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1	Introduction
RAN4#94-e agreed with the way forward on RRM requirements for NR-U [1], and it contained several agreements on RLM.
	SSB based RLM
· For SSB-based RLM in-sync
· Lin,max = 7 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
· Lin,max = 5 for 40<Max(TDRX,TSSB)≤320
· Lin,max = 3 for TDRX>320
· No additional requirements due to consecutively missing SSBs for SSB-based RLM INS
· The set of SSB that UE is required to monitor
· Option 1: UE is required to monitor at least one SSB from the set of SSBs that are QCLed with each other 
· Option 2: UE is required to monitor SSBs from the set of SSBs that are QCLed with each other within the set of configured RLM-RS resources, until it detects an SSB during this SMTC during RLM or link recovery procedures 
· Option 3: UE shall monitor all SSBs configured for RLM, regardless of QCL information
· The RLM requirements shall not rely on COT information availability
· FFS whether the decision is applicable to both FBE and LBE or only one of them
· FFS whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions
· Whether to extend the OOS evaluation period based on the number of unavailable SSB
· Option 1: No. Out-of-sync evaluation period is extended by a fixed number of samples 
· Option 1a: No. Out-of-sync evaluation period excluding the available SSB is scaled by a fixed factor of N
· Option 2: Yes. OOS evaluation is based on Lout, where Lout ≤Lout,max is the number of SSBs not available at the UE during TEvaluate_out_SSB 
· Option 3: Select option 2 in FBE networks and option 1 in LBE networks 
CSI-RS based RLM
· How to handle CSI-RS based RLM
· Option 2: Adopt the same approach for the extension of the INS and OOS evaluation periods for CSI-RS based RLM as in SSB based RLM 
· Option 3: RAN4 deprioritizes defining requirements for CSI-RS based RLM in Rel-16 NR-U networks.



RAN4#94-e discussed beam management requirements for NR-U also. 
	BFD and CBD
· How to handle BFD
· Option 1: Adopt the same approach as for RLM OOS
· Other options are not precluded
· How to handle CBD 
· Option 1: Adopt the same approach as for RLM IN
· Other options are not precluded



Since the RLM in-sync requirements can be used for the BFD requirements, and L1-RSRP measurement requirements can be used for CBD requirements, we discuss the scaling factor LBFD and LCBD under unlicensed spectrum operation. 
2	Beam failure detection
2.1	LBFD,max for SSB based beam failure detection (BFD)
[bookmark: _Hlk20750133][bookmark: _Hlk21038163]NR-U gNB cannot transmit SSB every SMTC period due to LBT failure and therefore RAN4 has agreed to extend the evaluation period with LBFD, and the remaining issue is the maximum value of the evaluation period extension value, LBFD,max. Since Rel-15 BFD evaluation period has been set based on RLM in-synch, we propose to adopt the same evaluation period extension approach as RLM in-synch for BFD. On the other hand, it could happen the gNB cannot transmit the required number of SSBs within the extended evaluation period. For this case, i.e., when LBFD>LBFD,max, we propose to adopt the same approach as out-of-synch, that is, the beam failure instance indication to the higher layer. 
Proposal 1: Set the SSB based BFD evaluation period for NR-U as follows:  
	Configuration
	TEvaluate_BFD_SSB (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 [image: ]. TDRX is the DRX cycle length.
Note 2:	LBFD is the number of SSBs not available at the UE during TEvaluate_BFD_SSB where LBFD ≤ LBFD_max.
Note 3:	LBFD_max=7 for Max(TDRX, TSSB) ≤ 40ms where TDRX=0 for no DRX, LBFD_max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, and LBFD_max =3 for TDRX > 320ms.



Proposal 2: If LBFD > LBFD,max, UE behavior is the same as if the radio link quality is below Qout_LR, i.e., the beam failure instance indication to the higher layer.

2.2	LBFD,max for CSI-RS based beam failure detection (BFD)
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, and RAN4#94-e discussed whether to adopt the same approach for the extension of the INS and OOS evaluation periods for CSI-RS based RLM as in SSB based RLM. 
If RAN4 agree to define CSI-RS based RLM requirements for NR-U in Rel-16, it is natural to define CSI-RS based BFD requirements in Rel-16 NR-U. Therefore we propose to define the CSI-RS based BFD for NR-U by extending the evaluation period considering the LBT failure.
Proposal 3: RAN4 defines the CSI-RS based beam failure detection requirements considering the LBT failure if RAN4 agree to define CSI-RS based RLM in Rel-16 NR-U.
Proposal 4: Set the CSI-RS based BFD evaluation period considering LBT failure as follows:
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	max(50, ceil((MBFD+LBFD)*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(50, ceil(1.5*(MBFD+LBFD)*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil((MBFD+LBFD)*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS in the set [image: ]. TDRX is the DRX cycle length.
Note 2:	LBFD is the number of CSI-RSs not available at the UE during TEvaluate_BFD_CSI-RS where LBFD ≤ LBFD_max.
Note 3:	LBFD_max=Ceil([1.4] x MBFD) for Max(TDRX, TCSI-RS) ≤ 40ms where TDRX=0 for no DRX, LBFD_max=MBFD for 40ms < Max(TDRX, TCSI-RS) ≤ 320ms, and LBFD_max =Ceil([0.6] x MBFD) for TDRX > 320ms.


MBFD is the number of CSI-RSs and set MBFD=10 if the CSI-RS resource(s) in set  used for BFD is transmitted with Density = 3.
3	Candidate beam detection (CBD)
3.1	LCBD,max for SSB based candidate beam detection (CBD)
Similar to the discussion for BFD in unlicensed spectrum operation, the L1-RSRP measurement period for CBD can be also extended with LCBD, but the maximum value, LCBD,max should be derived with the agreement of L1-RSRP measurement period extension because CBD is in principle L1-RSRP measurement. For SSB based CBD evaluation period, we propose to reuse the agreement for L1-RSRP measurement period for NR-U [2].

Proposal 5: Set the SSB based CBD evaluation period for NR-U as follows: 
	Configuration
	TEvaluate_CBD_CBD (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, ceil((3+LCBD)*P) * TSSB)

	DRX cycle > 320ms
	ceil((3+LCBD) *P) * TDRX

	Note 1:	TDRS is the periodicity of DRS in the set [image: ]. TDRX is the DRX cycle length.
Note 2: 	LCBD is the number of SSBs not available at the UE during TEvaluate_CBD_SSB where LCBD ≤ LCBD_max.
Note 3:	LCBD,max=7 for Max(TDRX,TSSB) ≤ 40ms where TDRX=0 for non-DRX, LCBD_max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, and LCBD_max=3 for TDRX > 320ms.



One difference from BFD is the behavior when LCBD exceeds LCBD_max. According to TS38.213/321, UE shall choose one SSB whose L1-RSRP exceeds the configured threshold, rsrp-ThresholdSSB, and then initiate the contention-free random access procedure on the selected beam. On the other hand, if UE cannot find any beams exceeding the threshold, UE initiates the contention-based random access procedure to any SSB. 
In case UE cannot receive the necessary number of CBD RS samples within the extended L1-RSRP measurement period due to the many DL LBT failures, we don’t think the L1-RSRP measurement accuracy is  enough and therefore UE should not perform the new beam selection procedure.
Proposal 6: If LCBD > LCBD,max, UE behavior is same as the case UE cannot find any candidates. 

3.2	LCBD,max for CSI-RS based candidate beam detection (CBD)
Like BFD in unlicensed spectrum operation, the candidate beam detection is also applicable for CSI-RS according to the RAN1 agreement. If RAN4 agree to define CSI-RS based RLM requirements, we propose to define CSI-RS based CBD requirements also. 
Proposal 7: RAN4 defines the CSI-RS based candidate beam detection requirements considering the LBT failure if RAN4 agree to define CSI-RS based RLM in Rel-16 NR-U.
Proposal 8: Set the CSI-RS based CBD evaluation period considering LBT failure as follows:
	Configuration
	TEvaluate_CBD_CSI-RS (ms) 

	no DRX, DRX cycle ≤ 320ms
	max(25, ceil((MCBD+LCBD)*P)*TCSI-RS)

	DRX cycle > 320ms
	ceil((MCBD+LCBD)*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS in the set  . TDRX is the DRX cycle length.
Note 2:	LCBD is the number of CSI-RSs not available at the UE during TEvaluate_CBD_CSI-RS where LCBD ≤ LCBD_max.
Note 3:	LCBD_max= MCBD for Max(TDRX, TCSI-RS) ≤ 40ms where TDRX=0 for no DRX, LCBD_max=Ceil([1.6] x MCBD) for 40ms < Max(TDRX, TCSI-RS) ≤ 320ms, and LCBD_max =Ceil([2.3] x MCBD) for TDRX > 320ms.


MCBD is the number of CSI-RSs and set MBFD=3 if the CSI-RS resource(s) in set  used for CBD is transmitted with Density = 3.
4	Summary
Proposal 1: Set the SSB based BFD evaluation period for NR-U as follows:  
	Configuration
	TEvaluate_BFD_SSB (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 [image: ]. TDRX is the DRX cycle length.
Note 2:	LBFD is the number of SSBs not available at the UE during TEvaluate_BFD_SSB where LBFD ≤ LBFD_max.
Note 3:	LBFD_max=7 for Max(TDRX, TSSB) ≤ 40ms where TDRX=0 for no DRX, LBFD_max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, and LBFD_max =3 for TDRX > 320ms.



Proposal 2: If LBFD > LBFD,max, UE behavior is the same as if the radio link quality is below Qout_LR, i.e., the beam failure instance indication to the higher layer.
Proposal 3: RAN4 defines the CSI-RS based beam failure detection requirements considering the LBT failure if RAN4 agree to define CSI-RS based RLM in Rel-16 NR-U.
Proposal 4: Set the CSI-RS based BFD evaluation period considering LBT failure as follows:
	Configuration
	TEvaluate_BFD_CSI-RS (ms) 

	no DRX
	max(50, ceil((MBFD+LBFD)*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(50, ceil(1.5*(MBFD+LBFD)*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil((MBFD+LBFD)*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS in the set [image: ]. TDRX is the DRX cycle length.
Note 2:	LBFD is the number of CSI-RSs not available at the UE during TEvaluate_BFD_CSI-RS where LBFD ≤ LBFD_max.
Note 3:	LBFD_max=Ceil([1.4] x MBFD) for Max(TDRX, TCSI-RS) ≤ 40ms where TDRX=0 for no DRX, LBFD_max=MBFD for 40ms < Max(TDRX, TCSI-RS) ≤ 320ms, and LBFD_max =Ceil([0.6] x MBFD) for TDRX > 320ms.


MBFD is the number of CSI-RSs and set MBFD=10 if the CSI-RS resource(s) in set  used for BFD is transmitted with Density = 3.
Proposal 5: Set the SSB based CBD evaluation period for NR-U as follows: 
	Configuration
	TEvaluate_CBD_CBD (ms) 

	non-DRX, DRX cycle ≤ 320ms
	Max(25, ceil((3+LCBD)*P) * TSSB)

	DRX cycle > 320ms
	ceil((3+LCBD) *P) * TDRX

	Note 1:	TDRS is the periodicity of DRS in the set [image: ]. TDRX is the DRX cycle length.
Note 2: 	LCBD is the number of SSBs not available at the UE during TEvaluate_CBD_SSB where LCBD ≤ LCBD_max.
Note 3:	LCBD,max=7 for Max(TDRX,TSSB) ≤ 40ms where TDRX=0 for non-DRX, LCBD_max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms, and LCBD_max=3 for TDRX > 320ms.



Proposal 6: If LCBD > LCBD,max, UE behavior is same as the case UE cannot find any candidates. 
Proposal 7: RAN4 defines the CSI-RS based candidate beam detection requirements considering the LBT failure if RAN4 agree to define CSI-RS based RLM in Rel-16 NR-U.
Proposal 8: Set the CSI-RS based CBD evaluation period considering LBT failure as follows:
	Configuration
	TEvaluate_CBD_CSI-RS (ms) 

	no DRX, DRX cycle ≤ 320ms
	max(25, ceil((MCBD+LCBD)*P)*TCSI-RS)

	DRX cycle > 320ms
	ceil((MCBD+LCBD)*P)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS in the set  . TDRX is the DRX cycle length.
Note 2:	LCBD is the number of CSI-RSs not available at the UE during TEvaluate_CBD_CSI-RS where LCBD ≤ LCBD_max.
Note 3:	LCBD_max= MCBD for Max(TDRX, TCSI-RS) ≤ 40ms where TDRX=0 for no DRX, LCBD_max=Ceil([1.6] x MCBD) for 40ms < Max(TDRX, TCSI-RS) ≤ 320ms, and LCBD_max =Ceil([2.3] x MCBD) for TDRX > 320ms.


[bookmark: _GoBack]MCBD is the number of CSI-RSs and set MBFD=3 if the CSI-RS resource(s) in set  used for CBD is transmitted with Density = 3.
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