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1 Introduction
In RAN4#86bis Beam Failure Detection and Recovery for Beam Management were discussed. A WF [1] on Beam Management was approved and the following was agreed on Beam Failure Recovery:
	· FFS to clarify the definition of beam failure and whether to introduce the beam failure detection requirements in RAN4.
· Companies are encouraged to investigate:
· Evaluation period for beam link failure detection with/without DRX
· SSB-based and CSI-RS based and CSI-RS+SSB based
· Whether it is feasible to reuse RLM out-of-synch framework or new sets of parameter values are needed
· PDCCH configuration parameters
· UE is not assumed to perform BFR outside its active DL BWP
· FFS whether and how to define the new beam identification requirements.



In this paper we present our views on Beam Failure Recovery.
2 Discussion
In the context of Beam Management, RAN4 shall specify requirements for 
· L1 RSRP Measurement
· Beam Failure Recovery
As described in Section 6 of TS38.213, Beam Failure Recovery constitutes 2 parts
· Beam Failure Detection (BFD)
· [bookmark: _GoBack]Beam Identification

A set of resources  is configured to monitor the link quality - Beam-Failure-Detection-RS-ResourceConfig. The UE. The UE monitors only those resources that are QCL with DM-RS of PDCCH monitored by the UE and reports a Beam Failure Instance to higher layer if all resources report link quality worse than Qout,LR. The lower bound on the reporting periodicity is 2ms. 

In case UE detects beam failure, it needs to identify a set of beams and indicate them to the gNB. A set of resources is configured as a list of RS corresponding to candidate beams that the UE shall measure L1-RSRP and report the IDs corresponding to the set that has RSRP greater than Qin,LR. 
Hypothetical PDCCH
BFD is similar to out-of-sync detection in RLM and the same framework as out-of-sync detection could be used. The configured resource set could consist of CSI-RS and/or SS/PBCH blocks. The evaluation shall be based on hypothetical PDCCH BLER, with same BLEROut. 
Proposal #1: Re-use the framework as Out-of-Sync detection for Beam Failure Detection
The PDCCH transmission parameters for BFD determination shall be the same as out-of-sync. If the BFD-RS is CSI-RS, the PDCCH parameters corresponding to table 1 below shall be used and if it is SSB, the PDCCH parameters corresponding to Table 2 below shall be used for hypothetical PDCCH BLER. 
Table 1: PDCCH transmission parameters for BFD (CSI-RS)
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI format
	1-0
	TBD

	Number of control OFDM symbols
	Same as the number of symbols of CORESET QCL with CSI-RS
	

	Aggregation level (CCE)
	8
	

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	[3 or 4]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	[3 or 4]dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of CORESET QCL with CSI-RS
	

	Sub-carrier spacing (kHz)
	Same as the SCS of CORESET QCL with CSI-RS
	

	DMRS precoder granularity
	Same as DMRS precoder granularity of CORESET QCL with CSI-RS
	

	REG bundle size
	Same as REG bundle size of CORESET QCL with CSI-RS
	

	CP length
	Same as the CP length of CORESET QCL with CSI-RS
	

	Mapping from REG to CCE
	Same as REG to CCE mapping of CORESET QCL with CSI-RS
	




Table 2: PDCCH transmission parameters for BFD (SSB)
	Attribute
	Value for BLER pair#0
	Value for BLER pair#1

	DCI format
	1-0
	TBD

	Number of control OFDM symbols
	Same as the number of symbols of RMSI CORESET
	

	Aggregation level (CCE)
	8
	

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	[3 or 4]dB
	

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	[3 or 4]dB
	

	Bandwidth (MHz)
	Same as the number of PRBs of RMSI CORESET
	

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET
	

	DMRS precoder granularity
	REG bundle size
	

	REG bundle size
	6
	

	CP length
	Same as the CP length of RMSI CORESET
	

	Mapping from REG to CCE
	Distributed
	


Proposal #2: Hypothetical PDCCH transmission parameters for Beam Failure detection shall be same as out-of-sync for RLM
Evaluation Period for BFD
The reporting interval of beam failure is dependent on the periodicity of CSI-RS/ SSB and lower bounded by 2ms. The evaluation period should be ≥ the reporting interval. The evaluation period for BFD would depend on the desired measurement accuracy of SINR over the BFD-RS. Since BFD is desired to be faster than RLF evaluation, the evaluation period should be smaller than that for Out-of-Sync. 
Observation #1: The evaluation period for BFD depends on the accuracy of SINR measurement on BFD-RS
Proposal #3: Further study the accuracy requirements needed for SINR measurement for BFD
Proposal #4: Evaluation period for BFD shall be less than that for Out-of-Sync

Beam Identification 
Beam Identification requires the UE to measure the RSRP on the configured set of RSs of candidate beams. As beam identification is a part of BFR, it would be essential to have tests introduced to test beam identification. 
Proposal#5: RAN4 introduces beam identification requirements
The requirements for L1 RSRP are under discussion. Any measurement accuracy requirements introduced for L1 RSRP might not be sufficient to test beam identification. In [2] we proposed a methodology to test beam detection accuracy for configured CSI-RS resource set. Such beam detection accuracy could also be used for beam identification.
Proposal#6: Introduce beam detection measurement accuracy tests for Beam Identification
There are a few key aspects for L1-RSRP measurement discussed in [2] that would apply to RSRP measurement for beam identification as well.
· Number of samples
· Tx Beam configuration
· CSI-RS density
Proposal#7: Further study the number of samples, CSI-RS density, Tx beam configuration for beam identification 
3 Conclusion
In this paper we have provided our views on Beam Failure Detection and Beam Identification framework and requirements and have the following proposals:
Proposal #1: Re-use the framework as Out-of-Sync detection for Beam Failure Detection
Proposal #2: Hypothetical PDCCH transmission parameters for Beam Failure detection shall be same as out-of-sync for RLM
Proposal #3: Further study the accuracy requirements needed for SINR measurement for BFD
Proposal #4: Evaluation period for BFD shall be less than that for Out-of-Sync
Proposal#5: RAN4 introduces beam identification requirements
Proposal#6: Introduce beam detection measurement accuracy tests for Beam Identification
Proposal#7: Further study the number of samples, CSI-RS density, Tx beam configuration for beam identification 
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