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1. Introduction
In the last 3GPP RAN1 #88~NR Ad-hoc#2 meetings, following working assumption and agreements were made on beam failure recovery mechnism [1-4]: 

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:

· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

· Note: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols
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 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 layers entities

· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer
Agreements:
· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery

· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

· Send LS to inform RAN2 – to be done next meeting
In this contribution, beam failure recovery mechanism related aspects are discussed.
2. Discussion 
2.1. Beam failure event
From the agreement we can see the beam failure detection means that the 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. So it can be concluded that the beam failure event depends  on CSI-RS measurement results. For the tradeoff between accuracy and timeliness of beam failure detection, a suitable detection threshold and the associated timer may be predefined or configured by gNB. 
When multiple Y BPLs are configured, X out of Y BPLs falls below certain threshold fulfilling beam failure condition may declare beam failure. Here X<Y or X=Y stands for different cases. X=Y means that only when the quality of all monitoring BPLs of associated NR-PDCCHs falls low enough, the beam failure event occurs. This implies that the candidate beam is outide of the monitoring BPLs associated NR-PDCCH. This can be achived by the beam reporting in the conventional beam management procedure. While X<Y refers to the case that there is a beam subset of Y-X monitoring BPL(s) not in blockage from which the candidate beam can be selected. It means the candidate beam can be one of the reported beams. And the gNB and UE will switch to the new candidate from the beam set beam through scheduling and beam indication.
In NR system especially above 6GHz, the case can occur that the user holds the terminal resulting in the UE antenna panel is blocked. At this time all beams on this panel are blocked. If the beam failure event is detected and recovery request is transmitted to gNB for beam switching, the data transmission may be interrupted due to the switched beam is on this blocked panel, and the user experience may get worse due to the beam failure event detection timer.
So the recovery request transmission instance of blockage event can be modified. The beam failure recovery request can be transmitted before the timer of beam failure event detection expires whenever the blockage event is detected where the blockage event may refer to the N beams failure on one UE panel The UL resources for beam failure recovery request are used to notify the blockage event. The beams on the other UE panel can be recommended to BPL re-establishment.
Proposal 1:

· Study the triggering condition of beam failure event, such as the metric of BPL quality, threshold, timer, number of blocked BPLs, quality. 
· Consider impact of blockage event detected by UE.
2.2. RS for candidate beam identification
In our companion contribution [5], we have shown the effectiveness of SS block based L1-RSRP measurement and beam index reporting. We porpose that SS block is supported for candidate beam identification in addtion to CSI-RS.
Proposal 2:
· Support SS blocks for candidate beam identification in NR.
2.3. Beam failure recovery request
From the working assumption in RAN1 #89 meeting, there are two triggering conditions for beam failure recovery request transmission. Condition 1 implicitly indicates new candidate beam is identified at least by UE-specific CSI-RS. The working assumption describes the association of beam failure event and recovery request transmission. The former event has nothing to do with reciprocity, and the latter depends on whether there is available UL beam for recovery request transmission. For triggering condition 1, if beam correspondence at UE exists and the DL candidate beam is identified, recovery request transmission can use the UL Tx beam corresponding to the DL Rx beam for candidate beam. Otherwise if there is not beam correspondence at UE, the UL Tx beam sweeping or UL Rx beam sweeping for recovery request transmission can be applied.  For triggering condition 2, if beam failure is detected alone and the candidate beam is not identified, recovery request transmission can use the UL Tx beam sweeping with or without beam correspondence at UE. This may introduce large overhead for configuration of such resources. However, there are some other scenarios that this may be useful. For the HF and LF dual connectivity scenario, UE could always report the beam failure event in LF PUCCH, even no new candidate beam is identified. The network may stop transmission and configure some other resources with LF control.   
Proposal 3:  
· For beam failure recovery request transmission, in case beam correspondence does not hold, UE follow the PRACH beam sweeping behavior for initial access.  
Both non-contention based NR-PRACH resources and NR-PUCCH are supported for beam failure recovery request transmission. As the bearing capbility of NR-PRACH is limited, multiple candidate beams reporting at the same instant may be restricted by NR-PRACH resources. The bearing capability of NR-PUCCH is larger than NR-PRACH. However, similar as NR-PRACH, the bearing capability of NR-PUCCH is also limited, multiple candidate beams reporting at the same instant will cause additional control overhead. If beam failure recovery request transmission is transmitted based on both non-contention based NR-PRACH and NR-PUCCH, the following transmission approches can be considered: 
· Transmit beam failure recovery request by NR-PUCCH at high priority if NR-PUCCH resource is avilable.

· If multiple candidate beam reporting is supported, transmit beam failure recovery request based on candidate beam number. E.g. if candidate beam number is less than X, NR-PRACH will be used, otherwise NR-PUCCH will be used.
Proposal 4:
· If beam failure recovery request transmission is configured based on both non-contention based NR-PRACH and NR-PUCCH, one of the following is supported:
· Transmit beam failure recovery request by NR-PUCCH at high priority if NR-PUCCH resource is avilable.

· If multiple candidate beam reporting is supported, transmit beam failure recovery request based on candidate beam number. E.g. if candidate beam number is less than X, NR-PRACH will be used, otherwise NR-PUCCH will be used.

Regarding to contention based PRACH, some problems have to be resolved before introduced to transmit beam failure recovery requenst, although non-contention based PRACH can sovle the problem of PRACH resource constraint. However, contention based PRACH may cause time delay if PRACH resources are collied, which is controry to fast beam failure recovery purpose. Addtionally, a handful of connection state UEs are in a cell and beam failure recovery is maily used for those UEs, non-contention base PRACH resource and NR-PUCCH is enough for beam failure recovery request transmission. It seems there is no need to introduce addtional contention based PRACH for beam failure recovery request transmission.  Consequently, contention based PRACH is not supported for beam failure recovery request transmission in NR.
Proposal 5:
· Contention based PRACH is not supported for beam failure recovery request transmission in NR.
2.4. Beam failure recovery and RLF procedures
There are different unexpected cases for UE request transmission and gNB response reception, e.g. UE request cannot reach the gNB so that the gNB is not aware of the serving BPL blockage, the gNB has received UE request but gNB response cannot reach the UE, both UE request and gNB response are successfully received by the other side.

To deal with these unexpected cases due to the poor channel propagation environment (e.g. blockage), a kind of counter for recovery request can be used from the UE’s perspective. The start of the counter for recovery request can be the first time of recovery request transmission after beam failure declaration. If there is no response detected within the configured time window, the UE preforms retransmission of the recovery request. If no response detected after a certain number of recovery request transmissions, i.e. the counter reaches a certain value (e.g. this value is equal to the configured maximum number of recovery request transmissions) or timer is expires, the UE beam failure recovery attempts are unsuccessful and UE shall notify indication to higher layers. If the beam failure event is detected, the candidate beam identification can be attempted.  When the UE does not fine candidate beam through CSI-RS and SS block (if support) detection, the recovery from beam failure is unsuccessful.
Proposal 6: 

· Unsuccessful recovery from beam failure also includes the case that UE does not find candidate beam.
3. Conclusion

In this contribution, the mechnism to recover from beam failure is discussed, and the following proposals are given:
Proposal 1:

· Study the triggering condition of beam failure event, such as the metric of BPL quality, threshold, timer, number of blocked BPLs, quality. 
· Consider impact of blockage event detected by UE.
Proposal 2:
· Support SS blocks for candidate beam identification in NR.
Proposal 3:  
· For beam failure recovery request transmission, in case beam correspondence does not hold, UE follow the PRACH beam sweeping behavior for initial access.  
Proposal 4:
· If beam failure recovery request transmission is configured based on both non-contention based NR-PRACH and NR-PUCCH, 
· Transmit beam failure recovery request by NR-PUCCH at high priority if NR-PUCCH resource is available.

· Transmit beam failure recovery request based on candidate beam number. E.g. if candidate beam number is less than X, NR-PRACH will be used; otherwise NR-PUCCH will be used.

Proposal 5:
· Contention based PRACH is not supported for beam failure recovery request transmission in NR.

Proposal 6: 

· Unsuccessful recovery from beam failure also includes the case that UE does not find candidate beam.
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