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1. Introduction
In RAN4#87 the WF [1] on Beam management requirements in NR was approved. Beam management in NR includes beam failure detection, candidate beam detection and beam reporting. In this paper we discuss our views on beam failure detection and candidate beam detection requirements defined in RAN4.
2. Beam Failure Detection
In [1] the following agreements were made for 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.




2.1 Hypothetical PDCCH Transmission Parameters
The set of resources q0 for beam failure detection include SS/PBCH block indexes and periodic CSI-RS resource configuration either configured by higher layer or determined by the UE based on TCI states for CORESETs that the UE monitors PDCCH. The hypothetical PDCCH parameters for SSB based and CSI-RS based BFD are proposed in tables below:

Table 1: PDCCH Parameters for SSB based BFD
	Attribute
	Value for BLER pair#0

	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




Table 2: PDCCH transmission parameters for CSI-RS based BFD
	Attribute
	Value for BLER pair#0

	DCI format
	1-0

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

	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 BFD

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

	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 BFD

	Mapping from REG to CCE
	Distributed



Proposal#1: Define PDCCH transmission parameters for BFD captured in tables above.

2.2 L1 Evaluation Period
Based on agreements in [1] the requirements for in-sync evaluation for SSB and CSI-RS based RLM shall be used for BFD.
We propose the following evaluation period for BFD:

For SSB-based BFD for non-DRX cases:

In FR1: 
Tevaluate_BFD = ceil(5*P)*TSSB
In FR2:
		Tevaluate_BFD = ceil(5*P*N)*TSSB

Where N=8.
P factor is described in TS 38.133. Based on our proposals in [2], we recommend N=8 in FR2 as scale factor for Rx beamforming.
Proposal#2: Define N=8 for Rx beamforming scale factor in FR2

For CSI-RS based BFD for non-DRX cases:
In FR1: 

Tevaluate_BFD = ceil(Min×P) × TCSI-RS

In FR2:
		Tevaluate_BFD = ceil(Min×P×N) × TCSI-RS

Where N=8.
Min = 10, if the CSI-RS resource configured for BFD is transmitted with Density =3.

In [3] we have shown that SINR measurements with CSI-RS density=1 are degraded, and hence recommend that requirements be defined with CSI-RS density=3 to avoid declaring beam failure due to variance in measurements.  P factor is described in TS 38.133.

Proposal#3: Define CSI-RS based beam failure detection requirements for CSI-RS resources with D=3 
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3. Candidate Beam Detection
In [1] the following agreements were made for candidate beam detection:
	· The requirements on both CSI-RS based candidate beam detection and SSB based candidate beam detection will be introduced, and the following aspects will be specified:
· The L1-RSRP measurement period for each configured RS resource in set q1, which will be specified in core requirements.
· FFS how many samples are assumed. 
· FFS whether to reflect Rx beam sweeping in FR2
· The measurement accuracy of L1-RSRP for candidate beam detection will be studied in performance part.
· Requirements on accuracy and its side condition for L1-RSRP should be specified as a package.
· FFS whether to use the same L1-RSRP accuracy requirements of for both candidate beam detection and beam reporting.



Based on the agreement above requirements for CSI-RS and SSB based candidate beam detection shall be introduced. The L1-RSRP measurements made on q1 resource set for candidate beam detection are not reported back to the network. Hence such requirements should not be introduced as they are not measurable. 
Observation #1: The L1-RSRP measurements made on q1 resource set for candidate beam detection are not reported back to the network and any requirements on these are not measurable
The L1-RSRP measurements for beam reporting shall be introduced. The UE is likely to use the same method of RSRP measurement for both beam reporting and candidate beam selection. It is hence sufficient to introduce requirements for beam reporting and that would be suffice for candidate beam selection as well. 
Proposal #4: Requirements for L1-RSRP reporting for beam management shall cover candidate beam selection. No separate requirements shall be introduced for candidate beam detection as they are not measurable. 
4. Conclusions
In this paper we have presented our views on requirements for Beam Failure Detection and Candidate beam detection for Beam Failure recovery. Our proposals are as follows:
Proposal#1: Define PDCCH transmission parameters for BFD as:
Table 1: PDCCH Parameters for SSB based BFD
	Attribute
	Value for BLER pair#0

	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




Table 2: PDCCH transmission parameters for CSI-RS based BFD
	Attribute
	Value for BLER pair#0

	DCI format
	1-0

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

	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 BFD

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

	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 BFD

	Mapping from REG to CCE
	Distributed



Proposal#2: Define N=8 for Rx beamforming scale factor in FR2 for BFD
Proposal#3: Define CSI-RS based beam failure detection requirements for CSI-RS resources with D=3 
Proposal #4: Requirements for L1-RSRP reporting for beam management shall cover candidate beam selection. No separate requirements shall be introduced for candidate beam detection as they are not measurable. 
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