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Introduction
Pertinent agreements and progresses made on beam failure recovery in RAN1 #91 [1] and email discussion can be summarized as follows:
	Summary of agreements and conclusions:

Agreement: 
The measurement metric for candidate beam selection is L1-RSRP
· An RRC parameter is introduced to configure the threshold value for L1-RSRP based on CSI-RS
· Another threshold can be implicitly derived for L1-RSRP based on SSB

Agreements: Upon receiving gNB response for beam failure recovery request transmission,
· 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.



This contribution addresses the remaining issues of beam failure recovery, including new candidate beam identification based on L1-RSRP and UE behaviour of monitoring PDCCH during beam failure recovery procedure. In regard of TS 38.213 V15.0.0, this contribution proposes required changes for link reconfiguration procedures.
Discussion on Determining New Candidate Beam 
We have agreed to use L1-RSRP as measurement metric for new candidate beam selection for beam failure recovery. The UE can measure the L1-RSRP of CSI-RS resources and/or SS/PBCH blocks and RRC configured threshold is used to determine whether one CSI-RS resource or SS/PBCH block can be used as a new candidate beam. However, the remaining issues of how to use L1-RSRP to identify a new beam is not decided yet.
L1-RSRP is measured from a single CSI-RS or SS/PBCH transmission instance. Using one L1-RSRP measured from just a single RS instance is not stable enough for the UE to claim a Tx beam to be “good” candidate due to the measurement error. To resolve this issue, the L1-RSRP measurement of multiple CSI-RS or SS/PBCH instances should be used to identify new beams. One method can be the averaged L1-RSRP of multiple consecutive CSI-RS or SS/PBCH instances. If the averaged L1-RSRP is larger than configured threshold, the UE can claim that CSI-RS resource or SS/PBCH block as a new candidate beam.
Another method can be the UE uses L1-RSRPs measured from multiple consecutive CSI-RS or SS/PBCH instances. For one CSI-RS resource or SS/PBCH block used as candidate beam RS, if the L1-RSRP of consecutive instance of that RS resource is larger than the configured threshold, that CSI-RS resource or SS/PBCH block can be claimed as a new candidate beam. 
Proposal 1: To identify a new candidate beam: a UE can claim a CSI-RS resource or SS/PBCH block as a new candidate beam when the L1-RSRP of all N = [4] consecutive RS instance is larger than the configured L1-RSRP threshold. 
Discussion on UE behaviour 
After sending a beam failure recovery request on UL channel, the UE can begin to monitor the dedicated CORESET for beam failure recovery configured by parameter Beam-failure-Recovery-Response-CORESET. When any valid DCI is detected from the dedicated CORESET, the UE can assume that the beam failure recovery request has been received by the gNB correctly and the gNB has begun to recover the failed beam pair links of downlink control channels.
To recover the failure of control channel beam pair links, the gNB can switch the Tx beams of PDCCH to other beam via the MAC-CE signalling of new TCI states. Another method the gNB can implement is to configure some new CORESET for downlink control channel.
Between when UE receives the first response from the gNB and when the gNB completes the Tx beam recovery for downlink control channels, those old CORESETs for downlink control channels and the configuration of TCI states for them are still valid. In our view, the UE shall still monitor those old CORESET with assuming the old configured TCI states. However, to reduce the complexity of UE, the UE does not need to monitor all the possible DCI formats or all the possible search spaces on those old CORESETs. Because that behaviour is for the time duration after gNB sends the response for beam failure recovery, the gNB can only transmit fall-back DCI format, i.e. UL DCI format 0_0 and DL DCI format 1_0. The UE can assume to only monitor fall-back DCI format (DCI format 0_0 and 1_0) on those old CORESET until the gNB configures new CORESETs or the gNB configures new TCI states via MAC-CE signalling.
Proposal 2: Upon receiving gNB’s response for a beam failure recovery request, the UE can assume to only monitor fall-back DCI formats (DCI format 0_0 and 1_0) on old CORESETs (those CORESETs where beam failure is detected) until  
· The UE is reconfigured by gNB to another CORESET(s) for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states;
· Or the UE is re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure
The dedicated CORESET is mainly used for the UE to receive the gNB response for beam failure recovery request and also receive a few messages from the gNB to re-configure the normal CORESETs or re-indicate the beams for the normal CORESETs. In normal cases when PDCCH beams are not failed, the UE does not monitor the beam failure recovery CORESET. Therefore, it is not necessary for the UE to monitor all the DCI formats on beam failure recovery CORESET. Fall-back DCI formats are sufficient for the downlink transmission to recover the beam failure.
Proposal 3: A UE only monitors fall-back DCI formats (DCI format 0_0 and 1_0) on CORESET-BRF
Conclusions
In this contribution, the remaining details for beam failure recovery mechanism are discussed. Based on the discussion, the following proposals are provided:
Proposal 1: To identify a new candidate beam: a UE can claim a CSI-RS resource or SS/PBCH block as a new candidate beam when the L1-RSRP of all N = [4] consecutive RS instance is larger than the configured L1-RSRP threshold. 
Proposal 2: Upon receiving gNB’s response for a beam failure recovery request, the UE can assume to only monitor fall-back DCI formats (DCI format 0_0 and 1_0) on old CORESETs (those CORESETs where beam failure is detected) until  
· The UE is reconfigured by gNB to another CORESET(s) for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states;
· Or the UE is re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure
Proposal 3: A UE only monitors fall-back DCI formats (DCI format 0_0 and 1_0) on CORESET-BRF
Text Proposal
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…


The physical layer in the UE shall assess the radio link quality according to the set  of resource configurations against the threshold Qout,LR [10, TS 38.133]. The threshold Qout,LR corresponds to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. For the set , 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 configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR Qin,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS.


The physical layer in the UE shall, in slots where the radio link quality according to the set  is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set  that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. 



The UE shall provide to higher layers information identifying a periodic CSI-RS configuration index or SS/PBCH block index  from the set . The reported periodic CSI-RS configuration index or SS/PBCH block index  shall meet the condition that L1-RSRP is greater than Qin,LR for consecutive [TBD] instances. 
…


A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. 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. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index  in set , in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE shall assume that only DCI formats 0_0 and 1_0 shall be monitored in the control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. After the UE detects DCI format with CRC scrambled by C-RNTI in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET, the UE shall assume that only DCI formats 0_0 and 1_0 shall be monitored in the control resource sets that the UE is configured for monitoring PDCCH as described in Subclause 10.1 until the control resource sets that the UE is configured for monitoring PDCCH are re-configured or the TCI-StatesPDCCH of the control resource sets that the UE is configured for monitoring PDCCH is re-configured.
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