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Introduction
At RAN2 #102, the following agreements were separately made as below:
	Agreements:
· Multiple beam operation and related procedures should be studied.
· Both CBRA and CFRA are supported. Changes for NR-U operation will be studied



In this contribution, we will attempt to address the LBT impacts on Beam Failure Detection (BFD) procedure in NR-U, and suggest RAN2 to study the issue. In addition, we will propose some potential solutions to avoid unnecessary BFR due to LBT failure.
Discussion
2.1 BFR in NR-U
Beam failure recovery procedure is related to multi-beam operation. UE monitors situation of serving beam and change serving beam to the candidate beam when the serving beam is under bad situation.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to the current NR spec 38.321 [1], Beam failure is detected by counting beam failure instance indication from the lower layers to the MAC entity. When the beam failure instance indication has been received from Physical layer, the MAC entity shall increase BFI_COUNTER by 1 and star or restart the beamFailureDetectionTimer. If the BFI counter is greater than or equal to a specific maximum value configured by the network, and the beam failure detection timer is not expired, the MAC layer will initiate random access for BFR.
In NR-U system, gNB or UE can not transmit data when LBT failure. Once the data including BFD RS transmitting is prohibited due to gNB LBT falure, the BFI may also be indicated from physical layer to MAC. From UE’s perspective, no additional information is provided to recognise LBT failure and bad beam condition. BeamFailureInstanceMaxCount is configured in RadioLinkMonitoringConfig IE, and the biggest possible value is 10 for that parameter in R15 spec. When the unlicensed spectrum is shared by a mount of UEs or the competed UEs are transmitting mass of data and occupy the unlicensed spectrum for a long time, LBT failure possibility increases. The BeamFailureInstanceMaxCount may be reached only due LBT failure, which can trigger unnecessary BFR RA and influence UE experience. 
Observation 1: BFR procedure may be influenced by LBT in NR-U, BFR procedure in NR-U should be reconsidered.
2.2 Possible solutions
According to RRC spec 38.331 [2], beamFailureDetectionTimer is configured as multi times of Qout,LR reporting period of Beam Failure Detection Reference Signal. The timer can be stared or restarted when one BFD instance is received, and if no BFD instance has been received before the timer expired, the BFI_COUNTER may be set to zero. The configuration of timer can reflect the condition of serving beam over a period of time. For example, if the beamFailureDetectionTimer is set to pbfd4 and no BFD instance is received from Physical layer, the BFI_COUNTER may be set to zero. In the above assumption, the beam is under good condition during 4 reporting period of Beam Failure Detection Reference Signal.  
In NR-U, BFD instance may be sent due to LBT failure and then the beamFailureDetectionTimer restarts. For the case that the timer length is configured as more than one time of the reporting period of RS, more opportunities for LBT failure to influence the BFI_COUNTER. So, in NR-U, the timer should be configured to one small value relatively to reduce influence of multiple LBT failure. 
Figure.1 and Figure.2 show the comparison of different beamFailureDetectionTimer configuration. In Figure.1, the beamFailureDetectionTimer is set to pbfd4. The beamFailureDetectionTimer is set to pbfd2 in Figure.2. The beamFailureInstanceMaxCount is 5 for Figure.1 and Figure.2. 


Figure.1 Higher value beamFailureDetectionTimer 


Figure.2 Lower value beamFailureDetectionTimer
Proposal 1: Study the impacts on beamFailureDetectionTimer to trigger the BFR procedure due to LBT failures.
Proposal 2: In NR-U, the beamFailureDetectionTimer  should be set to lower value for avoid unnecessary BFR.
Conclusion
In this contribution, we’d like to address the beam failure detection and recovery procedure in unlicensed spectrum, and our observations and proposal are as follows.
Observation 1: BFR procedure may be influenced by LBT in NR-U, BFR procedure in NR-U should be reconsidered.
Proposal 1: Study the impacts on beamFailureDetectionTimer to trigger the BFR procedure due to LBT failures.
Proposal 2: In NR-U, the beamFailureDetectionTimer  should be set to lower value for avoid unnecessary BFR.
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