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1.	Introduction
In this document, MAC open issues related to Beam Failure Recovery are addressed.
2.	Discussion
[Issue 5.1.1-8] RAN2 should discuss how to capture the following agreement: "The beam failure detection is performed by MAC".
Regarding beam failure detection, RAN1 agreements made in NR AH #1801 are summarized below:
1. 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
2. Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS [image: ], 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.
3. 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.
4. PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold
· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}
· Support for candidate beam selection model is specified in the RAN2 specifications

From these agreement, the intended procedure steps for Beam Failure Recovery Request procedure are summarized below: 
1. PHY informs MAC of every beam failure instance. (Agreement 1)
· Beam failure instances are periodic, and no indication will be received by MAC if it’s not a beam failure. Thus, additional negative/positive indication is not necessary. (Agreement 2)
2. MAC counts the number of consecutive beam failure instances. 
3. Upon reaching the maximum value of consecutive beam failure instances, MAC requests PHY to deliver the set of candidate beams. PHY performs L1-RSRP evaluation of each candidate new beam and delivers the set of candidate beams (Agreement 3).
4. MAC selects one candidate beam from the set of candidate beams, and informs PHY of the selected candidate beam (Agreement 4).
5. MAC performs a RA procedure for BFRR by using the PRACH resource associated with the selected candidate beam, and PHY performs PDCCH reception by using the selected candidate beam.
In R2-1801546, step3/4/5 and details of step1 has not yet been captured.
Proposal 1. Confirm the above steps for BFR procedure and capture it in TS38.321.

[bookmark: _GoBack]Regarding step 5, when the MAC selects PRACH resource associated with the selected candidate beam, RAN2 needs to consider the RAN1 decision [R2-180003]
	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.


It means that if PRACH resource associated with CSI-RS has not been provided, the UE shall select the PRACH resource associated with SSB which is linked to the selected CSI-RS, i.e., spatially quasi-colocated SSB. 
Proposal 2. When the MAC selects a PRACH resource associated with the selected candidate beam, the MAC shall consider spatially quasi-colocated SSB if no PRACH resource is associated with the selected CSI-RS. 

[Issue 5.1.4-6]	The bfr-ResponseWindow might be same as RAR window, and RAN2 needs to discuss.
BFRR procedure is to inform the good beam upon beam failure detection while data transmission is ongoing. Thus, the window size may need to be shorter than RAR window size for normal RA Procedure in order to avoid data interruption.
Proposal 3. bfr-ResponseWindow and ra-ResponseWindow are configured independently, i.e., the size can be different.

[Issue 5.1.4-7]	Similar to RAR window handling, RAN2 may consider adding the following procedure: 'The MAC entity may stop bfr-ResponseWindow (and hence monitoring for response for beam recovery request) after successful reception of a PDCCH addressed to C-RNTI.'
In BFR request procedure, when the UE receives a response, i.e., the PDCCH addressed to C-RNTI, in the BFR Response Window, it is not necessary for the UE to further wait for another response to the BFR request. Therefore, it makes sense that the UE stops the bfr-ResponseWindow upon reception of the PDCCH addressed to C-RNTI in response to the BFR request. It should be noted that, in LTE, the reason of continuing the RAR window is to allow the network to divide a big RAR into smaller ones with the same RA-RNTI, i.e., the UE should not stop monitoring the PDCCH addressed to RA-RNTI at the detection of matched RA-RNTI but the UE should continue RAR window to find a RAR including the matched preamble [RAN2#58bis].
Proposal 4. The MAC entity shall stop bfr-ResponseWindow upon reception of the PDCCH addressed to C-RNTI in response to the BFR request.

With Proposal 2, bfr-ResponseWindow expires only when the PDCCH addressed to C-RNTI has not been received by the UE. Thus, we can remove redundancy from "if bfr-ResponseWindow expires and if the PDCCH addressed to the C-RNTI has not been received" in Subclause 5.4.1.
Proposal 5. Remove the text highlighted in cyon from "if bfr-ResponseWindow expires and if the PDCCH addressed to the C-RNTI has not been received" in Subclause 5.4.1.

[Issue 5.17-1]	Details on the UE behaviour related to beamFailureRecoveryTimer is FFS.
RAN1 decided the start/stop condition for beamFailureRecoveryTimer in the last meeting that:
Agreement:
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met
· Upon expiry of Beam-failure-recovery-Timer 
· Upon reaching max. # of BFRQ transmissions

However, as discussed in RAN2 NR AH #1801, it is still not clear what the role of beamFailureRecoveryTimer is. Although RAN1 agreed that the UE considers the BFR-RA procedure unsuccessful upon beamFailureRecoveryTimer expiry, it seems redundant because the UE anyway will considers the BFR-RA procedure unsuccessful upon reaching the maximum number of RAP transmission.
Proposal 6. Remove beamFailureRecoveryTimer.

3.	Conclusion
Proposal 1. Confirm the above steps for BFR procedure and capture it in TS38.321.
Proposal 2. When the MAC selects a PRACH resource associated with the selected candidate beam, the MAC shall consider spatially quasi-colocated SSB if no PRACH resource is associated with the selected CSI-RS. 
Proposal 3. bfr-ResponseWindow and ra-ResponseWindow are configured independently, i.e., the size can be different.
Proposal 4. The MAC entity shall stop bfr-ResponseWindow upon reception of the PDCCH addressed to C-RNTI in response to the BFR request.
Proposal 5. Remove the text highlighted in cyon from "if bfr-ResponseWindow expires and if the PDCCH addressed to the C-RNTI has not been received" in Subclause 5.4.1.
Proposal 6. Remove beamFailureRecoveryTimer.
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