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1	Introduction
In this contribution we discuss on the remaining details on beam recovery after RAN1#91.

2	Discussion on open items

2.1 Metric for Candidate Beam Selection
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

Current agreement for beam failure detection metric is to use BLER of a hypothetical PDCCH whereas for candidate beam detection, UE would use L1-RSRP. In our view, this is somewhat non-logical way of trying to recover from beam failure. If the beam failure (i.e. low hypothetical PDCCH BLER) was triggered by interference conditions, selecting a candidate for beam recovery based on RSRP would not guarantee that the SINR performance would on adequate level. As a result, the UE would experience beam failure again on the newly indicated candidate beam. In some cases it could be possible the beam management could be able operate before such failure occurs again but it would be beneficial if UE would select to high quality beam already at candidate selection phase.
Alternative aspect is the radio link monitoring. Although not explicitly agreed that RLM-RS (reference signals used for radio link monitoring) follow implicitly (or explicitly via RRC configuration) the gNB TCI state activation for PDCCH, it would be fair assumption that beam failure detection and radio link monitoring would be using at least partly same signal set. In this case UE may recovery to low quality beam (in terms of SINR) which would in turn mean that RLM procedure would not be able to recover (stop the timer T310) if the estimated hypothetical PDCCH BLER of the acquired link is not below the In-Sync (BLER) threshold and this would not be visible to beam recovery procedure.
Thus we ask RAN1 to reconsider the above agreement on candidate beam selection.
Proposal 1: Adopt the same quality measure for new candidate beam that is used for detecting beam failure.
In case the above proposal is not acceptable, as a compromise solution, we propose that if UE selects the candidate beam(s) based RSRP, among those selected beams UE would select highest quality beam in terms of hypothetical BLER for recovery. Although this would still potentially mean that the selected candidate beam(s) could have low quality, it would in some extent reduce the probability of unsuccessful recoveries.
Proposal 2: Out of the detected candidate beams based on (L1-) RSRP, UE should select the one with hypothetical PDCCH BLER below IS threshold defined in RLM. If not available, select the candidate with lowest hypothetical PDCCH BLER.

2.2. CORESET for Monitoring gNB Response for BFRQ
[bookmark: _Ref494722260]
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

As per RAN1 agreement, for beam failure recovery request using dedicated resources UE monitors dedicated Beam-failure-Recovery-Response-CORESET (CORESET-BFR) for gNB response until reconfigured with new/another TCI state. Beam failure detection is done on the active TCI state(s) associated with configured CORESET for PDCCH reception (or multiple CORESETs). 
Observation 1: Beam failure detection is performed on active TCI states configured for CORESET for PDCCH reception  
When declaring beam and selecting new candidate beam, UE may be able to indicate another TCI state of the same CORESET which has a signal quality above candidate beam threshold. In this case it would not be optimal to switch the monitoring to CORESET-BFR for receiving gNB response as UE already has a configuration for CORESET that has still TCI states above candidate beam quality threshold. 
If UE switches the monitoring to CORESET-BFR, it means in turn that network has to transmit the BFRQ (beam failure recovery request) response using the CORESET-BFR although the response to recovery request could be transmitted using the CORESET that is associated to the indicated TCI state.
Observation 2: When beam failure has been declared and UE indicates inactive TCI state (CSI-RS / SS/PBCH Block) of a current CORESET (PDCCH) as new candidate, it is not beneficial switch the monitoring to alternative CORESET(-BFR) when monitoring gNB response. 
We propose a small change to the current beam failure recovery procedure which would speed up the recovery and reduce the signaling overhead in cases where a candidate beam is an inactive TCI configured for CORESET currently monitored for PDCCH reception. 
If multiple candidate beams that can be indicated using dedicated resources are above the configured candidate beam threshold it has been agreed that the selection is up to UE but considering the potential benefits of not having to switch monitoring to CORESET-BFR and obtain new TCI configurations, UE should if not prioritize, prefer the recovery on inactive TCI states when determined to have adequate signal quality.  

Proposal 3: When beam failure has been declared and UE indicates as new candidate beam an inactive TCI state configured for current CORESET for PDCCH reception, UE monitors gNB response on the CORESET configured for the indicated TCI state instead of CORESET-BFR



2.3. Partial Beam Failure
Agreements:
· 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

As per agreement the failure of subset of serving control channels is not considered as beam failure. UE still has alternative link which could be used e.g. for PUCCH based reporting. When UE has been configured with multiple control channels, it should have means to indicate when a subset of channels fail.
As a straightforward option the UE could generate beam report and report as configured by network i.e. UE reports N beams with highest signal level or utilizes the configured beam group reporting. Beam report can indicate to the NW the current state of the PDCCH links implicitly i.e. if alternative beam is better than the current configured PDCCH beam or the current PDCCH beam is not reported since it cannot be detected. 
Also, the beam reporting with N-highest enables the NW to configure new PDCCH beam out of the reported set if new candidates are found. The beam report can be sent using reporting mechanisms on working link. 
Observation 3: When subset of control channels fail the UE can indicate network reporting highest quality beams according to network configuration. Network can use the reported information to indicate new PDCCH beam configuration.
Proposal 4: When subset of control channels fail, UE reports the N-highest quality beams according to network configuration. 


3	Conclusions
Metric for candidate beam selection:
Proposal 1: Adopt the same quality measure for new candidate beam that is used for detecting beam failure.
Proposal 2: Out of the detected candidate beams based on (L1-) RSRP, UE should select the one with hypothetical PDCCH BLER below IS threshold defined in RLM. If not available, select the candidate with lowest hypothetical PDCCH BLER.

CORESET monitoring during beam recovery:
Observation 1: Beam failure detection is performed on active TCI states configured for CORESET for PDCCH reception  
Observation 2: When beam failure has been declared and UE indicates inactive TCI state (CSI-RS / SS/PBCH Block) of a current CORESET (PDCCH) as new candidate, it is not beneficial switch the monitoring to alternative CORESET(-BFR) when monitoring gNB response. 
Proposal 3: When beam failure has been declared and UE indicates as new candidate beam an inactive TCI state configured for current CORESET for PDCCH reception, UE monitors gNB response on the CORESET configured for the indicated TCI state instead of CORESET-BFR

Partial beam failure:
Observation 3: When subset of control channels fail the UE can indicate network reporting highest quality beams according to network configuration. Network can use the reported information to indicate new PDCCH beam configuration.
Proposal 4: When subset of control channels fail, UE reports the N-highest quality beams according to network configuration. 
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