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Introduction
In RAN1#88bis, the following agreement has been reached to define the beam failure recovery mechanism. 
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request

In RAN1 #90, the following has been further agreed for beam recovery mechanism and new beam identification
Agreements:
· Beam failure is declared only when all serving control channels fail.
· When a subset of serving control channels fail, this event should also be handled	
· Details FFS
Agreements:
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification
· The following options can be configured for new candidate beam identification  
· CSI-RS only
· Note: in this case, SSB will not be configured for new candidate beam identification
· SS block only
· Note: in this case, CSI-RS will not be configured for new candidate beam identification
· FFS: CSI-RS + SS block
Further agreements have been reached in NR RAN1 ad hoc #3 on new candidate beam identification.
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 paper, we discuss our views on the beam recovery procedure, for full and partial control channel failure, with focus on the new candidate beam identification/beam failure recovery request transmission. 

Beam Failure Recovery Procedure
Beam failure recovery mechanism is an L1 UE-triggered mechanism to recover from beam failure. The mechanism includes beam failure detection, new beam identification, beam failure recovery request transmission and gNB response to the beam recovery request. 
The agreement from RAN1 #90 states that beam failure is declared only when all serving control channels fail. Partial beam failure detection, corresponding to the case when a subset of serving control channels fail, however, should also be handled.
In this section, we propose a holistic approach to beam failure recovery and partial beam failure recovery that further links the beam failure recovery procedure to the RLM and RLF procedures. 
For beam failure detection, the UE monitors reference signals to determine if the beam failure trigger condition is met. The reference signals are carried on a given number S of serving control channel beams used for detecting potential beam failure.
The S beams used to carry the RSs used for beam management and beam failure detection can be divided into multiple sets, corresponding to different control channel resource sets (CORESET)s. CORESET groups can for example correspond to different service requirements, such as for example URLLC traffic, or eMBB traffic. 
Observation 1: Each CORESET group can correspond to a different set of service requirements.
When the UE determines that a given CORESET failed via RSRP measurement, a partial beam recovery procedure is triggered for recovery of that particular CORESET. A measurement report can thus be sent with a new recovery request transmission on a PUCCH channel, corresponding to another still functioning CORESET. 
Proposal 1: Partial beam failure recovery is triggered on one or multiple beams corresponding to a given CORESET group
In the event that all CORESET groups are detected to be failed (beam failure detection), beam failure recovery procedure is triggered. New beam identification is initiated, and a recovery request transmission is sent over RACH-like channels. 
In the radio link monitoring procedure, a periodic out of sync (OOS) indication is triggered if the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured RLM-RS resources is below Q_out threshold. A periodic in sync (IS) indication is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resources among all configured RLM-RS resources is above Q_in threshold. When a number of consecutive OOS indications is received, an RLF timer is triggered. When a number of consecutive IS indications is received, RLF timer is reset. When the RLF timer expires, RLF is declared. The number of OOS indications, the Q_in, Q_out thresholds, and the RLF timers can be configurable per CORESET group, depending on service requirements which may correspond to different usage scenarios.  
Proposal 2: RLM/RLF procedures timers and thresholds are configurable depending on the service requirements of the associated CORESET group. 
Beam failure recovery procedure and partial beam failure recovery, and their relation to the RLM and RLF procedures are illustrated in Figure 1.



Figure 1: Illustration of beam recovery triggering mechanisms

New Candidate Beam Identification and Recovery Request Transmission
In this section, we discuss new candidate beam identification and recovery request transmission for both partial control channel failure and beam failure recovery procedure.
Partial Control Channel Failure
When only a subset of control channel beams corresponding to a CORESET group fail, partial beam failure recovery can be initiated to indicate and recover from this CORESET failure. 
PUCCH channels, corresponding to the functioning CORESET groups’ beams, can be used to carry out the recovery request transmission and new beam index as well as the corresponding measured RSRP. PUCCH association to a CORESET group can be done through QCL configuration. 
Proposal 3: PUCCH resources are assigned to a group of control channels configured as a CORESET group
When a CORESET subset of the CORESET group fail, the UE finds the PUCCH associated to other functioning CORESET groups to inform the network about the failure. The PUCCH payload can indicate the index of the failed CORESET group as well as corresponding RSRP report. Upon receiving the failure indication, the network switches the beam of the failed CORESET to a new beam. 
Proposal 4: PUCCH channels corresponding to functioning CORESET groups are used to carry recovery request transmission for failed CORESET groups.
While carrying the recovery request transmission for partial beam failure recovery on PUCCH corresponding to functioning CORESETs can be configured separately from the beam management procedure, such inefficient use of resources can be wasteful. In fact, instead of treating beam management and beam failure recovery as two separate procedures, for partial beam recovery, we propose to utilize a common PUCCH feedback channel to carry indicators corresponding to the selected beam reporting in case of beam management, or failed beam reporting in case of partial beam failure recovery. 
Proposal 5: Beam management procedure should support the indication of partial control channel failure. 
In the proposed joint beam management and partial beam failure recovery procedure for partial control channel failure indication, an event with a threshold is configured for the UE to determine when to indicate the failure of existing beams and when to indicate the index and RSRP of new beams. The UE procedure can be described as follows.
1. The UE is configured with RS settings and RSRP measurement settings. The RS settings include a set of RS resources (CSI-RS, SSB). The RSRP measurement setting includes a list of RSRP reports UE needs to measure. Each measurement can be associated with an RS resource in the RS setting. 
2. For the UE to report a given RSRP, the UE compares the RSRP of the selected beams for beam management against a certain configured threshold. 
a. If all the selected beams have RSRP lower than configured threshold, UE declares beam failure and proceeds to RACH-based recovery
b. If at least one of selected beams have RSRP lower than configured threshold, UE reports the index of those selected beams and their corresponding RSRP
c. If none of the selected beams have RSRP lower than the configured threshold, UE starts regular beam management procedure to find the maximum RSRP corresponding to a resource (CSI-RS, SSB)

Beam Failure Recovery Procedure
In the beam failure recovery procedure – when all control channels fail - for the UE to identify a new candidate beam, the UE monitors the beam identification RS. This beam identification RS can be CSI-RS and/or SS block. 
In the case of when CSI-RS is not configured, or when the configured set of CSI-RS fail to identify a new beam, SS-block can be used for new beam identification. 
For both CSI-RS and SS-block to be used for new candidate beam identification, a unified indexing framework can be used at the UE for CSI-RS and SS-block beams. 
Proposal 6: A unified indexing framework for both CSI-RS and SS-block is used at the UE for new candidate beam identification.
In the unified approach, for beam failure recovery procedure, when the UE is configured with CSI-RS for measurement and reporting, the UE measures the configured CSI-RS against a given threshold. If any of the CSI-RS exceeds the threshold, the UE reports on the found CSI-RS beam index. If none of the configured CSI-RS beams exceeds the threshold, the UE measures on the SS-blocks transmitted periodically by the network, and reports on the SS-block beam index corresponding to the maximum measured RSRP. 
Proposal 7: The UE needs to measure all used SS-blocks in the serving cell for new beam identification 
New candidate beam identification can be carried in a two-step procedure such that the first step consists of using configured CSI-RS resources to identify a new beam. If a new beam is identified on a configured CSI-RS resource, the identified beam is indicated in the recovery request transmission. For the case when a configured CSI-RS fails to identify a new beam, a second step, whereas SS-block is used to identify a new beam is used. 
Proposal 8: A two-step new candidate beam identification procedure based on CSI-RS and SS-block is used in the beam recovery procedure.

Conclusion
In this paper, we discuss our views on the beam failure recovery mechanism. 
The following observations and proposals were made on the beam failure recovery procedure:
Observation 1: Each CORESET group can correspond to a different set of service requirements.
Proposal 1: Partial beam failure recovery is triggered on one or multiple beams corresponding to a given CORESET group
Proposal 2: RLM/RLF procedures timers and thresholds are configurable depending on the service requirements of the associated CORESET group. 
[bookmark: _GoBack]
The following proposals were made on sending recovery request for partial control channel failure:
Proposal 3: PUCCH resources are assigned to a group of control channels configured as a CORESET group
Proposal 4: PUCCH channels corresponding to functioning CORESET groups are used to carry recovery request transmission for failed CORESET groups.
Proposal 5: Beam management procedure should support the indication of partial control channel failure. 
The following proposals were made on new beam identification and recovery request transmission for beam failure recovery procedure:
Proposal 6: A unified indexing framework for both CSI-RS and SS-block is used at the UE for new candidate beam identification.
Proposal 7: The UE needs to measure all used SS-blocks in the serving cell for new beam identification 
Proposal 8: A two-step new candidate beam identification procedure based on CSI-RS and SS-block is used in the beam recovery procedure.
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