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1. Introduction
This contribution is revised from R1-1717369.
In the RAN1 #90bis meeting, the following agreements were achieved for beam failure recovery.
Agreement:
gNB response is transmitted via a PDCCH addressed to C-RNTI
FFS: DCI format for gNB response
Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:
Alt 1: the same CORESET (s) as before beam failure
Alt 2: dedicatedly configured CORESET for beam failure recovery.
Agreement:
Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification
The above case is configured by gNB
Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource
Following two scenarios are supported when a UE is configured with CSI-RS + SSB
Scenario 1: PRACHs are associated to SSBs only
In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).
Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource
FFS: multiple SSB can be associated with the same uplink resource. 
CATT has concerns on the above agreement that it may not be an essential feature for beam failure recovery
Working Assumption:
Beam failure detection is determined based on the following quality measure:
Hypothetical PDCCH BLER
Proposal:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number
· (Working assumption) 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
· The candidate beam can be identified when metric X of candidate beam is higher than a threshold
· FFS: metric X
· 1 or 2 threshold values are introduced
· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS
· One of the following alternatives will be down-selected in RAN1#91
· Alt-1: Fixed value
· Alt-2: Configurable value by RRC signaling
· RAN2 should specify the RRC signaling to configuration of the threshold
· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH
· FFS other details.
Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission
· A PRACH sequence is configured to UE

In this contribution, we provide some discussion on the remaining issues of beam failure recovery.
2. Discussion
2.1 Beam Failure Detection
It has been agreed that beam failure is declared only when all control channels fail, and the event should be handled when a subset of control channels fail. 
[bookmark: _GoBack]If the subset of control channels fail, the gNode B and the UE should switch to those control channel which still works. In order to do so, the UE could send beam reporting over the available links and the gNode B could perform beam indication to switch the beam.
In the email discussion, there have been different views on how to handle the scenario of a subset of control channel fails. In our view, the discussion could be categorized into two options:
Option A: Implicit reporting of subset beam failure. In this way, if the UE detects some control channel fails, the UE just performs the regular beam reporting, which means the UE reports the best several beams. With the reported information, the gNode B could switch to those beams which are reported by the UE.
Option B: Explicit reporting of subset beam failure. With this option, the UE should report those failed beams to let the gNode B know about the failure status.
In comparison, the explicit reporting of the failed beams has some drawbacks and is not clear. Firstly it is not clear whether the UE should report the failed beam index together with the beam quality or just the failed beam index. If the UE reports the failed beam index only, then new format should be introduced indicating it is reporting for failed beams, which will occupy additional PUCCH resources.
Another point is that it has been agreed the beam failure detection is based on hypothetical PDCCH BLER, while in the beam reporting L1-RSRP should be reported. This will lead to mismatch if the UE should report information for the failed beams. For example, if the UE detect the BLER is poor and failure is declared for this beam, but the L1-RSRP for this beam might be still very good. In this case, if the UE reports information for the failed beam, the gNode B can’t distinguish whether it is failed since the L1-RSRP measurement result is still good.
Thus we think for the subset of control channel failure, the UE should performs the regular beam reporting.
Proposal 1: When a subset of PDCCH beams fails, it could be handled by the regular beam reporting, i.e. the subset PDCCH beam failure is declared implicitly.
2.2 New Candidate Beam Identification
If SSB only is configured for new candidate beam identification, the new gNode B Tx beam may be in different direction. Thus the previous configured CSI-RS resource may not be valid any more. In order to further find the available CSI-RS beam, the gNode B should trigger the CSI-RS reconfiguration procedure after receiving the beam failure recovery request message.
Proposal 2: If SSB only is used for new candidate beam identification, the gNode B should trigger the CSI-RS reconfiguration after receiving beam failure recovery request.
2.3 Beam Failure Recovery Request Transmission
It has been agreed that PUCCH and non-contention based PRACH could be used to transmit beam failure recovery request. However, it should be further discussed in which cases PUCCH and non-contention based PRACH should be used.
Currently the beam failure detection is based on the downlink control channel. If there is no beam correspondence, the uplink may still work if beam failure is declared. If uplink still works, the transmission over PUCCH may succeed with high probability. And the communication link may be recovered quickly.
If the beam correspondence holds, the uplink may also fail when beam failure is declared. In this case the transmission over PUCCH will fail too. Then the UE should try to send beam failure recovery request over non-contention based PRACH.
Proposal 3: If beam correspondence is not held, PUCCH should be tried firstly for beam failure recovery request transmission if the UE has been configured with PUCCH resource.
With non-contention based PRACH, the new gNode B Tx beam information is delivered implicitly by the PRACH resource. In contrast, PUCCH could carry the new gNode B Tx beam information explicitly since more overhead could be delivered over PUCCH.
There was some discussion on whether L1-RSRP should be delivered over PUCCH. In our view, the L1-RSRP is not something necessary. The purpose of beam failure recovery is to re-establish the link as soon as possible. Thus the most important is to let the gNode B know which Tx beam the gNode B could use for the consequent communications. And gNode B Tx beam index is the most important information.
In the existing agreements for beam reporting, L1-RSRP and/or beam resource indicators could be reported. Thus the beam reporting could include beam index only or together with L1-RSRP. Thus if the UE is configured with L1-RSRP in the beam reporting, the L1-RSRP information could be included in the beam failure recovery request.
Proposal 4: For beam failure recovery request over PUCCH, at least the new gNode B Tx beam information could be carried explicitly. The L1-RSRP could be delivered if it is configured.
With non-contention based PRACH for beam failure recovery, the dedicated resource should be configured and reserved for each UE. Thus a lot of PRACH resource will be occupied and is not efficient. Thus contention based PRACH should be also supported for beam failure recovery in addition to PUCCH and contention-based PRACH. The contention based PRACH could be used as a fall back mode especially if there is no dedicated resource configured for the UE.
Proposal 5: Contention based PRACH should be supported for beam failure recovery transmission as a fall back mode.
3. Conclusion
In this contribution we have provided our views on mechanisms to recovery from beam failure. From the discussion, we have the following proposals.
Proposal 1: When a subset of PDCCH beams fails, it could be handled by the regular beam reporting, i.e. the subset PDCCH beam failure is declared implicitly.
Proposal 2: If SSB only is used for new candidate beam identification, the gNode B should trigger the CSI-RS reconfiguration after receiving beam failure recovery request.
Proposal 3: If beam correspondence is not held, PUCCH should be tried firstly for beam failure recovery request transmission if the UE has been configured with PUCCH resource.
Proposal 4: For beam failure recovery request over PUCCH, at least the new gNode B Tx beam information could be carried explicitly. The L1-RSRP could be delivered if it is configured.
Proposal 5: Contention based PRACH should be supported for beam failure recovery transmission as a fall back mode.
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