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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71. In RAN1#88b, the following was agreed [2]:
	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
· Beam failure detection 
· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met
· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well
· FFS: Trigger condition for declaring beam failure
· New candidate beam identification
· UE monitors beam identification RS to find a new candidate beam
· Beam identification RS includes
· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well
· Beam failure recovery request transmission
· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 
· Information indicating UE beam failure
· Additional information, e.g., new beam quality
· Down-selection between the following options for beam failure recovery request transmission
· PRACH
· PUCCH
· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)
· Beam failure recovery request resource/signal may be additionally used for scheduling request
· UE monitors a control channel search space to receive gNB response for beam failure recovery request
· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs
· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

Agreements:
· Study how to support at least one mechanism when NW receive the beam failure recovery request
· E.g., NW assigns UL grant for beam reporting, NW transmits DL RS for beam measurement, NW signal beam indication or confirmation to UE, etc. 
· E.g., UE assistance on NW decision of which mechanism to apply
· Whether or not a specific mechanism has specification impact 

Agreements:
· FFS for the situation of “ no new candidate beam”, whether or not there are issues, and if so, whether or not RLF procedure can sufficiently handle the issues 


In RAN1#89, the following was agreed [3]:
	Working assumption:
· 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
· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity
· FFS how the recovery request is transmitted without knowledge of candidate beam
· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability

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

Agreements:
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources

· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer



This contribution discusses beam failure detection RS/condition, candidate beam identification, triggering condition of beam failure recovery request, and transmission channels for the beam failure recovery request.
Beam failure detection
1.1  RS for beam failure detection
It was agreed that at least periodic CSI-RS can be used for the beam failure detection. It is also possible to utilize SS block for beam failure detection if SS block is used for beam management. However, since it is highly likely that BPLs for UE-specific PDCCH transmission will be selected based on CSI-RS, it is proposed that UE is configured to monitor the quality of one CSI-RS resource/port in periodic/semi-persistent CSI-RS which is QCL with the DMRS in PDCCH for a configured BPL.
Proposal 1: For a configured BPL, UE is configured to monitor the quality of one CSI-RS resource/port in periodic/semi-persistent CSI-RS, which is spatial QCLed with the DMRS in PDCCH.
1.2  Beam failure detection condition
As a measurement metric for beam failure detection, L1-RSRP of corresponding CSI-RS resource/port is supported instead of SINR-like metric due to the following reasons:
· Beam failure recovery is performed in L1/L2. As L1-RSRP is highly likely to be used for beam management including new beam identification for beam recovery, it is natural to use the same metric for beam failure detection to prevent ping-pong issue while beam recovery procedure.
· Monitoring duration for beam failure detection may not be sufficient compared to radio link monitoring. In this case, interference may not be properly averaged, especially in multi-beam based system.
UE can be configured to monitor M ≥ 1 BPL(s) on PDCCH. When only one BPL is configured for control channel transmission to a UE (M = 1), Beam failure is declared when the beam quality measurement on the corresponding CSI-RS resource/port of the BPL is below a certain threshold, Tfailure, for a configured time duration. Meanwhile, when multiple BPLs are configured for control channel transmission to a UE (M > 1) and if those control channels on different multiple BPLs are monitored in different OFDM symbols, for each BPL, the beam failure is detected when the beam quality measurement on the corresponding CSI-RS resource/port of the BPL is below a certain threshold, Tfailure, for a configured time duration.
Proposal 2: NR supports L1-RSRP of corresponding CSI-RS resource/port to detect beam failure on a certain BPL.
Candidate beam identification
Candidate beam for beam recovery can be defined at least as the Tx beam that the gNB is going to use to transmit the response for beam failure recovery request from UE. For the candidate beam identification, CSI-RS and/or SS block can be considered. In case periodic CSI-RS, which is UE-specific, is used for new beam identification RS, RLF or fall back procedure (e.g., contention-based PRACH) can be frequently triggered as the CSI-RS can only cover a partial of the service area. In case both CSI-RS and SS block are used for candidate beam identification, it will make recovery procedure complicate, e.g., beam indication. Therefore, it is suggested to use SS block as a new candidate beam identification RS similarly with RA procedure. As a measurement metric of candidate beam identification, L1-RSRP can be considered and the measured metric can be reported to gNB from UE while beam recovery procedure in either implicit or explicit way.
Proposal 3: As a baseline, NR utilizes SS block as a new candidate beam identification RS for beam recovery.
Proposal 4: NR supports L1-RSRP as beam identification metric for beam recovery. 
Beam failure recovery request triggering condition
The UE can trigger the beam failure recovery request if one of the following conditions is satisfied:
· Condition 1: When only one BPL is configured for control channel transmission to a UE, beam failure event on the BPL is detected and at least one candidate beam is identified.
· Condition 2: When multiple BPLs are configured for control channel transmission to a UE and those configured BPLs are monitored in different OFDM symbols or different slots, a subset of configured BPLs is failed.
· If all the monitored BPLs are failed, at least one candidate beam is identified.
Regarding Condition 1, since only one BPL is configured for control channel transmission to a UE, beam failure recovery request should be triggered when only candidate beam is identified. If NR allows UE to transmit recovery request even though there is no identified new candidate beam in the cell, it would be severe waste of UE’s energy consumption since it is highly expected that gNB may not receive UE’s recovery request transmission. In case there is no identified new candidate beam in the cell at all, RLF will be declared accordingly as shown in Figure 1. Regarding RLF, detailed discussion can be found in [4].
[image: ]
Figure 1: L1/L2 based beam recovery procedure independent of L3 based RLF framework

Regarding Condition 2, since multiple BPLs are configured for control channel transmission to a UE and those control channels are monitored in different OFDM symbols, gNB and UE can still be connected as long as at least one BPL is not failed. Therefore, in case only a subset of BPLs is failed, it should be reported from UE to gNB so that the monitoring duration of failed BPLs should not be wasted. However, in case all the monitoring BPLs are failed, at least one candidate beam to replace the BPLs should be identified for the same reason as for single BPL monitoring case.
Proposal 5: NR supports following triggering conditions for beam failure recovery request transmission:
· Beam failure is detected and at least one candidate beam is identified, when only one BPL is configured for control channel transmission to a UE.
· Beam failure on a subset of BPLs is detected, when multiple BPLs are configured for control channel transmission to a UE and those BPLs are monitored in different OFDM symbols or different slots.
· If all the monitored BPLs are failed, at least one candidate beam is identified.
Uplink channel for beam failure recovery request
1.3  PRACH-like channel where gNB beam sweeping is applied
For beam failure recovery request reception at gNB, gNB Rx beam sweeping should be performed. Therefore, to minimize the beam sweeping overhead in the UL region, PRACH-like beam failure recovery request channel should be located in the same time instance as PRACH at least when two channels are FDMed. 
Proposal 6: For PRACH-like channel, recovery request region should be FDMed with PRACH while located in the same time instance as PRACH.
For the non-contention based recovery request, UE can be configured with one preamble sequence. It is supported to associate PRACH-like resource with SS block and a UE will transmit its configured preamble sequence on PRACH-like resource corresponding to the selected new candidate beam. Therefore, transmitting on PRACH-like channel indicates at least the information of (1) UE ID, (2) beam failure is detected, (3) the Tx beam that gNB should use to send beam recovery response.
Proposal 7: As a default, NR supports association between SS block and a subset of recovery request transmission resources.
Proposal 8: Transmitting on PRACH-like channel indicates at least the information of (1) UE ID, (2) beam failure is detected, (3) the Tx beam that gNB should use to send beam recovery response.
To maximize the resource utilization, the PRACH-like recovery request region can be used for the multi-purposes: for both beam failure recovery request and scheduling request (SR). Dedicated resource can be allocated for SR to each UE for the fast SR. The following two resource utilization alternatives for transmitting recovery request and SR in the PRACH-like region can be considered: 
· Alt 1. Allocating same resource (T/F and sequence) for recovery request and SR to a UE 
· Alt 2. Allocating difference resources (T/F or sequence) for recovery request and SR to a UE 
With Alt 1, it is available to allocate dedicate resource for recovery request/SR to more UEs compared to Alt 2 since the same resource is used both for recovery request and SR. That means, more UEs can perform recovery request/SR without any collision. For Alt 1, the purpose of UE’s request needs to be delivered after receiving response to the request message from gNB. Meanwhile, dynamic indication in request response message from gNB is available for Alt 2 since the UE’s request purpose is clear based on the request resource UE utilizes.
Proposal 9: Multiplexing recovery request and SR for PRACH-like channel is supported. FFS whether same or different resource is allocated to each UE for two purposes.
1.4  PUCCH
NR supports to use PUCCH for beam failure recovery request transmission. PUCCH can be used for beam failure recovery request in the following scenarios: 
· When the UL beams are still aligned and the UL beam link still can support reliable UL transmission and DL beam failure is declared (i.e., DL and UL uses different beams, or DL and UL use different antenna panels).
· When multiple BPLs are monitored and only a subset of monitoring BPLs are failed.
· For example, while connecting with BPL A, if the beam failure is detected for a certain monitoring BPL(s) other than BPL A, UE can report the failure of the certain monitoring BPL(s) via BPL A via PUCCH.
Basically, there is no need to support beam sweeping on PUCCH to be used for above scenarios.
Proposal 10: No beam sweeping is applied for PUCCH transmission for beam failure recovery request.
PUCCH for beam failure recovery request can also be multiplexed with SR. In this case, if the request is for beam failure recovery, payload in PUCCH can include indication of beam failure recovery request and the new candidate beam ID (e.g., resource ID or port ID).
Proposal 11: Multiplexing recovery request and SR for PUCCH is supported.
1.5  How to use both beam failure recovery request channels?
A UE can be semi-statistically configured with (1) only PRACH-like channel or (2) both PRACH-like and PUCCH for beam failure recovery request. However, in case of both channels are configured, dynamic selection of one of the channels by a UE should not be supported since PRACH-like channel is mandated to be used for a recovery request channel. Note that different from PUCCH, PRACH-like channel is received by gNB with beam sweeping, hence, can be used for beam failure recovery request in any cases.
If configured both, the UE can first try sending the beam recovery request in PUCCH. If the UE cannot receive gNB’s response, the UE can go ahead to send beam recovery request on PRACH-like channel where beam sweeping is supported. By doing that, we can reduce the time-frequency resource requirement for PRACH-like channel and also the collision chance on PRACH-link channel can be reduced.
Proposal 12: NR supports semi-statistical configuration of (1) only PRACH-like channel or (2) both PRACH-like and PUCCH. Dynamic selection of one of the channels by a UE is not supported when the UE is configured with both channels.
Beam failure recovery response
After sending beam failure recovery request, UE monitors the response from gNB. If UE sends beam recovery request at slot n, the UE can monitor the response by monitoring PDCCH transmitted with the candidate beam UE indicated for the recovery request within slot n+l0 ~ n+l0+L, where L is time window duration. The time window duration L can be preconfigured in spec and can be in terms of number of slots.

Conclusions
In this contribution, beam failure recovery mechanism is discussed. Based on the discussion, the following proposals are provided:
Proposal 1: For a configured BPL, UE is configured to monitor the quality of one CSI-RS resource/port in periodic/semi-persistent CSI-RS, which is spatial QCLed with the DMRS in PDCCH.
Proposal 2: NR supports L1-RSRP of corresponding CSI-RS resource/port to detect beam failure on a certain BPL.
Proposal 3: As a baseline, NR utilizes SS block as a new candidate beam identification RS for beam recovery.
Proposal 4: NR supports L1-RSRP as beam identification metric for beam recovery. 
Proposal 5: NR supports following triggering conditions for beam failure recovery request transmission:
· Beam failure is detected and at least one candidate beam is identified, when only one BPL is configured for control channel transmission to a UE.
· Beam failure on a subset of BPLs is detected, when multiple BPLs are configured for control channel transmission to a UE and those BPLs are monitored in different OFDM symbols or different slots.
· If all the monitored BPLs are failed, at least one candidate beam is identified.
Proposal 6: For PRACH-like channel, recovery request region should be FDMed with PRACH while located in the same time instance as PRACH.
Proposal 7: As a default, NR supports association between SS block and a subset of recovery request transmission resources.
Proposal 8: Transmitting on PRACH-like channel indicates at least the information of (1) UE ID, (2) beam failure is detected, (3) the Tx beam that gNB should use to send beam recovery response.
Proposal 9: Multiplexing recovery request and SR for PRACH-like channel is supported. FFS whether same or different resource is allocated to each UE for two purposes.
Proposal 10: No beam sweeping is applied for PUCCH transmission for beam failure recovery request.
Proposal 11: Multiplexing recovery request and SR for PUCCH is supported.
Proposal 12: NR supports semi-statistical configuration of (1) only PRACH-like channel or (2) both PRACH-like and PUCCH. Dynamic selection of one of the channels by a UE is not supported when the UE is configured with both channels.
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