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1. Introduction

At the RAN4#86bis meeting, RRM core requirements regarding beam management were discussed, and following way forward was agreed [1, 2].
	Way forward on beam failure recovery (BFR)
· 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.

Way forward on L1-RSRP reporting

· Companies are encouraged to investigate whether measurement period of L1-RSRP needs to be specified and whether this will be part of core requirements or performance part. 

· L1-RSRP measurement accuracy shall be performance part.

· FFS whether L1-RSRP core and performance requirements will be specified in TS38.133 or in TS 38.101-4.


In this contribution, we discuss further on requirements for beam failure detection based on SSB and CSI-RS.

2. Discussion
Clarification on the beam failure detection
Beam recovery procedure is defined in Section 6 of TS38.213 [2]. In the section, followings are described regarding beam failure detection (BFD).

	A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes by higher layer parameter failureDetectionResources and with a set 
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 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 
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 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 single port RS in the set 
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. 
The thresholds Qout,LR and Qin,LR correspond to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold and candidateBeamThreshold, respectively. 
The physical layer in the UE assesses the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. For the set 
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, 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. 
The physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec. 


In addition, RAN2 also discussed on RRC configuration for BFD RS and agreed that both SSB and CSI-RS can be configured as BFD RS [4].

Based on above, followings are clear about beam failure detection procedure.
· A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes and/or SSB indexes by higher layer parameter failureDetectionResources.
· If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set 
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 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 single port RS in the set 
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.
· The threshold Qout,LR corresponds to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold. 
· The physical layer in the UE assesses the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. 
· For the set 
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, 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 physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. 
· The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec.
So, we could see that BFD procedure is quite similar to out-of-sync detection/indication in RLM procedure. In addition, several parameters such as threshold Qout,LR and monitoring result indication periodicity (i.e., maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec) are already defined in RAN1 specification. Therefore, remaining necessary requirements for BFD procedure from RAN4 RRM core perspective are evaluation period and hypothetical PDCCH configuration parameters.
Observation 1: Followings are clear about beam failure detection based on RAN1/RAN2 specifications.

· A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes and/or SSB indexes by higher layer parameter failureDetectionResources.
· If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set 
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 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 single port RS in the set 
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.
· The threshold Qout,LR corresponds to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold. 
· The physical layer in the UE assesses the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. 
· For the set 
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, 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 physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. 
· The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec.
Observation 2: Based on RAN1 specification, remaining necessary requirements for BFD procedure from RAN4 RRM core perspective are evaluation period and hypothetical PDCCH configuration parameters.
By the way, in current TS38.133, TS38.213 and TS38.331, default value of higher layer parameter rlmInSyncOutOfSyncThreshold is not defined. Therefore, it should be clarified in TS38.133.
Proposal 1: Default value of higher layer parameter rlmInSyncOutOfSyncThreshold should be defined in TS38.133 as below.
	The out-of-sync block error rate (BLERout) and in-sync block error rate (BLERin) are determined from the network configuration via parameter RLM-IS-OOS-thresholdConfig signalled by higher layers. The network can configure one of the two pairs of out-of-sync and in-sync block error rates which are shown in Table 8.1.1-1. When UE is not configured with RLM-IS-OOS-thresholdConfig from the network, UE determines out-of-sync and in-sync block error rates from Configuration #0 in Table 8.1.1-1.
Table 8.1.1-1: Out-of-sync and in-sync block error rates

Configuration

BLERout
BLERin
0

[10%]

[2%]

1

TBD

TBD




Feasibility of reusing hypothetical PDCCH configuration parameters from RLM out-of-sync framework
In TS38.133, hypothetical PDCCH configuration parameters for RLM out-of-sync are defined as below.
	Table 8.1.2.1-1: PDCCH transmission parameters for out-of-sync

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 SSS RE energy

[3 or 4]dB

Ratio of hypothetical PDCCH DMRS energy to average SSS 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




For RLM out-of-sync, some hypothetical PDCCH configuration parameters refer RMSI CORESET configurations, and some other parameters are defined by assuming PDCCH configuration parameters for robust transmission such as with high aggregation level. This is because that RLM out-of-sync is used for RLF determination and hence whether out-of-sync or not should be evaluated carefully i.e., by assuming such conservative configuration.
On the other hand, for beam failure detection, it may be good if beam failure is determined quickly and appropriate new candidate beam is also quickly selected. Hence instead of assuming conservative PDCCH configuration parameters, more typical/usual PDCCH configuration parameters can be assumed for beam failure detection. In particular, it would be possible to reuse following hypothetical PDCCH configuration parameters defined for RLM in-sync to that for beam failure detection.
	Table 8.1.2.1-2: PDCCH transmission parameters for in-sync

Attribute

Value for BLER pair#0

Value for BLER pair#1

DCI payload size

[1-0]

TBD

Number of control OFDM symbols

Same as the number of symbols of RMSI CORESET
Aggregation level (CCE)

[4]

Ratio of hypothetical PDCCH RE energy to average SSS RE energy

[0]dB

Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy

[0]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




Observation 3: For beam failure detection, RLM out-of-sync criteria may not be suitable since it may prevent quick beam recovery/update.
Proposal 2: For beam failure detection, hypothetical PDCCH configuration parameters can be reused from those for RLM in-sync.

Evaluation period for beam failure detection
Evaluation periods for RLM out-of-sync and in-sync are defined in TS38.133 as below.
	Table 8.1.2.2-1: Evaluation period TEvaluate_out and TEvaluate_in for FR1

Configuration

TEvaluate_out (ms) 

TEvaluate_in (ms) 

non-DRX

max(200,ceil(10*P)*TSSB)
max(100,ceil(5*P)*TSSB)

DRX cycle≤320

max(200,ceil(15*P)*max(TDRX,TSSB))
max(100,ceil(7.5*P)*max(TDRX,TSSB))
DRX cycle>320
ceil(10*P)*TDRX
ceil(5*P)*TDRX
Note:
TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.

Table 8.1.2.2-2: Evaluation period TEvaluate_out and TEvaluate_in for FR2

Configuration

TEvaluate_out (ms) 

TEvaluate_in (ms) 

non-DRX

max(200,ceil(10*P)*TSSB)
max(100,ceil(5*P)*TSSB)

DRX cycle≤320

max(200,ceil(15*P)*max(TDRX,TSSB))
max(100,ceil(7.5*P)*max(TDRX,TSSB))
DRX cycle>320
ceil(10*P)*TDRX
ceil(5*P)*TDRX
Note:
TSSB is the periodicity of SSB configured for RLM. TDRX is the DRX cycle length.

For FR1,

· P=1/(1 – TSSB/MGRP), when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and

· P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.

For FR2, 

· P is 1/(1- TSSB/SMTC period), when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB, and there are SSB occasions which are overlapping with some but not all occasions of intra-frequency SMTC; and 

· P is FFS, when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB, and all SSB occasions are overlapping with intra-frequency SMTC; and 

· P is 1/(1- TSSB/min(SMTC period,MGRP)), when in the monitored cell there are measurement gaps overlapping with some but not all occasions of the SMTC, and there are SSB occasions which are overlapping with some but not all occasions of intra-frequency SMTC; and

· P is FFS, when in the monitored cell there are measurement gaps overlapping with some but not all occasions of the SMTC, and all SSB occasions are overlapping with intra-frequency SMTC; and

· P is FFS, when in the monitored cell there are no measurement gaps overlapping with any occasion of the SMTC, and there are SSB occasions neither overlapping with SMTC nor with measurement gaps; and 

· P is FFS, when in the monitored cell there are no measurement gaps overlapping with any occasion of the SMTC, and all SSB occasions are overlapping with occasions of either SMTC or measurement gaps.


Different evaluation periods between RLM out-of-sync and RLM in-sync come from different SINR level/range for out-of-sync evaluation and in-sync evaluation. For beam failure detection, threshold Qout,LR corresponds to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold i.e., [10%], and our proposed hypothetical PDCCH configuration parameters are those for RLM in-sync. Then, possible SINR level/range for beam failure evaluation would be middle between that for RLM out-of-sync and that for RLM in-sync. In addition, beam failure declaration just triggers some L1 procedures including new candidate beam search and recovery request transmission, i.e., different from RLF, we may not need to care so much about “bit early” beam failure declaration. Therefore, we propose to reuse evaluation period for RLM in-sync to that for beam failure detection.
Proposal 3: For beam failure detection, evaluation period can be reused from those for RLM in-sync.

3. Conclusion 

In this contribution, we discussed further on requirements for beam failure detection based on SSB and CSI-RS. Based on the discussion, we made following observations and proposals. 
Observation 1: Followings are clear about beam failure detection based on RAN1/RAN2 specifications.

· A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes and/or SSB indexes by higher layer parameter failureDetectionResources.
· If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set 
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 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 single port RS in the set 
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.
· The threshold Qout,LR corresponds to the default value of higher layer parameter rlmInSyncOutOfSyncThreshold. 
· The physical layer in the UE assesses the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. 
· For the set 
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, 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 physical layer in the UE provides an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. 
· The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 that the UE uses to assess the radio link quality and 2 msec.
Observation 2: Based on RAN1 specification, remaining necessary requirements for BFD procedure from RAN4 RRM core perspective are evaluation period and hypothetical PDCCH configuration parameters.
Proposal 1: Default value of higher layer parameter rlmInSyncOutOfSyncThreshold should be defined in TS38.133 as below.
	The out-of-sync block error rate (BLERout) and in-sync block error rate (BLERin) are determined from the network configuration via parameter RLM-IS-OOS-thresholdConfig signalled by higher layers. The network can configure one of the two pairs of out-of-sync and in-sync block error rates which are shown in Table 8.1.1-1. When UE is not configured with RLM-IS-OOS-thresholdConfig from the network, UE determines out-of-sync and in-sync block error rates from Configuration #0 in Table 8.1.1-1.
Table 8.1.1-1: Out-of-sync and in-sync block error rates

Configuration

BLERout
BLERin
0

[10%]

[2%]

1

TBD

TBD




Observation 3: For beam failure detection, RLM out-of-sync criteria may not be suitable since it may prevent quick beam recovery/update.
Proposal 2: For beam failure detection, hypothetical PDCCH configuration parameters can be reused from those for RLM in-sync.

Proposal 3: For beam failure detection, evaluation period can be reused from those for RLM in-sync.
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