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1	Introduction
RAN4#93 agreed with the way forward on RRM requirements for NR-U [1]. Although the way forward does not include the agreements on beam management such as beam failure detection and candidate bema detection, there are several agreements on RLM as follows:
	RLM: in-sync
· FFS whether and how to take into account COT and LBT failures in the RLM requirements
· Lin,max
· Option 1: 
· 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
· FFS whether for longer DRX cycles > 640, an additional criterion applies, to limit the acceptable period of consecutive LBT failures to [X] seconds



	· [bookmark: _Hlk32499975]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)



	L1-RSRP
· 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



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]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 BFD evaluation period is based on RLM Qin, and RAN4 agreed to set the extension for Qin as below, we propose to apply the same extension to BFD. 
· LBFD,max = 7 for Max(TDRX,TSSB)≤40 where TDRX=0 for non-DRX
· LBFD,max = 5 for 40<Max(TDRX,TSSB)≤320
· LBFD_max =3 for TDRX > 320ms

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.



[bookmark: _Hlk21038163]Since LBT results depend on the channel condition or transmission from other nodes, it could also happen the gNB cannot transmit the necessary number of SSBs within the extended evaluation period. We propose UE behaviour, when LBFD>LBFD,max, is same as if the radio link quality is below Qout,LR, that is, the beam failure instance indication to the higher layer. 
Proposal 2: If LBFD > LBFD,max, UE behaviour is the same as if the radio link quality is below Qout_LR.

2.2	LBFD,max for CSI-RS based beam failure detection (BFD)
According to the way forward [1], 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. We think this rule is also applicable for beam management. Therefore we can define the CSI-RS based BFD for NR-U, where we extend the evaluation period considering the LBT failure.
Proposal 3: RAN4 defines the CSI-RS based beam failure detection requirements considering the LBT failure. 
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, and its maximum value, LCBD,max can be derived with the agreement of L1-RSRP measurement period extension: 
· LCBD_max=3 for TDRX > 320ms
· LCBD_max=5 for 40ms < Max(TDRX, TSSB) ≤ 320ms
· LCBD_max=7 for Max(TDRX, TCSI-RS) ≤ 40ms where TDRX=0 for no DRX

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 behaviour when LCBD exceeds LCBD_max. According to TS38.213, UE shall choose one beam which exceeds the configured threshold, rsrp-ThresholdSSB, and initiate the random access procedure on the selected beam. In case UE cannot receive the necessary number of CBD RS samples within the extended L1-RSRP measurement period due to the many LBT failures, we think the L1-RSRP measurement accuracy is not enough and UE should not perform the new beam selection procedure. 
Proposal 6: If LCBD > LCBD,max, UE should skip the new beam selection process. 

3.2	LCBD,max for CSI-RS based candidate beam detection (CBD)
Like BFD in unlicensed spectrum operation, the candidate bema detection is also applicable for CSI-RS according to the RAN1 agreement. 
Proposal 7: RAN4 introduce CSI-RS based candidate beam detection requirements considering the LBT failure. 
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 behaviour is the same as if the radio link quality is below Qout_LR.
Proposal 3: RAN4 defines the CSI-RS based beam failure detection requirements considering the LBT failure. 
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 should skip the new beam selection process. 
Proposal 7: RAN4 introduce CSI-RS based candidate beam detection requirements considering the LBT failure. 
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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