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1	Introduction

RAN4#92 agreed with the way forward on RRM requirements for NR-U [1], and RAN4 agreed to extend the L1 evaluation period for BFD and CBD considering LBT. 
	· Evaluation time for BFD is as follows, where the maximum value for LBFD is TBD:
[image: ]
· Evaluation time for CBD is as follows, where the maximum value for LCBD is TBD:
[image: ]
· The same frameworks as for NR beam management requirements (e.g., L1-RSRP and BFD) can be used as the start point in RAN4 RRM study until RAN1&2 updates



This contribution discusses the scaling factor LBFD and LCBD under unlicensed spectrum operation. 
2	Discussion
2.1	Measurement resources
The existing beam failure recovery (BFD) and candidate beam detection (CBD) requirements are specified based on SS/PBCH block (SSB) and CSI-RS. In NR-U, RAN1 has agreed that SSB is transmitted as a part of discovery reference signals (DRS). RAN1 also agreed UE can perform CSI-RS based RRM measurement, but it is not clear yet the detailed configuration such as where/where it is transmitted. We therefore propose RAN4 prioritizes the SSB based BFD/CBD in NR-U. 
Proposal 1: RAN4 prioritizes the SSB based beam failure detection and candidate beam detection for NR-U. RAN4 will revisit CSI-RS based BFD/CBD when RAN1 decided the CSI-RS configuration for BFD-RS/CBD-RS. 
2.1	Maximum value of LBFD for beam failure detection (BFD)
[bookmark: _Hlk20750133]As discussed in RAN4#92, NR-U cannot transmit SSB every SMTC period due to LBT failure and therefore RAN4 agreed to extend the evaluation period with LBFD, but the maximum value of LBFD is TBD. Although the LBT success rate depends on the deployed environment, we think larger LBFD should be avoided also especially when long DRX cycle is set because it causes the delay of link recovery. We therefore propose to set the following values according to DRX cycle condition. In principle we allow only the same number of LBT failure (=5) for long DRX cycle > 320ms, which corresponding to 50% of LBT failure rate. However we allow more LBT failures with no DRX or shorter DRX cycle.
Proposal 2: 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=20 for Max(TDRX, TSSB) ≤ 40 where TDRX=0 for no DRX, LBFD_max=10 for 40 < Max(TDRX, TSSB) ≤ 320, and LBFD_max =5 for TDRX > 320.



[bookmark: _Hlk21038163][bookmark: _GoBack]Since LBT results depends on the channel condition, it also happens the total number of LBT failures (LBFD) exceeds the maximum values, LCBD_max. We call it BFD evaluation failure. Since many LBT failures mean very high interference condition, this could be regarded as poor beam condition. Therefore we propose that UE assumes the radio link quality of the measured BFD-RS is below the threshold Qout_LR in the case of BFD evaluation failure.
[bookmark: _Hlk21038445]Proposal 3: In the case of BFD evaluation failure, i.e., LBFD exceeds LBFD_max, UE behaviour is the same as if the radio link quality were below Qout_LR for this BFD-RS resource. 

2.2	Maximum value of LCBD for candidate beam detection (CBD)
Similar to the discussion for BFD in unlicensed spectrum operation, we should ensure at least the same number of CBD-RS samples for the L1-RSRP measurements for candidate beam detection in order to avoid selecting the wrong beam. On the other hand, we should not extend the evaluation period too much to recover from the beam failure status as soon as possible. We basically apply the same approach as BFD for LCBD_max, which is based on DRX cycle. 
Proposal 4: Set the SSB based CBD evaluation period for NR-U as follows: 
	Configuration
	TEvaluate_CBD_CBD (ms) 

	non-DRX, DRX cycle ≤ 320ms
	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=12 for Max(TDRX,TSSB) ≤ 40 where TDRX=0 for non-DRX, LCBD_max=6 for 40 < Max(TDRX, TSSB) ≤ 320, and LCBD_max=3 for TDRX > 320.



One difference from BFD is the case of the CBD evaluation failure, i.e., 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 the case of CBD evaluation failure, we think the L1-RSRP measurement accuracy is not enough due to many LBT failures and therefore UE should NOT perform the new beam selection procedure. 
Proposal 5: In the case of CBD evaluation failure, i.e., LCBD exceeds LCBD_max, UE should skip the new beam selection process. 
3	Summary
Proposal 1: RAN4 prioritizes the SSB based beam failure detection and candidate beam detection for NR-U. RAN4 will revisit CSI-RS based BFD/CBD when RAN1 decided the CSI-RS configuration for BFD-RS/CBD-RS.
Proposal 2: 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=20 for Max(TDRX, TSSB) ≤ 40 where TDRX=0 for no DRX, LBFD_max=10 for 40 < Max(TDRX, TSSB) ≤ 320, and LBFD_max =5 for TDRX > 320.



Proposal 3: In the case of BFD evaluation failure, i.e., LBFD exceeds LBFD_max, UE behaviour is the same as if the radio link quality were below Qout_LR for this BFD-RS resource. 
Proposal 4: Set the SSB based CBD evaluation period for NR-U as follows: 
	Configuration
	TEvaluate_CBD_CBD (ms) 

	non-DRX, DRX cycle ≤ 320ms
	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=12 for Max(TDRX,TSSB) ≤ 40 where TDRX=0 for non-DRX, LCBD_max=6 for 40 < Max(TDRX, TSSB) ≤ 320, and LCBD_max=3 for TDRX > 320.



Proposal 5: In the case of CBD evaluation failure, i.e., LCBD exceeds LCBD_max, UE should skip the new beam selection process. 
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