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1	Introduction

RAN4#91 agreed with the way forward on RRM requirements for NR-U [1], and RAN4 need to specify new requirements on beam management (link recovery procedures) depending on signal availability for PCell/SCell/PSCell.
	
	Comments
	NR-U SCell
(Scenario A, Scenario B with CA, Scenario C with CA)
	NR-U PSCell 
(Scenario B)
	NR-U PCell 
(Scenario C)

	Link recovery procedures
	Requirements for SSB-based and CSI-RS based beam failure detection and candidate beam detection
	For SCell: new requirements are needed, depending on signal availability
	For PSCell: new requirements are needed, depending on signal availability
	For PCell: new requirements are needed, depending on signal availability



This contribution discusses the impact of beam management requirements under unlicensed spectrum operation. 
2	Beam management
2.1	Beam failure detection (BFD)
For the beam failure detection, RAN4 specified the evaluation period to determine the radio link quality is worse than the threshold Qout_LR, corresponding to hypothetical PDCCH BLER of 10%, and indicate the beam failure to the higher layer. The link quality is evaluated for SSB or CSI-RS according to the network configuration. Table 1 shows the evaluation period for SSB based BFD specified in TS38.133 8.5.2.2. For SSB based BFD, the evaluation period is based on the measurements of 5 SSB samples, and therefore the evaluation period depends on the P (measurement gap), TSSB (SSB periodicity), TDRX (DRX cycle length) and minimum evaluation period of 50ms. 
In the case of CSI-RS based BFD, the evaluation period is based on 10 CSI-RS samples with density=3. 
[bookmark: _Ref16590141]Table 1	SSB based BFD evaluation period for FR1. 
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	max([50], ceil(5*P)*TSSB)

	DRX cycle ≤ 320ms
	max([50], ceil(7.5*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(5*P)*TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



2.2	Candidate beam detection (CBD)
For the candidate beam detection, RAN4 specified the evaluation period to detect one SSB or CSI-RS based beam whose L1-RSRP exceeds the threshold rsrp-ThresholdSSB signaled by the network. 
Table 2 shows the evaluation period for SSB based CBD specified in TS38.133 8.5.3.2. For SSB based CBD, the evaluation period is based on the measurements of 3 SSB samples, and therefore the evaluation period depends on the P (measurement gap), TSSB (SSB periodicity), TDRX (DRX cycle length).
In the case of CSI-RS based CBD, the evaluation period is based on 3 CSI-RS samples with density=3.
[bookmark: _Ref16593442]Table 2	SSB based CBD evaluation period for FR1.
	Configuration
	TEvaluate_CBD_SSB (ms) 

	non-DRX, DRX cycle ≤ 320ms
	ceil([3]*P) * TSSB

	DRX cycle > 320ms
	ceil([3]*P) * TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.




Observation 1: The evaluation period of beam failure detection and candidate beam detection is set based on one or more number of SSB or CSI-RS samples. 
3	Beam management impact due to LBT
[bookmark: _Hlk16775717]According to regulations, the operation in unlicensed spectrum in 5GHz usually mandates the channel access procedure or listen before talk (LBT), which determines whether the channel is free or not before the signal transmission [2][3]. If gNB under unlicensed spectrum operation detects the signals from other systems, e.g., IEEE 802.11ac or other LAA/NR-U nodes, gNB does not transmit any signals or channels (LBT failure) and wait until the next opportunity. This is significant restriction for beam management evaluation period because the requirements are set based on the number of SSB or CSI-RS samples as we observed in section 2.
For example, as we discussed in the previous section, the evaluation period of SSB based BFD is set based on 3 SSB samples. Consider NR-U gNB cannot transmit one of three SSB transmission occasions statistically due to the LBT failure, the channel link quality for evaluation period is less accurate compared with the Rel-15 NR BM scenario because UE can use only 2 of 3 SSB samples, and it may result in unnecessary beam failure detections or nonoptimal beam selection for CBD.
Observation 2: it may not be ensured the same the beam management performance, i.e., BFD and CBD, due to the LBT failure.
Considering the observations above, we think RAN4 need to revisit the beam management requirements to ensure the same performance as licensed carrier operations. Since UE does not always receive the configured SSB and CSI-RS resources due to LBT-failure, one possible option is to extend the evaluation period to ensure UE can monitor a certain number of SSB and/or CSI-RS resources. For example, we add LBFD and LCBD samples for the evaluation period of beam failure detection and candidate beam detection, respectively. 
Proposal 1: For NR-U, extend the evaluation period of SSB and CSI-RS resources for beam failure detection, e.g., 
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	max([50], ceil((5+LBFD)*P)*TSSB)



Proposal 2: For NR-U, extend the Evaluation period of SSB and CSI-RS resources for candidate beam detection, e.g., 
	Configuration
	TEvaluate_CBD_SSB (ms) 

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



Proposal 3: 	RAN4 specifies the limit of LBFD and LCBD to avoid too long evaluation period. 
4	Conclusion
Observation 1: The evaluation period of beam failure detection and candidate beam detection is set based on one or more number of SSB or CSI-RS samples. 
Observation 2: it may not be ensured the same the beam management performance, i.e., BFD and CBD, due to the LBT failure.
Proposal 1: For NR-U, extend the evaluation period of SSB and CSI-RS resources for beam failure detection, e.g., 
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	max([50], ceil((5+LBFD)*P)*TSSB)



Proposal 2: For NR-U, extend the Evaluation period of SSB and CSI-RS resources for candidate beam detection, e.g., 
	Configuration
	TEvaluate_CBD_SSB (ms) 

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



Proposal 3: 	RAN4 specifies the limit of LBFD and LCBD to avoid too long evaluation period. 
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