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1 Introduction

Agreements about beam failure recovery mechanism were reached and can be found in [1] [2] [3] [4] [5]. And in RAN1 90bis, following agreements were made [6]: 
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.

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

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  
In this contribution, we describe our general views on the remaining details on beam failure recovery, which including the following aspects: beam failure detection, new candidate beam identification, beam failure recovery request transmission and response to the beam failure recovery request.
2 Remaining details of Beam Failure Recovery (BFR)
2.1 Beam Failure Detection (BFD)
2.1.1 Beam failure detection threshold

Based on current proposal regarding beam failure detection threshold, a beam recovery request can be transmitted if beam failure instances happens consecutively more than N times, where the N is a configured maximum number. It is also agreed that a beam failure is determined when all serving beams fail. However, this proposal is not clear enough when there is more than one beam configured for PDCCH.

A following example shows an erroneous case. Let us assume that there are two serving beams, CRI#1 and CRI#2, and the configured maximum number, N, is set to 3. Furthermore, CRI#1 and CRI#2 have different periodicity such that CRI#1 happen 3 times frequently than CRI#2. If received signal level (e.g., hypothetical PDCCH BLER) of CRI#2 is good but the received signal level of CRI#1 is below the threshold value for beam failure instance, a UE will encounter 3 consecutive beam failure instances due to poor signal quality of CRI#1, which satisfies the condition for transmitting a beam recovery request. However, in this example, only CRI#1 is failed but CRI#2 is still in good shape, which contradicts current agreement that beam failure is determined when all serving beams fail.
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Figure 1. Beam failure detection
To resolve the above issue, several ways of further defining beam failure detection criteria can be defined without contradicting currently agreed texts.

In the first option, a beam recovery request can be transmitted if beam failure instances happens consecutively more than N times and beam failure instances happen for each serving beam at least once during this time.

In the second option, a beam recovery request can be transmitted if beam failure instances of the serving beam with the longest periodicity happens consecutively more than N times (or in the other word, each serving beam failed at least N times), and during which all serving beams fail.

In the third option, different value of N is set to different serving beam, and a beam recovery request can be transmitted if beam failure instances of all serving beam happens consecutively more than the set value for the beam.

Depending on different option, a beam recovery request can be sent more aggressively or more conservatively, however all these options satisfy current proposals/agreements that a beam recovery request can be transmitted if beam failure instances happens consecutively more than N times, and that a beam failure is determined when all serving beams fail.

Proposal 1: A beam failure recovery request can be transmitted if beam failure instances for all serving beams are detected and the number of consecutive detected beam failure instance exceeds a configured maximum number.

2.2 New candidate beam identification 
The main purpose for beam failure recovery procedure is to recovery the control channel link as quickly as possible when beam failure occurs. Thus, the metric used for new candidate beam identification should be simple enough to save calculation time. Additionally, to align with beam management procedure, L1-RSRP should be used as the quality measure metric.
Proposal 2: L1-RSRP is used as the measurement metric to identify new candidate beam.

If a UE detects a beam failure, the UE needs to find a new candidate beam. And, a new beam identification RS (e.g., SSB only, CSI-RS only, or SSB+CSI-RS) will be selected as a new candidate beam if a metric X of the new beam identification RS is higher than a threshold. Here, one thing that needs to be considered is a case that metric X of more than one new beam identification RS satisfy the threshold.

If there are multiple new beam identification RSs whose metric X satisfies the threshold, it is reasonable to decide that a beam with the best metric X is selected as the new candidate beam.

It has been discussed in last meeting (#90b) that there may be 1 or 2 threshold values for new candidate beam selection and if 2 thresholds are introduced, one threshold is for SSB and the other is for CSI-RS. If both SSB and CSI-RS are used as new beam identification reference signals, and SSB and CSI-RS are using different threshold values, it may need further clarification in deciding the new candidate beam. For example, if metric X of both a beam from SSB and a beam from CSI-RS satisfy their threshold, it is not clear which beam to choose as the new candidate beam.

An example below shows a case that both SSB and CSI-RS can be chosen as the new candidate beam. In this example, both SSB and CSI-RS are used for new beam identification RS, and L1-RSRP is used as the metric as a new candidate beam threshold. Let us further assume that different threshold values are used for SSB and CSI-RS as mentioned above, where a threshold for CSI-RS is set to -103dBm and a threshold for SSB is -110dBm. There are 4 CSI-RS and 2 SSBs configured as for new beam identification RS, and the UE’s measurement results (shown in dBm scale) of the L1-RSRP for these beams when beam failure happens are shown in the table below:

Table 1. L1-RSRP for CSI-RS and SSB
	Beam Index
	#1
	#2
	#3
	#4

	CSI-RS
	-120
	-110
	-100
	-105

	SSB
	-130
	-105
	N/A
	N/A


In this example, L1-RSRP of CRI#3 (-100dBm) is above the threshold for CSI-RS (-103dBm), and L1-RSRP of SSB#2 (-105dBm) is above the threshold for SSB (-110dBm). In this case, multiple options are available in choosing between CRI#3 and SSB#2.

One simple solution is to use the absolute value of the metric. In this case, L1-RSRP of CRI#3 is better than L1-RSRP of SSB#2 (-100dBm > -105dBm). So, CRI#3 should be chosen as the new candidate beam. However, one of the reasons for having different threshold value for CSI-RS and SSB is that there is inherited difference between features of SSB and CSI-RS so that use of the same threshold is not fair in selecting the new candidate beam. Therefore, simply comparing the absolute value of L1-RSRP between SSB#2 and CRI#3 may defeat the purpose of having different threshold for SSB and CSI-RS.

In our opinion, if different threshold values are used for SSB and CSI-RS in determining new candidate beam and the metric of both SSB and CSI-RS satisfies their threshold, the new candidate beam should be selected considering the threshold difference. And, the easiest way is to choose a beam with the highest margin over its threshold as the new candidate beam.
Proposal 3: For new candidate beam selection, if different threshold values are used for SSB and CSI-RS and the metric of both SSB and CSI-RS satisfies their threshold, a beam with the highest margin over its threshold should be selected as the new candidate beam.
2.3 Beam Failure Recovery Request (BFRQ)
2.3.1 Multiple beams transmission for beam failure recovery request
Utilization of multiple beams during beam failure recovery procedure can increase the chances towards a successful recovery of the communication links between gNB and UE. Considering different UE capabilities, such as the capability to support simultaneous multi-beam transmission and reception, the capability to assume Tx/Rx beam correspondence, etc., different possibilities exist for UE to determine its Tx/Rx beamforming during this recovery procedure. For instance, UE can transmit beam failure recovery request on multiple beams simultaneously or in a sweeping way. 
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Figure 2. UE sends request on multiple beams
Figure 2 shows a case that UE sends beam failure recovery request on multiple beams by using available UL resources, e.g., RACH resources. Depending on UE capability, it can transmit by using multiple beams simultaneously on each RACH resource. Or, it can sweep Tx beams to transmit the request by a different beam on a different RACH resource. Larger subcarrier spacing can also be used to accelerate this process. An additional restriction (e.g., window 1 in Figure 2) can be configured to limit the maximum number of attempts from UE side.

Proposal 4: Support UE to transmit beam failure recovery request on multiple beams for PRACH based request.
2.3.2 Contents for beam failure recovery request
Both PUCCH and PRACH have been agreed for beam failure recovery request transmission, and these two different UL channels should target for different beam failure scenarios and being complementary for each other. These beam failure scenarios include DL beam failure only and both DL and UL beam failure scenarios. As  PRACH resources is dedicatedly reserved for each UE no matter it transmit the beam failure recovery request or not, it will lead to the increase waste of the overhead if simply relying on PRACH based BFRQ for both of the two scenarios. For instance, in case of non-beam correspondence scenario, the probability of both DL and UL beam fails is very low and it is most likely that DL beam failure  happens but UL beam is still available in which PUCCH can work well to carry the BFRQ. Thus, PUCCH should be supported in Release 15 as the complementary to PRACH.

Proposal 5: PUCCH should be supported in Release 15 as the complementary to PRACH. 
Higher layer signaling should be supported to indicate UE PUCCH based BFRQ is enabled. 
In beam failure case, candidate beam information should be reported. And for PRACH based request, the candidate beam information should be reported implicitly through the association between candidate beam corresponding RS and PRACH resource. The detailed design can be found in our companion contribution [7]. For PUCCH based request, the candidate beam information should be reported explicitly by reusing the same resource allocated for other functionality with the same format, same payload and different state. For only a subset of serving beam fail(s) case, at least one of the serving beam is still active which we can called it partial beam failure. To avoid unnecessary transmission with the failed beam for the base station, it is beneficial to inform this partial beam failure information to gNB in time. For this case, the failed beam information can be reported explicitly by reusing the same PUCCH resource allocated for other functionality with the same format, same payload and different state. Details for PUCCH based beam failure recovery can be found in our companion contribution [8]. 
Proposal 6: Support reusing the same PUCCH resource/PUCCH format/payload for beam reporting to carry beam failure recovery request information, e.g. recommended beam(s) and beam quality with different information state.
Proposal 7: Support reusing the same PUCCH resource/PUCCH format/payload to carry the subset of serving beam failure information, e.g. failed beam(s) and beam quality with different information state. 

To provide the robustness in case that when both DL and UL beam failure scenarios in which PUCCH cannot work, a certain amount of complementary PRACH resources should also be configured. However, the number of complementary PRACH resource can be greatly saved comparing with based on PRACH only case. Thus, we have the following proposal
Proposal 8: Support gNB to configure both PUCCH and PRACH for BFRQ transmission. 
 When gNB configures UE with both PUCCH and PRACH for the BFRQ transmission, UE is not aware of which scenario actually happens but it will simply to follow the configured resource to transmit the BFRQ individually on the two types of UL channels.   
2.3.3 Multiplexing of PRACH based BFR with other signaling
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, 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 9: 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 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, for example initiating beam management request, beam refinement request, etc.
Proposal 10: 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.
2.4 Beam Failure Recovery Response (BFRP)
It has been agreed that dedicated CORESET is introduced in order to provide resource for BFRQ transmission when beam failure occurs. In our understanding, the previous CORESET before beam failure occurs cannot be used for BFRQ transmission, it is because that spatial QCL assumption cannot adapt to the new identified beam to accommodate other UE’s transmission with previous QCL. But for the dedicated CORESET, it is associated with the new identified beam, thus gNB can switch to the new CORESET to transmit the BFRQ. In our opinion, the dedicated CORESET should be shared with multiple UEs, and it should not be a UE centric as the resource utilization will be very low. Thus, multiple candidate CORESETs should be configured for the BFRQ transmission, each CORESET should has its individual spatial QCL information. BFRQs of UEs with the same identified beam can be transmitted in the shared CORESET to maximize the resource utilization Thus, we have the following proposal
Proposal 11: Multiple dedicated CORESETs should be configured to a UE.
It has also agreed that UE should monitor the gNB’s response during a time window. UE is configured with two types of CORESETs, one is dedicated CORESET(s) which is configured for beam failure recovery response and the other one is previous CORESET(s) which is monitored prior to beam failure. Considering that it is very restricted for UE being scheduled with the fixed beam on the dedicated CORESET. gNB should reconfigure a CORESET or reconfigure the spatial QCL for the previous CORESET. Thus, we have the following proposal
Proposal 12: UE should monitor the dedicate CORESET until receiving the reconfiguration information of the spatial QCL for PDCCH. 
2.4.1 Design details of BFRP
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 may include:

· Request for beam quality report

· Request for beam management/refinement

· TCI update

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 13: 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.
When beam failure occurs, it is most likely that the candidate beams consisted in the TCI table are not reliable anymore especially when the rotation of UE happens. Thus, a TCI table should be reconfigured before it can be applied for the subsequent data transmission. For the duration before receiving the reconfiguration of the new TCI table, it is critical to define the default spatial QCL assumption for the TCI state to avoid any ambiguity between gNB and UE’s interpretation. Since UE can receive the BFRQ successfully, it implies that the quality of new identified beam is qualified for the data transmission. Thus we have the following proposal
Proposal 14: UE should assume the DMRS of PDSCH is spatial QCL with the new identified beam regardless of the TCI indication before UE receives the reconfiguration information for TCI table.
3 Conclusions

This contribution discusses beam failure detection and beam failure recovery mechanism in NR and we have the following observation and proposals:
For Beam Failure Detection (BFD): 
Proposal 1: A beam failure recovery request can be transmitted if beam failure instances for all serving beams are detected and the number of consecutive detected beam failure instance exceeds a configured maximum number.

For New candidate beam identification:
Proposal 2: L1-RSRP is used as the measurement metric to identify new candidate beam.

Proposal 3: For new candidate beam selection, if different threshold values are used for SSB and CSI-RS and the metric of both SSB and CSI-RS satisfies their threshold, a beam with the highest margin over its threshold should be selected as the new candidate beam.

For Beam Failure Recovery Request (BFRQ):
Proposal 4: Support UE to transmit beam failure recovery request on multiple beams for PRACH based request.
Proposal 5: PUCCH should be supported in Release 15 as the complementary to PRACH. 
Proposal 6: Support reusing the same PUCCH resource/PUCCH format/payload for beam reporting to carry beam failure recovery request information, e.g. recommended beam(s) and beam quality with different information state.

Proposal 7: Support reusing the same PUCCH resource/PUCCH format/payload to carry the subset of serving beam failure information, e.g. failed beam(s) and beam quality with different information state. 

Proposal 8: Support gNB to configure both PUCCH and PRACH for BFRQ transmission. 
Proposal 9: A UE shall not choose any of currently serving beams as a new candidate beam.

Proposal 10: 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.
For Beam Failure Recovery Response (BFRP):
Proposal 11: Multiple dedicated CORESETs should be configured to a UE.
Proposal 12: UE should monitor the dedicate CORESET until receiving the reconfiguration information of the spatial QCL for PDCCH. 
Proposal 13: 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.

Proposal 14: UE should assume the DMRS of PDSCH is spatial QCL with the new identified beam regardless of the TCI indication before UE receives the reconfiguration information for TCI table.
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Appendix
RRC parameter list for BFR
	Parameter name in specification
	Description
	Value range

	RACH_BFR_SEQ_CS
	Preamble sequence cyclic shift  for BFR
	

	RACH_BFR_ROOT_SEQ
	Root sequence of RACH for BFR
	

	RACH_BFR_MAX_NUM_TX
	maximum number of transmissions for BFR
	

	RACH_BFR_TARGET_RX_PWR
	target received power for BFR
	

	RACH_BFR_RETX_RAMPING_STEP
	retransmission tx power ramping step size for BFR
	

	RACH_BFR_TIMER
	beam failure recovery timer for receiving a positive response for BFR
	

	RACH_BFR_FRE_LOC_INFO
	Frequency location information
	

	RACH_BFR_TM_LOC_INFO
	Time location information,if it is only a subset of all RACH symbols (e.g., PRACH mask)
	subframe set is the available subframe for contention based RACH transmission

	Link_PRACH_Resource
	The associtation between PRACH and reference resource for beam failure recovery request transmission
	SSB, CSI-RS, SSB+CSI-RS

	BFR_CSIRS_SSB_QCL_ Reuse_flag
	CSIRS and SSB QCL Reuse flag for SSB-PRACH-only association if both CSIRS and SS are configured as new beam identification RS.
if 1, CSI-RS + SSB scenario 1; UE should use QCL info to derive SSB index from detected CRI and transmit on the SSB-associated PRACH
if 0, CSI-RS + SSB scenario 2.
	0,1

	BFR-CSI-RS-ResourceConfig_NBI
	List of CSI-RS used for BFR new candidate beam identification
	

	BFR-SSB-ResourceConfig_NBI
	List of SSB used for BFR new candidate beam identification.
	

	BFR-CSI-RS-ResourceConfig_DEC
	List of CSI-RS used for BFR  beam failure detection. Include the QCL relationship between CSI-RS and PDCCH DMRS
	

	BFR-Response-CORESET
	The CORESET the UE should monitor for response to beam failure recovery request. See parameters included in CORESET
	

	BFR_Request_Number
	the certain number of beam failure recovery request  transmissions
	§ Number of transmissions,
§ Solely based on timer,
§ Combination of above

	BFR_MAX_CONSECUTIVE_NUMBER_FAILURE
	maximum number of consecutive detected beam failure instance
	

	PRACH_SEQ_IDX_CRI_k
	associated PRACH sequence index for CRI_k, k=0, …, NC
	

	PRACH_FREQ_INFO_CRI_k
	associated PRACH frequency info for CRI_k, k=0, …, NC
	

	PRACH_TIME_INFO_CRI_K
	associated PRACH time info for CRI_k, k=0, …, NC(inclduing periodicity info)
	

	PRACH_SEQ_IDX_SSB_m
	associated PRACH sequence index for SSB_m, m=0, …, NS(NS: number of SSB resources)
	

	PRACH_FREQ_INFO_SSB_m
	associated PRACH frequency info for SSB_m, m=0, …, NS
	

	PRACH_TIME_INFO_SSB_m
	associated PRACH time info for SSB_m, m=0, …, NS
	

	link-reconfiguration-request
	Use of PRACH or/and PUSCCH for beam in some combination, details FFS
	PRACH only,PUCCH only,both PRACH and PUCCH

	BFR_NBI_THRESHOLD_CSIRS
	new beam identification performance threshold for CSIRS
	

	BFR_NBI_THRESHOLD_SSB
	new beam identification performance threhsold for SS
	

	BFR_DETECTION_RS_TYPE
	BFR detection RS type  (may be removed if BFD is based on CSIRS only)
	SSB, CSI-RS, SSB+CSI-RS

	BFR_DETECTION_THRESHOLD
	The SINR threshold UE uses to detect beam failure
	

	BFR_DETECTION_WINDOW_DURATION
	the time window used to detect beam failure
	

	BFR_NBI_RS_TYPE
	new beam identification RS type
	SSB, CSI-RS, SSB+CSI-RS
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