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1	Introduction
RAN4#94-e-Bis agreed with the way forward on RRM requirements for NR-U [1], which lists the remaining open issues on L1-RSRP measurements for NR-U.
	Issue 4-1-1: UE behavior when receiving the MAC CE deactivation command for semi-persistent CSI reporting, in case of UL LBT failure for sending the ACK
· Candidate options:
· Option 1: If UE cannot transmit HARQ-ACK on MAC-CE deactivation due to UL CCA failure, UE continues to be in its previous state, i.e., it should measure and report L1-RSRP until it successfully transmits HARQ-ACK
· Option 2: 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 measurements but delay the L1-RSRP reporting. If UE does not receive deactivation command during the delay period, UE restarts to transmit L1-RSRP reporting. FFS how to extend the delay.
· Option 3: It is preferred to delay the L1-RSRP reporting when the HARQ feedback cannot be transmitted after receiving the MAC CE deactivation command. A time limit shall be defined when the L1-RSRP reporting is delayed. When exceeding the time limits, UE shall abandon the stored measurement results, where the time limit is FFS. The UE shall also abandon the measurement results when the HARQ feedback is retransmitted for the deactivation command
Issue 4-1-2: Semi-persistent L1-RSRP reporting delay
Issue 4-1-3: Semi-persistent CSI reporting delay
· Candidate options:
· Option 1: Extend the delay, how to extend the delay is FFS
· Option 2: Semi-persistent L1-RSRP reporting delay in NR-U reuses the Rel-15 reporting delay
Issue 4-2-1: CSI-RS based L1-RSRP 
· Option 1: 
· 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.



· Moderator: one company commented that, since CSI-RS is not designed for detection purpose, it is unclear how to determine CSI-RS is available or not.  Please, address this issue in the next meeting.



In this contribution we discuss the remaining open issues.
2	Discussion
2.1	CSI-RS based L1-RSRP measurements
As we discussed in [2], RAN1#100-e-Bis discussed under which conditions UE assumes periodic CSI-RS are present and used for measurement purposes, and they are considering several options such as SFI information transmitted in DCI 2_0 (GC-PDCCH) to validate a CSI-RS occasion to the UE. 
Since RAN1 is still discussing the validation of CSI-RS transmission, RAN4 need to wait for the conclusion by RAN1. However if RAN1 agree with the mechanism of CSI-RS validation, RAN4 will define the CSI-RS based L1-RSRP measurement requirements as well as RLM/BFD/CBD.
Proposal 1: For CSI-RS based L1-RSRP measurements, RAN4 should wait for the conclusion of CSI-RS validation discussed in RAN1.
If we look Rel-15 L1-RSRP measurements requirement for licensed carrier operation, 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, if timeRestrictionForChannelMeasurement is not configured. Since we don’t see any reason to change the number of samples from the licensed carrier operation, we propose to have the same approach as the SSB based L1-RSRP measurements if RAN1 agree with the CSI-RS validation mechanism. 
Proposal 2: If RAN1 agree with the mechanism of CSI-RS validation, 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.



2.2	UE behavior with UL LBT failure
2.3.1	Semi-persistent L1-RSRP reporting delay and CSI reporting delay
RAN4#94-e-bis discussed the issue of L1-RSRP reporting delay and CSI reporting delay. Since L1-RSRP reporting is a part of CSI reporting, RAN4 need to discuss together. 
Semi-persistent CSI reporting is similar to periodic CSI reporting; UE reports the CSI periodically according to the network configuration with PUCCH or PUSCH, but it is activated/deactivated by DCI (for PUSCH-based reporting) or MAC CE (for PUCCH-based reporting). Therefore we could apply the same UE behavior as the periodic CSI reporting in principle, i.e., UE continues to update the CSI measurements and attempts to report in the next transmission time. 
RAN4 has discussed whether UE extends the reporting delay or reuses Rel-15 behavior (i.e. no nothing) in case UE cannot transmit the last CSI reporting due to the UL LBT failure. Since most companies supported the reuse of Rel-15 behavior in the last RAN4 meeting and it is up to network when it deactivates the semi-persistence CSI reporting, we can accept to reuse the Rel-15 semi-persistent L1-RSRP (CSI) reporting delay for NR-U.
Proposal 3: Reuse the Rel-15 semi-persistent CSI (L1-RSRP) reporting delay for NR-U even if UE cannot transmit the reporting due to the UL LBT failure. 
2.3.2	HARQ-ACK for MAC CE deactivation
The last remaining issue is the UE behavior when UE cannot transmit HARQ-ACK for the deactivation of semi-persistent CSI reporting due to the UL LBT failure.
Consider gNB sends the MAC CE deactivation of semi-persistent CSI reporting. According to TS38.214 5.2.1.5.2, UE shall assume the CSI measurement resources are stopped 3ms after UE transmits HARQ-ACK. This means UE are supposed to stop CSI reporting accordingly because of no measurement resources after UE transmits HARQ-ACK for MAC CE deactivation.
Consider gNB cannot decode HARQ-ACK for MAC CE command as in Figure 2 (a); this may happen even with Rel-15 although it should be less probable. Since UE does not know whether gNB could decode HARQ-ACK or not, UE need to assume no CSI measurement resources 3ms after it transmits HARQ-ACK and thus UE need to stop the CSI reporting. Because of no HARQ-ACK, gNB may transmit deactivation command again but it is not clarified in the specification.
We think the same rule should be applied for the case when UE cannot transmit HARQ-ACK due to the UL LBT failure as illustrated in Figure 2 (b), because gNB cannot judge the reason of no HARQ-ACK is due to the decoding failure or UL LBT failure. 
Observation: Following RAN1 procedure in TS38.214 5.2.1.5.2, UE should stop the semi-persistent CSI reporting when UE cannot transmit HARQ-ACK for MAC CE deactivation command.


	(a) The case when gNB cannot decode HARQ-ACK,
	(b) The case when UE cannot transmit HARQ-ACK due to UL LBT failure.


[bookmark: _Ref40305364]Figure 2	Comparison between (a) gNB cannot decode HARQ-ACK and (b) UE cannot transmit HARQ-ACK.
One difference between the case (a) and (b) in Figure 2 is the probability of the event. gNB can schedule PUCCH for HARQ-ACK reliably to minimize the detection error. On the other hand, since LBT failure is not controlled by the gNB and UE, both gNB and UE should assume the UL LBT failure happens with a certain probability. In this case we think it is beneficial to delay the CSI reporting and restart again if UE cannot receive the deactivation command within a certain time.
Proposal 4: 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 delays the CSI reporting. 
· If UE does not receive the deactivation command during the delay period, UE restarts to transmit the delayed CSI reporting. FFS how to extend the delay. 
· If UE receive the deactivation command and can transmit HARQ-ACK, the UE abandon the stored CSI. 
3	Summary
Proposal 1: For CSI-RS based L1-RSRP measurements, RAN4 should wait for the conclusion of CSI-RS validation discussed in RAN1.
Proposal 2: If RAN1 agree with the mechanism of CSI-RS validation, 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: Reuse the Rel-15 semi-persistent CSI (L1-RSRP) reporting delay for NR-U even if UE cannot transmit the reporting due to the UL LBT failure. 
Observation: Following RAN1 procedure in TS38.214 5.2.1.5.2, UE should stop the semi-persistent CSI reporting when UE cannot transmit HARQ-ACK for MAC CE deactivation command.
Proposal 4: 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 delays the CSI reporting. 
· If UE does not receive the deactivation command during the delay period, UE restarts to transmit the delayed CSI reporting. FFS how to extend the delay. 
· If UE receive the deactivation command and can transmit HARQ-ACK, the UE abandon the stored CSI. 
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