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1 Introduction

This contribution is to provide text proposals for the agreements that have not been captured correctly in the current TS [1] and also to provide our views on the remaining issues that need to be addressed on beam failure recovery. 
2 Summary of agreements incorrectly captured

This section summarizes the incorrectly captured agreements, with suggested text proposals.
2.1 QCL assumption for beam failure detection RS

In RAN1#91 meeting, it was agreed that the beam failure detection RS should be spatially QCL’ed with PDCCH DMRS [2]. Additionally, in RAN1#90 meeting, it was agreed that the beam failure declares when all serving beam fail [3].
Agreement (RAN1 #91):

For a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection

· Support explicit configuration for the periodic CSI-RS for beam failure detection

· If this configuration is not made, the default mode is the following:

· UE expects at least one of periodic CSI-RS or SSB is spatially QCL’ed to PDCCH DMRS

Agreement (RAN1 #90)
Beam failure is declared only when all serving control channels fail.

When a subset of serving control channels fail, this event should also be handled


Details FFS
According to the agreements, all the beam failure detection RS should be QCLed with DMRS of PDCCH, configured by explicit or implicit way. When the quality of all the beam failure detection RS that one-to-one mapped to a control resource set fall below threshold, UE declares beam failure. In the current specification, the set 
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 representing beam failure detection RS are configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig without QCL assumption, and UE will assess the RS QCLed with the DMRS of PDCCH. The current description only present that UE will assess beam failure event based on the established QCL relation between CSI-RS and DMRS of PDCCH. However, this QCL relationship between explicitly configured CSI-RS and DMRS of PDCCH is not clearly defined which leads to ambiguity for UE measurement behavior. In this case, explicitly configured RS may be not QCLed with DMRS of PDCCH, or only partially QCLed with DMRS of PDCCH. If UE only assess part of configured RS which is QCLed with DMRS of PDCCH or none of them, beam failure will never happen based on the current definition. 
Additionally, the one-to-one mapped relationship between each CSI-RS resource in set 
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 and each control resource set with a TCI state should be set up to assess beam failure event, and each CSI-RS has the same spatial QCL assumption with the TCI state of corresponding CORESET. If not, it is unclear for UE when to provide beam failure instance to higher layer. For example, if a UE is configured with only one CORESET but two periodic CSI-RS in set 
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 where one serving control beam corresponds to two RS. UE provides beam failure instance to higher layer when either quality of the two RS falls below the threshold or both quality of the two RS falls below the threshold. Another case is that UE is configured with two CORESET but one periodic CSI-RS in set
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, and there are different TCI states for each CORESET, where only a subset of serving beam for control channel is detected. When the quality of the RS is worse than the threshold Qout,LR in consecutive N times, beam failure will be declared, which violates the agreement beam failure is declared only when all serving control channels fail. To clarify UE behavior, a one to one mapping between the CSI-RS resource and the TCI state for each CORESET should be defined to ensure UE to adopt correct TCI state for each CSI-RS resource for assessing radio link quality. Therefore, we propose the following text proposal:

	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

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 Beam-Failure-Detection-RS-ResourceConfig and with a set 
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 of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. Each periodic CSI-RS resources that is one-to-one mapped to each CORESET within the set 
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 has the same spatial QCL assumption with the TCI state of corresponding CORESET. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, 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 is configured 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 RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. The physical layer in the UE shall assess 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 shall assess 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 DM-RS monitored by the UE. The UE applies the Qin,LR threshold to the L1-RSRP SS/PBCH blocks. The UE applies the Qin,LR threshold to the L1-RSRP for the CSI-RS resource after scaling a respective CSI-RS reception power with a value provided by higher layer parameter Pc_SS. 

< Unchanged parts are omitted >


2.2 Indication interval for beam failure instances

The following agreements were made on beam failure detection instances during RAN1 AH 1801 meeting [4]:

Agreement (RAN1 AH 1801): 

Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.
Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

 PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.

Based on the agreement, the following text was described in current spec [1]:

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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 and X.
However, to align with other part of current spec [1]  ,  “For the set 
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, the UE shall assess 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 DM-RS monitored by the UE.”  The following text proposal is suggested:

	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

The physical layer in the UE shall, in slots where the radio link quality according to the set 
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 is assessed, provide 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 that the UE uses to assess the radio link quality in the set 
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 and X.  

< Unchanged parts are omitted >


Additionally, the parameter “beamFailureDetectionTimer” in the current spec [5] is used to assist in counting beam failure instance. When beam failure instance indication arrives, accumulate the counter for beam failure detection. When there is no beam failure instance indication, reset the counter and timer for beam failure detection. So the duration of “beamFailureDetectionTimer” should be configured same as beam failure instance indication. We have the following text proposal:

	Text proposals for TS 38.331 v15.0.0 Section 6.3.2

< Unchanged parts are omitted >

RadioLinkMonitoringConfig information element

-- ASN1START

-- TAG-RADIOLINKMONITORINGCONFIG-START

RadioLinkMonitoringConfig ::=


SEQUENCE {


-- A list of reference signals for detecting beam failure and/or cell level radio link failure (RLF).


-- The network configures at most two detectionResources per BWP for the purpose "beamFailure" or "both". 


-- If no RSs are provided for the purpose of beam failure detection, the UE performs beam monitoring based on the activated TCI-State 


-- for PDCCH. However, if the activated TCI state refers to an aperiodic or semi-persistent CSI-RS, the gNB configures the failure


-- detection resources explicitly (FFS_RAN1: TBC by RAN1).


-- If no RSs are provided in this list at all (neither for Cell- nor for Beam-RLM), the UE performs also Cell-RLM based 


-- on the activated TCI-State of PDCCH (FFS_RAN1: TBC by RAN1).


-- When the network reconfigures this field, the UE resets on-going RLF timers and counters.


failureDetectionResources



SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS
OPTIONAL, 
-- Need M


-- This field determines after how many beam failure events the UE triggers beam failure recovery (see 38.321, section 5.17). 


-- Value n1 corresponds to 1 beam failure instance, n2 corresponds to 2 beam failure instances and so on. 


-- When the network reconfigures this field, the UE resets on-going RLF timers and counters. 


-- If the field is absent, the UE does not trigger beam failure recovery.


beamFailureInstanceMaxCount



ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10}








OPTIONAL,
-- Need S


-- Timer for beam failure detection (see 38.321, section FFS_Section). See also the BeamFailureRecoveryConfig IE.


-- Value in number of "periods of Beam Failure Detection" Reference Signal. Value pbfd1 corresponds to 1 period of Beam Failure 


-- Detection Reference Signal, value pbfd2 corresponds to 2 periods of Beam Failure Detection Reference Signal and so on.


-- When the network reconfigures this field, the UE resets on-going RLF timers and counters.


beamFailureDetectionTimer      


ENUMERATED {pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10 Beam Failure instance indication interval(see 38.213, section 6)}


OPTIONAL,
-- Need R


...

}

RadioLinkMonitoringRS ::=



SEQUENCE {


-- Determines whether the UE shall monitor the associated reference signal for the purpose of cell- and/or beam failure detection.


purpose








ENUMERATED {beamFailure, rlf, both},


-- A reference signal that the UE shall use for radio link monitoring. The network provides an ssb-Index only if


-- the purpose is set to rlf.


detectionResource





CHOICE {



ssb-Index







SSB-Index,



csi-RS-Index






NZP-CSI-RS-ResourceId


},


...

}

-- TAG-RADIOLINKMONITORINGCONFIG-STOP

-- ASN1STOP
< Unchanged parts are omitted >


2.3 Timing for CORESET monitoring

The timing for monitoring CORESET during beam failure recovery procedure were agreed in the email discussion after RAN1#91 meeting [2].

Agreement (RAN1 #91 email discussion):
Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request

· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.
The current spec has captured the timing for PDSCH reception during beam failure recovery procedure, but the timing regarding CORESET monitoring is not captured. From the agreement, after receiving beam failure recovery response, UE should continue to monitor the dedicated CORESET until TCI reconfiguration, not only within the response window. The corresponding part for CORESET monitoring in the current spec is unclear. To capture the agreements, the suggested revision is provided as follows:
	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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, the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot 
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 within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception and PDCCH monitoring, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH with index 
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until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index 
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q

 based on TBD.

< Unchanged parts are omitted >


2.4 Search space for dedicated CORESET
In RAN1#92 meeting, it was agreed that the CORESET for BFR has a one-to one mapped Search-Space [6]. 

Agreement (RRC parameter update RAN1 #92): 

UE expects a dedicated SearchSpace configuration that is one-to-one mapped to CORESET-BFR (RRC parameter CORESET-BFR remains)

In the current specification of 38.331 [5], a CORESET-BFR and its corresponding search space is configured with ControlResourceSetId and SearchSpaceId which are configured in PDCCH-Config IE. One CORESET-BFR may have multiple search space CORESET-BFR which violate the one-to-one mapped relationship between CORESET-BFR and its dedicated search space. Additionally, 38.213 also captured this one-to-one relationship. Thus, we propose the following text proposal:

	Text proposals for TS 38.331 v15.0.0 Section 6.3.2
< Unchanged parts are omitted >

BeamFailureRecoveryConfig information element

-- ASN1START

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

BeamFailureRecoveryConfig ::= 

SEQUENCE {


rootSequenceIndex-BFR



INTEGER (0..137)














OPTIONAL,
--
Need M


-- Configuration of contention free random access occasions for BFR


rach-ConfigBFR





RACH-ConfigGeneric














OPTIONAL,
--
Need M


-- L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free 


-- Random Access to recover from beam failure. The signalled threshold is applied directly for SSB, a threshold for 


-- CSI-RS is determined by linearly scaling singalled value based on Pc_ss corresponding to the CSI-RS resource.


-- (see FFS_Specification, FFS_Section)


candidateBeamThreshold

RSRP-Range


















OPTIONAL,
--
Need M


-- A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recover and the associated RA parameters


candidateBeamRSList




SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR

OPTIONAL,
--
Need M


-- Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources


ra-ssb-OccasionMaskIndex


INTEGER (0..15)















OPTIONAL, 
--
Need M


-- Control Resource Set that the UE uses to receive the random access response for beam failure recovery. 


-- If the field is absent the UE uses the initial CORESET (ControlResourceSetId = 0)


recoveryControlResourceSetIdControlResourceSetBFR

ControlResourceSetId













OPTIONAL
,
-- Need S


-- Search space to use for BFR RAR. If the field is absent, the UE uses the initial Serach Space (SearchSpaceId = 0).


recoverySearchSpaceIdSearchSpaceBFR



SearchSpaceId















OPTIONAL,
-- Need S


...

}

PRACH-ResourceDedicatedBFR ::= 

CHOICE {


ssb








BFR-SSB-Resource,


csi-RS







BFR-CSIRS-Resource

}

BFR-SSB-Resource ::= 


SEQUENCE {


-- The ID of an SSB transmitted by this serving cell. It determines a candidate beam for beam failure recovery (BFR)


ssb







SSB-Index,


-- The preamble index that the UE shall use when performing BFR upon selecting the candidate beams identified by this SSB.


ra-PreambleIndex



INTEGER (0..63),


...

}

BFR-CSIRS-Resource ::=


SEQUENCE {


-- The ID of a NZP-CSI-RS-Resource configured in the CSI-MeasConfig of this serving cell. This reference signal determines a candidate beam


-- for beam failure recovery (BFR).


csi-RS






NZP-CSI-RS-ResourceId,


-- RA occasions that the UE shall use when performing BFR upon selecting the candidate beam identified by this CSI-RS. If the field is absent


-- the UE uses the RA occasion associated with the SSB that is QCLed with this CSI-RS. 


-- The RA preamble index to use in the RA occasions associated with this CSI-RS. If the field is absent, the UE uses the preamble index


-- associated with the SSB that is QCLed with this CSI-RS. 


ra-PreambleIndex



INTEGER (0..63)
















OPTIONAL,
-- Need R


...

}

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-STOP

-- ASN1STOP
< Unchanged parts are omitted >


2.5 New candidate beam determination
In RAN1 91 email discussion, the following agreement has been made [2]:
Agreement (RAN1 #91 email discussion):
If there are multiple beams above the threshold for new beam identification, it is up to UE implementation to select a PRACH resource associated to the SSB/CSI-RS resource satisfying the threshold condition.
According to current agreement, when the qualities of multiple beams are above the configured threshold for new candidate beam selection, UE can select one of them to transmit BFRQ by implementation. There is no need to discuss it further. Therefore, we have following text proposal:
	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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, the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot 
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+
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 within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index 
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q

 based on TBD UE implementation.

< Unchanged parts are omitted >


3 Remaining issues for Rel-15
This section summarizes the remaining issues that should be addressed in Rel-15.

3.1 Beam failure recovery timer
In previous RAN1 meeting, the beam failure recovery timer is introduced to oversee the overall beam failure recovery procedure. Specially, when new beam for beam failure recovery request transmission, whose quality is above the configured L1-RSRP threshold, can’t be found in the limited candidate beam set, the beam failure recovery timer can avoid endless recovery. However, maximum transmission number for BFRQ is used to limit the number of BFRQ transmission, which can work only when new beam for BFRQ is identified. The time of beam failure recovery can’t be guaranteed by it. The design principle of beam failure recovery is to react quickly to beam failure. To meet the requirement of beam failure recovery, beam failure recovery timer is needed. As RAN1 has never agreed the design of contention based beam failure recovery, the beam failure recovery timer is used only for non-contention based beam failure recovery procedure. To compromise with the exiting design for contention based beam failure recovery in RAN2, when the maximum number of retransmission on non-contention based PRACH is reached or the timer for non-contention based PRACH expires, UE can transmit BFRQ on contention based PRACH. In other words, another separate timer can be configured for contention based beam failure recovery. 
Proposal 1: For BFR with CFRA and CBRA, two different timers can be configured separately.
3.2 Beam failure detection RS

For the configuration of beam failure detection RS, there are two mechanisms supported in the current spec: explicit configuration and implicit configuration.

For explicit configuration, a set 
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 of periodic CSI-RS resource configuration indexes are indicated by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig for a UE. And for implicit configuration, the UE determines 
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 to include SS/PBCH blocks indexes and periodic CSI-RS indexes with same values as the RS indexes indicated by the TCI states for control resource sets that the UE is configured for monitoring PDCCH.

When beam failure happens, after sending a BFRQ with a new beam (
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), the UE will monitor the new beam identified. However, in case where the set 
[image: image30.wmf]0

q

 is explicitly configured, as 
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 is not included in the set 
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 and as the UE shall assess the link quality according to periodic CSI-RS resource configurations that are QCLed with the DM-RS of PDCCH receptions (
[image: image33.wmf]new
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) only, there’s no CSI-RS that the UE is supposed to monitor for beam failure detection after successful beam failure recovery. The simplest solution for this problem is to add 
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 into the set 
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 after successful beam failure recovery.
Proposal 2: If BFD RS set 
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 is explicitly configured, UE should update the set 
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 to include 
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 after receiving the gNB response to BFRQ.
The text proposal corresponding to proposal 2 is provided as follows. 

	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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, the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot 
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 within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index 
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 based on TBD.

If the set 
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 is configured by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE shall update the set 
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 to include 
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 after receiving the PDCCH within the window configured by higher layer parameter Beam-failure-recovery-request-window.

< Unchanged parts are omitted >


3.3 Beam failure instance indication
In previous meetings, regarding beam failure instance indication, the following agreements have been made [4][7].
Agreement (RAN1 #90bis):

· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number

· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance

· Note: Beam failure is determined when all serving beams fail

Agreement (RAN1 AH 1801):

For beam failure detection model, PHY performs detection of beam failure instances, and indicates a flag to higher layer if a beam failure instance is detected

· FFS: When/Whether PHY needs to report candidate beam list and beam failure instance to MAC

· FFS: Whether non-beam failure instance is defined or is needed

Include as part of LS to RAN2
Agreement (RAN1 AH 1801):
· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.

· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

· PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.

Beam failure instance indication was introduced to enable UE PHY layer to provide periodic indications to higher layer about the beam failure instance. To complete the design, some further clarifications are needed on this indication scheme.

The first clarification is that what exactly a beam failure instance is. In our understanding, when the evaluation results of all BFD RSs that UE PHY layer can measure during one indication interval are above a given BLER threshold, it is a beam failure instance and UE PHY layer should send a flag to the MAC layer.

Then it comes to that what the lower bound X of the indication interval is. Firstly, [10] ms is not a good option, since the time consumed before overall beam failure declaration is too much. Considering UE higher layer would only declare beam failure after NrOfBeamFailureInstance N consecutive beam failure instance indication from UE PHY layer, the time needed for beam failure detection is [10*N] ms. A much shorter lower bound is clearly needed, to ensure a fast-enough beam failure recovery in NR. Secondly, using the shortest RS periodicity alone or a much shorter/smaller lower bound << [10] ms may lead to the issue that the RS with a larger periodicity can be not evaluated even once before beam failure is declared, which violates the agreements that beam failure is declared when all PDCCH beams fail. Thirdly, using the longest RS periodicity alone is still not ideal since it may lead to high latency.
A proper indication interval should guarantee the evaluation in a reasonable time duration for all PDCCH beams, i.e., BFD RSs in the set 
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 that UE assesses in terms of hypothetical PDCCH BLER before beam failure declaration. In the worst case, UE should have the opportunity to measure and evaluate the RS with the longest periodicity at least once before beam failure declaration. 

With this in mind, the lower bound of indication interval “X” can be determined by ⌈longest RS periodicity / N⌉, where ⌈⌉ is the round up operator, thus, RS with longest periodicity will be evaluated at least once before declaring beam failure.
This lower bound guarantees the measurement of all BFD RSs before beam failure declaration and it also provides reasonable tradeoff between the time consumption for beam failure detection if the periodicities of different BFD-RSs are largely diverse. Thus we have the following proposal:
Proposal 3: Support ⌈longest RS periodicity / NrOfBeamFailureInstance⌉ as the lower bound of beam failure instance indication interval.
The text proposal corresponding to proposal 3 is provided as follows. 

	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

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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 and X⌈longest RS periodicity / NrOfBeamFailureInstance ⌉.  
< Unchanged parts are omitted >


3.4 Dedicated CORESET configuration

In UE feature 3-1 for DL control channel configuration, “One UE-specific configured CORESET per BWP per cell in addition to CORESET0” is mandatory. The feature does not consider BFR CORESET. In RAN1#90bis meeting, the following agreements have been made [7]:

Agreement (RAN1 #90bis):
· gNB response is transmitted via a PDCCH addressed to C-RNTI

FFS: DCI format for gNB response

· Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:

Alt 1: the same CORESET (s) as before beam failure

Alt 2: dedicatedly configured CORESET for beam failure recovery.

Agreement (RAN1 #90bis email discussion):
· Support RRC configuration of a time  duration for a time window  and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.

                      UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.

        FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration

        Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC  configurable time duration starting from the fixed time offset. 

· FFS the value of fixed time offset k (slots).

Dedicated CORESET is supported to recover from beam failure. If no dedicated CORESET is configured for BFR, only normal CORESET can be used for BFR. UE can’t distinguish its response for beam failure or normal data scheduling. Thus, the dedicated CORESET for BFR should also be mandatory at least for FR2.

Proposal 4: At least one dedicated CORESET for BFR should be mandatory at least for FR2.
3.5 DCI format for gNB response
The BFR mechanism in the current NR specification does not support wireless Virtual Reality (VR)/Augmented Reality (AR) applications, due to excessive link outage time (larger than the maximum allowed VR/AR delay of 20 ms) that arises when both UL and DL are simultaneously obstructed. This is because of the fact that in current NR specification, the UL and DL beam failures are treated separately by the UE-initiated BFR mechanism and UL beam management function, respectively. Specifically, the UE-initiated BFR enables the DL beam failure to be recovered even if the UL beam fails (e.g., by allowing BFR request transmission via PRACH); while the UL BFR based on UL beam management needs to assume that the current PDCCH doesn’t fail, such that the gNB can indicate the UE about SRI configuration and new UL beam index via the existing PDCCH. Therefore, when both UL and DL beams fail simultaneously, the DL and UL BFR procedures have to be done sequentially, i.e., the UL BFR procedure can be in effect only after the DL BFR has finished successfully. However, under the lowest-latency configuration for UE-initiated BFR, the latency involved in DL BFR could amounts to at least 20 ms, including 10 ms for beam failure detection and 10 ms for BFR request transmission via PRACH. Hence the DL BFR latency is already on the edge of VR/AR delay requirement, and there is no sufficient time to further perform UL BFR. Hence such sequential DL and UL beam failure recoveries may cause significant time delays, and there is a crucial need to reduce the delay of current BFR mechanism to support key vertical industries of 5G including VR and AR applications.
To resolve this issue, simultaneous recoveries of both the DL and UL beam failures should be enabled when they are obstructed at the same time. Specifically, after detecting the UL beam failure, the gNB should be able to identify a new UL candidate beam. Afterwards, the gNB should be able to indicate the UE about the new UL Tx beam index through the gNB response transmission directly, instead of waiting for DL BFR to succeed. This new UL beam can be identified based on the reception of either SRS or BFR request. Hence the indication of the new UL beam in the gNB response can be done by indicating, either explicitly or implicitly, the index of SRS or PRACH attempt for transmitting the BFR request associated to the used UL beam. Therefore, the content/format of gNB response should at least enable the indication of UL transmission configuration, e.g. by using DCI format 0_1. Thus we have the following proposal.

Proposal 5: The content/format of gNB response should enable the indication of UL transmission configuration.
The text proposal corresponding to proposal 5 is provided as follows.

	Text proposals for TS 38.213 v15.0.1 Section 6

< Unchanged parts are omitted >

A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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, the UE monitors PDCCH for detection of a DCI format that enables the UL transmission configuration with CRC scrambled by C-RNTI starting from slot 
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 within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same antenna port quasi-collocation parameters as for monitoring PDCCH until the UE receives by higher layers an activation for a TCI state or a parameter TCI-StatesPDCCH. The UE determines the index 
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 based on TBD.

< Unchanged parts are omitted >


3.6 Default QCL after BFR
Beam management procedure has defined several default TCI assumptions to cope with irregular cases. When beam failure occurs and previous TCI states becomes invalid, until reconfiguration of new TCI state, default TCI should be defined for UE to receive PDCCH and PDSCH. On this matter, the following agreement is made in the email discussion after RAN1#91 meeting: 
Agreement (RAN1 #91 email discussion):
Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request

· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.
From this agreement, it can be seen the default QCL for PDSCH is valid before reconfiguration/activation/re-indication of TCI state for PDCCH. After this point, UE should determine its TCI based on the regular mechanism. For instance, UE obtain PDSCH QCL assumption based on the TCI  state in the DCI if the offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset. However, before the TCI states are activated by MAC CE, the indication of TCI by DCI cannot be considered as valid. 

As shown in Figure 1, UE sends beam failure recovery request at T0. After UE receives beam failure recovery response, beam training procedure will be conducted between UE and gNB. Then, if the TCI-PresentinDCI is set as ‘Enabled’, UE may receive the RRC signaling of M TCI state(s) for PDSCH at T1, receives RRC signaling of K TCI state(s) for PDCCH at T2, receives MAC-CE signaling of TCI state(s) for PDCCH if K >1 at T3, receives MAC-CE signaling of TCI state(s) for PDSCH at T4, and receives DCI signaling of TCI state(s) for PDSCH at T5. As aforementioned discussion, for the duration between T3 and T4, current TCI determination mechanism cannot apply as TCI state for PDSCH hasn’t been activated.  Therefore, for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH, another default TCI state should be specified to address the ambiguity of TCI assumption. Since at T3, the new TCI has been identified and activated for PDCCH, the reliability can be guaranteed if it also applies for PDSCH. 

[image: image53]
Figure 1. Ambiguous period for PDSCH QCL assumption after beam failure recovery
Thus, we have the following proposal:
Proposal 6: After beam failure declaration, UE should assume the DMRS of PDSCH is spatially QCLed with the RS contained in the TCI state of its PDCCH for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH if the scheduling offset is equal to or greater than a threshold Threshold-Sched-Offset.
3.7 UE behavior if blockage is removed
Dedicated CORESET has been introduced to transmit BFRR for BFRQ during beam failure recovery procedure. UE shall monitor CORESET-BFR within the BFRR window and for the duration between receiving BFRR and TCI reconfiguration for old or new CORESET. However, based on previous agreements, whether UE should monitor old CORESET for the duration between beam failure declaration and receiving BFRR has not been defined. Similar as radio link monitoring mechanism, if blockage if moved and UE decoded old CORESET, beam failure recovery procedure can be stopped. As shown in Figure 2, if UE can decoded PDCCH in old CORESET for the duration between beam failure declaration and first BFRQ transmission, and the quality of old CORESET DMRS is better than new identified DL RS, beam failure recovery procedure can be stopped.
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Figure 2. Blockage removed case

Thus, we have the following proposal:
Proposal 7: If UE can decode PDCCH successfully on old CORESET(s) with a better quality than the new identified DL RS, UE should reset the running BFR timer, stop the ongoing beam failure recovery procedure, and monitor PDCCH on old CORESET.
4 Conclusions

This contribution discusses remaining issues for beam failure recovery mechanism in NR and we have the following proposals:

Proposal 1: For BFR with CFRA and CBRA, two different timers can be configured separately.
Proposal 2: If BFD RS set 
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 is explicitly configured, UE should update the set 
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 to include 
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 after receiving the gNB response to BFRQ.
Proposal 3: Support ⌈longest RS periodicity / NrOfBeamFailureInstance⌉ as the lower bound of beam failure instance indication interval.
Proposal 4: At least one dedicated CORESET for BFR should be mandatory at least for FR2.
Proposal 5: The content/format of gNB response should enable the indication of UL transmission configuration.
Proposal 6: After beam failure declaration, UE should assume the DMRS of PDSCH is spatially QCLed with the RS contained in the TCI state of its PDCCH for the duration between reconfiguration/activation/re-indication of TCI state for PDCCH and reactivation of TCI state for PDSCH if the scheduling offset is equal to or greater than a threshold Threshold-Sched-Offset.

Proposal 7: If UE can decode PDCCH successfully on old CORESET(s) with a better quality than the new identified DL RS, UE should reset the running BFR timer, stop the ongoing beam failure recovery procedure, and monitor PDCCH on old CORESET.
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