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1	Introduction
On RAN4#87, many aspects of beam management, specifically beam failure detection procedure is well discussed, and the following agreement is achieved in RAN4 which is capture in the WF [1]. 
	Agreements on Beam failure detection: 
· The requirements on both CSI-RS based beam failure detection and SSB based beam failure detection will be introduced, and the following aspects will be specified:
· BLER value for the threshold Qout_LR.
· Maximum number of beam failure detection RS resources, which is defined as 2.
· Hypothetic PDCCH parameters for beam failure instance
· Reuse the parameters for RLM out-of-sync without power boosting for PDCCH/PDCCH-DMRS, which means that the corresponding SINR level of Qout_LR will be 4dB higher than the corresponding SINR level of Qout and slightly lower than the corresponding SINR level of Qin .
· L1 indication interval of two successive beam failure instance, which can be defined as the maximum values between the shortest periodicity of BFD-RS resources and 2ms
· L1 evaluation period for beam failure instance evaluation
· Reuse the requirements for RLM in-sync evaluation, since the corresponding SINR level of Qout_LR and Qin are quite close.
· Low boundary is not applied for BFD evaluation period, since the low boundary for L1 indication interval is defined as 2ms and will be always shorter than the shortest periodicity of BFD RS resource (i.e. 5ms)
· When CSI-RS
· The conditions on Rx beam sweeping operation for RLM are reused for beam failure detection.


In this contribution, we are discussing the remaining parts for beam failure detection with our understanding provided to finalizing the corresponding requirements. 

2	Discussion
2.1 BLER value for the threshold Qout_LR
Although the BLER value for the threshold Qout_LR 
	Captured from Section 6 of TS38.213 for link recovery procedures:
The threshold Qout,LR correspond to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold and to the value provided by higher layer parameter rsrp-ThresholdSSB, respectively. 



Our understanding is the later part “the value provided by higher layer parameter rsrp-ThresholdSSB, respectively” should be corresponding to Qin_LR. Then, BLER value for the threshold Qout_LR should be corresponding to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold, specifically the value of OOS, i.e., 10% BLER, based on RAN1 agreement and our understanding.
Although some companies propose that beam failure detection should be more easier to be triggered by radio link failure (in the cell level), we believe this mechanism can be achieved by using different sets of RS for BFD and RLM, and also potentially different SNR levels achieved by different hypothetic PDCCH parameters (RAN4 already did this based on approved WF). Therefore, the following proposal can be achieved: 
Proposal 1: Based on RAN1 agreement, BLER value for the threshold Qout_LR should correspond to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold, i.e., the value of OOS for 10% BLER : 

2.2 Rx Beam Sweeping for BFD
The RX beam sweeping for BFD is discussed in last meeting, while conclusion is “the conditions on Rx beam sweeping operation for RLM are reused for beam failure detection when RAN4 derive the requirements for L1 evaluation period for beam failure instance evaluation [1]”. However, based on RAN1’s latest TS38.213 as excerpted as below: 
	Captured from Section 6 of TS38.213 for link recovery procedures:
A UE can be provided, for a serving cell, with a set [image: ] of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set [image: ] of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set [image: ] to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH. The UE expects the set [image: ] to include up to two RS indexes and, if there are two RS indexes, the set [image: ] includes only RS indexes with QCL-TypeD configuration for the corresponding TCI states. The UE expects single port RS in the set [image: ]. 
The threshold Qout,LR correspond to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold and to the value provided by higher layer parameter rsrp-ThresholdSSB, respectively. 
The physical layer in the UE assesses the radio link quality according to the set [image: ] of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set [image: ], the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions monitored by the UE. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained from a SS/PBCH block. The UE applies the Qin,LR threshold to the L1-RSRP measurement obtained for a CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer parameter powerControlOffsetSS. 



Based on the RAN1 spec, when UE is explicitly configured with BFD RS resources, only periodic CSI-RS resource configuration indexes can be configured by higher layer parameter failureDetectionResources. However, as mentioned in RAN1 spec also, if the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set [image: ] to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH. As discussed in our counterpart analysis for RLM (we provide our analysis for the corresponding contribution [2]), up to two RS indexes are expected for TCI states, based on TCI’s definition. However, UE should expect all QCL-TypeD RS indexes to be monitored (the under can be up to 2), while in RLM UE does not expect both RS to have QCL-TypeD. However, to our understanding, RAN1’s mentioned “the UE assesses the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located” is not clear enough to be interrupted as QCL-TypeD. 
Proposal 2: To adopt the following BFD condition in which no RX beam sweeping is needed: 
· [For SSB-based BFD]: N=1, if the SSB for BFD is not explicitly configured when UE is not provided higher layer parameter failureDetectionResources and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS;
· [For CSI-RS based BFD]: N=1, if the CSI-RS resource configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the CSI-RS for RLM is not explicitly configured when UE is not provided higher layer parameter failureDetectionResources and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS.
3 Conclusion
In this paper, we provided the analysis for the remaining parts for BFD to finalizing the requirements for BFD. Specifically, the following proposals are provided: 
Proposal 1: Based on RAN1 agreement, BLER value for the threshold Qout_LR should correspond to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold, i.e., the value of OOS for 10% BLER : 
Proposal 2: To adopt the following BFD condition in which no RX beam sweeping is needed: 
· [For SSB-based BFD]: N=1, if the SSB for BFD is not explicitly configured when UE is not provided higher layer parameter failureDetectionResources and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS;
· [For CSI-RS based BFD]: N=1, if the CSI-RS resource configured for RLM is QCL-Type D with DM-RS for PDCCH and the QCL association is known to UE, or if the CSI-RS for RLM is not explicitly configured when UE is not provided higher layer parameter failureDetectionResources and if UE is provided by higher layer parameter TCI-state for PDCCH which includes QCL-TypeD RS.
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