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1. Introduction
This contribution is revised from R1-1716295.
In the RAN1 NR Ad-Hoc #3 meeting, the following agreements were achieved for beam failure recovery.
Agreement:
WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision
· “Support at least the following triggering condition(s) for beam failure recovery request transmission:
Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification”
Agreement:
The following working assumption is confirmed
· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources
· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed
Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests
Agreement:
· For new candidate beam identification purpose
· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources
· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources
· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources
· CSI-RS and SSB can be associated with the same dedicated resource through QCL association
In this contribution, we provide some discussion on the remaining issues of beam failure recovery.
2. Discussion
2.1 Beam Failure Detection
In the prior meetings, it has been agreed that SSB could be used for beam management. And the following could be configured for beam management: CSI-RS only, SSB only and CSI-RS + SSB, where CSI-RS + SSB is optional. Hence for beam failure detection, it should be supported to use CSI-RS + SSB accordingly if it is configured to be used for beam management.
Proposal 1: CSI-RS + SSB could be used for beam failure detection if it is configured for L1-RSRP reporting.
For beam failure detection, it has been discussed that two alternatives could be used as quality measure metric for failure detection. One is L1-RSRP and the other one is SINR based. With L1-RSRP as quality measure, the measurement for beam failure is consistent with beam management. However, beam failure is a situation where the control channel performance becomes worse, thus it is natural to use SINR-based as the metric for beam failure detection. With L1-RSRP only, it can’t accurately reflect the control channel performance since L1-RSRP doesn’t take into account the interference.
Proposal 2: Hypothetical PDCCH BLER should be used as the measurement metric for 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. 
If the subset of control channels fail, the gNB 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 gNB could perform beam indication to switch the beam.
Proposal 3: When a subset of serving control channels fail, it should be handled by beam management related procedures, e.g. beam reporting and beam indication.
2.2 New Candidate Beam Identification
It has been agreed that CSI-RS only and SSB only could be used for new candidate beam identification. And it is FFS whether CSI-RS + SSB could be used.
The combination of CSI-RS and SSB could be useful in some cases. For example, if SSB is used for wide beam and CSI-RS is used for narrow beam, the SSB beam and CSI-RS beam may have different coverage. Thus if only SSB or only CSI-RS could be used for new gNB Tx beam identification, there might be some place where the UE can’t find new beam. Thus it should be supported to use the combination of CSI-RS and SSB for new beam identification.
Proposal 4: For new candidate beam identification, CSI-RS + SSB should be supported.
If SSB only is configured for new candidate beam identification, the new gNB 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 gNB should trigger the CSI-RS reconfiguration procedure after receiving the beam failure recovery request message.
Proposal 5: If SSB only is used for new candidate beam identification, the gNB 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. Thus the UE should try to send beam failure recovery request over non-contention based PRACH.
With non-contention based PRACH, the new gNB Tx beam information is delivered implicitly by the PRACH resource. In contrast, PUCCH could carry the new gNB Tx beam information explicitly since more overhead could be delivered over PUCCH.
Proposal 6: 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. And the new gNB Tx beam information could be carried explicitly over PUCCH.
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 7: Contention based PRACH should be supported for beam failure recovery transmission as a fall back mode.
When the PUCCH and PRACH are multiplexed in different time instance, to save the overhead of PUCCH, one possible way is to use larger subcarrier spacing. Then it could create more PUCCH resources for the UE to transmit its beam recovery request. Hence the numerology of PUCCH can be configurable.
Proposal 8: NR supports configurable numerology for PUCCH/PRACH for beam recovery.
Further, the intra-cell and inter-cell interference randomization schemes can help to improve the performance of PUCCH. For example, some hopping schemes can be used for one UE to transmit multiple PUCCH repetitions. In each repetition, different inter-cell interference can be observed. The hopping scheme can include time, frequency, sequence and cyclic shift hopping. The hopping pattern can be determined by the cell ID, so that the inter-cell interference can be randomized. Figure 4 illustrates one example for the hopping of PUCCH/PRACH resources for one particular UE, where different NW beams can be used to receive different repetitions of the signal.


Figure 4: one example for hopping of PUCCH/PRACH for beam recovery
Proposal 9: NR supports interference randomization technique for PUCCH/PRACH for beam recovery, and time/frequency/sequence/cyclic shift hopping can be considered.
2.4 UE Monitoring gNB Response
It has been agreed that the gNB can provide some parameters for the UE to determine the beam recovery request transmission. There are some candidate parameters as follows:
-	Option 1. Number of beam recovery request
-	Option 2. Timer for beam recovery request
Both option 1 and option 2 can be used to define when the UE behaviour of transmitting the beam recovery request. Since the resource of beam recovery for each UE should be configured by the gNB, then either option is enough to provide enough information to define this UE behaviour. However, to define a timer is much easier for a gNB to control the beam and link status within a given time. Since a UE can be configured with both non-contention based and PUCCH for beam recovery, to define the number of beam recovery request seems to be confusing if both resources are configured. Hence to option 2 looks to be a clean solution.
Proposal 10: It should be supported that a timer for beam recovery request is configured by the gNB.
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.
[bookmark: _GoBack]Proposal 1: CSI-RS + SSB could be used for beam failure detection if it is configured for L1-RSRP reporting.
Proposal 2: Hypothetical PDCCH BLER should be used as the measurement metric for beam failure detection.
Proposal 3: When a subset of serving control channels fail, it should be handled by beam management related procedures, e.g. beam reporting and beam indication.
Proposal 4: For new candidate beam identification, CSI-RS + SSB should be supported.
Proposal 5: If SSB only is used for new candidate beam identification, the gNB should trigger the CSI-RS reconfiguration after receiving beam failure recovery request.
Proposal 6: 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. And the new gNB Tx beam information could be carried explicitly over PUCCH.
Proposal 7: Contention based PRACH should be supported for beam failure recovery transmission as a fall back mode.
Proposal 8: NR supports configurable numerology for PUCCH/PRACH for beam recovery.
Proposal 9: NR supports interference randomization technique for PUCCH/PRACH for beam recovery, and time/frequency/sequence/cyclic shift hopping can be considered.
Proposal 10: It should be supported that a timer for beam recovery request is configured by the gNB.
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