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1. Background

This contribution addresses some remaining issues on beam failure recovery. Previous agreements in RAN1#91 and ensuing email discussion are summarized below for reference. 
Agreement
Table 1 Beam-failure-recovery-request-RACH-Resource configuration

	RRC parameter
	Value range
	Note/description

	RootSequenceIndex-BFR
	{0,1,…,137}
	Short sequence only

	ZeroCorrelationZoneConfig-BFR
	{0,1,..,15}
	Determine cyclic shift. Value range same as IA session

	PreambleInitialReceivedTargetPower-BFR
	FFS
	Value range same as IA session

	ra-PreambleIndexConfig-BFR
	FFS
	Value range same as IA session

	PreambleTransMax-BFR
	FFS
	Value range same as IA session

	powerRampingStep-BFR
	FFS
	

	CandidateBeamThreshold
	
	One threshold for CSIRS

	Candidate-Beam-RS-List
	
	A list of RS indices. The entry of each list can be

a SSB index or a CSI-RS resource index

	PRACH-resource-dedicated-BFR
	
	The following fields are defined for 

each candidate beam RS

	
	Candidate-Beam-RS
	{SSB index or  CSI-RS ID}
	RS index that is associated with the following 

PRACH resource

Note: if the candidate-beam-RS-List includes both 

CSIRS resource indexes and SSB indexes, AND only 

SSB indexes are associated with PRACH resources, 

NR standard should specify a rule that the UE should

Monitor both CSI-RS and SSB for New Beam 

Identification.

	
	ra-PreambleIndex-BFR

	FFS
	Preamble index used to select one from 

a sequence pool

	
	prach-FreqOffset-BFR
	FFS
	FDM’ed to other PRACH resources. 

Value range same as IA session

	
	masks for RACH resources and/or SSBs
	FFS
	Time domain mask. 

Value range same as IA session


Table 2 Other RRC parameters related to beam failure recovery

	RRC parameter (UE-specific parameters)
	Value range
	Note/description

	ResponseWindowSize-BFR
	FFS
	Time duration for monitoring gNB response in Beam-Failure-Recovery-Response-CORESET after BFRQ. Similar to ra-ResponseWindowSize

	Beam-failure-recovery-Timer
	FFS
	Details on UE behaviour related to the timer is FFS

	NrOfBeamFailureInstance
	FFS
	Consecutive number of beam failure instances for declaring beam failure

	Beam-Failure-Recovery-Response-CORESET
	FFS
	


Agreement:

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: 

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

Agreement

The BLER used for beam failure recovery reuses RLM default BLER threshold for RLM out-of-sync declaration

Agreement 

The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots

Agreements:
If the Candidate-Beam-RS-List includes both CSI-RS resource indexes and SSB indexes, AND only SSB indexes are associated with PRACH resources, 
· UE identifies PRACH resources for CSI-RS resource(s) in the Candidate-Beam-RS-List via spatial QCL indication between SSBs and CSI-RS resources, if UE-identified new beam(s) is associated with CSI-RS resource(s) 
· UE sends BFRQ through a PRACH resource associated with the SSB, which is spatially QCLed with the CSI-RS resource. 

· Note: in case the Candidate-Beam-RS-List includes both CSI-RS resource indexes and SSB indexes, AND only SSB indexes are associated with PRACH resources, a UE is not expected to be configured by Candidate-Beam-RS-List a CSI-RS resource which does not have a spatial QCL association with any of the SSB in the same Candidate-Beam-RS-List.

Agreements: 
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.

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.

2. Discussion

2.1. Monitoring of existing CORESET

One of the outstanding issues is whether UE should continue to monitor the existing CORESET after BFR procedure has started. Our views are below:
· Stops monitoring exiting CORESETS: 

· The main benefit is reduced UE power consumption. 

· The disadvantage is limited scheduling resources as a single CORESET (e.g. CORESET-BFR) is available. Secondly, only a single beam can be used for PDCCH transmission to the UE, leaving control channel very unreliable, especially if the new beam drops below threshold while a positive gNB response has not been received on CORESET-BFR.
· Continues monitoring existing CORESETs: 

· The advantage is that gNB can continue to use CORESET for future communication with the UE. Note that even though BFR has been declared on existing CORESET, successful PDCCH reception is still possible as the existing beams may very well recover from deep fading. Also, even though statistically the existing CORESET beams are below the threshold, it does not imply that successful PDCCH reception is impossible at all. gNB should be able to send positive gNB response to UE on either the existing CORESET or CORESET-BFR. 
· The disadvantage is higher UE complexity and power consumption. However given that the total number of monitored CORESETs is a UE capability and managed by gNB, this does not appear to be a critical issue.
The benefits of maintaining PDCCH monitoring on existing CORESETs is more important in our view, hence our preference is to allow PDCCH monitoring on existing CORESETs. Note that the specification already supports this. 
Proposals:  
UE continues to monitor existing COERSET after initialization of BFR. (Note: no spec change is needed)
2.2. Cross-carrier scheduling 

The current agreements on beam failure recovery apply at least to the case of same-carrier scheduling. It needs to be discussed whether cross carrier aspects should be considered for BFR procedure, e.g.
· Whether PRACH can be sent on a different UL carrier than the one associated with the DL carrier,
· Whether CORESET-BFR can be configured in a different carrier from existing CORESET,
· Whether CORSET-BFR supports cross-carrier scheduling.
Our views are summarized below:

· For PRACH carrying beam failure recovery request, we currently do not see the need to transmit on a non-associated UL carrier. 

· For CORSET-BFR, in theory it can be configured in another carrier if control resource on the current carrier is congested. However given that analog beam management is mostly for >6GHz where channel bandwidth is abundant, the need of such configuration is not clear. Furthermore, as new alternative beam is measured on the current carrier and not valid for other carrier on which COREST-BFR is configured (unless cross-carrier spatial QCL is pre-configured), the need of this operation is further limited. 

· Likewise, the need of cross-carrier scheduling for CORESET-BFR is not clear. 

Proposal: Beam failure recovery is self-contained in a single carrier.
2.3. Counter for consecutive beam failure instances

In RAN1#90bis it was agreed that 

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

· 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

Correspondingly the RRC parameter agreed in RAN1#91 include 

	NrOfBeamFailureInstance
	FFS
	Consecutive number of beam failure instances for declaring beam failure


In the current 38.213 spec it reads: 

· “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.”
Several issues are observed in the current spec.

· The counter (NrOfBeamFailureInstance) is not captured anywhere. It is unclear if it should be captured in RAN1 or MAC/RRC spec.

· It is unclear what the PHY shall do, if the measured beam quality is above the threshold. This somewhat relates to the 1st issue.

· It is unclear what “slots where radio link quality according to the set…” entails. 

For the first and second issue, there are several options: 

· One option is that UE does not report anything to higher-layer, if beam quality is above the threshold. This implies that if nothing is received from PHY, MAC understands it as a non-beam-failure instance. 
· The other option is that, if beam quality is above the threshold, UE sends “non-beam-failure instance” to higher-layer.  

With both options, the counter needs to be captured in the MAC spec. However the problem is that both options require MAC to periodically check lower-layer input of beam measurement quality, which is different from the current “event-drive” manner of MAC specification.  
The other alternative is to implement the counter in RAN1 specification, and if the condition of “consecutive detected beam failure instances” is met in PHY, send an indication to MAC, which will trigger BF recovery request. This seems to be aligned with the RAN2 LS below.

Agreements

1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    

2. Beam selection is specified in the MAC similar to the HO case.

3. The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  
-----------------------------------------------------Start of CR for 38.214, section 6-------------------------------------------------------

The physical layer in the UE shall 
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. in NrOfBeamFailureInstance consecutive assessments.
-----------------------------------------------------End of CR for 38.214, section 6---------------------------------------------------------

2.4. Miscellaneous
It was agreed that “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”. Clearly this applies to PDSCH scheduled by PDCCH in CORESET-BFR. For existing CORESET (and PDSCH scheduled), the existing TCI framework should continue to apply, independent of BFR. We do not think spatial beam signaling for PDSCH scheduled by existing CORESET should be impacted by the beam failure recovery procedure. 
Proposal: Beam indication procedure for PDSCH scheduled by existing CORESET is not impacted by beam failure procedure.
In addition, since PDCCH/PDSCH from CORESET-BFR follows reported beam, TCI-present should always be “OFF” for CORESET-BFR.

Proposal: For CORESET-BFR, TCI-present is always configured “OFF”.

3. Conclusion
In this contribution we discussed several remaining issues of beam failure recovery. 
Proposals:  
UE continues to monitor existing COERSET after initialization of BFR. (Note: no spec change is needed)
Proposal: 
Beam failure recovery is self-contained in a single carrier.
Proposal: 
Beam indication procedure for PDSCH scheduled by existing CORESET is not impacted by beam failure procedure.
Proposal: 
For CORESET-BFR, TCI-present is always configured “OFF”.

Proposal: 
capture the counter of “consecutive beam failure instances” in 38.214 as below
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