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1. Introduction
In RAN1#90bis meeting, the following agreements related to beam failure recovery were made [1]:
Agreements:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]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
Working Assumption:
· Beam failure detection is determined based on the following quality measure: 
· Hypothetical PDCCH BLER
Agreements:
· 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
· 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.
Agreements:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission
· A PRACH sequence is configured to UE
In RAN1#89 meeting, the following agreements related to beam failure recovery request transmission were made [2]:
Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
In RAN1#90 meeting, the following agreements related to beam failure event were achieved [3]:
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
In this contribution, we share our view on remaining issues of beam failure recovery, with focus on new candidate beam identification, beam failure recovery request (BFRQ) transmission and the corresponding request response monitoring.
2. Discussion
2.1 New Candidate Beam Identification
In RAN1 90bis meeting, it was agreed as a working assumption that hypothetical PDCCH BLER is used as quality measure metric for beam failure detection. In order to align with the metric for beam failure detection, it is therefore reasonable to also consider hypothetical PDCCH BLER as the quality measure metric for new beam identification. Although it is more complex to estimate hypothetical PDCCH BLER than L1-RSRP, hypothetical PDCCH BLER can well represent the channel quality by taking account the impact of interference.
Besides, from the implementation point of view, a fixed value of BLER threshold can be determined regardless of the difference between devices. In comparison, L1-RSRP is a metric based on the measurement of absolute power. It is difficult to select a threshold for L1-RSRP metric since the noise figure and baseband algorithm of devices may be different.
Proposal 1: For new beam identification:
· Take Hypothetical PDCCH BLER as the measurement metric
· Take a fixed value of BLER as the identification threshold
2.2 BFRQ Transmission
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]It was agreed in RAN1 #89 meeting that non-contention based PRACH and PUCCH can be used for BFRQ transmission. No matter whether uplink fails or not, non-contention based PRACH can always be used. However, PUCCH can only be used when one or more uplink beams are still available. Actually, the scenarios for PUCCH based request transmission are very limited. When a beam failure event occurs in the downlink, the uplink would also fail if beam correspondence holds at the UE side. Even if beam correspondence does not hold at the UE side, uplink transmission might still fail when the obstacle is large or close to the UE (as Fig.1 shows). Therefore, the necessity of PUCCH-based BFRQ should be reconsidered.
Besides, if PUCCH based BFRQ transmission is supported in Rel-15, the following issues should be determined,
· Whether PUCCH is with beam sweeping or not
· Resources used for BFRQ transmission
· Contents in recovery request reporting (new candidate beam information and/or RSRP)
· PUCCH format to carry BFRQ
· Which channel will be used, if both non-contention based PRACH and PUCCH are configured.



Figure 1. Blockage with and without beam correspondence

In consideration of standardization efforts, tight schedule of NR and the necessity, we have the following proposal:
Proposal 2: PUCCH-based BFRQ transmission is not supported in Rel-15.
According to agreements of RAN1 #90 meeting, 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. In order to facilitate discussion, “partial failure event” is used to describe the event that a subset of serving control channels or beams fail. If partial failure event can be reported in time, the gNB can switch the failed serving beam to a better beam, then the probability of a full beam failure event can be reduced. Usually, there is still available beam in the uplink, then PUCCH can be used to report this partial failure event instead of PRACH-like channel. Considering that partial failure should be handled and there is no such kind of mechanism in Rel-15, we propose that PUCCH based partial failure recovery request transmission is supported.
Proposal 3: PUCCH based partial failure recovery request transmission is supported in Rel-15.
From the point of view of report triggering, the following two alternatives can be considered,
· UE initiated reporting
· NW triggered reporting
Similar to a beam failure event, a partial failure event shall be identified by the UE at first. It is reasonable that the reporting is initiated by the UE. If beam correspondence holds at the gNB side, the gNB can identify partial failure of the downlink from the uplink. Besides, it is hard for the gNB to identify partial failure of the downlink in a timely way. With regular beam reporting, failed beam information can be noticed by the gNB finally. However, due to the large number of beams (e.g., 64 for non-group based reporting), N-best beam reporting mechanism and long reporting periodicity ({5, 10, 20, 40, 80, 160, 320} slots referring to CSI reporting), the poor/failed serving beam might be identified by the gNB with a long latency. Before that, the failed serving beam(s) might reduce system performance and lead to a beam failure event. Therefore, UE initiated reporting is preferred to handle partial failure event timely and efficiently.
Observation 1: With NW triggered partial failure reporting, the partial failure event might be handled with a long latency.
[bookmark: OLE_LINK8][bookmark: OLE_LINK1][bookmark: OLE_LINK5]With UE initiated partial failure reporting, the report resources should be predefined, e.g., a predefined region like preamble transmission or resources multiplexed with other UCI resources (e.g., SR, HARQ-ACK, CSI reporting or beam reporting). Since the priority of partial failure reporting is lower than BFRQ transmission and the overhead of the predefined resources like preamble transmission is large, it is reasonable for partial failure reporting to be multiplexed with other UCI resources. 
The failed beam information can be conveyed to the gNB through the following two options,
· Option 1: Explicit reporting, failed beam index or related RS ID is reported directly.
· Option 2: Implicit reporting, failed beam information is implicitly indicated by the resource used for partial failure reporting.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Option 1 is proposed in email discussion [90b-NR-18] after RAN1 #90bis meeting as an example. When the PDCCH beam RSRP is lower than a threshold (configured by network), UE should report failed PDCCH beam information. Otherwise, UE shall report regular beam management report. In order for gNB to distinguish between regular beam reporting and partial failure reporting, an additional indication might be needed. Considering UE initiated reporting, the indication should be included in every regular beam reporting occasion. To some extent, the overhead of option 1 for partial failure reporting is large.
As for option 2, the failed beam information is implicitly reported by the reporting resource. If the reporting reuses other UCI resources, the resource consumption is not so large. For example, the failed beam index can be associated with the slot index of SR. In order to reduce overhead and the impact on SR, the granularity of reporting can be a subset of serving control channels or beams instead of a failed beam.
Proposal 4: Support UE initiated partial failure reporting using predefined resources. 
· The predefined resources can be SR resources. 
· The failed beam information is implicitly indicated by the resource used for partial failure reporting.
2.3 Recovery Request Response Monitoring
In the email discussion [90b-NR-18], it was agreed that dedicated CORESET(s) is applied for monitoring the gNB response for a BFRQ. It is still an open issue that whether multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration. During a beam failure recovery procedure, when a BFRQ from a specific UE is successfully received, the gNB can confirm which candidate beam has been identified by a UE according to the PRACH resource association. Then, gNB will transmit the BFRQ response via the UE-identified beam. Hence, the beam for transmitting the dedicated CORESET(s) for BFRQ needs to have the same QCL assumption with the UE-identified beam. One issue here is how to associate dedicated CORESET(s) with multiple candidate beams for beam failure recovery. The intuitive solution is to one-by-one mapping between dedicated CORESET(s) and candidate beam(s) for beam failure recovery. However, this may not be necessary. In beam failure recovery procedure, it is assumed that only one newly-identified beam index can be reported at a time. The UE applies the same QCL assumption for BFRQ response monitoring as the reported beam [2]. Therefore, gNB can transmit the dedicated CORESET containing BFRQ response via any UE-identified beam without extra QCL indication to the UE.
Observation 2: The configuration of multiple dedicated CORESETs to a UE where each CORESET can have different spatial QCL configuration does not provide obvious benefit.
Proposal 5: The configuration of multiple dedicated CORESETs to a UE where each CORESET can have different spatial QCL configuration is not supported.
3. Conclusions
In this contribution, we discuss the remaining issues on beam failure recovery. Based on these discussions, we have the following observations and proposals:
Observation 1: With NW triggered partial failure reporting, the partial failure event might be handled with a long latency.
Observation 2: The configuration of multiple dedicated CORESETs to a UE where each CORESET can have different spatial QCL configuration does not provide obvious benefit.

Proposal 1: For new beam identification:
· Take Hypothetical PDCCH BLER as the measurement metric
· Take a fixed value of BLER as the identification threshold
Proposal 2: PUCCH-based BFRQ transmission is not supported in Rel-15.
Proposal 3: PUCCH based partial failure recovery request transmission is supported in Rel-15.
Proposal 4: Support UE initiated partial failure reporting using predefined resources. 
· The predefined resources can be SR resources. 
· The failed beam information is implicitly indicated by the resource used for partial failure reporting.
Proposal 5: The configuration of multiple dedicated CORESETs to a UE where each CORESET can have different spatial QCL configuration is not supported.
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