value of the evaluation period extension value, L1max as follows:
· L1,max=7 for Max(TDRX,TSSB) ≤ 40 where TDRX=0 for non-DRX
· L1,max=5 for 40 < Max(TDRX, TSSB) ≤ 320
· L1,max=3 for TDRX > 320
[bookmark: _Hlk23757473]On top of that, we need to consider the case the network configures timeRestrictionForChannelMeasurement since Rel-15 RAN4 RRM requirements set M=1 in case the network configures timeRestrictionForChannelMeasurement, according to TS38.214. We think the agreed extension value, for example L1,max=7 for non-DRX, is too long for M=1. We therefore propose to set L1=0 (no extension) in the case the network configure the channel measurement restriction.  
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: 	L1,max=7 for Max(TDRX,TSSB) ≤ 40ms where TDRX=0 for non-DRX, L1,max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, and L1,max=3 for TDRX > 320ms.



2.2	CSI-RS based L1-RSRP measurements
RAN4#93 also agreed to define CSI-RS based RLM requirements as follows [1]: 
	· RLM requirements based on periodic CSI-RS (TCSI-RS) are to be defined in Rel-16
Background: RAN1 agreed that CSI-RS-based RLM-RS both within and outside the SSB-based RLM measurement window (i.e., DRS transmission window) can be used for in-sync and out-of-sync evaluations (resolves FFS from previous agreement)



This agreement means RAN4 should also define CSI-RS based L1-RSRP measurement requirements based on the periodic CSI-RS resource transmission period, TCSI-RS. If we check Rel-15 L1-RSRP measurement requirement, RAN4 assumes the same number of samples for both SSB based L1-RSRP measurement and CSI-RS based L1-RSRP measurement, i.e., M=3, we can reuse the same extension value L1 and L1,max as SSB based L1-RSRP measurement. 
Proposal 2: Set the CSI-RS based L1-RSRP evaluation period for NR-U as follows:  
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS(ms) 

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

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

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS 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 CSI-RSs not available at the UE during TL1-RSRP_Measurement_Period_CSI-RS where L1 ≤ L1,max.
Note 3: 	L1,max=7 for Max(TDRX,TCSI-RS) ≤ 40ms where TDRX=0 for non-DRX, L1,max=5 for 40ms < Max(TDRX, TCSI-RS) ≤ 320ms, and L1,max=3 for TDRX > 320ms.



2.3	UE behaviour in the case of UL LBT failure
This section discusses the impacts of UL BLT on UE reporting according to way forward [1]. 
2.3.1	L1-RSRP reporting delay for periodic and aperiodic L1-RSRP reporting
There are two options: 
· Option 1: reuses the Rel-15 reporting delay
· Option 2: is extended to account UL LBT failure (e.g., similar to semi-persistent)
For Periodic CSI reporting, gNB configures the periodic CSI reporting together with UL resources. Even if UE cannot transmit CSI reporting due to UL LBT failure, UE needs to continue to update the CSI measurements and attempt to report in the next transmission time.
For Aperiodic CSI reporting, gNB sends CSI request with DCI. If UE detects UL LBT failure, gNB cannot receive the CSI reporting. However it happens even if UE does not detect UL LBT failure, for example, when UE cannot decode CSI request on DCI or BS cannot decode PUCCH/PUSCH including CSI reporting. In this case gNB may send CSI request again with CSI resource. 
Therefore we propose to reuse the Rel-15 reporting delay for the periodic and aperiodic L1-RSRP reporting. 
Proposal 3: For periodic and aperiodic L1-RSRP reporting, the L1-RSRP reporting delay reuses the Rel-15 reporting delay. 

2.3.2	L1-RSRP reporting for semi-persistent L1-RSRP reporting
Semi-persistent CSI reporting is in principle same as the periodic CSI reporting although it is activated/deactivated by DCI (for PUSCH-based reporting) or MAC CE (for PUCCH-based reporting). We propose to apply the same UE behavior 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 the gNB allocates the UL resources, e.g., CSI request, then the UE transmits the CSI reporting on the allocated UL resource.  


Figure 1	Flowchart in case UE cannot transmit the last CSI before the deactivation of semi-persistent CSI reporting with PUCCH.
Proposal 4: 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. 
It was pointed out the issue specific to the semi-persistent CSI reporting with PUCCH. Since it is activated/deactivated by MAC CE, UE needs to send HARQ-ACK depending on the decoding results of PDSCH for MAC CE, but UE could not transmit HARQ-ACK in the case of UL LBT failure. To avoid the mismatch between UE and gNB, we propose to specify the UE behavior in case UE cannot transmit HARQ-ACK due to UL LBT failure as follows:
· In the case of activation, if UE cannot transmit HARQ-ACK due to the UL LBT failure, 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. Figure 2 shows a flowchart in case UE cannot transmit HARQ-ACK for the activation of semi-persistent CSI reporting with PUCCH. 
· In the case of deactivation, if UE cannot transmit HARQ-ACK due to the UL LBT failure, 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 transmit the deactivation command again during a delay period, UE restarts to report according to the PUCCH configuration. If UE receives the deactivation command during the delay period and it can send HARQ-ACK, UE stops the semi-persistent CSI reporting. Figure 3 shows flowcharts in case UE cannot transmit HARQ-ACK for the deactivation of semi-persistent CSI reporting with PUCCH.


[bookmark: _Ref32507936]Figure 2	Flowchart in case UE cannot transmit HARQ-ACK for the activation of semi-persistent CSI reporting with PUCCH.  


[bookmark: _Ref32508051]Figure 3	Flowchart in case UE cannot transmit HARQ-ACK for the deactivation of semi-persistent CSI reporting with PUCCH.
Proposal 5: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE activation due to the UL LBT failure, UE should not start the L1-RSRP measurement and reporting. 
Proposal 6: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE deactivation due to the 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 reporting. FFS how to extend the delay.

3	Summary
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: 	L1,max=7 for Max(TDRX,TSSB) ≤ 40ms where TDRX=0 for non-DRX, L1,max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, and L1,max=3 for TDRX > 320ms.



Proposal 2: Set the CSI-RS based L1-RSRP evaluation period for NR-U as follows:  
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS(ms) 

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

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

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

	Note 1:	TCSI-RS is the periodicity of CSI-RS 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 CSI-RSs not available at the UE during TL1-RSRP_Measurement_Period_CSI-RS where L1 ≤ L1,max.
Note 3: 	L1,max=7 for Max(TDRX,TCSI-RS) ≤ 40ms where TDRX=0 for non-DRX, L1,max=5 for 40ms < Max(TDRX, TCSI-RS) ≤ 320ms, and L1,max=3 for TDRX > 320ms.



Proposal 3: For periodic and aperiodic L1-RSRP reporting, the L1-RSRP reporting delay reuses the Rel-15 reporting delay. 
Proposal 4: 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 5: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE activation due to the UL LBT failure, UE should not start the L1-RSRP measurement and reporting. 
Proposal 6: For semi-persistent CSI reporting with PUCCH, if UE cannot transmit HARQ-ACK on the MAC CE deactivation due to the 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 reporting. FFS how to extend the delay.
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