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Introduction
In RAN1#91, major progress has been made on beam failure recovery. The main leftover is how to recover from partial beam failure case. In this paper, we give our view on how to support partial beam failure. 

Partial Control Channel Failure
When only a subset of PDCCH beams, corresponding to a given CORESET or a CORESET group fails, partial recovery on the failed beams can be initiated to indicate and recover from this failure.
PUCCH channels, corresponding to the functioning CORESET 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 or a CORESET group can be done through QCL configuration. 
When a CORESET fails, the UE finds the PUCCH associated to other functioning CORESETs 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 1: PUCCH channels corresponding to functioning CORESETs are used to carry recovery request transmission for failed CORESETs.
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 recovery of partially failed beams as two separate procedures; for recovery of partial beam failure, 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 2: Beam management procedure should support the indication of partial control channel failure. 
Using PUCCH based beam report to indicate partial beam failure implies a unified report format between the failed beam report and the beam management report. An L1-report, such that the identified beam and the corresponding L1-RSRP report is used for beam failure recovery as well as beam management report. 
Proposal 3: PUCCH carries both beam index and L1-RSRP report for beam failure reporting
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)

The conditions that are 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 are network configured. Leaving such a decision to UE implementation can lead to several issues. 
First, the UE is unaware of the network deployment scenarios. The PDCCH beams corresponding to different CORESETs configured to the UE might be of different use cases. E.g., one wide beam for robustness and one narrow beam for efficiency; or different CORESETs from different TRPs corresponding to a macro cell and a small cell. Since the UE does not have the deployment and the use case information, it cannot make a good decision on when to indicate new beams or failure of existing beams.
Another issue that might arise is inter-device testing, considering different UE’s implementation might be very different. Inter-device testing then becomes very difficult. 

Proposal 4: NR supports reusing existing periodic PUCCH based beam report resources for beam failure reporting 
1. When a subset of PDCCH beams fails, reporting content includes the failed PDCCH beam information and/or newly identified beam information
2.  Support network configured conditions for UE to report regular beam report or failed PDCCH beam index
3. Add an RRC parameter to include a network configured criteria for selecting failed PDCCH beam or newly identified beam information. 

Conclusion
In this paper, we discuss our views on the beam failure recovery mechanism. 
The following proposals were made on the beam failure recovery procedure:
Proposal 1: PUCCH channels corresponding to functioning CORESETs are used to carry recovery request transmission for failed CORESETs.
Proposal 2: Beam management procedure should support the indication of partial control channel failure. 
Proposal 3: PUCCH carries both beam index and L1-RSRP report for beam failure reporting
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