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1. Introduction
In the 3GPP RAN1 NR#2~#90bis meetings, following agreements were made on beam failure recovery mechanism [1-4]: 

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
Agreement:

Specification supports the CSI-RS + SS block case for the purpose of new candidate beam identification

· The above case is configured by gNB

· Note: a dedicated PRACH resource is configured to either an SSB or a CSI-RS resource

· Following two scenarios are supported when a UE is configured with CSI-RS + SSB

· Scenario 1: PRACHs are associated to SSBs only

· In this scenario, CSI-RS resources for new beam identification can be found from the QCL association to SSB(s).

· Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource

· FFS: multiple SSB can be associated with the same uplink resource. 

Agreement:
· 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

· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS

· 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:
· Support an RRC parameter to configure RS resources for the purpose of new candidate beam identification.

· FFS whether the parameter is the type of reference signal or the actual resources used for beam failure recovery.

· FFS: if RRC parameter is required to set different threshold values for UE to detect beam failure.

· Continue discussion on the threshold type, and whether or not the need for RRC parameter for Candidate-Beam-Identification-Threshold

· Support parameter “Beam-failure-recovery-request-RACH-Resource” 

· Parameters for dedicated PRACH resources for beam failure recovery: 

· Preamble sequence related parameters, e.g., root sequence, cyclic shift, and preamble index. 

· Maximum number of transmissions

· Maximum number of power rampings

· Target received power

· Timer for retransmission

· Retransmission Tx power ramping step size

· Beam failure recovery timer 

·  Note: could be a subset of above parameters if re-using the same parameter as initial access

· FFS details of the structure and elements

· No need to introduce RRC parameter Beam-Failure-Resource as it is covered by “Beam-failure-recovery-request-RACH-Resource”

· FFS potential RRC parameter Beam-Failure-Recovery-Response-CORESET & Candidate-Beam-BFR-Resource-List
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
Agreement:

· 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.

Agreements:

· Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.

· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.

· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration

· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC configurable time duration starting from the fixed time offset. 

· FFS the value of fixed time offset k (slots).
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, beam failure recovery mechanism related aspects are discussed. This contribution is revised from R1-1717473.
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 detection time duration should be predefined or configured by gNB. 
Hypothetical PDCCH BLER is used as beam failure detection metric. In-Sync/Out-of-Sync is not only dependent on the beams of serving control channels but also interference. At least CSI-RS resources may be needed for channel measurement and interference measurement to calculate SINR. Only when the quality of all monitoring BPLs of associated PDCCHs configured by gNB falls low enough, e.g. below certain threshold fulfilling beam failure condition, the beam failure event occurs. 
In agreements a beam recovery request can be transmited if the number of consecutive detected beam failure instance exceeds a configured maximum number. Here a beam failure instance can be interpreted as a measurement result  in one shot, or as an average of  multiple measurement results in the duration of  an instance. In order to ensure the accuracy of beam failure detection, when the average measurement result is less than the threshold of beam failure metric (i.e. average quality of each PDCCH beams is less than the threshold), then the counting value is incremented by 1. And the triggering condition of beam failure recovery request is satisfied if the counter reachs the configured value and the candidate beam is identified.

Proposal 1:

· Specify a fixed value of hypothetical PDCCH BLER as the threshold. 
· Clarify the interpretation of a beam failure instance, e.g. in this duration the average measurement result of each PDCCH beam is less than the threshold.
2.2. Candidate beam identification

Periodic CSI-RS and SS block within the serving cell can be used for new candidate beam identification. When both CSI-RS and SS block are configured by gNB, UE may identify the different candidate beam through these two RS detection respectively. From the purpose of fast beam recovery, the beam failure recovery request can carry the last new candidate beam identifier. The new candidate beam identifier information can be the best one of two beam identifiers which are compared based on the configured offset by gNB. Here the new candidate beam identification may happen before beam failure event declaration or before beam failure recovery request transmisison. 

When SSB and CSI-RS are spatial QCL-ed, UE can jointly calculate and report the identification results to increase accuracy. But when these RS types are not spatial QCL-ed, UE can independently calculate the identification results and report the best candidate beam index to gNB.
Proposal 2:
· If SSB and CSI-RS are spatial QCL-ed, UE can jointly calculate and report the identified candidate beam.
· If SSB and CSI-RS are not spatial QCL-ed, UE can independently calculate the identified results for two RS types and report the best candidate beam.

The candidate beam can be identified when metrix X of candidate beam is higher than a threshold. We think the same metric, i.e. hypothetical PDCCH BLER, should be used for beam failure detection and new candidate beam identification to prevent ping-pong effect. And the fixed value is adopted as threshold. In order to increase the robustness of beam failure recovery, the threshold of candidate beam identification can be larger than that of beam failure detection. UE can be configured with the exact resouces for candidate beam identification. Through the exact configured resources, UE would gain knowledge of which kind of resouces shold be used for candidate beam identification.

Proposal 3:
· The metrics for candidate beam identification and beam failure detection are the same, i.e. hypothetical PDCCH BLER. And the fixed BLER threshold value should be specified.
· The RS resources are configured for candidate beam identification.

2.3. Beam failure recovery request
From the agreement in RAN1 NR#3 meeting, there is a triggering condition for beam failure recovery request transmission. For this triggering condition, if beam correspondence at UE exists and the DL candidate beam is identified, beam failure 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 beam failure recovery request transmission can be applied.    
Both non-contention based PRACH resources and PUCCH are supported for beam failure recovery request transmission. As the bearing capbility of PRACH is limited, multiple candidate beams reporting at the same instant may be restricted by PRACH resources. The bearing capability of PUCCH is larger than PRACH. However, similar as PRACH, the bearing capability of PUCCH is also limited, multiple candidate beams reporting at the same instant will cause additional control overhead. If both PUCCH and PRACH are configured, two channels should be used for transmission simultaneously. The use case for PUCCH is that when beam correspondence does not hold, PUCCH still uses the original beam for quick notice to network of the beam failure event. PRACH should also be used because UE does not know whether PUCCH is working or not.
Proposal 4:  
· Both PUCCH and PRACH can be used for beam failure recovery request transmission simultaneously when two channels are configured.
Regarding to contention based PRACH, some problems have to be resolved before introduced to transmit beam failure recovery request, 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 collided, which is contrary to fast beam failure recovery purpose. Addtionally, a handful of connection state UEs are in a cell and beam failure recovery is mainly used for those UEs, non-contention based PRACH resource and NR-PUCCH is enough for beam failure recovery request transmission. It seems there is no need to introduce additional 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 at least in NR Rel-15. 
There are two cases that a subset of PDCCH beams fails and all PDCCH beams fails ( i.e. beam failure event is detected). For the former case, the PUCCH based beam report can be reused. When there are multiple PUCCH resources, one PUCCH resource should be selected by RRC configuration or using the upcoming PUCCH or the PUCCH with minimum period. For the latter case, the PUCCH resource shold be configured for recovery request transmission. Maybe, the beam failure event also can reuse the PUCCH resource for normal beam reporting. In order to distinguish the PUCCH resources for different purpose, the different format or UCI should be designed. When a subset of PDCCH beams fails, UE reports failed PDCCH beam index information and/or selected beam index information by UE while L1-RSRP of failed PDCCH beams does not need to be repoted. The selected beam can be the one of the prior reported beams which are not in blocage or newly identified beams. Subsequently gNB and UE will switch to the new selected beam through scheduling and beam indication. Some implementation like DTX detection could also be envisioned for quick beam switch if beam subset is still working. When beam failure event is detected, UE reports only newly identified beam index on PUCCH but maybe not L1-RSRP.
Proposal 6:
· The PUCCH resource of normal beam reporting can be reused for the cases that a subset of PDCCH beams fails and beam failure event. If there are multiple normal PUCCH resources, the upcoming PUCCH resource should be used.

· UCI should be used to distinguish the PUCCH resources for different purpose.

· When a subset of PDCCH beams fails, UE reports failed PDCCH beam index information and/or selected beam index information. When beam failure event detected, UE reports newly identified beam index information.
2.4. gNB response for beam failure recovery request

It was agreed that a dedicated CORESET for a UE is RRC configured to monitor gNB response for beam failure recovery request, and this dedicated CORESET is spatial QCL-ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. The time window to monitor gNB response is determined by a fixed time offset and the RRC configurable time duration starting from the fixed time offset. The dedicated CORESET can be configured as one of the current CORESETs without spatial QCL assumption or be a newly configured CORESET. After the beam failure recovery request is transmitted, UE monitors the dedicated CORESET for gNB response on the candidate beam.
During the time window to monitor the dedicated CORESET for gNB response, UE does not need to monitor the CORESET(s) configured prior to beam failure. If the beam failure recovery is unsuccessful, e.g. the beam failure recovery request reaches the maximum number of transmissions or beam failure recovery timer expires, from the point of view of power saving and acceleration of RRC re-establishment, UE does not need to continue monitoring the CORESET(s) configured prior to beam failure and just wait for RLF declaration of higher layers after UE sends an indication to higher layers. In other words, if there is aperiodic indication based on failure of beam recovery procedure, UE does not need maintain the connection.
Proposal 7:
· The dedicated CORESET can be configured as one of the current CORESET(s) without spatial QCL assumption or be a newly configured CORESET.
· During the time window to monitor the dedicated CORESET for gNB response, UE does not need to monitor the CORESET(s) configured prior to beam failure.

· In case of unsuccessful recovery from beam failure, after UE sends an indication to higher layers, UE does not need to continue monitoring BPLs and just wait for RLF declaration of higher layers.
If the beam failure event is detected, the candidate beam identification can be attempted.  When the UE does not find candidate beam through CSI-RS and/or SS block detection, the triggering condition of beam failure recovery request transmission is not satisfied, i.e., the beam failure recovery is unsuccessful.

Proposal 8: 

· Unsuccessful recovery from beam failure includes the following cases:
·  UE does not find candidate beam.

· Beam recovery request transmission and gNB response fail.
There are two ways to handle the unexpected cases due to the poor channel propagation environment (e.g. blockage):
· A single timer is adopted. The start of this timer is from the detection of beam failure event. UE does not distinguish between the case of unsuccessful candidate beam identification and the case of failed recovery request and gNB response. Once the timer expires, unsuccessful beam failure recovery is indicated to higher layers.

· Two separate timers are adopted. These two timers independently control the event of not finding candidate beam and the event of not receiving gNB response. UE would indicate to higher layers about the unsuccessful recovery based on the two independent timers. The start of the first timer is the detection of beam failure event. The start of the second timer is the first time of recovery request transmission. Either one of the two timers could trigger the indication. This is useful since after the failure of candidate beam identification, it is a waste of time to wait for the timer for recovery request to run out. It is possible for the second timer to be replaced by number of recovery request transmissions. 
Proposal 9: 

· There are two ways to handle the cases of unsuccessful recovery from beam failure:
· A single timer that starts from beam failure event declaration. When the timer expires, UE sends indication to higher layers.
· Two separate timer for candidate beam identification and recovery request transmission. The start of the timer for candidate beam identification is beam failure event declaration. Either one of two timers can trigger the indication to higher layers.
3. Conclusion

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

· Specify a fixed value of hypothetical PDCCH BLER as the threshold. 
· Clarify the interpretation of a beam failure instance, e.g. in this duration the average measurement result of each PDCCH beam is less than the threshold.
Proposal 2:
· If SSB and CSI-RS are spatial QCL-ed, UE can jointly calculate and report the identified candidate beam.

· If SSB and CSI-RS are not spatial QCL-ed, UE can independently calculate the identified results for two RS types and report the best candidate beam.

Proposal 3:
· The metrics for candidate beam identification and beam failure detection are the same, i.e. hypothetical PDCCH BLER. And the fixed BLER threshold value should be specified.

· The RS resources are configured for candidate beam identification.

Proposal 4:  
· Both PUCCH and PRACH can be used for beam failure recovery request transmission simultaneously when two channels are configured.
Proposal 5:
· Contention based PRACH is not supported for beam failure recovery request transmission at least in NR Rel-15. 
Proposal 6:
· The PUCCH resource of normal beam reporting can be reused for the cases that a subset of PDCCH beams fails and beam failure event. If there are multiple normal PUCCH resources, the upcoming PUCCH resource should be used.

· UCI should be used to distinguish the PUCCH resources for different purpose.

· When a subset of PDCCH beams fails, UE reports failed PDCCH beam index information and/or selected beam index information. When beam failure event detected, UE reports newly identified beam index information.
Proposal 7:
· The dedicated CORESET can be configured as one of the current CORESET(s) without spatial QCL assumption or be a newly configured CORESET.
· During the time window to monitor the dedicated CORESET for gNB response, UE does not need to monitor the CORESET(s) configured prior to beam failure.

· In case of unsuccessful recovery from beam failure, after UE sends an indication to higher layers, UE does not need to continue monitoring BPLs and just wait for RLF declaration of higher layers.
Proposal 8: 

· Unsuccessful recovery from beam failure includes the following cases:
·  UE does not find candidate beam.

· Beam recovery request transmission and gNB response fail.
Proposal 9: 

· There are two ways to handle the cases of unsuccessful recovery from beam failure:
· A single timer that starts from beam failure event declaration. When the timer expires, UE sends indication to higher layers.
· Two separate timer for candidate beam identification and recovery request transmission. The start of the timer for candidate beam identification is beam failure event declaration. Either one of two timers can trigger the indication to higher layers.
References

[1] Chairman’s notes for 3GPP TSG RAN WG1 Meeting NR#2.
[2] Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90.
[3] Chairman’s notes for 3GPP TSG RAN WG1 Meeting NR#3.
[4] Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90bis.[image: image1.png]



