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1	Introduction
RAN4#94-e-Bis agreed with the way forward on RRM requirements for NR-U [1], and it contained several agreements on RLM.
	· The set of SSBs that UE is required to monitor
· Define the following UE capabilities
· For RLM/BFD/CBD UE is required to monitor at least N1 candidate SSB positions from the set of SSBs that are QCLed with each other within the set of configured resources
· For intra and inter-frequency measurements UE is required to monitor at least N2 candidate SSB positions from the set of SSBs that are QCLed with each other within SMTC 
· FFS for the case Q is not provided to the UE
· FFS how to handle IDLE mode capabilities
· Candidate N1 and N2 values are [1, 2, …]
· FFS whether N1 = N2
· FFS whether to have different capabilities for FBE and LBE modes
· Send LS to RAN1 to ask for feedback on candidate values N1 and N2 taking into account impact on the overall system performance
· Further discuss other cases
· For both LBE and FBE, RLM requirements shall not rely on COT
· OOS evaluation period for SSB-based RLM
· Option 2: 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: The evaluation period is scaled by a fixed scaler
· FFS: excluding samples whose SNR is higher than X dB
· Whether UE can expect gNB to transmit RLM-RS with same transmit power across different occasions
· Send LS to RAN1 in RAN4#95-e meeting about the observation from RAN4 perspective about concern on transmit power of RS 
· In RAN4#95-e meeting, RAN4 decides whether to keep working on CSI-RS based RLM requirement in Rel-16
· CBD requirement: Take the proposal for SSB-based CBD in R4-2004032 as the starting point. FFS the exact numbers




Since the RLM in-sync requirements can be reused for the BFD requirements, and L1-RSRP measurement requirements can be reused for CBD requirements, we discuss the scaling factor LBFD and LCBD under the unlicensed spectrum operation.
2	Beam failure detection (BFD)
2.1	SSB based BFD
[bookmark: _Hlk20750133]NR-U gNB cannot transmit SSB every SMTC period due to the DL 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 because of the same side condition, SNR=-3dB, we propose to adopt the same evaluation period extension approach as RLM in-synch for BFD. 
[bookmark: _Hlk21038163]On the other hand, it could happen the gNB cannot transmit the required number of SSBs within the extended evaluation period due to many DL LBT failures. 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 by reusing RLM in-sync. The evaluation table is specified 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 . 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 layers.

2.2	CSI-RS based BFD
[bookmark: _GoBack]RAN4 discussed the feasibility of CSI-RS based RLM/BFD in the unlicensed carrier because some company argued CSI-RS is not designed for signal detection purpose. RAN1#100-e-Bis also discussed under which conditions UE assumes the periodic CSI-RS are present and used for measurement purposes, and RAN1 is 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 CSI-RS based BFD requirements as well as CSI-RS based RLM.
Proposal 3: For CSI-RS based BFD, RAN4 should wait for the conclusion of CSI-RS validation discussed in RAN1.
Proposal 4: If RAN1 agree with the mechanism of CSI-RS validation, 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 . 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	SSB based CBD
Similar to BFD in the 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 the 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 . 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 value is not reliable 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	CSI-RS based CBD
As we discussed in CSI-RS based BFD in this contribution, RAN1 is still discussing the mechanism of CSI-RS validation. If RAN1 agree with the mechanism of CSI-RS validation, RAN4 will define CSI-RS based RLM requirements as follows. 
Proposal 7: For CSI-RS based CBD, RAN4 should wait for the conclusion of CSI-RS validation discussed in RAN1.
Proposal 8: If RAN1 agree with the mechanism of CSI-RS validation, 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 by reusing RLM in-sync. The evaluation table is specified 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 . 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 layers.
Proposal 3: For CSI-RS based BFD, RAN4 should wait for the conclusion of CSI-RS validation discussed in RAN1.
Proposal 4: If RAN1 agree with the mechanism of CSI-RS validation, 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 . 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 . 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: For CSI-RS based CBD, RAN4 should wait for the conclusion of CSI-RS validation discussed in RAN1.
Proposal 8: If RAN1 agree with the mechanism of CSI-RS validation, 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.
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