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1. Introduction

In this contribution, we provide discussion on beam failure detection for beam management from RRM perspectives.
2. Discussion
For beam management, UE shall assess the radio link quality based on the reference signal in the configured beam failure detection RS resource(s) for the purpose of indicating beam failure instance to higher layers. According to the number of beam failure instances, UE decide whether to trigger beam failure recovery procedure. 

The beam failure detection (BFD) RS resource(s) are configured by the parameter Beam-Failure-Detection-RS-ResourceConfig, which are defined as the set q0. A BFD-RS resource can be configured as either a SSB resource or a periodic CSI-RS resource. On each BFD-RS resource within the set q0, UE shall estimate the radio link quality and compared it with the threshold Qout,LR. The threshold Qout,LR is defined as a hypothetical PDCCH BLER. It can be observed that UE measurement behaviour during beam failure detection procedure is similar as the measurement behaviour during radio link monitoring procedure. Hence, the requirements for beam failure detection need to be studied.
Proposal 1: RAN4 will define the requirements for beam failure detection, which include at least the following aspects.

· The maximum number of BFD-RS resources

· L1 evaluation period for Beam failure detection, which will be separately defined for SSB based beam failure detection and CSI-RS based beam failure detection
· Hypothetical PDCCH parameters for threshold Qout,LR
· L1 indication interval for beam failure instance

RAN1 has achieved the following agreements on beam failure detection [1-3].
	RAN1 meeting #91

Agreement:
The BLER used for beam failure recovery reuses RLM default BLER threshold for RLM out-of-sync declaration

RAN1 meeting #AH-1801

Agreement: 

· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.

· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

RAN1 meeting #92
Agreement (RRC parameter update):

maxNrofFailureDetectionResources is 2 per BWP



According to RAN1 agreements, it can be observed that the max number of BSD-RS resources is indicated by the parameter maxNrofFailureDetectionResources and equals to two. The indication interval is the shortest periodicity of BFD-RS which is not shorter than a lower boundary. It also was agreed that the BLER used for deriving the threshold Qout,LR reuses the same value of RLM default BLER threshold for RLM out-of-sync declaration.
Proposal 2: For beam failure detection, the maximum number of BFD-RS resources is defined as two.

Proposal 3: For beam failure detection, hypothetical PDCCH transmission parameters for out-of-sync indication can be reused for beam failure instance indication.

According to TS38.331, both RLM-RS resource and BFD-RS resource are informed by the same IE RadioLinkMonitoringRS. RLM-RS resource and BFD-RS resource are distinguished by the parameter purpose within RadioLinkMonitoringRS. When the parameter purpose is configured as rlf, the RS resource is used for radio link monitoring (cell-RLM). When the parameter purpose is configured as beamFailure, the RS resource is used for beam failure detection (beam-RLM). When the parameter purpose is configured as both, the RS resource can be used for both radio link monitoring and beam failure detection. The SSB periodicity will be the same for RLM and BFD. The CSI-RS periodicity range will be the same for RLM and BFD. Hence, the requirements for RLM 
	RadioLinkMonitoringRS ::=



SEQUENCE {


-- Determines whether the UE shall monitor the associated reference signal for the purpose of cell- and/or beam failure detection.


purpose








ENUMERATED {beamFailure, rlf, both},


-- A reference signal that the UE shall use for radio link monitoring. The network provides an ssb-Index only if


-- the purpose is set to rlf.


detectionResource





CHOICE {



ssb-Index







SSB-Index,



csi-RS-Index






NZP-CSI-RS-ResourceId


},


...

}


Proposal 4: For L1 BFD evaluation period, the requirements on L1 RLM evaluation period can be reused.

3. Conclusions

This contribution provides the discussion on beam failure detection requirements in NR. The following proposals are provided:
Proposal 1: RAN4 will define the requirements for beam failure detection, which include at least the following aspects.

· The maximum number of BFD-RS resources

· L1 evaluation period for Beam failure detection, which will be separately defined for SSB based beam failure detection and CSI-RS based beam failure detection
· Hypothetical PDCCH parameters for threshold Qout,LR
· L1 indication interval for beam failure instance

Proposal 2: For beam failure detection, the maximum number of BFD-RS resources is defined as two.

Proposal 3: For beam failure detection, hypothetical PDCCH transmission parameters for out-of-sync indication can be reused for beam failure instance indication.

Proposal 4: For L1 BFD evaluation period, the requirements on L1 RLM evaluation period can be reused.
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