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1	Introduction
RAN4#87 agreed with the way forward on beam failure detection as follows [1]. In this contribution, we discuss the requirements for the beam failure detection (BFD). 
	· 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.




2	Discussion
[bookmark: _GoBack]Beam failure detection is similar to the radio link failure in RLM. As specified in TS38.213 section 6 [3], when the gNB configures the SSB resources and/or CSI-RS resources for the beam failure detection, UE should assess the radio link quality according to the periodic CSI-RS resource configuration period TCSI-RS or SSB period TSSB. If UE detects the radio link quality for all the corresponding resource configurations is worse than QoutRL, then UE physical layer informs higher layers. If the number of physical layer indications exceed the threshold (beamFailureInstanceMaxCount), UE performs the new beam identification and initiates the beam recovery procedure on PRACH.
2.1	PDCCH parameters
Since RAN4#87 agreed to reuse the PDCCH parameters for RLM out-of-sync without power boosting, we propose the set Table 1 and Table 2 for SSB based BFD and CSI-RS based BFD, respectively. 
[bookmark: _Ref517449679]Table 1	PDCCH transmission parameters for beam failure detection (SSB based).
	Attribute
	Value

	DCI format
	1-0

	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 SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	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



[bookmark: _Ref517449680]Table 2	PDCCH transmission parameters for beam failure detection (CSI-RS based). 
	Attribute
	Value

	DCI format
	1-0

	Number of control OFDM symbols
	Same as the number of symbols of CORESET QCLed with respective CSI-RS for beam failure detection

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average CSI-RS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average CSI-RS RE energy
	0dB

	Bandwidth (MHz)
	Same as the number of PRBs of CORESET QCLed with respective CSI-RS for beam failure detection

	Sub-carrier spacing (kHz)
	Same as the SCS of CORESET QCLed with respective CSI-RS for beam failure detection

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Same as the CP length of CORESET QCLed with respective CSI-RS for beam failure detection

	Mapping from REG to CCE
	Distributed



2.2	Evaluation period
RAN4#87 also agreed to reuse the L1 evaluation period of RLM in-sync evaluation for the L1 evaluation period for beam failure instance evaluation. We propose to specify the evaluation period of BFD as follows. 
2.2.1	SSB based beam failure detection
UE shall be able to evaluate whether the downlink radio link quality on the configured failureDetectionResources estimated over the last TEvaluate_LRout_SSB [ms] period becomes worse than the threshold Qout_LR within TEvaluate_LRout_SSB [ms] evaluation period.
Table 3	Evaluation period of SSB based beam failure detection (copy from Tables 8.1.2.2-1 and 8.1.2.2-2 from TS38.133)
	[bookmark: _Hlk513850563]Configuration
	TEvaluate_LRout_SSB (ms) 
	TEvaluate_LRout_SSB (ms) 

	
	FR1
	FR2

	non-DRX
	max(100,ceil(5*P)*TSSB)
	max(100,ceil(5*P*N)*TSSB)

	DRX cycle≤320
	max(100,ceil(7.5*P)*max(TDRX,TSSB))
	max(100,ceil(7.5*P*N)*max(TDRX,TSSB))

	DRX cycle>320
	ceil(5*P)*TDRX
	ceil(5*P*N)*TDRX


Note:	TSSB is the periodicity of SSB configured for failureDetectoinResource. TDRX is the DRX cycle length.

2.2.2	CSI-RS based beam failure detection
UE shall be able to evaluate whether the downlink radio link quality on the configured failureDetectionResources resource estimated over the last TEvaluate_LRout_CSI-RS [ms] period becomes worse than the threshold Qout_LR within TEvaluate_LRout_CSI-RS [ms] evaluation period.
Table 4	Evaluation period of CSI-RS based beam failure detection (copy from Tables 8.1.3.2-1 and 8.1.3.2-2 from TS38.133)
	Configuration
	TEvaluate_LRout_CSI-RS (ms) 
	TEvaluate_LRout_CSI-RS (ms) 

	
	FR1
	FR2

	non-DRX
	max(100, ceil(Min×P) × TCSI-RS)
	max(100, ceil(Min×P×N) × TCSI-RS)

	DRX ≤ 320ms
	max(100, ceil(1.5×Min×P)× max(TDRX, TCSI-RS))
	max(100, ceil(1.5×Min×P×N)× max(TDRX, TCSI-RS))

	DRX > 320ms
	ceil(Min×P) × TDRX
	ceil(Min×P×N) × TDRX


Note:	TCSI-RS is the periodicity of CSI-RS resource configured for failureDetectionResources. TDRX is the DRX cycle length.
3	Conclusion
Proposal: For beam failure detection, RAN4 will specify the PDCCH parameters and L1 evaluation period as proposed in this contribution. 
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