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Introduction
Beam Failure Recovery (BFR) was further progressed in RAN2#101 with the following agreements:
Agreements
1 Single maxpreamble, powerampingstep and received target power parameters are used that can have different values depending on why the random access is used (BFR or not).  
3	From RAN2 point of view beamFailureRecoveryTimer is not supported
4	Assume that at least CFRA BFR can be configured for SCell using ASN.1.  FFS if there are any major impacts to support this in UP
5	PHY delivers to MAC “beam failure instance” notifications only and MAC maintains a timer for resetting the counter:
-  the timer is (re)started upon every new reception of “beam-failure instance”. 
-  At timer expiry the counter is reset.
6	A BFR counter is maintained and incremented at every “beam-failure instance” indication.  When the counter reaches MaxBFI the UE trigger BFR
7	Timer is configured in number of periods (periodicity of BFD RS).  Nokia will trigger email discussion on deciding the values for timer using [CB 180] 
8	As in all other cases the UE performs random access for BFR on active BWP if RACH resources are available, otherwise it falls back to initial BWP. On each BWP the same prioritization rule is applied (CFRA and then CBRA).

Some leftover issues still need to be addressed:
- RSRP threshold names alignment and mapping between BFR and RA procedure
- BFR trigger notification to PHY
- Monitored CORESET following a CBRA-BFR
- Concurrent BFD and BFR
In addition we further discuss in [3] some BWP and CBRA fallback options in support of some possible BFR configurations, and address the specific issue of supporting BFR on SCell in [4].
Discussion
1.1. RSRP Threshold names alignment and mapping between BFR and RA procedure
The Random Access procedure currently uses rsrp-ThresholdSSB and csirs-Threshold as parameter names for the RSRP threshold to be used to select PRACH resources associated with SSB and CSI-RS respectively. For consistency and readability, we suggest using the same naming convention for both parameters.  Since rsrp-ThresholdSSB is already aligned between MAC and RRC specifications and includes both the measurement and RS the threshold applies to, we propose aligning csirs-Threshold to rsrp-ThresholdSSB and renaming it to rsrp-ThresholdCSI-RS in 38.321 [2].
Proposal 1: The RSRP threshold on CSI-RS is renamed from csirs-Threshold to rsrp-ThresholdCSI-RS in Section 5.1 of the MAC specification.
Regarding beamFailureCandidateBeamThreshold parameter of the BFR procedure (Section 5.17 of 38.321 [2]), it is defined by the following RAN1#92 agreement:
Agreement:
For candidate SSB/CSI-RS beam selection L1-RSRP threshold determination, RRC parameter “beamFailureCandidateBeamThreshold” is used to provide L1-RSRP threshold of SSB beam selection. 
· Corresponding L1-RSRP thresholds for a CSI-RS resource is linearly scaled based on Pc_ss corresponding to the CSI-RS resource

It was argued by one company during the ASN.1 review that it is unclear from the above how the threshold is commonly used for both SSB and CSI-RS, therefore leading to the current generic name. However, we see no ambiguity in interpreting the RAN1 agreement as follows:
1) The value of the configured threshold (beamFailureCandidateBeamThreshold) applies to the RSRP of the SSB;
2) The value of the threshold to be used on the RSRP of the CSI-RS is:
beamFailureCandidateBeamThreshold + Pc_ss
where PC_ss is defined in NZP-CSI-RS-ResourceId (BeamFailureRecoveryConfig:candidateBeamRSList:csi-RS:csi:RS) as:

-- Power offset of NZP CSI-RS RE to SS RE. Value in dB. Corresponds to L1 parameter 'Pc_SS' (see 38.214, section 5.2.2.3.1) 
powerControlOffsetSS   ENUMERATED{db-3, db0, db3, db6}                    OPTIONAL, 
As a result, it is clear that there is a direct match between the BFR parameter beamFailureCandidateBeamThreshold and the MAC parameter rsrp-ThresholdSSB, so we suggest renaming beamFailureCandidateBeamThreshold accordingly.
Proposal 2: The BFR threshold beamFailureCandidateBeamThreshold in Section 5.17 of 38.321 is renamed as “rsrp-ThresholdSSB”.
We also suggest the same renaming for the associated field in the BeamFailureRecoveryConfig IE in the RRC specification in [5]. It now remains to specify how/where to capture the above scaling of the CSI-RS threshold for BFR. We think it can be simply added in Section 5.1.1 of TS38.321 as shown in our proposed CR capturing all BFR-related corrections [6].
Proposal 3: The scaling of the CSI-RS threshold for BFR from the rsrp-ThresholdSSB is captured in Section 5.1.1 of TS38.321 per the CR in reference [6].
1.2. BFR trigger notification to PHY
In the current BFR model, PHY provides beam failure instance notifications to MAC and MAC processes them to trigger the BFR by initiating a Random Access procedure. However, as currently captured, PHY is not notified of such trigger, although PHY needs to know in order to start monitoring CORESET-BFR, as captured in RAN1 LS to RAN2 [7]:

	Related to gNB response for UE beam failure recovery request: 
Agreements: gNB response is transmitted via a PDCCH addressed to C-RNTI
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.


Therefore, MAC should notify lower layers of the BFR trigger in Section 5.17. 
Proposal 4: MAC should notify lower layers of the BFR trigger in Section 5.17.
Note one could also question the need for MAC to indicate the selected SSB or CSI-RS so that PHY can monitor the appropriate beam. Indeed, the use of a selected beam (qnew) is mentioned in 38.213 [8], Section 6, although still TBD how to determine it:
         For PRACH transmission in slot [image: ] and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index [image: ], the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot [image: ] 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 [image: ] based on TBD.
However, we don’t think any explicit notification of the selected SSB or CSI-RS to PHY is needed since we expect that PHY is aware of the candidate set and of the associated PRACH resources (via BeamFailureRecoveryConfig I.E.) so that MAC notifying the selected PRACH resource to PHY is sufficient for PHY to derive the selected SSB or CSI-RS.
1.3. Monitored CORESET following a CBRA-BFR
Referring to the above RAN1 agreement, the UE will monitor the CORESET-BFR to receive the gNB response following a random access attempt triggered by the beam failure recovery procedure. This is also captured in the RRC specification via the parameter recoveryControlResourceSetId of the BeamFailureRecoveryConfig I.E. [1]:
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 UEto 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)
	recoveryControlResourceSetId		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).
	recoverySearchSpaceId				SearchSpaceId							OPTIONAL,	-- Need S
	...
}

PRACH-ResourceDedicatedBFR ::= 		CHOICE {
	ssb									BFR-SSB-Resource,
	csi-RS								BFR-CSIRS-Resource
}
Now, strictly interpreting the above field description as well as RAN1’s agreement (captured accordingly in 
[8]), one would understand that the configured CORESET for gNB response to BFR, recoveryControlResourceSetId, is commonly monitored during the whole BFR-RA procedure, irrespective of whether the RA attempt is contention-free or contention-based. However we think it should not be the case because since the attempt is contention-based, the NW has no way to know the RA was triggered by a BFR request and therefore will not deliver the response in the CORESET-BFR, but rather in a RAR on the ra-ControlResourceSet (if configured) or in the initial CORESET (ControlResourceSetId = 0) configured in the DL BWP linked to the active BWP, as for all other CBRA attempts. As a result, it should be clarified that the above configured CORESET-BFR (recoveryControlResourceSetId) is only used to receive the random access response for beam failure recovery following a contention-free attempt.
Proposal 5: The CORESET-BFR (recoveryControlResourceSetId in BeamFailureRecoveryConfig I.E.) configured to monitor the random access response for beam failure recovery is only used to receive the random access response following a contention-free attempt.
Proposal 6: As for all other CBRA attempts, the MAC entity monitors the random access response for beam failure recovery following a contention-based attempt on the ra-ControlResourceSet (if configured) or in the initial CORESET (ControlResourceSetId = 0) configured in the DL BWP linked to the active BWP when the preamble was sent.
Proposals 5 and 6 do not directly impact the MAC specification, however they may impact the L1 specification by mandating the PHY to keep on monitoring ra-ControlResourceSet (if configured) or the initial CORESET (ControlResourceSetId = 0) configured in the DL BWP linked to the active BWP, even after it was notified by MAC of a BFR trigger.
1.4. Concurrent beam failure detection and recovery
As currently captured in the MAC specification, both beam failure detection and recovery can run concurrently, thus leading the former to potentially continuously triggering random access procedures. This might not be an issue since only one random access procedure can run at a time, however it is unclear if/when the concurrent RA triggers are cancelled. We think it is not so nice anyways to leave it to the RA procedure to cancel further BFR triggers and would prefer this is handled in the BFR procedure. 
Proposal 7: Beam failure detection does not operate when a beam failure recovery procedure is on-going.
Conclusion
In this contribution we address the leftover issues related to the BFR procedure. The resulting proposals are as follows and captured in our proposed CR addressing all BFR-related corrections [6].
Proposal 1: The RSRP threshold on CSI-RS is renamed from csirs-Threshold to rsrp-ThresholdCSI-RS in Section 5.1 of the MAC specification.
Proposal 2: The BFR threshold beamFailureCandidateBeamThreshold in Section 5.17 of 38.321 is renamed as “rsrp-ThresholdSSB”.
Proposal 3: The scaling of the CSI-RS threshold for BFR from the rsrp-ThresholdSSB is captured in Section 5.1.1 of TS38.321 per the CR in reference [6].
Proposal 4: MAC should notify lower layers of the BFR trigger in Section 5.17.
Proposal 5: The CORESET-BFR (recoveryControlResourceSetId in BeamFailureRecoveryConfig I.E.) configured to monitor the random access response for beam failure recovery is only used to receive the random access response following a contention-free attempt.
Proposal 6: As for all other CBRA attempts, the MAC entity monitors the random access response for beam failure recovery following a contention-based attempt on the ra-ControlResourceSet configured in the DL BWP linked to the active BWP when the preamble was sent.
Proposal 7: Beam failure detection does not operate when a beam failure recovery procedure is on-going.
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