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1	Introduction
RAN4#95-e agreed with the way forwards on beam managements with NR-U [1][2], but RAN#88-e agreed to exclude CSI-RS based beam management from the scope of Rel-16 NR-U RRM requirements. In this contribution, we focus on the remining open issues for NR-U beam management, that is, SSB based BFD and L1-RSRP reporting.
2	Beam failure detection (BFD)
2.1	SSB based BFD
The remaining open issue for SSB based BFD is the extended measurement period when SSB is not available at the receiver due to the DL LBT failure as shown in Table 1 [3]. Since it is the common issue with RLM out-of-synch, the agreement in RAN4#95-e was to follow the conclusion of SSB based RLM OOS as follows:
	Beam failure detection
· SSB based BFD requirement 
· Wait for the conclusion of SSB based OOS requirement



[bookmark: _Ref47360314]Table 1	Evaluation period TEvaluate_BFD_SSB_CCA for FR1 [3].
	Configuration
	TEvaluate_BFD_SSB_CCA (ms) 

	no DRX
	Max(50, Ceil((5 + LBFD)  P)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5  (5 + LBFD)  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil((5 + LBFD)  P)  TDRX

	Note 1:	TSSB is the periodicity of SSB in the set . TDRX is the DRX cycle length.
Note 2:	LBFD is the number of SSBs not available at the UE during TEvaluate_BFD_SSB_CCA where LBFD ≤ LBFD,max.
Note 3:	FFS for LBFD. 


 
Although we need to wait for the conclusion of the evaluation period for RLM out-of-synch in NR-U, the same conclusion cannot be applied for BFD because BFD measurement period is based on RLM in-synch. We therefore propose to specify the SSB based BFD evaluation period as follows:
Proposal 1: Specify the SSB based BFD evaluation period as follows: 
	Configuration
	TEvaluate_BFD_SSB_CCA (ms) 

	
	SSB Es/Iot ≥ [-7] dB
	SSB Es/Iot < [-7] dB

	no DRX
	Max(50, Ceil((5 + LBFD)  P)  TSSB)
	Max(50, Ceil((5 + [7])  P)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5  (5 + LBFD)  P)  Max(TDRX,TSSB))
	Max(50, Ceil(1.5  (5 + [5])  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil((5 + LBFD)  P)  TDRX
	Ceil((5 + [3])  P)  TDRX

	Note 1:	TSSB is the periodicity of SSB in the set . TDRX is the DRX cycle length.
Note 2:	LBFD is the number of SSBs not available at the UE during TEvaluate_BFD_SSB_CCA where LBFD ≤ LBFD,max.
Note 3:	LBFD,max = [7] for Max(TDRX, TSSB) ≤ 40 assuming TDRX=0 for non-DRX case, 
LBFD,max = [5] for 40 < Max(TDRX, TSSB) ≤ 320,
LBFD,max = [3] for TDRX > 320.



3	L1-RSRP measurements
3.1	Open issues
The remaining open issue for L1-RSRP measurements is the UE behavior when UE cannot transmit HARQ-ACK for MAC-CE deactivation of semi-persistent CSI reporting.
	L1-RSRP measurements
· Issue 2-5-1: 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: Detailed UE behavior when receiving the MAC CE deactivation command for semi-persistent CSI reporting, in case of UL LBT failure for sending the ACK
· 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: UE should stop the semi-persistent CSI reporting when UE cannot transmit HARQ-ACK for MAC CE deactivation command.
· Issue 2-5-3: L1-RSRP reporting delay for semi-persistent CSI reporting with PUCCH
· Candidate Options
· Option 1: 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.
· Option 2: For semi-persistent CSI reporting using PUCCH, the reporting delay reuses Rel15 reporting delay.



As we discussed in RAN4#95-e, it could happen even in the licensed carrier operation, e.g., when gNB cannot decode HARQ-ACK, but RAN1 spec does not specify UE/gNB behavior. Since RAN4 has sent LS to RAN1 to ask the UE behavior when UE cannot transmit HARQ-ACK for MAC CE deactivation for semi-persistence CSI reporting [4], we need to wait for the LS response from RAN1. 
If RAN4 does not receive the LS response during RAN4#96-e, we propose to continue the discussion in the RRM maintenance.
Proposal 2: RAN4 should wait for LS response from RAN1 on the UE behavior when UE cannot transmit HARQ-ACK for MAC CE deactivation for semi-persistent CSI reporting. RAN4 should continue the discussion in the RRM maintenance in case RAN4 does not receive the LS response from RAN1 during RAN4#96-e. 

4	Summary
Proposal 1: Specify the SSB based BFD evaluation period as follows: 
	Configuration
	TEvaluate_BFD_SSB_CCA (ms) 

	
	SSB Es/Iot ≥ [-7] dB
	SSB Es/Iot < [-7] dB

	no DRX
	Max(50, Ceil((5 + LBFD)  P)  TSSB)
	Max(50, Ceil((5 + [7])  P)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(1.5  (5 + LBFD)  P)  Max(TDRX,TSSB))
	Max(50, Ceil(1.5  (5 + [5])  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil((5 + LBFD)  P)  TDRX
	Ceil((5 + [3])  P)  TDRX

	Note 1:	TSSB is the periodicity of SSB in the set . TDRX is the DRX cycle length.
Note 2:	LBFD is the number of SSBs not available at the UE during TEvaluate_BFD_SSB_CCA where LBFD ≤ LBFD,max.
Note 3:	LBFD,max = [7] for Max(TDRX, TSSB) ≤ 40 assuming TDRX=0 for non-DRX case, 
LBFD,max = [5] for 40 < Max(TDRX, TSSB) ≤ 320,
LBFD,max = [3] for TDRX > 320.



Proposal 2: RAN4 should wait for LS response from RAN1 on the UE behavior when UE cannot transmit HARQ-ACK for MAC CE deactivation for semi-persistent CSI reporting. RAN4 should continue the discussion in the RRM maintenance in case RAN4 does not receive the LS response from RAN1 during RAN4#96-e. 
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Appendix 
	· SSB-based OOS evaluation period
· For SINREST ≤ X dB the OOS evaluation period 
· Option 1: Keep unchanged
· Option 2: Fixed extension of number of samples as follows: 
· L = TBD for max(TSSB, TDRX) ≤ 40, 
· L = TBD for 40 <Max(TDRX, TSSB)≤320 
· L = TBD for TDRX >320
· For SINREST > X dB the OOS evaluation period is FFS
· X = [-7dB]
· SINREST is the estimated SINR at the UE side
· Option 1: Filtered SINR estimate over evaluation period
· Option 2: Current SSB SINR estimate
· Option 3: last available SSB SINR
· Other options are not precluded
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