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1. Introduction
In the 3GPP RAN1 #90bis~#92 meetings, following agreements were made on beam failure recovery mechanism [1~4]: 

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.

Agreement
· For a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection

· Support explicit configuration for the periodic CSI-RS for beam failure detection

· If this configuration is not made, the default mode is the following:

· UE expects at least one of periodic CSI-RS or SSB is spatially QCL’ed to PDCCH DMRS

Agreement
Upon receiving gNB response for beam failure recovery request transmission
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 
· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request

· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.

Agreement
Change candidate beam selection model to the following alternatives:

· PHY performs L1-RSRP evaluation of each candidate new beam, provides to higher layer the subset of {beam RS index, L1-RSRP measurements} that satisfies the L1-RSRP threshold

· RAN 1 expects higher layer to perform new candidate beam selection based on the subset of {beam RS index, RSRP measurements}

· Note: The mapping between beam RS index(es) to PRACH resource(s)/sequence(s) is done in MAC

· Support for candidate beam selection model is specified in the RAN2 specifications
Agreement
· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS 
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, which is also lower bounded by [10] ms.

· Note: if the evaluation is below beam failure instance BLER threshold, there is no indication to higher layer.

·  PHY provides to higher layer one or more sets of {beam RS index, L1-RSRP measurement} that satisfies the L1-RSRP threshold upon higher layer request.

Agreement
· From RAN1 perspective, contention-free PRACH-based beam failure recovery is considered unsuccessful when one of the following conditions is met

· Upon expiry of Beam-failure-recovery-Timer 

· Upon reaching max. # of BFRQ transmissions

Agreement:

For candidate SSB/CSI-RS beam selection L1-RSRP threshold determination, RRC parameter “beamFailureCandidateBeamThreshold” is used to provide L1-RSRP threshold of SSB beam selection. 

· Corresponding L1-RSRP thresholds for a CSI-RS resource is linearly scaled based on Pc_ss corresponding to the CSI-RS resource
In this contribution, beam failure recovery mechanism related aspects are discussed. This contribution is revised from R1-1801521.
2. Discussion on remaining issues
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 includes periodic CSI-RS or SSB for beam management. So it can be concluded that the beam failure event depends on CSI-RS or SSB measurement results. 
When SSB is configured as the beam failure detection RS, the UE should measure the power of  SSB and interference to obtain the hypothetical PDCCH BLER. The power offset between SSB and PDCCH DMRS needs to be specified or configured by gNB. Or the UE needs know the parameter Pc_SS of which CSI-RS resources spatial QCL-ed with SSB can be used to calculate hypothetical PDCCH BLER. The CSI-RS resources spatial QCL-ed with SSB above mentioned may be selected up to UE implementation or by gNB indication. So only when all the serving control channels fail, the beam failure event occurs.
Proposal 1:

· The power offset between SSB and PDCCH DMRS needs to be derived.
· Select the CSI-RS resources spatial QCL-ed with SSB for hypothetical PDCCH BLER calculation up to UE implementation or by gNB configure/indication.
The BFD RSs on active BWP are monitored by UE. If the initial BWP is current active BWP, then the BFD RS 
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 also includes the RSs spatial QCL-ed with CORESET0, i.e. the CORESET0 needs to be monitored on initial BWP.

Proposal 2:

· When the initial BWP is current active BWP, CORESET0 needs to be monitored through BFD RS
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.
In the agreement of RAN1 AH-1801 meeting, the indication of beam failure instance to higher layer is periodic and indication interval is determined by the shortest periodicity of BFD RS
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. However using the shortest BFD RS periodicity or a much shorter lower bound may lead to that the BFD RS with a larger periodicity can be not evaluated even once before beam failure event is declared. So the beam failure instance periodicity can be the longest BFD RS periodicity. In addition, the upper bound of the indication periodicity can be specified so that the fast-enough beam failure recovery can be ensured.
Proposal 3:

· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the longest periodicity of BFD RS
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, which is also upper bounded by [10] ms.
The slot where the beam failure instance is reported cannot be the slot where the radio link quality according to the set
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is assessed. So the restriction should be deleted as follows in section 6 of TS38.213.
------------------------------Start Text Proposal---------------------------------
The physical layer in the UE shall
 provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. The physical layer informs the higher layers when the radio link quality is worse than the threshold Qout,LR with a periodicity determined by the maximum between the shortest periodicity of periodic CSI-RS configurations or SS/PBCH blocks in the set 
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 and X.  
------------------------------End Text Proposal---------------------------------
If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the RS indexes associated with QCL type D in the RS sets indicated by TCI states for CORESETs on active BWP of the current cell should be adopted as beam failure detection RSs. So the following description can be clarified in section 6 of TS 38.213.
------------------------------Start Text Proposal---------------------------------
A UE can be configured, for a serving cell, with a set 
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 of periodic CSI-RS resource configuration indexes by higher layer parameter Beam-Failure-Detection-RS-ResourceConfig and with a set 
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 of CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter Candidate-Beam-RS-List for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter Beam-Failure-Detection-RS-ResourceConfig, the UE determines the set 
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 to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes associated with QCL type D in the RS sets indicated by the TCI states for respective control resource sets on active BWP of the current cell that the UE is configured for monitoring PDCCH. The UE expects single port RS in the set 
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------------------------------End Text Proposal---------------------------------
2.2. Candidate beam identification

The candidate beam can be identified when L1-RSRP of candidate beam RS resource is higher than a threshold. We think the same metric, i.e. hypothetical PDCCH BLER, can also be used for beam failure detection and new candidate beam identification to prevent ping-pong effect. 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. 
Proposal 4:
· The BLER threshold is introduced for candidate beam identification except for L1-RSRP threshold.
2.3. PRACH for beam failure recovery request transmission
RAN2 has agreed to support contention-based PRACH. In the RAN1 agreements when Beam-failure-recovery-Timer expires or max. # of BFRQ transmission is reaches, the contention-free PRACH based beam failure recovery is unsuccessful. Contention based PRACH can be introduced to increase the chance of beam failure recovery before the RLM and RRC re-establishment in higher layer. The contention based PRACH resources can be configured by gNB, and the UE MAC can select a contention based PRACH resource associated with the new candidate beam for beam failure recovery request transmission. 

The contention-free PRACH-based beam failure recovery can be used when one of the following conditions is met: upon only configuration of contention based PRACH resource but not contention-free PRACH resource, or upon unsuccessful candidate beam identification. Similarly with contention-free PRACH, contention based PRACH based beam failure recovery can be considered unsuccessful when max. # of BFRQ transmission is reaches (reuse counter for contention-free PRACH, or new counter for contention based PRACH).
There may be conflict between PRACH for BFRQ and other uplink channel/RS on the same CC. If PRACH for BFRQ is collided with other uplink channel/RS, then the UE always transmits the PRACH for BFRQ. 
Proposal 5:
· Contention based PRACH can be used when one of the following conditions is met:

· Upon only configuration of contention based PRACH resource but not contention-free PRACH resource
· Upon unsuccessful candidate beam identification
· Contention based PRACH based beam failure recovery can be considered unsuccessful when max. # of BFRQ transmission is reaches.
· For collision of PRACH for BFRQ with other UL channel/RS on the same CC, the UE always transmits PRACH for BFRQ.

2.4. gNB response for beam failure recovery request

It was agreed that a CORESET-BFR for dedicated PDCCH reception is RRC configured to monitor gNB response for beam failure recovery request, and this CORESET-BFR is spatial QCL-ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. The starting point of the observation window of gNB response to beam failure recovery request transmission is 4 slots. After the beam failure recovery request is transmitted, UE monitors the CORESET-BFR for gNB response on the candidate beam. The dedicated PDCCH  on CORESET-BFR may carry the information to indicate the new beam for beam switching at gNB and UE. The CORESET-BFR can be configured as one of the current CORESETs without spatial QCL assumption or be a newly configured CORESET. For the former case, the current CORESET as CORESET-BER is spatial QCL-ed with new candidate beam. For the configuration flexibility and overhead reduction, the CORESET-BFR cannot be necessarily configured on on each BWP. So if beam failure event is declared on active BWP where CORESET-BFR is not configured, the UE will switch to the initial BWP. When the UE falls back to initial BWP to monitor CORESET0, CORESET0 is spatial QCL-ed with new candidate beam.
Proposal 6:

· The CORESET-BFR is not necessarily configured on each BWP. 

· If beam failure event is declared on active BWP where CORESET-BER is not configured, then UE should switch to the initial BWP.

· When the UE falls back to initial BWP to monitor CORESET0, CORESET0 is spatial QCL-ed with new candidate beam.

During the observation window to monitor the CORESET-BFR for gNB response, UE does not need to monitor the CORESET(s) configured prior to beam failure because maybe there are the CORESETs with different spatial QCL assumption. 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:
·  During the observation window to monitor the CORESET-BFR 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.
In the scenario that the UE may have identified new beam for contention-free PRACH but the L1-RSRP of this new beam is above threshold and has low SINR, the contention-free PRACH based beam failure recovery may be unsuccessful. However, the condition of this situation is that the max. # of BFRQ transmissions is reached or beam failure recovery timer expires. So the fast beam failure recovery can be supported only based on max. # of BFRQ transmissions. 
Proposal 8:
· Agree with the RAN2 conclusion and no need to introduce beam failure recovery timer.
From the agreements we can see that until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request. So the description should be modified as follows in section 6 of TS38.213.

------------------------------Start Text Proposal---------------------------------
A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET and with an associated search space provided by higher layer parameter search-space-config, as described in subcaluse 10.1, for monitoring PDCCH in the control resource set. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. For PRACH transmission in slot 
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 and according to antenna port quasi co-location parameters associated with periodic CSI-RS configuration or SS/PBCH block with index 
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, the UE monitors PDCCH for detection of a DCI format with CRC scrambled by C-RNTI starting from slot 
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 within a window configured by higher layer parameter Beam-failure-recovery-request-window, and . For PDSCH reception, the UE assumes the same antenna port spatial quasi-collocation parameters as for monitoring PDCCH. The UE determines the index 
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 based on TBD.
------------------------------End Text Proposal---------------------------------
3. Conclusion

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

· The power offset between SSB and PDCCH DMRS needs to be derived.
· Select the CSI-RS resources spatial QCL-ed with SSB for hypothetical PDCCH BLER calculation up to UE implementation or by gNB configure/indication.
Proposal 2:

· When the initial BWP is current active BWP, CORESET0 needs to be monitored through BFD RS
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Proposal 3:

· Indication of beam failure instance to higher layer is periodic and indication interval is determined by the longest periodicity of BFD RS
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, which is also upper bounded by [10] ms.

Proposal 4:
· The BLER threshold is introduced for candidate beam identification except for L1-RSRP threshold.
Proposal 5:

· Contention based PRACH can be used when one of the following conditions is met:

· Upon only configuration of contention based PRACH resource but not contention-free PRACH resource
· Upon unsuccessful candidate beam identification
· Contention based PRACH based beam failure recovery can be considered unsuccessful when max. # of BFRQ transmission is reaches.

· For collision of PRACH for BFRQ with other UL channel/RS on the same CC, the UE always transmits PRACH for BFRQ.

Proposal 6:

· The CORESET-BFR is not necessarily configured on each BWP. 

· If beam failure event is declared on active BWP where CORESET-BER is not configured, then UE should switch to the initial BWP.

· When the UE falls back to initial BWP to monitor CORESET0, CORESET0 is spatial QCL-ed with new candidate beam.

Proposal 7:
·  During the observation window to monitor the CORESET-BFR 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:
· Agree with the RAN2 conclusion and no need to introduce beam failure recovery timer.
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