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It is well known that a gNB has to perform LBT procedure before transmitting the Beam Failure Detection Reference Signal (BFD-RS) resources in unlicensed spectrum. Based on this fact, a gNB will not transmit the the periodic BFD-RS resources if LBT fails. As a result, the PHY layer in the UE may provide an indication called Beam Failure Instance (BFI) to its MAC layer. What’s worse, the UE will initiate random access procedure for Beam Failure Recovery (BFR) if the BFI counter has reached the maximum value configured by the network. 
In this contribution, we will attempt to explore the LBT impacts on Beam Failure Detection (BFD) procedure in NR-U. In addition, we will propose some potential solutions to avoid unnecessary BFI indication due to the missed transmission opportunity for BFD-RS caused by network LBT failure.  
Discussion 
BFD and BFR
In NR, the UE shall access the downlink radio link quality of a serving cell and compare it to the threshold Qout_LR, for the purpose of detecting whether beam failure has occurred on the serving cell or not. The corresponding BFD-RS resource configurations can include at most two periodic SSB resources, or two periodic CSI-RS resources, or a combination of a SSB resource and a CSI-RS resource. Similar to radio link monitoring (RLM) in NR, UE is not required to perform BFD outside the active DL BWP. 
The threshold Qout_LR is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to a particular block error rate [1]. And the PHY layer in the UE will provide the BFI to its MAC if the radio link quality for all corresponding BFD-RS resource configurations that the UE uses to assess the radio link quality is worse than the threshold Qout,LR [2]. The PHY layer in the UE periodically indicates BFI to its MAC layer when the radio link quality is worse than the threshold Qout,LR. 
From MAC layer perspective, if BFI has been received from PHY layer, the beam failure detection timer will be started or restarted and the BFI counter will be increased by 1. 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 in the UR will initiate random access for BFR.  
An example of BFD procedure in NR is shown in the following figure.


Figure 1. An example of BFD procedure in NR
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In unlicensed spectrum, LBT procedure has to be performed prior to BFD-RS transmission. If the channel is occupied by other devices during clear channel assessment, the gNB may be forbidden to transmit the configured BFD-RS resources for the whole indication period. Meanwhile, from UE perspective, it may find out that the radio link quality for all corresponding BFD-RS resource configurations within the indication period is worse than the threshold Qout,LR. Currently, it is difficulty for the UE to distinguish whether the poor radio link quality is caused by poor channel condition or missed BFD-RS transmission. Consequently, the PHY layer in the UE indicates BFI to its MAC layer even though the channel condition is ideal. What’s worse, if the gNB continues to suffer from LBT failure, the UE may initiate random access procedure for BFR, resulting in severe delay and unnecessary overhead. 
Observation 1: The BFD procedure may be impacted by the missed BFD-RS resources due to network LBT failure. 
Generally, there are two basic approaches to relieve the LBT impacts on BFD procedure in NR-U. The first and the most easy-to-implement approach is to increase transmission opportunities to BFD-RS within one indication period. Obviously, this approach will increase radio resource overhead. Besides, more power consumption is inevitable for the UE since it has to assess more BFD-RS resources. 
The second approach is to redesign the criterion of assessing the radio link quality, with consideration on the network LBT failure. For example, if the missed RLM-RS resources can be detected by the UE, the PHY layer in the UE will not provide any indication to its MAC layer. Or, the PHY layer in the UE will provide BFI to its MAC layer only when a limited number of the missed RLM-RS resources have been detected. Apparently, this approach has the disadvantage of more specification change requirements. 
Proposal 1: NR-U should support a new criterion of assessing the radio link quality, with consideration on the missed BFD-RS resources due to network LBT failure.
Potential solutions
Based on the above analysis, two specific solutions to reduce the unnecessary BFI detection due to LBT failure will be provided in the section. Firstly, we consider how to increase transmission opportunities for BFD-RS resources. In our understanding, beam failure detection procedure and radio link monitoring procedure have a strong coupling relationship. This is because both of them are utilized to assess radio link quality and recover radio condition. Besides, the mechanisms of indicating BFI and Out-of-Sync are almost identical. Therefore, enhancements to increase the transmission opportunities for RLM-RS resources within the indication period discussed in our companion contribution [4] can be applied to BFD procedure in NR-U as well.
Proposal 2: The solutions to increase transmission opportunities for BFD-RS resources either in time domain or frequency domain should be considered to relieve LBT impact. 
[bookmark: OLE_LINK1]Secondly, we propose a simple but effective criterion of assessing the radio link quality based on the assumption that the missed BFD-RS resources can be detected by the UE. More specifically, if the receive signal quality metric (e.g. block error rate of a hypothetical PDCCH) of a BFD-RS resource configuration is below a threshold (e.g. Threshold_1 given in Figure 2), the physical layer in the UE will indicate LBT failure to its MAC layer, instead of BFI. Last but most important, we think if the MAC layer in UE has received N consecutive LBT failure indications, the UE will initiate random access procedure for BFR. Otherwise, long latency in counting LBT failure indications or even deadlock can be expected if the MAC layer in UE does not trigger random access procedure when a number of BFD-RS resources are dropped due to network LBT failure. The value of N can be discussed further in RAN2.
By adopting the above solution, the unnecessary BFI detection due to network LBT failure can be avoided. In addition, this solution can also help to reduce radio resource overhead and UE’s power consumption.


Figure 2. A new criterion of assessing the radio link quality
Proposal 3: If the measurement result of the BFD-RS resource configuration is below a threshold, the physical layer in the UE would be able to indicate LBT failure to its MAC layer.
Proposal 4: If the MAC layer in UE has been received N consecutive LBT failure indications, the UE will initiate random access procedure for beam failure recovery.
Conclusions
Based on the discussion given above, we have the following observations and proposals： 
[bookmark: _Toc502437832]Observation 1: The BFD procedure may be impacted by the missed BFD-RS resources due to network LBT failure. 
Proposal 1: NR-U should support a new criterion of assessing the radio link quality, with consideration on the missed BFD-RS resources due to network LBT failure.
Proposal 2: The solutions to increase transmission opportunities for BFD-RS resources either in time domain or frequency domain should be considered to relieve LBT impact. 
Proposal 3: If the measurement result of the BFD-RS resource configuration is below a threshold, the physical layer in the UE would be able to indicate LBT failure to its MAC layer.
[bookmark: _GoBack]Proposal 4: If the MAC layer in UE has been received N consecutive LBT failure indications, the UE will initiate random access procedure for beam failure recovery.
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