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1. Introduction
During and after RAN1#90bis meeting, following agreements were made with regard to beam failure recovery:
	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.

· Confirm the following  working assumption: 

· Beam failure detection is determined based on the following quality measure: 

· Hypothetical PDCCH BLER

· 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

Proposal:
· 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.

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:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission

· A PRACH sequence is configured to UE

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)



In this contribution, we share LG’s view on remaining issues on beam failure recovery.
2. New beam identification
In RAN1#91, following two scenarios were agreed for the case of CSI-RS+SSB for new beam identification. 

· 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.
Comparing these two scenarios, scenario 2 is simpler in terms of gNB/UE operation, but applying scenario 1 can hugely save the required amount of PRACH resources. The effect of PRACH resource saving becomes larger especially when spatial coverage (or beam-width) of a CSI-RS resource is narrower than that of a SS block as shown in Figure 1. In the illustration of Figure 1, 6 CSI-RS resources are QCLed with SSB#1. Assume that one of the CSI-RS resources serves as a serving beam (i.e. spatially QCLed with PDCCH DMRS). In this case, only 4 PRACH resources are required to be configured if scenario 1 is applied, i.e. one PRACH for one SSB each, while 10 PRACH resources are required to be configured for scenario 2. In the example of Figure 1, gNB uses wide beam (i.e. beam-width of SSB) to receive PRACH while gNB uses narrow beam (i.e. beam-width of CSI-RS) for DL transmission for the UE. 
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Figure 1. Illustration of an implementation/configuration scenario
If UE found CSI-RS resource(s) as new candidate beam(s), UE can use the PRACH resource associated with the SSB which is spatially QCLed with the found CSI-RS resource(s) to send BFRQ (beam failure recovery request). UE could send more information about the new beam (e.g. CRI) to gNB using the PUSCH assigned through the gNB’s response for BFRQ.

Proposal 1: For scenario 1 of CSI-RS+SSB for new beam identification, 
· UE sends BFRQ through PRACH(s) associated with the SSB(s), which is spatially QCLed with the CSI-RS(s) satisfying the threshold condition if the found new beam(s) is CSI-RS. 
· UE sends BFRQ through PRACH(s) associated with the SSB(s), which satisfy the threshold condition if the found new beam(s) is SSB. 

For scenario 1, gNB may have ambiguity whether the UE found a new beam from the SSB associated with the PRACH from which BFRQ is received or found new beam(s) from the CSI-RS resources QCLed with the SSB. This ambiguity can be resolved eventually via requesting more information about the new beam to UE on PUSCH/PUCCH assigned/triggered after receiving BFRQ. To remove this ambiguity from the beginning, we can consider for gNB to configure up to two PRACH resources associated to one SSB. UE can send BFRQ through the first PRACH resource if the new beam is found from QCLed CSI-RS resources. UE can send BFRQ through the second PRACH resource if the new beam is the SSB itself. In this way, gNB can distinguish the situation of the UE. If gNB receives BFRQ through the first PRACH, gNB can directly assign PUSCH to receive the CRI and corresponding L1-RSRP, i.e. triggering aperiodic beam reporting only. In this case, gNB can have benefit of no need to transmit CSI-RS resources to refine the beam to the UE. If gNB receives BFRQ through the second PRACH, gNB may need to trigger CSI-RS resources as well as PUSCH, i.e. aperiodic beam reporting with aperiodic CSI-RS triggering to refine the beam further. Note that only one more PRACH resource needs to be configured to the UE if we apply this scheme to the example of Figure 1, i.e., from 4 to 5 PRACH resources, which is still half of the required PRACH resources for scenario 2.  

Proposal 2: For scenario 1 of CSI-RS+SSB, support up to two PRACH resources to be associated to one SSB, where one resource is used when UE finds the new beam as the associated SSB and another resource is used when UE finds the new beam from the CSI-RS resources spatially QCLed with the associated SSB. 
For the CSI-RS+SSB cases, UE can search through CSI-RS resources first then search SSBs if no CSI-RS meets the threshold condition. It is because the beam-width of CSI-RS would likely be narrower than or equal to that of SSB in most scenarios, accordingly, if UE found a new candidate beam among CSI-RS resources, it would better to directly use it as a new beam than SSB. This principle can be applied both scenario 1 and scenario 2. In this regard, we propose the following.
Proposal 3: For the case of CSI-RS+SSB for new beam identification, UE selects CSI-RS if both CSI-RS and SSB satisfy the threshold condition. 

3. Usage of PUCCH for beam failure recovery
There has been an intensive discussion through e-mail [90b-NR-18] how to use PUCCH for sending BFRQ. Following two cases has been identified. 

· Case 1: when a subset of PDCCH beams fails 

· Case 2: when beam failure is detected (i.e. all PDCCH beams fail)
For Case 1, the PUCCH resource can be used for fast beam failure recovery request since one of UL beam pair links can still be alive assuming that at least one PUCCH is associated to each serving PDCCH beam. For Case 1, UE can send quite a large information w.r.t. new beam(s) directly through the PUCCH since the link quality of PUCCH is not expected to be damaged seriously. PUCCH format 2, 3 and/or 4 can be considered for reporting beam ID(s) and corresponding L1-RSRP(s). For Case 2, it would be safer to use the PRACH which is more robust to timing error and larger coverage potentially. For Case 2, however, PUCCH can also be considered to be used as a complementary channel to PRACH to provide more frequent chance for sending BFRQ to the UE. In this case, UE should use PRACH as a fallback, i.e., PRACH is used if no response from PUCCH is received. UE should use a robust PUCCH format in this case since the link quality of PUCCH would likely be degraded. Thus, PUCCH format 0 and/or 1 would fit in this case. 
Proposal 4: If a subset of serving control channels fail, PUCCH is used for notifying the occurrence of the event to the network. If all serving control channels fail (i.e. beam failure), PRACH is used as baseline for requesting the beam failure recovery and PUCCH can be used as complementary in this case.
It should be pronounced that PUCCH resources configured for BFRQ should have higher priority than PUCCH resources configured for other purposes when UE need to send BFRQ on this PUCCH. 
Proposal 5: PUCCH for sending BFRQ should have higher priority than other PUCCHs.
4. gNB response for BFRQ

For a UE to monitor gNB response for BFRQ, it was agreed to use C-RNTI and a dedicated CORESET. It is a pending issue which DCI format to use for the BFR response. Since it is closely related to control channel design, exact design would need to be decided in the control session. From MIMO perspective, however, it needs to be decided which information should be contained in the BFR response. In this regard, PUSCH resource allocation for aperiodic beam reporting is an essential information to be included. Aperiodic CSI-RS triggering message would also be needed to be included, which would be jointly encoded with aperiodic beam reporting triggering. Thus, the use of UL related DCI is preferred. Note that the Tx beam for transmitting this PUSCH can be set to the same as the one used for PRACH if there is no explicit signaling of the spatial reference (e.g. CRI, SRI). In other words, the spatial reference for PUSCH would be determined by the PDCCH from which UE receives the response for BFRQ. 
Proposal 6: When PRACH is used for sending BFRQ, the response for BFRQ is received using UL related DCI containing at least PUSCH resource allocation and aperiodic beam reporting triggering. 
- Aperiodic CSI-RS can also be triggered jointly with the aperiodic reporting triggering. 

5. Conclusion

This contribution discussed remaining issues on beam failure recovery. Following proposals are given, based on the discussion:

Proposal 1: For scenario 1 of CSI-RS+SSB for new beam identification, 
· UE sends BFRQ through PRACH(s) associated with the SSB(s), which is spatially QCLed with the CSI-RS(s) satisfying the threshold condition if the found new beam(s) is CSI-RS. 
· UE sends BFRQ through PRACH(s) associated with the SSB(s), which satisfy the threshold condition if the found new beam(s) is SSB. 

Proposal 2: For scenario 1 of CSI-RS+SSB, support up to two PRACH resources to be associated to one SSB, where one resource is used when UE finds the new beam as the associated SSB and another resource is used when UE finds the new beam from the CSI-RS resources spatially QCLed with the associated SSB. 
Proposal 3: For the case of CSI-RS+SSB for new beam identification, UE selects CSI-RS if both CSI-RS and SSB satisfy the threshold condition. 

Proposal 4: If a subset of serving control channels fail, PUCCH is used for notifying the occurrence of the event to the network. If all serving control channels fail (i.e. beam failure), PRACH is used as baseline for requesting the beam failure recovery and PUCCH can be used as complementary in this case.
Proposal 5: PUCCH for sending BFRQ should have higher priority than other PUCCHs.

Proposal 6: When PRACH is used for sending BFRQ, the response for BFRQ is received using UL related DCI containing at least PUSCH resource allocation and aperiodic beam reporting triggering. 

- Aperiodic CSI-RS can also be triggered jointly with the aperiodic reporting triggering. 
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