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Introduction
Pertinent agreements and progresses made on beam failure recovery in RAN1 #90 [1], NR Ad-Hoc#3 [2] and RAN1 #90bis [3] can be summarized as follows:
	Summary of agreements and conclusions:

Agreements:
gNB response is transmitted via a PDCCH addressed to C-RNTI
· FFS: DCI format for gNB response
· 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

· Confirm the following working assumption: 
· Beam failure detection is determined based on the following quality measure: 
· Hypothetical PDCCH BLER
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.



This contribution addresses the remaining details of beam failure recovery, including detailed procedure of beam failure detection, new candidate beam identification, monitoring gNB’s response to beam recovery request.
Beam failure detection 
1 
2 
SS/PBCH blocks for beam failure detection
Regarding using SS/PBCH block in beam failure detection, we had the following agreement in RAN1 #88bis:
	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



We have agreed to use SS/PBCH blocks in beam management and support L1-RSRP beam reporting based SS/PBCH blocks. Therefore, we should include the SS/PBCH blocks for the beam failure detection. Further, for the beam indication, the spatial QCL configuration for PDCCH is provided by a configured TCI state. In the framework of TCI state, each TCI state can be configured with SS/PBCH block or CSI-RS resource. If one SS/PBCH block is configured as the spatial QCL reference for a PDCCH, the UE should monitor that SS/PBCH block to detect the beam failure for this PDCCH.
Proposal 1: NR supports SS/PBCH blocks as RS for beam failure detection.
Some remaining details of beam failure detection
It has been confirmed that beam failure detection is determined based on the quality measurement of hypothetical PDCCH BLER. At current moment, we need to complete a few remaining details to finish the beam failure detection design.
The first question is which reference signal the UE should use measure the hypothetical BLER performance for one UE-specific PDCCH. As a common understanding, the UE cannot measure the DMRS in PDCCH directly to obtain the SINR or hypothetical BLER of PDCCH because the PDCCH is beamformed and for the failed PDCCH decoding, the UE does not know whether it is caused by ‘bad’ beam link or no PDCCH is sent. One natural method is that, for one UE-specific PDCCH, the UE can use the CSI-RS resource or SS/PBCH block that is the spatial QCL reference for that PDCCH. In beam management, the UE-specific PDCCH is configured with one TCI state and one CSI-RS resource or SS/PBCH block associated with that TCI state provides the spatial QCL reference to that UE-specific PDCCH. The UE can be configured with multiple CORESETs and each CORESET can be configured with one TCI state. Then the UE can monitor the CSI-RS resources or SS/PBCH blocks associated with those configured TCI states. This method can be called implicit method. One concern here is those RS should be transmitted periodically to ensure the UE is able to measure them always to monitor the PDCCH beam quality. If the PDCCH is configured with SS/PBCH block or periodic CSI-RS, then the concern does not exist. However, if one PDCCH is configured with semi-persistent CSI-RS resource or aperiodic CSI-RS resource, then the UE would meet difficulty that no corresponding RS can be measured for the beam failure detection of that PDCCH. To deal with that scenario, we can consider two solutions. One solution is to leave it to gNB’s implementation to only configured SS/PBCH block or periodic CSI-RS resource for PDCCH. Another solution is to allow the NW to configure one periodic CSI-RS resource that the UE is requested to monitor the beam failure for one PDCCH which is spatial QCLed to a semi-persistent CSI-RS resource or aperiodic CSI-RS resource, which can be called as explicit method.
 According to the agreed definition, one UE can declare beam failure only if beam pair link of all the UE-specific PDCCH is failed. The UE can measure the SINR of CSI-RS resource or SS/PBCH block that is configured as the spatial QCL reference for each UE-specific PDCCH. To detect the beam failure if each PDCCH, the UE should compare the SINR of CSI-RS resource or SS/PBCH block with the corresponding SINR threshold. If the SINR is less than the corresponding SINR threshold, the UE can declare the beam failure of one PDCCH. There are a few possible alternatives to measure the SINR of one CSI-RS or SS/PBCH block. The first alternative is averaged SINR of multiple RS transmission instance. The UE can declare beam failure of one BPL if the averaged SINR of corresponding CSI-RS resource or SS/PBCH block within a time duration or N consecutive CSI-RS or SS/PBCH transmission instances is below a certain threshold, Tfailure. The second alternative is that the UE can declare beam failure if every SINR measurement of N consecutive CSI-RS or SS/PBCH transmission instances is below a certain threshold. Another alternative is that a part of all SINR measurement of N consecutive CSI-RS or SS/PBCH transmission instances is below a certain threshold. The UE can declare beam failure if the number of SINR measurement being below a certain threshold among all SINR measurement of N consecutive CSI-RS or SS/PBCH transmission instances is above a threshold of SINR measurement number.    
Proposal 2: For beam failure detection:
· NR supports implicit resource configuration for beam failure detection
· UE can be configured with multiple CORESETs and each CORESET is configured with one TCI state which is associated with at least one P/SP CSI-RS resource or SS/PBCH block
· UE can detect the beam failure of the configured CORESETs by monitoring the P/SP CSI-RS resources or SS/PBCH blocks associated with TCI states of the configured CORESETs 
· NR supports explicit resource configuration by RRC signalling for beam failure detection
· RRC can configure explicit DL RS ID. 
· Explicit configuration is supported at least for AP CSI-RS, and FFS for other types of RSs.
· NR supports one of the following methods of measure SINR to detect beam failure of one PDCCH: (1) Averaged SINR < some threshold, (2) All consecutive N SINR measurement being below certain threshold, (3) The number of SINR < some threshold among N consecutive SINR measurements is higher than some threshold.  
New beam identification
In the agreement made in RAN1 #90bis[3], the metric to identify new candidate beam is FFS. In our view, L1-RSRP should be used as the quality metric for new beam identification. In comparison with SINR-based metric, the L1-RSRP has the following technical justification for new beam identification:
· The UE is not able to measure any sensible SINR from the CSI-RS resource or SS/PBCH block configured for new beam identification. There is no interference measurement configuration for new beam identification. The ‘SINR’ one UE measures from one CSI-RS resource or SS/PBCH block without any interference source cannot be used to identify new beam reliably.
· Selecting a new candidate beam is in essence the beam selection in beam management. L1-RSRP measurement is used beam management to select the ‘best’ beam. Therefore, it is natural to use L1-RSRP to select the ‘best’ beam as new candidate beam.
· RSRP is also used in initial access procedure for one UE to select SS/PBCH block to continue the PRACH procedure. Based our current design, the transmission of beam failure recovery request is very similar to contention-free random access procedure. Therefore, it makes sense technically to also use the L1-RSRP as metric to select CSI-RS resource or SS/PBCH block. 
· We have agreed that hypothetical PDCCH BLER, i.e., SINR-type measurement is used to detect the beam failure. One concern is the potential ping-pong behaviour between beam failure detection and new beam identification. That issue can be resolved very easily by requesting UE to exclude the failed CSI-RS resource or SS/PBCH block from the new beam identification. The UE should not choose any CSI-RS resource or SS/PBCH block as a new candidate beam. 
Similarly to “SSB-threshold” which is an agreed RRC parameter on the random access procedure, the UE can be configured with one L1-RSRP threshold for SS/PBCH block and the UE can select one SS/PBCH block that has L1-RSRP > that threshold. In our view, depending on the implementation choice, the threshold for beam failure detection may be or may not be the same with “SSB-threshold”. At this moment, let’s assume that threshold for a new beam recovery is the same with “SSB-threshold” for the ease of our discussion. It is also agreed to support monitoring CSI-RS and SS/PBCH block for a new beam identification. Since CSI-RS may have the different power boosting value with the SS/PBCH block, the same “SSB-threshold” can’t be applied to find a new beam based on CSI-RS measurements. Since it is agreed to support RRC configuration “Pc_SS” which provides power offset of NZP CSI-RS RE to SS RE, UE can compute the threshold for CSI-RS which can be defined as “CSI-RS-threshold” based on two parameters “Pc_SS” and “SSB-threshold”. (e.g. “CSI-RS-threshold” = “SSB-threshold” + “Pc_SS”). 
For the RRC configuration of the resources to be used for a new beam identification called “Candidate-Beam-Identification-Resource”, as many as possible number of resources should be considered. For example, at least 64 resources should be supported which is the maximum number of SS/PBCH blocks associated with a cell. If sufficient number of resources are not configured, the consequence would be the failure of the beam recovery procedure for the high mobility UEs which can cause unnecessarily frequent RLF. In this sense, L1-RSRP should be considered as a metric for a new beam identification because the other candidate (i.e. hypothetical BLER) costs too much implementation overhead for a UE to monitor all the resources (e.g. might be more than 64 resources) configured for a new beam identification. 
Proposal 3: For new beam identification:
· NR supports L1-RSRP as a metric for the new beam identification
· Two configurable threshold values are introduced
· “SSB-threshold-Recovery” for SSB: FFS whether to incorporate this threshold with “SSB-threshold” which is defined for random access procedures
· “CSI-RS-threshold-Recovery” is for CSI-RS: This threshold can be implicitly determined by UE based on the “SSB-threshold-Recovery” and “Pc_SS” which is defined to provide power offset of NZP CSI-RS RE to SS RE
· For the RRC configuration of the resources to be used for a new beam identification, as many as possible number of resources should be considered to support high mobility UEs
Beam failure request and gNB response
It has been agreed that CSI-RS+SS/PBCH block can be used for the purpose of new beam identification. It is FFS that multiple SS/PBCH blocks can be associated with one same uplink resource. In our view, we should support multiple SS/PBCH being associated with one uplink resource. We have agreed that the contention-free channel for beam failure recovery request can be FDMed or CDMed to the PRACH channel. That means if PRACH allows multiple SS/PBCH blocks can be associated with one uplink PRACH resource, we would have to follow that in beam failure recovery design. In RAN1#90bis[3], there was an agreement on PRACH configuration:
	Agreements:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets


 In our understanding, the use case of multiple SS/PBCH blocks being mapped to one RACH transmission occasion is for the gNB without beam correspondence. Since the beam failure recovery is FDMed or CDMed to the PRACH channel, multiple SS/PBCH blocks or CSI-RS resources should also be mapped to one RACH resource for beam failure recovery. One UE can be configured with a subset of multiple RACH preamble indices and each SS/PBCH block or CSI-RS resource is associated with a RACH preamble in that subset. Different UEs should be configured with non-overlapping of subsets of RACH preamble indices. To support that, we need to further improve the following agreement made in RAN1 #90bis[3]:
	Agreement:
· For gNB to uniquely identify UE identity from a beam failure recovery request transmission
· A PRACH sequence is configured to UE


Instead of configuring a single PRACH sequence to one UE, we need to configure a subset of multiple RACH preamble sequences. That subset is used to uniquely identify that UE. And each RACH preamble sequence in that subset is used by the UE to indicate one selected CSI-RS resource or SS/PBCH block for new beam identification. 
Proposal 4: For beam failure recovery request uplink channel,
· Multiple CSI-RS resources or SS/PBCH blocks can be associated with one PRACH, 
· When multiple CSI-RS resources or SS/PBCH blocks are mapped to one PRACH, a UE should be configured with a unique subset of RACH preamble sequences. The UE is uniquely identified by the subset of PRACH preamble sequences.
It has been agreed that a dedicated CORESET is used by the UE to monitor the gNB response to one beam failure recovery request. In our view, such a dedicated CORESET is enough for a gNB response. As long as the UE can detect valid PDCCH or DCI in that dedicated CORESET, the UE can declare the beam failure recovery is received by the gNB correctly and the UE can stop the beam failure recovery request transmission. No special DCI is needed in that dedicated CORESET. The gNB can transmit any type of DCI. For example, the gNB can schedule an uplink transmission so that the UE can report some beam information. The gNB can also trigger some aperiodic CSI-RS transmission and trigger an aperiodic beam reporting. The UE can continue that dedicated CORESET up to UE’s implementation. To save the processing power, we can allow the NW to send a MAC-CE to indicate the UE to stop monitoring that CORESET for the current beam failure recovery request. Then the UE can stop monitoring that CORESET and resume monitoring that CORESET after sending another beam failure recovery request in the future.
Proposal 5: NR supports gNB sending a MAC-CE message to indicate the UE to stop monitoring the dedicated CORESET.

Since only information of the identified beam index can be conveyed in the recovery request, network needs to know the quality of the identified beam in terms of L1-RSRP for the sub-sequent beam management. Also, if UE has multiple identified beams, the corresponding beam indices and their L1-RSRP values are also required to be reported. In this sense, the response for beam recovery request should be a DCI with PUSCH grant. After receiving this DCI, UE should include beam reporting messages in the scheduled PUSCH. 
Proposal 6: UE expects to receive a DCI containing PUSCH assignment as a response for the beam recovery request. 
The event when a subset of PDCCH beams fail
It has been agreed that the event of a subset of PDCCH beam being failed should be handled as in the agreement of RAN1 #90[1]:
	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



One UE can be configured with multiple CORESETs and different CORESETs can be spatial QCLed to different DL RSs. To handle the event of some PDCCH beam being failed, we have the following possible alternatives:
· Alt#1: It is up to gNB’s implementation to detect the occurrence of that event. The gNB can rely on the HARQ ACK/NACK of PDSCH scheduled by that CORESET to indirectly detect the beam failure of one particular PDCCH. If multiple of ACK/NACK DTX is detected, the gNB can claim the beam of one particular PDCCH is failed. The disadvantage of this method is the latency because the gNB can only detect the event indirectly. In contrast, the UE can detect the occurrence of that even much sooner than the gNB. The UE can monitor the corresponding CSI-RS resource or SS/PBCH block.
· Alt#2: The UE reports the L1-RSRP of corresponding CSI-RS resource or SS/PBCH block periodically. The advantage of this method is the beam quality of one particular PDCCH is reported proactively so that the gNB can switch the beam before the event of beam failure occurs. The disadvantage of this method is the potential waste of uplink resource because of the occasional occurrence of such event.
· Alt#3: The UE reports that event when one or more of PDCCH beam being failed. As discussed above, the UE can detect the beam failure of one PDCCH much sooner and more efficiently than the gNB. Whenever that event occurs, the UE can detect and report it back within short time.  
 Therefore, we propose to support Alt#3 to handle that event. The reporting of such event can be multiplexed in the same PUCCH channel as a regular beam reporting. The UE can report the best N selected Tx beam as configured by the NW regularly in the PUCCH channel. When the event of a subset of PDCCH beam being failed, the UE can use the same PUCCH channel to report this event, instead of reporting the best N selected Tx beam. The essential information that the UE needs to report back is which ones of those PDCCH beams are failed. One bitmap can be used to indicate such information and each bit in the bitmap corresponds to one of the CORESETs configured to one UE. In the beam reporting payload, the UE also needs to indicate whether one reporting instance is for regular beam reporting or the event of a subset of PDCCH beam being failed. One or a few bits in each beam reporting instance can be used to indicate that. 
Proposal 7: NR supports using the existing periodic PUCCH-based beam reporting for reporting the event of a subset of PDCCH beams fail.
· A bitmap to indicate which of the configured PDCCH beams fail.
· UE should indicate whether one reporting instance is beam reporting or reporting of event of a subset of PDCCH beams fail. 
Conclusions
In this contribution, the remaining details for beam failure recovery mechanism are discussed. Based on the discussion, the following proposals are provided:
Proposal 1: NR supports SS/PBCH blocks as RS for beam failure detection.
Proposal 2: For beam failure detection:
· NR supports implicit resource configuration for beam failure detection
· UE can be configured with multiple CORESETs and each CORESET is configured with one TCI state which is associated with at least one P/SP CSI-RS resource or SS/PBCH block
· UE can detect the beam failure of the configured CORESETs by monitoring the P/SP CSI-RS resources or SS/PBCH blocks associated with TCI states of the configured CORESETs 
· NR supports explicit resource configuration by RRC signalling for beam failure detection
· RRC can configure explicit DL RS ID. 
· Explicit configuration is supported at least for AP CSI-RS, and FFS for other types of RSs.
· NR supports one of the following methods of measure SINR to detect beam failure of one PDCCH: (1) Averaged SINR < some threshold, (2) All consecutive N SINR measurement being below certain threshold, (3) The number of SINR < some threshold among N consecutive SINR measurements is higher than some threshold.  
Proposal 3: For new beam identification:
· NR supports L1-RSRP as a metric for the new beam identification
· Two configurable threshold values are introduced
· “SSB-threshold-Recovery” for SSB: FFS whether to incorporate this threshold with “SSB-threshold” which is defined for random access procedures
· “CSI-RS-threshold-Recovery” is for CSI-RS: This threshold can be implicitly determined by UE based on the “SSB-threshold-Recovery” and “Pc_SS” which is defined to provide power offset of NZP CSI-RS RE to SS RE
· For the RRC configuration of the resources to be used for a new beam identification, as many as possible number of resources should be considered to support high mobility UEs
Proposal 4: For beam failure recovery request uplink channel,
· Multiple CSI-RS resources or SS/PBCH blocks can be associated with one PRACH, 
· When multiple CSI-RS resources or SS/PBCH blocks are mapped to one PRACH, a UE should be configured with a unique subset of RACH preamble sequences. The UE is uniquely identified by the subset of PRACH preamble sequences.
Proposal 5: NR supports gNB sending a MAC-CE message to indicate the UE to stop monitoring the dedicated CORESET.
Proposal 6: UE expects to receive a DCI containing PUSCH assignment as a response for the beam recovery request. 
Proposal 7: NR supports using the existing periodic PUCCH-based beam reporting for reporting the event of a subset of PDCCH beams fail.
· A bitmap to indicate which of the configured PDCCH beams fail.
· UE should indicate whether one reporting instance is beam reporting or reporting of event of a subset of PDCCH beams fail. 
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