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1 Introduction

Agreements about beam failure recovery mechanism were reached and can be found in [1-6]. And in RAN1 #90b, following agreements were made: 
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. 

CATT has concerns on the above agreement that it may not be an essential feature for beam failure recovery

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.

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

· A PRACH sequence is configured to UE

Working Assumption:
· At least the following parameters should be configured for dedicated PRACH resources for beam failure recovery

· Per UE parameters

· 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

· Retransmission Tx power ramping step size

· Beam failure recovery timer 

· Per dedicated PRACH resource parameters

· Frequency location information

· Time location, if it is only a subset of all RACH symbols (e.g., PRACH mask)

· Associated SSB or CSI-RS information

· Note: as a starting point, use initial access preamble transmission mechanism and parameters. If any issue is identified, new mechanism can be introduced.

· No further RRC signalling for above UE parameters is required if reusing the same parameter as initial access  

2 Discussions
2.1 New candidate beam identification

There have been extensive discussions on threshold for beam failure detection and new beam identification. Current working assumption for beam failure detection threshold is to use hypothetical PDCCH BLER. But, performance metric for new beam identification is still FFS. 

If beam failure detection threshold and new beam identification threshold are different, the following issue can happen. When a UE detects a beam failure, the UE will seek to find a new candidate beam where the new candidate beam satisfies the metric X for new beam identification, and the UE will send a beam failure recovery request (BFRQ) to the gNB. After receiving the beam failure recovery response from the gNB, beam failure recovery procedure is completed. However, if the new candidate beam cannot meet the threshold for beam failure detection, the UE will declare a beam failure again, and consequently the UE will choose the same beam as a new candidate beam. 

To avoid this “ping-pong” effect from happening, the UE should not select a beam that cannot meet performance metric for beam failure detection, even in case the metric for beam failure detection and the metric for new beam identification are different.

Proposal 1: In case metrics for beam failure detection and new beam identification are different, a UE shall not select a beam that cannot meet metric for beam failure detection as a new candidate beam.

2.2 PRACH based Beam Failure Recovery Request (BFRQ)

2.2.1 Association details in RRC parameters
Based on current agreements, there are four different mechanisms for new beam identification, and different association is expected for different case:

· CSI-RS only case: a direct association between CSI-RS resources and dedicated PRACH resources
· SSB only case: a direct association between SSB resources and dedicated PRACH resources

· CSI-RS + SSB case

· Scenario 1: PRACHs are associated to SSBs only

· Scenario 2: Each of the multiple PRACHs is associated to either an SSB or a CSI-RS resource
These four different associations can be indicated by RRC parameters from a serving gNB when a UE joins a network. Simplest solution is to include a mapping between PRACH resource and corresponding new beam index in the RRC parameter list.

If all PRACH resources for beam failure recovery are mapped to CSI-RS only and no PRACH resources are mapped to SSB, this can implicitly imply that this is a CSI-RS only case.

If PRACH resources for beam failure recovery are mapped to both CSI-RS and SSB, this can implicitly imply that this is scenario 2 of CSI-RS + SSB case.
However, if all PRACH resources for beam failure recovery are mapped to SSB only and no PRACH resources are mapped to CSI-RS, this can imply either SSB only case or scenario 1 of CSI-RS + SSB case.

Therefore, when all PRACH resources for beam failure recovery are mapped to SSB only, the gNB shall further indicate if this is SSB only case or scenario 1 of CSI-RS + SSB case for new beam identification.

In terms of listing direct association between PRACH resources and new beam identification RSs (CSI-RS only, SSB only, CSI-RS+SSB) in RRC message, there are two different methods possible:

· Option 1: Representing corresponding new beam identification RSs for each PRACH resource

· Option 2: Representing corresponding PRACH resource for each new beam identification RS

Example table is shown for both options below.
	PRACH resource
	NBI
	
	NBI
	PRACH resource

	1
	NBI#i
	
	1
	PRACH#i

	…
	…
	
	…
	…

	N
	NBI#j, NBI#k
	
	M
	PRACH#j

	(Option 1)
	
	(Option 2)


One thing to consider here is that there has been no agreement on where or not more than one new beam can be assigned for a PRACH resource. If more than one new beam can be assigned for a PRACH resource, then the number of NBIs for a PRACH resource can be variable for Option 1. In this sense, we prefer representing corresponding PRACH resource for each new beam identification RS for listing direct association between PRACH resources and new beam identification RSs in RRC message.
2.2.2 Multiplexing of PRACH based BFR with other signaling
When some of SSB or CSI-RS resources are spatially QCLed with DMRS of any one of the UE-specific PDCCHs of the UE, these SSB or CSI-RS resources are referred to as current beams, and these current beams are also part of new beam identification RSs. When a UE joins a network, configuration for beam failure recovery will be set up via RRC or RRC + MAC CE signaling. This implies that PRACH resources corresponding to all new beam identification RSs are configured before beam failure happens. Therefore, PRACH resources are also configured even for current beams.
Based on current agreements, beam failure happens only when all currently serving beams fail. And, a currently serving beam fails when a metric for beam failure detection (e.g., hypothetical PDCCH BLER) of the currently serving beam is below a given threshold.

Therefore, when a beam failure happens for a UE, performance metric for beam failure detection of all current beams cannot meet a given threshold, and thus, even if any of these current beams are selected again as a new candidate beam, as the performance metric for beam failure detection of this beam cannot meet the given threshold, it will end up with declaring a beam failure again.

However, as performance metrics for beam failure detection and new beam identification can be different, (e.g., hypothetical PDCCH BLER is used for beam failure detection metric and L1-RSRP is used for new beam identification metric), it is possible that a UE can choose one of currently serving beams as a new candidate beam as long as the performance metric for new beam identification of the beam is above a given threshold. In this case, as mentioned above, this selected new beam will not survive for beam failure detection metric. To avoid these issues, the simplest solution is not to allow a UE to choose any of currently serving beam for new candidate beam.

Proposal 2: A UE shall not choose any of currently serving beams as a new candidate beam.

If current beams are not used for new candidate beam, PRACH resources corresponding to these current beams will not be utilized. And, as both gNB and UE know which beams are configured as current beams and which PRACH resources are configured to these current beams, there’s no case that a UE will send a PRACH resource corresponding to current beams as a beam failure recovery request with the proposal.
Then, it is straightforward that PRACH resources corresponding to current beams can be used for other signaling. Some examples of these signaling include beam management request, beam refinement request, etc. 
Proposal 3: Support a UE to transmit PRACH-based indication (e.g. for the purpose of beam management/refinement req.) by transmitting PRACH preamble sequence on a PRACH time/frequency resource that is associated with the serving beam reference signal of the UE.
2.3 Response to PRACH based BFRQ

2.3.1 Design details of response to PRACH based BFRQ

As agreed in previous meeting (#89), 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 UE-identified candidate beam(s). However, there has been no agreement on the contents of the gNB’s response for beam failure recovery request. 

In most cases, indication of successful reception of the BFRQ is enough for BFRP. For this purpose, the BFRP should include UE identification and the index of the candidate beam. (This information can be indicated either by explicit indication or implicitly without allocating additional field.) However, there are some cases gNB may need to request UE further information, in which case the BFRP needs to include related information and also include an uplink transmission grant in the BFRP. Some example cases are shown below:

· Request for beam quality report: If more than one CSI-RS beam is associated to a dedicated PRACH resource, or SS-block is used as a new beam identification RS (if SSB + CSI-RS case is supported), the gNB may want to request further CSI-RS report to the UE. In this case, the UE will respond with exact CSI-RS index and its quality. Moreover, beam quality report may be requested when the gNB intends to schedule following PDSCH.

· Request for beam management/refinement: As beam failure recovery procedure is an urgent process that needs to be done promptly, the identified new beam may not be the best beam but just one of beams that satisfy some threshold. At the same time, when beam failure happens, it also implies that there has been significant change in wireless channel between the gNB and UE. Therefore, it is beneficial to have following action of beam management/refinement after beam failure recovery.

· TCI update: If a new beam that is identified during beam failure recovery is not listed in TCI table, or even if the new beam is listed in TCI table in case the new beam is not included in the TCI field in DL related DCI for a UE, gNB and the UE needs to update TCI table or mapping between TCI table and TCI field in DL related DCI. 

However, if the content of BFRP is different for different need and the size of BFRP for different need is different, more than one DCI format may need to be used for BFRP transmission. In this case, as a UE sending the BFRQ does not know which DCI format responding BFRP is using, it increases the number of blind detection for the UE. Therefore, regardless of gNB’s different need, BFRP should use the same DCI payload size. 

Proposal 4: During BFRP, the gNB can signal the UE identity and preferred SS/CSI-RS index, initiate a further beam quality report (optional) and trigger a beam refinement (optional) by PDCCH whilst BFRP should use the same DCI payload size regardless of different BFRP indication content.

3 Conclusions

This contribution discusses beam failure detection and beam failure recovery mechanism in NR and we have the following proposals:
Proposal 1: In case metrics for beam failure detection and new beam identification are different, a UE shall not select a beam that cannot meet metric for beam failure detection as a new candidate beam.

Proposal 2: A UE shall not choose any of currently serving beams as a new candidate beam.

Proposal 3: Support a UE to transmit PRACH-based indication (e.g. for the purpose of beam management/refinement req.) by transmitting PRACH preamble sequence on a PRACH time/frequency resource that is associated with the serving beam reference signal of the UE.
Proposal 4: During BFRP, the gNB can signal the UE identity and preferred SS/CSI-RS index, initiate a further beam quality report (optional) and trigger a beam refinement (optional) by PDCCH whilst BFRP should use the same DCI payload size regardless of different BFRP indication content.
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