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Introduction
In RAN1 #90bis, the following has been agreed as a progress for beam failure detection and recovery procedure [1]:

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. 

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

Working Assumption:
· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery
· Per UE parameters
· Preamble sequence related parameters
· E.g., root sequence, cyclic shift, and preamble index
· Maximum number of transmissions
· Maximum number of power rampings
· Target received power
· Retransmission Tx power ramping step size
· Beam failure recovery timer 
· Per dedicated PRACH resource parameters
· Frequency location information
· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)
· Associated SSB or CSI-RS information
· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.
· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  

In addition, RAN1 reached the following agreements from e-mail discussion [90b-NR-18]:
Agreements:
· Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.
· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.
· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration
· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC configurable time duration starting from the fixed time offset. 
· FFS the value of fixed time offset k (slots).

In this contribution, we further discuss on the remaining issues and details on beam failure recovery.
Remaining Issues
Beam failure detection and new beam identification
It has been agreed that beam failure recovery procedure is triggered when the measurement quality of all serving beams associated with control channels are failed and a new beam is identified, where the quality measurement is based on hypothetical PDCCH BLER. Since the measurement metric is the same as RLM which is also based hypothetical PDCCH BLER, the same measurement threshold (e.g., Qout) could be used for beam failure detection although RLF and beam failure recovery are decoupled at this point. 
Proposal 1: reuse RLM measurement thresholds for beam failure detection
For the new candidate beam search, the measurement metric to determine the new candidate beams has not been decided yet and two possible alternatives on the table such as L1-RSRP and received SINR (i.e., hypothetical PDCCH BLER). Use of L1-RSRP allows that a UE reports beam quality (e.g., L1-RSRP) when the UE request beam recovery with the selected candidate beam. On the other hand, it may result in ping-pong effect since a different measurement metric is used for beam failure detection and new beam identification. Use of received SINR can avoid the ping-pong issue while no beam quality report is supported. In a high frequency beam-based system, the channel would most likely be noise limited case and the ping-pong effect may be rarely occurred as L1-RSRP and received SINR would have a similar measurement value. Therefore, use of L1-RSRP seems to be beneficial as measurement metric for new candidate beam identification.
Proposal 2: use L1-RSRP as measurement metric for new candidate beam identification

Beam recovery request signal transmission
In RAN1 #90, it has been agreed that the PRACH format designed for initial access is reused for beam failure recovery purposed, which allows CDM of PRACH resources. Therefore, FDM and CDM of PRACH resources for beam recovery and other purposes have been agreed so far and still FFS for TDM.
In NR, PRACH resources are used for many purposes including beam-based initial access, uplink synchronization, beam recovery request and/or new beam indication which may require a larger amount of PRACH resources configured in a cell as compared with LTE. As similar to FDM, a dedicated PRACH resources for beam failure recovery purposes can be configured if needed. The use of CDM, FDM, and TDM of PRACH resources for beam recovery and other purposes is up to gNB scheduler and purely gNB implementation issue. Just from specification perspective, it is straightforward to allow any multiplexing scheme for better scheduling flexibility of PRACH resources for any purposes. Therefore, TDM of PRACH for beam recovery and other PRACH resources should be supported for better gNB scheduler flexibility.
Proposal 3: support TDM of PRACH for beam recovery and other PRACH resources 
The PUCCH resource has been agreed to support as a beam recovery request signal as it allows fast beam recovery request transmission when an uplink beam is still alive while the downlink beam failure is detected. However, using PUCCH resource when both downlink and uplink beams are failed doesn’t seem to be efficient since it requires multiple PUCCH resources configured for the downlink beams. Also, PUCCH coverage is worse than PRACH; therefore, additional PRACH resources also need to be configured so that a UE can use PRACH resource when the UE doesn’t receive the beam recovery response from the gNB after beam recovery request signal transmission via a PUCCH.
Keeping this in mind, it makes more sense to use PUCCH for beam recovery request on top of non-contention based PRACH resource as a complementary signaling method and use it when DL beam is failed while the UL beam is still alive. Therefore, when a UE uses PUCCH for beam recovery request, either new beam index is explicitly signaled in the PUCCH or just beam recovery request is indicated without new beam index.
Proposal 4: PUCCH is used on top of PRACH resources as a complementary signaling method for beam recovery request
It has been proposed to support contention-based PRACH resources for beam failure recovery request with 4-step RACH procedures which seems to be identical to the 4-step RACH procedure used for initial access procedure. One possible difference would be the use of CSI-RS for new beam identification. Since non-contention based PRACH resources as well as PUCCH resources are already supported for beam failure recovery request, use additional resource for beam recovery seems not essential for Rel-15. Additional optimization using contention-based PRACH resources can be introduced in the later releases.
When beam failure occurs, a UE potentially declare RLF after the UE failed to recover the beam since it is highly likely that the out-of-sync occurs continuously if the UE couldn’t recover the beams for the control channel. Therefore, the contention based PRACH resources will be used for initial access when RLF declared. Note that the use of 4-step RACH after RLF can be considered as a fallback operation when beam recovery is failed.
Proposal 5: contention-based PRACH resources are not supported for beam failure recovery request in Rel-15

Beam recovery failure
As agreed in RAN #77, the connection between beam recovery and RLF will not be supported in Rel-15 at least for December 2017 time frame as it is down-prioritized. Therefore, beam recovery and RLF will be decoupled procedures and designed independently while the beam recovery procedure will indirectly impact on the RLF procedure. For example, if a UE stops recovering beam failure after a few trials and/or a configured time window expired, there is no possibility that OOS status is changed to IS status since there is no beam failure recovering activity in physical layer. Note that OOS status occurs when the hypothetical performance all serving control channels are below a target BLER which is determined by UE based on SINR of corresponding reference signal. Therefore, it is highly likely that beam failure declared when OOS occurred and if beam failure recovery is stopped, there is no possibility that the OOS status switched to IS status.
To address this issue, the previous RAN1 agreements that introduces UE behaviors to stop beam recovery after the number of trials, time window, and/or both could be revisited. For example, in Rel-15, a UE keeps trying to recover the beam failure unless otherwise RLF declared which is not connection between beam recovery and RLF since a UE will stop beam recovery anyhow when RLF declared. However, the previous RAN1 agreements for the stopping behavior with conditions should be kept as it is for future release when the connection between beam recovery and RLF is supported.
Proposal 6:  a UE keeps trying to recover the beam failure until it stopped due to RLF declared in Rel-15

Dedicated CORESET for beam recovery
It has been agreed that a dedicated CORESET which is configured by RRC is used for a UE to monitor gNB response corresponding to the beam recovery request and newly identified beam reporting. In addition, a configurable time window is used for each trial for the monitoring of gNB response. As similar to RAR monitoring, the time window (or timer) seems to be beneficial as there is a possibility that the UE doesn’t receive gNB responses due to a couple of reasons. For example, a gNB failed to receive beam failure recovery request signal due to incorrect beam selection as a new beam candidate, not enough transmission power, and/or incorrect downlink beam for the control channel transmission.
If a UE fails to receive gNB response within the time window (e.g., ), the UE can perform retransmission of PRACH signal with a higher power and/or a different beam direction. The maximum retransmission number  for the beam recovery request may be configured.
Proposal 7: retransmission of PRACH with higher power when a UE failed to receive the gNB response is supported.
It has been also agreed that the configured dedicated CORESET for a UE to monitor gNB response is spatial QCL-ed with the indicated new candidate beam. Although the dedicated CORESET is monitored by a UE who requested beam recovery, the dedicated CORESET could be shared by multiple UEs who reported the same candidate beam for recovery so that multiple gNB responses can be multiplexed in the same CORESET. Therefore, a dedicated CORESET should be configured per candidate beam and a UE monitors the dedicated CORESET associated with the indicated new beam candidate when the UE monitors gNB response. 
Proposal 8: a dedicated CORESET is configured per candidate beam
Conclusion
In this contribution, we discussed the remaining issues and details on beam failure recovery, and propose the following: 
Proposal 1: reuse RLM the measurement thresholds for beam failure detection
Proposal 2: use L1-RSRSP as measurement metric for new candidate beam identification
Proposal 3: support TDM of PRACH for beam recovery and other PRACH resources 
Proposal 4: PUCCH is used on top of PRACH resources as a complementary signaling method for beam recovery request
Proposal 5: contention-based PRACH resources are not supported for beam failure recovery request in Rel-15
Proposal 6:  a UE keeps trying to recover the beam failure until it stopped due to RLF declared in Rel-15
Proposal 7: retransmission of PRACH with higher power when a UE failed to receive the gNB response is supported.
Proposal 8: a dedicated CORESET is configured per candidate beam
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