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1. Introduction 

Based on the contributions submitted for RAN1 #91 meeting in AI 7.2.2.4, the following key remaining issues are identified and related summaries are made in sections below

· Beam failure instance and its threshold

· Measurement metric for candidate beam identification and its threshold
· RRC parameters for beam failure recovery operation
· Periodic PUCCH to report subset of BPL loss
· gNB response

· Offset value for response window
· Declaration of unsuccessful recovery from beam failure
· Reaction to unsuccessful recovery from beam failure

· Reaction to successful recovery from beam failure
· LS to RAN2

2. Beam failure instances and its threshold
2.1 Beam failure instance

There is a WA in RAN1#90b on the definition of beam failure instances.

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
In email thread [90b-NR-17], the following is agreed:
Agreement:
· Confirm the following  working assumption: 

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

· Hypothetical PDCCH BLER

In reviewing the contribution, there is no concerns raised related to the WA. Thus, the WA is proposed to be confirmed.

Proposal 2-1: confirm the working assumption:

· If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance
	Company
	Comments 

	Intel
	Confirm WA

	LGE
	Confirm WA with a revision proposed below:
· If hypothetical PDCCH BLER is above a threshold for a time duration, it is counted declared as beam failure instance
· FFS: the time duration is fixed, RRC configured, or not specified.

The reason is that the BLER can typically be computed in a time window. If a time window is assumed, we do not see the needs to specify ‘the number of beam failure instances’.  

	OPPO
	Confirm WA

	ZTE
	Firstly, we are confusing why we need this discussion, since this WA has been confirmed in [96b-NR-17] with following revision:

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.

Additionally, we share with LGE that one time duration window is required to be specified. It is slightly recommended to reuse the window of RLF monitoring.



	Ericsson
	Confirm WA. Use fixed time window, keep ‘number of beam failure instances’

	DOCOMO
	Confirm the WA, although it seems that it was already confirmed.

Concerning the time duration issue, we prefer the original proposal from RAN1#90bis.

	vivo
	A time duration window is needed for beam failure detection. However, it should be further clarified for a ‘beam failure instance’.  Is the ‘beam failure instance’ meaning one shot detection or multi-shot average during a time window? 

	Sharp
	Confirm WA.

Regarding LGE’s comments, we don’t see any problem of using a counter of beam failure instances as agreed in the last meeting, and thus don’t see any need to revert that agreement. It may be beneficial to clarify that a beam failure instance only occurs when the hypothetical PDCCH BLER is above a threshold for all serving beams in the same time window, though.

Regarding ZTE’s comments, the WA confirmed in [90b-NR-17] is about the metric for beam failure detection while the WA being discussed here is more about how a “beam failure instance” is defined.

	MediaTek
	In view of [90b-NR-17] agreement, as suggest by DCM, this WA is considered confirmed.

	QC
	Agree with ZTE – the above was agreed as part of NR-17 thread. However, some form of confirmation of the failure is required, by either a consecutive number of failures or no successes within a time window. We prefer to use a time window, per RS configured.

	Samsung
	Using hypo BLER is confirmed in the email discussion. But we need to decide the further details on how to determine beam failure, for example, by a consecutive number of CSI-RS/SSB’s SINR being worse than some threshold?    Similar to QC, we prefer a time window or a consecutive number.

	InterDigital
	No concern on confirming WA

	Fujitsu
	Confirm the WA. The detail on how to determine beam failure requires further discussion.

	MediaTek
	In RAN1#90b, the following agreement was reached:

Agreement:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number

Therefore, I tend to consider this is confirmed, as also suggested by DCM, ZTE, QC.

	HW
	Confirm the WA with the following clarification:

· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number and beam failure instances of all serving beams have been detected

· (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

	CATT
	Confirm the WA


2.2 +BLER threshold for beam failure detection

Related to the hypothetical PDCCH BLER threshold for determining beam failure instance, there are two alternatives from contributions:

1. A fixed threshold, which is determined based on specific aggregation level and DCI format etc, per RAN4 decision.

· DoCoMo, CATT, vivo

2. Reuse RLM default BLER threshold for OOS.

· Ericsson, InterDigital

The two alternatives both assume a fixed threshold, with alt1 potentially having a different threshold value than RLM OOS BLER, per RAN4 decision. 

Proposal 2-2: Adopt a fixed value as hypothetical PDCCH BLER threshold for declaring beam failure instance. The fixed value is down-selected from the following alternative

· Alt1: per RAN4 decision

· Alt2: reuse RLM default BLER threshold for RLM OOS declaration
	Company
	Comments 

	Intel
	Alt2

	LGE
	Support Proposal 2-2. 

	OPPO
	Alt.2

	ZTE
	Alt2

	Ericsson
	Alt 2. Use evaluation periods from RLM as well

	DOCOMO
	Alt. 1

	vivo
	Alt1, to separate BFR and RLF, a separate threshold is required. It also can trigger timely beam switching before RLF.

	Sharp
	Alt2

	QC
	Alt 2. Reuse RLM threshold.

	Samsung
	Alt.1

	Lenovo, MM
	Alt.2

	InterDigital
	Alt.2

	Fujitsu
	Alt2

	HW
	Alt. 1

	CATT
	Alt. 1


Possible proposal: Adopt a fixed value as hypothetical PDCCH BLER threshold for declaring beam failure instance. Down-select between the following alternatives. 
· Reuses RLM default BLER threshold for RLM out-of-sync declaration
· Per RAN4 decision (which is determined based on specific aggregation level and DCI format etc.)
2.3 Beam failure detection RS
CSI-RS has been agreed for beam failure detection. However, SSB is not clearly agreed. In Spokane meeting:

Agreements:
· 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

In Nagoya meeting, PDCCH beam is indicated via TCI

Agreement:
The QCL configuration for PDCCH contains the information which provides a reference to a TCI state

Since a TCI state can be associated with A/SP/P CSI-RS, it does not fulfill the need for beam failure detection. Another scenario which may need to be considered is when there is no beam indication. In this case, there UE has no way of knowing what RS to monitor for beam failure dictation. It is also noted that there is no clear understanding on how UE choose its RX/Tx beam when there is no beam indication from NW.

In view of these concerns, the following proposals/issues are found from contributions:

Proposal 2-3: support the following RS combination for beam failure detection 

· CSI-RS only

· SSB only

· CSI-RS + SSB

· Each CORESET is associated with either CSI-RS or SSB, but not both.

	Company
	Comments 

	Intel
	This proposal is unclear. First CSI-RS has been agreed. We think for a UE, only ONE type of RS should be configured, either CSI-RS or SSB, otherwise, due to different signal pattern, the hypothetical BLER measurement performance may be different. Especially the density of CSI-RS could be quite low. When the bandwidth is small, SSB can be a good choice due to high density. But when the bandwidth is large, SSB seems to be not accurate enough due to small bandwidth.
Further we may miss one RS. The DMRS of PDCCH should be a good RS for beam failure detection. If the BLER measured from DMRS of PDCCH is good, the beam failure counter should be reset. 
So our proposal is:
For a UE, either CSI-RS or SSB can be configured, which RS should be configured can be determined by UE capability or by the density and bandwidth or CSI-RS.
If the hypothetical BLER measured from DMRS of PDCCH is above the threshold, the beam failure counter should be reset.  

	LGE
	Proposal is a bit unclear. In our view, either CSI-RS or SSB would be identified as a serving beam for UE to monitor beam failure via CORESET/search space configuration and CSI-RS+SSB for beam failure detection can still be possible by UE implementation using the spatial QCL indication between CSI-RS and SSB. In this case, direct association to a CORESET would be either CSI-RS or SSB, but there can still be indirect association w.r.t. spatial QCL between CSI-RS and SSB. For this case, we need to allow UE to compute the BLER for a time duration since CSI-RS transmission instance and SSB transmission time instance can be different, as proposed in section 2.1.

	OPPO
	Our preference is that :

· If the active beam is selected based on CSI-RS, then beam failure detection is also based on the same CSI-RS

· If the active beam is selected based on SS block, then beam failure detection is also based on the same SS block

	ZTE
	We support the sub bullets, but confusing about sub-sub-bullets “Each CORESET is associated with either CSI-RS or SSB, but not both.” 

It is recommended that DL RSs for beam failure detection is configured by gNB. Also we do not need any further agreements involving CORESET configuration issues here.

	Ericsson
	The CORESET is implicit. The UE only evaluates performance on the RSs.

CSI-RS only is sufficient

	vivo
	This proposal should be down prioritized du to time restriction, as CSI-RS for beam failure detection has been agreed. 

	Sharp
	For a given UE, same RS is configured for beam failure detection and new beam identification.

	QC
	We support the case where both SSB and CSI-RS can be used for beam failure detection – however, a joint measurement across both CSI-RS and SSB is unnecessary

	Samsung
	We should support using both SSB and CSI-RS.  If one CORSET is spatial QCLed to a SSB, the UE should monitor that SSB. If on CORESET is spatial QCLed to a P-CSI-RS, the UE should monitor that P-CSI-RS.  If one CORESET is spatial QCLed to a AP-CSI-RS, the UE should be configured with periodic CSI-RS for the beam failure detection of this CORESET.

	Lenovo, MM
	We think CSI-RS and SSB can be used simultaneously, possibly with QCL between a CSI-RS and SSB. The power offset between CSI-RS and SSB (if applicable) should be defined. Configuration of CORSET is used only in the computation of hypothetical PDCCH BLER, so it is should be the same for SSB or CSI-RS. Our understanding is that the BLER is not monitored on real PDCCH, so the CORSET configured for the actually transmitted PDCCH is not used for BLER computation here.

	InterDigital
	Not sure if this proposal should be agreed. Each CORESET has its associated DL RS by configuration and a UE knows which DL RS should be used for measurement

	HW
	CSIR only is sufficient.


Possible agreement: 
· support SSB for beam failure detection
· For each serving PDCCH beam failure detection purpose, either SSB or CSI-RS is used
Issue 2-4: down-select between the following

· Alt1: support periodic/semi-persistent CSI-RS for beam failure detection

· Alt2: support explicit configuration of beam failure detection RS
· Alt3: for a UE, only periodic CSI-RS or SSB which is QCLed with PDCCH is used for beam failure detection

· Alt4: for a UE, only periodic CSI-RS or SSB can be configured for beam failure detection with explicit RRC signaling
	Company
	Comments 

	Intel
	We support Alt3: for a UE, only periodic CSI-RS or SSB which is QCLed with PDCCH is used for BFD. No need to define any RRC signaling.

	LGE
	We support Alt3 proposed by Intel.

	OPPO
	Support Intel’s new proposal

	ZTE
	We support Alt4: for a UE, only periodic CSI-RS or SSB can be configured for beam failure detection with explicit RRC signaling.

	Ericsson
	Alt 2. Don’t understand alt 1

	DOCOMO
	Support Intel’s proposal.

	vivo
	Alt2 is supported. Dedicated RS(s) should be configured for beam failure detection. The dedicated RS(s) could be periodic or semi-persistent RS(s).

	Sharp
	This proposal is not necessary if proposal 2-3 is well formulated.

	QC
	RRC configuration may be required – we agree with the view that only periodic RSs need to be observed for beam failure detection. Support ZTE proposal.

	Samsung
	We would to support a slight revised version of Alt2:

Alt2-1: support explicit configuration of beam failure detection RS for the CORESET that is spatial QCLed to AP-CSI-RS or SP-CSI-RS. For CORESET that is spatial QCLed to SSB or P-CSI-RS, the UE should monitor the corresponding RS for beam failure detection.

The reason for this proposal is:

1. Each CORESET is configured with one TCI state for the spatial QCL, ie., beam indication. The TCI state can be associated with one SSB, one P-CSI-RS, one AP-CSI-RS or one SP-CSI-RS.

2. If one CORESET is configured with one TCI associating with one SSB or P-CSI-RS, the UE can monitor that SSB or P-CSi-RS because that RS is transmitted periodically. So no explicit beam failure RS configuration is needed here.

3. But if one CORESET is configured with one TCI state associating with one AP-CSI-RS or SP-CSI-RS, then we have to explicitly configure one periodic CSI-RS for the UE to monitor the beam failure for this CORESET because the RS associated with the TCI state is not transmitted periodically and the UE can not monitor it for beam failure;

	Lenovo, MM
	We support Alt 2. 

	InterDigital
	Support Alt 3. Not sure if we need separate RS configuration for BFD.

	Fujitsu
	We support Alt3. There is no need to have extra RRC signaling.

	HW
	Alt. 2

	CATT
	Alt.3


It seems that majority agrees to have periodic SSB or CSI-RS which is spatially QCLed with PDCCH DMRS is used for beam failure detection, with the need of configurability more controversial

Proposal: for a UE, only periodic CSI-RS or SSB which is spatially QCL’ed with PDCCH DMRS is used for beam failure detection, down-select from the following
· Alt1 Support explicit configuration for the periodic CSI-RS or SSB for beam failure detection
· Ericsson, ZTE, HW, vivo, CATT, Samsung

· Alt 2 UE expects at least one of periodic CSI-RS or SSB is spatially QCL’ed to PDCCH DMRS, no explicit configuration is expected from UE

· LGE, Qualcomm

3.4 +Beam failure recovery timer

Beam-failure-recovery-Timer is agreed, but its behaviour is not defined, e.g., when to start it, what happens when it expires. With parameter NrOfBeamFailureInstance also supported, sensible starting point would be upon beam failure declaration. This allows UE to identify the situation where proper candidate beam cannot be identified. Starting the timer upon new beam detection would not allow UE to react to this situation. 
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Proposal: The Beam-failure-recovery-Timer starts upon 
· Alt 1: beam failure declaration

· Alt 2: candidate beam identification

· Alt 3: first BFRQ transmission

Proposal: Upon expiry of Beam-failure-recovery-Timer, UE stops from sending beam failure recovery request via dedicated PRACH resources.
3. Candidate beam

3.1 Measurement metric for candidate beam identification and its threshold
A few alternative measurement metrics are available to candidate beam selection

· Alt1: L1-RSRP

· Huawei, Samsung, AT&T, InterDigital, OPPO, Lenovo, MM, MediaTek, ZTE
· Alt 2: BLER

· QC, Nokia, CATT, vivo, Fujitsu, 

· Alt 3: L1-RSRP and BLER (L1-RSRP is used to down-select candidate beams based on a L1-RSRP threshold, and the selected candidate beam should fulfil a BLER threshold)

· HW, CATT, ZTE, Nokia, NEC, vivo

· Alt 4: UE implementation on either L1-RSRP or BLER

· MediaTek, CATT( second preference, )
Proposal 3-1: Adopt L1-RSRP as measurement metric for candidate beam selection.
	Company
	Comments 

	Intel
	Support Alt1 – L1-RSRP for candidate beam selection

	OPPO
	Alt.1

	ZTE
	Support Alt1 – L1-RSRP for candidate beam selection

	Ericsson
	Alt 1

	DOCOMO
	Alt. 1

	vivo
	Alt 2 is supported to prevent ping-pong switching during beam failure procedure.

	Sharp
	Alt2. It is preferable to use the same metric for beam failure detection and new candidate beam identification.

	QC
	BLER for both beam failure detection and new beam identification

	Samsung
	Alt1. L1-RSRP But need to specify that the UE cannot claim the RS IDs that is being used as the PDCCH beam as one new beam because the UE has declared those beams are failed.

	Lenovo, MM
	Alt 1. It is much easier for UE to monitor and compute. It is also consistent with the way beam qualities (L1-RSRP) are reported. 

	InterDigital
	Alt-1

	Fujitsu
	Support Alt2 – BLER for candidate beam selection. Power level of L1-RSRP should have a linkage to a receiving signal performance, otherwise it is just a power level. If so, hypothetical PDCCH BLER is still preferred as it is for BF detection. It is similar as the BLER is used as the metric both for in-sync and out of sync in RLM.

	CATT
	BLER (Alt.2). Beam failure detection and candidate beam reporting should at least use the same metric to ensure consistent system operation.

We have severe concerns on alt.1: it misleads gNB to switch to a wrong beam that cannot reach UE,   create excessive DL/UL interference, congest DL/UL control resources,  and leads to ping-pong effect. 


Proposal: down-select the following as measurement metric for candidate beam selection
· 
Alt1: L1-RSRP 

· Huawei, Samsung, AT&T, InterDigital, OPPO, Lenovo, MM, MediaTek, ZTE

· Alt 2: BLER

· QC, Nokia, CATT, vivo, Fujitsu, 

· Alt 3: L1-RSRP and BLER (L1-RSRP is used to down-select candidate beams based on a L1-RSRP threshold, and the selected candidate beam should fulfil a BLER threshold)

· HW (second preference), CATT, ZTE, Nokia, NEC, vivo, 

· Alt 4: UE implementation on either L1-RSRP or BLER

· MediaTek, CATT( second preference, )

Related to the threshold for candidate beam selection, quite a few alternatives are collected from contributions.

Offline proposal: decide between the following alternatives per measurement metric
· If L1-RSRP is used: configurable value 

· If BLER is used: fixed value

· Alt1: Single fixed value, same for SSB/CSI-RS

· OPPO, Fujitsu, CATT,
· Alt2: Single configurable value, same for SSB/CSI-RS: 

· Ericsson, AT&T, Intel, LGE
· Alt3: Two configurable values for SSB and CSI-RS, respectively

· OPPO

· Alt4: Single configurable threshold value + offset value to failed beam: 

· ZTE, MediaTek

	Company
	Comments 

	Intel
	Alt2, single value should be enough since Pc_SS is agreed

	LGE
	Alt3 or Alt2. Based on Intel’s understanding, we prefer to revise Alt2 as below for clearer understanding. 
·  Alt2: Single configurable value for SSB, the threshold for CSI-RS is determined by the configured value for SSB and Pc_SS:

	ZTE
	Support Alt4. 

As one kind of absolute power metric, the expected RSRP value for basic transmission (e.g., MCS=1) can be quite different for different devices, e.g., impact of noise figure and baseband algorithm, instead offset value between channel qualities of new identified beam(s) and monitoring beams is recommended as a threshold for new candidate beam identification accordingly, e.g., >10 dB.  The offset value on RSRP can be used to derive the offset value on SINR with the same interference condition which means SINR of any identified beam is expected to be above the SINR threshold of beam failure detection if the offset value is met.



	Ericsson
	Alt 2

	vivo
	Support Alt2. 

	Sharp
	Alt3

	Samsung
	Alt2, but not same for SSB and CSI-RS. The pc_SS should be considered by UE. A UE is configured with one threshold for one RS  and the UE should calculate the threshold for another RS based on pc_SS.

	InterDigital
	Alt 2

	Lenovo, MM
	Alt 2. If the TX power of SSB and CSI-RS are different, the offset should be compensated for by the UE. UE should implement L1-filter (UE implementation) to prevent ping-pong effect.  

	Fujitsu
	Alt 1 in the case that hypothetical PDCCH BLER is adopted for candidate beam selection. 

	HW
	Alt. 3.


Possible agreement: Single configurable value is applied for both CSI-RS and SSB as the threshold for candidate beam selection

3.2 RRC configuration for new beam identification
One of the remaining issues for new beam identification is the FFS part below, which has an impact on RRC.

Agreement in RAN1#90bis:
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. 

Agreements from email discussion [90b-NR-17]:
· 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.

Relevant RRC parameters currently captured in the RRC parameter list

	Beam-failure-recovery-request-RACH-Resource
	New
	Beam-failure-recovery-request-RACH-Resource
	RACH resource to send the beam failure recovery request
	FFS

	Candidate-Beam-RS-Identification-Resource
	New
	Candidate-Beam-RS-Identification-Resource
	Reference signal used to identify candidate beam
	FFS


Q1. Does the RRC parameter Candidate-Beam-RS-Identification-Resource mean the type of reference signal or the actual resources used for beam failure recovery?

Q2. If it refers type of reference signal, how can UE identify candidate beam RSs?
Q3. If it refers the actual resources used for beam failure recovery, how can UE know which PRACH resource to use for the four agreed scenarios (CSI-RS only, SSB only, CSI-RS+SSB scenario1, CSI-RS+SSB scenario2)?
	Company
	Comments 

	LGE
	Q1) It should mean Type of reference signal to indicate one of the four possible modes, i.e. CSI-RS only_mode, SSB only_mode, CSI-RS+SSB_mode1(corresponding to scenario 1), CSI-RS+SSB_mode2(corresponding to scenario 2)
Q2) In addition to Candidate-Beam-RS-Identification-Resource, DL RS resources directly associated to PRACH needs to be configured under RRC parameter Beam-failure-recovery-request-RACH-Resource. RS list for each type of RS would be as follows:

· For CSI-RS only_mode, one CSI-RS resource for each PRACH resource for BFRQ

· For SSB only_mode, one SSB resource for each PRACH resource for BFRQ
· For CSI-RS+SSB_mode1, one SSB resource for each PRACH resource for BFRQ
· CSI-RS resources for new candidate beam identification are implicitly determined by UE through the QCL indication between SSB and CSI-RS.

· For CSI-RS+SSB_mode2, either one SSB resource or one CSI-RS resource for each PRACH resource for BFRQ

	HW
	Generally agree with LGE on four possible modes.

	
	


Issue 3-3: decide between the following alternatives

Alt. 1 A UE can not choose any of currently serving beams as a new candidate beam for beam failure recovery.

Alt. 2 A UE can choose one of currently serving beams as a new candidate beam for beam failure recovery.

	Company
	Comments 

	HW
	Alt. 1

	
	


3.3 Candidate beam selection

With BLER as the BFD performance metric, L1-RSRP as the NBI performance metric, ping-pong problem exists for BFR. The ping-pong problem, the new identified beam satisfying the L1-RSRP metric may not satisfy the BLER metric. As a result, BFR need be triggered again and again, with no success. Ping pong problem should be solved. 
 
In particular, if the new identified beam satisfying the L1-RSRP performance metric is the same as the currently serving beam that has failed, it definitely does not satisfy the BLER metric. This should not be prohibited.
Proposal: When beam failure is declared, a UE shall not choose dedicated PRACH resources associated with currently serving beams for beam failure recovery. 
4. RRC parameters for beam failure recovery operation
Agreements from [90b-NR-17]

· 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

· FFS potential RRC parameter Beam-Failure-Recovery-Response-CORESET & Candidate-Beam-BFR-Resource-List

· Agreements[90b-NR-18]
· 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).
Two contributions mentioned RRC parameters for beam failure recovery operation.

Alt1: introduce the following [R1-1720737]

· preamble-BFR as in R1-1720940
· beamFailure-RSRP-Threshold, beamFailure-PreambleIndex, beamFailure-ResponseWindowSize, beamFailure-PreambleInitialReceivedTargetPower, beamFailure-preambleTransMax, beamFailure-powerRampingStep
Alt2: introduce the following [R1-1719566]

Offline agreement:

Table 1 Beam-failure-recovery-request-RACH-Resource configuration

	RRC parameter
	Value range
	Note/description

	RootSequenceIndex-BFR
	{0,1,…,137}
	Short sequence only

	ZeroCorrelationZoneConfig-BFR
	{0,1,..,15}
	Determine cyclic shift. Value range same as IA session

	PreambleInitialReceivedTargetPower-BFR
	FFS
	Value range same as IA session

	ra-PreambleIndexConfig-BFR
	FFS
	Value range same as IA session

	PreambleTransMax-BFR
	FFS
	Value range same as IA session

	powerRampingStep-BFR
	FFS
	

	[CandidateBeamThreshold]
	
	Note: One threshold for both CSIRS and SSB or one 

For each

	[Candidate-Beam-RS-List]
	
	A list of RS indices. The entry of each list can be
a SSB index or a CSI-RS resource index

	PRACH-resource-dedicated-BFR
	
	The following fields are defined for 
each candidate beam RS

	
	Candidate-Beam-RS
	{SSB index or  CSI-RS ID}
	RS index that is associated with the following 
PRACH resource
Note: if the candidate-beam-RS-List includes both 

CSIRS resource indexes and SSB indexes, AND only 

SSB indexes are associated with PRACH resources, 

NR standard should specify a rule that the UE should

Monitor both CSI-RS and SSB for New Beam 

Identification.

	
	[ra-PreambleIndex-BFR]


	FFS
	Preamble index used to select one from 

a sequence pool

Note: this one could be UE-specific

	
	prach-FreqOffset-BFR
	FFS
	FDM’ed to other PRACH resources. 
Value range same as IA session

	
	masks for RACH resources and/or SSBs
	FFS
	Time domain mask. 
Value range same as IA session


Note: issue on “restricted set” and “unrestricted set” should be checked before agreement
Table 2 Other RRC parameters related to beam failure recovery

	RRC parameter (UE-specific parameters)
	Value range
	Note/description

	ResponseWindowSize-BFR
	FFS
	Time duration for monitoring gNB response in Beam-Failure-Recovery-Response-CORESET after BFRQ. Similar to ra-ResponseWindowSize

	Beam-failure-recovery-Timer
	FFS
	[Start from beam failure detection to decide a total time duration where beam failure recovery mechanism can be attempted]

	NrOfBeamFailureInstance
	FFS
	Consecutive number of beam failure instances for declaring beam failure

	Beam-Failure-Recovery-Response-CORESET
	FFS
	


Proposal 4: discuss and down-select from the two alternatives
	Company
	Comments 

	
	

	
	


5. Periodic PUCCH to report subset of BPL loss
Reusing periodic PUCCH resource to report the case of loss of subset BPLs, but not beam failure, is discussed in many contributions. However, details are not converged yet. 

The following are observed:

· Reuse periodic PUCCH resource to report subset BPL loss

· HW, DCM, LGE, Samsung, AT&T, OPPO, vivo, Fujitsu, Spreadtrum, MediaTek
· Different alternatives for reporting contents include
· Alt1: Reporting failed beam index and new beam index and their quality. Differentiate normal reporting and subset of BPL by a state field

· Huawei, OPPO, vivo, Spreadtrum, MediaTek
· Alt2: Reporting a bit map to indicate failed beam(s). differentiate normal reporting and subset of BPL by a state field

· Samsung

· Alt3: Implicit indication via normal beam reporting 
· Nokia, Intel

· Alt4: Reporting failed beam index and new beam index and their quality. NW-configurable threshold to determine failed beam.

· AT&T

· Alt5: Failed beam info is implicitly indicated by the used resource

· Fujitsu

Related to reporting content, it is observed that alt1 and alt 4 supports reporting both failed beam information and new  beam information, with difference in how to differentiate between normal beam reporting and subset BPL loss reporting.

Proposal 5-1: Support reuse periodic PUCCH resources for indicating the case of a subset of PDCCH beam loss

· Reporting content includes failed beam index(s) and new beam index(s) and/or corresponding L1-RSRP

· FFS: how to differentiate between normal beam reporting and reporting to indicate subset of PDCCH beam loss

· E.g., introducing a state field in UCI, or introducing a NW-configurable L1-RSRP threshold

	Company
	Comments 

	Intel
	Do not support this proposal. The normal beam reporting should be used. if the beam does not fail, UE can keep report it. if UE wants to change the beam, UE can report the L1-RSRP for new beam. This is like the logic of normal beam reporting. What UE reported represents a UE suggestion for the beam. So our suggestion is the proposal should be:

For a sub-set of PDCCH beam loss, normal beam reporting carried by PUCCH should be used. 

	LGE
	This proposal is too restrictive in that UE should always be configured a PUCCH for periodic beam reporting and should always use the configured PUCCH for beam failure recovery. Considering the significant RS overhead for beam management in high frequency bands with lots of analog beams, the beam reporting periodicity would likely be set very long. Since the main usage of PUCCH in addition to PRACH is to provide more frequent chance to send BFRQ to gNB, we prefer to support configuring a PUCCH dedicated for BFRQ first, i.e. independently from the PUCCH for regular beam reporting. After that, we can further consider sharing a PUCCH resource for both purposes to save UL resource. 

	OPPO
	In fact, we are not supporting the report of failed beam index and new beam index. We prefer to reuse the normal beam reporting with small modification, where X failed beam indices are inserted with a pre-defined value in the RSRP field and N-X beams are also reported together. (N is the number of beams supported in the reporting format) 

	ZTE
	Do NOT support this proposal. Any solution for PUCCH should be based on current beam reporting framework as a baseline, and also reporting which ones are failed is confusing. To be honest, reporting which new beams are useful is much more beneficial than reporting which beams are failed.  

Taking into account timeline, we have the following proposals. 

Proposals: PUCCH-based beam recovery signal would pre-empt the transmission of periodic PUCCH-based beam reporting and report one newly identified beam index (SSB index or CSI-RS resource ID), when beam failure is detected



	Ericsson
	Do not support the proposal. Normal beam reporting (top-N) should be sufficient

	DOCOMO
	To resolve LGE and OPPO’s concerns, we propose the following. Using the RRC parameter, we can leverage between performance and overhead. The proposed framework also reuses the normal beam reporting mechanism as much as possible.

•
Add an RRC signaling to turn on or turn off gNB selection of a subset of N beams for the UE to measure and report

–
When turned on, the UE reports M (M<=N) beams sQCLed with beam failure detection RS, and the rest N-M beams with highest RSRPs.

–
When turned off, the UE reports N beams with highest RSRPs.

	vivo
	It seems there is no need to report new candidate beam and failed beam simultaneously.  If failed beam reporting is supported, a 1bit indicator could be introduced to indicate new candidate beam reporting or not.

Additionally, L1-RSRP may not need to report in this case.

	Sharp
	Normal beam reporting is sufficient.

	QC
	Do not support this proposal. This is just the normal beam management. However, to indicate to the eNB the event that a partial failure has occurred (note: such an event can precipitate the need for a beam report and/or new beam measurements). A simple signaling of such an event may be useful.

	Samsung
	Support this feature to repot the event of partial beam failure

	Lenovo, MM
	Do not support this. This can be accommodated for by the normal beam reporting procedure, with PUCCH or PUSCH. 

	InterDigital
	No need this proposal. As many companies mentioned, we can reuse normal beam reporting for this purposes.

	Fujitsu
	Do not support this proposal. The overhead of explicit partial report over PUCCH is large. This overhead can be reduced by reusing other UCI resource. For example, the failed beam index can be associated with the slot index of SR. Hence, a more effective way here is to implicitly indicate a subset of PDCCH beam loss via predefined UCI resources (e.g. SR resources).

	HW
	Support

	CATT
	Can be discussed after December.


Proposal: use the periodic beam reporting to report the event when a subset of serving control channels fail:
· Add an RRC signaling to turn on or turn off UE reporting of partial beam failure on periodic beam reporting
· When turned off, the UE performs regular beam reporting
· When turned on, the beam reporting shall contain status of beams associated to beam failure detection RS and/or beams not associated to beam failure detection RS when a subset of serving control channels fail
· FFS details.
6.  gNB response

In RAN1#90b and email thread [90b-NR-18], a dedicated CORESET-BFR has been agreed to be configured for monitoring gNB response for BFRQ. The following details remain to be determined

6.1 +Offset value for response window

It has been agreed to have a fixed offset between BFRQ transmission and the start of response observation window. Two alternatives are summarized from contributions: fixed to 1/4 slot v.s. same fixed offset value as for msg1/msg2 in initial access

Proposal 6-1: down-select the fixed offset value, k, for starting the observation window of gNB response to beam failure recovery request transmission

· Alt 1: k1=1 slot

· Alt 2: same fixed offset value, k2, as for msg1/msg2 in initial access
· Alt 3: k1=4 slot
· Note that in initial access session, the offset value is max(k2, next common CORESET timing)

	Company
	Comments 

	Intel
	Suggest Alt3: k1=4 slot

	ZTE
	Support Alt3

	Ericsson
	Alt 2

	vivo
	Alt 2, initial access mechanism can be reused.

	QC
	Alt 2.

	Samsung
	Alt 2.  Using the same offset defined in initial access can be a starting point.

	Lenovo, MM
	Alt 2.

	InterDigital
	Alt 2

	Fujitsu
	Alt 2. Reuse the same value in initial access session.

	CATT
	Alt.2


Possible agreement: For starting the observation window of gNB response to beam failure recovery request transmission, down-select between the following alternatives

· Alt 1. The same fixed offset value as for msg1/msg2 in initial access is applied
· To fill in details
· Alt 2. 4 slots
6.2 Declaration of unsuccessful recovery from beam failure

In RAN1#90b meeting, a beam failure recovery timer is introduced without specifying its trigger condition. It was discussed that the timer should start upon beam failure detection declaration. It was also agreed to introduce a maximum number of BFRQ Tx attempts. Combining the two parameters, it was discussed in some contributions that the timer should at least be able to terminate beam failure recovery procedure if candidate beam cannot be identified.

Proposal 6-2: unsuccessful recovery from beam failure is declared upon reaching the configured maximum number of beam failure recovery request transmission, or upon expiry of the beam failure recovery timer

· The beam failure recovery timer starts upon beam failure detection
	Company
	Comments 

	Intel
	Do not support it is based on both number and timer. it should be based on the timer only. Even when maximum number is reached, the UE can keep monitoring former control beam, sometimes former control beam may turn good. This can avoid some unnecessary declare.

	LGE
	We prefer not to specify this feature in Phase I-1 because this is related to the indication to higher-layer in that the design of this feature is postponed by RAN plenary decision. UE can stop sending BFRQ if link failure is declared in higher layer anyway.

	OPPO
	Agree with LGE

	ZTE
	Support the main bullet, but for sub-bullet we recommend the following sub-bullets, taking into account that time instance of beam failure detection is not clear  (It has been agreed that a beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number).  Also, except RLF, UE should have the right of continuing finding the new candidate beams, rather than quitting from recovery due to timer expiry of beam recovery, which will make beam recovery useless in some scenarios. 
Proposals:  The starting point for beam recovery timer is the time instance of the first transmission of beam recovery request 


	Ericsson
	The UE transmits Nmax beam recovery requests. Since the timer behavior is very tightly connected to the relation to RLF, we suggest to discuss this after Dec 

	vivo
	Agree with this proposal. A time window is required for candidate beam identification.

	Sharp
	Same view as OPPO and LGE

	Samsung
	Support using both timer and maximal number of transmissions.  Actually it looks like this has been agreed because we have agreed to configure both parameters.

	Lenovo, MM
	This depends on whether contention-based PRACH is also used for beam failure recovery request. The back off procedure for contention-based PRACH makes the time of transmission/retransmission unpredictable. If contention-based PRACH is used, it is better to use only a timer-based approach. 

	InterDigital
	Similar view with LGE. UE should keep trying beam failure recovery until it declares RLF as the connection between RLF and BFR has been deprioritized for phase I.

	Fujitsu
	Unless the beam failure-related mechanism cannot work without introducing “unsuccessful recovery from beam failure”, we prefer not to specify the “unsuccessful recovery from beam failure” in phase 1. Besides, RLM OOS can be used to stop UE from sending BFRQ anyway.

	HW
	Should be based on at least timer, which has been agreed in Oct. Prague meeting.

	CATT
	Same view as LGE


6.3 Reaction to unsuccessful recovery from beam failure

Upon unsuccessful recovery from beam failure, UE monitoring behaviour is discussed by a few contributions. Two alternatives are proposed for down-selection

Proposal 6-3: Upon unsuccessful recovery from beam failure, UE behavior is down-selected from the following two alternatives
· No longer monitor previously configured CORESET(s)

· Continue monitoring previously configured CORESET(s)
	Company
	Comments 

	Intel
	Continue monitoring previously configured CORESET

	LGE
	Prefer not to specify this UE behavior with the same reason above. This decision should be done as a package considering relationship between link failure and beam failure in later phases. 

	ZTE
	Shared with Intel. Meanwhile, within gNB response window(s) for beam recovery, the dedicated CORESET should be monitored in addition to CORESET(s) for other purposes.

	Ericsson
	Continue monitoring previously configured CORESET. 

	vivo
	There is no need to monitor previous CORESET(s) from the perspective of beam BFR. 

	Sharp
	Continue monitoring previously configured CORESET(s) and stop monitoring the CORESET dedicated for beam recovery.

	QC
	Until RLF, the UE continues to attempt beam failure recovery based on new candidate beams.

	Samsung
	· Continue monitoring previously configured CORESET(s)

	Lenovo, MM
	It proposal is not clear to us: By “previously configured CORESET”, does it mean UE only monitors the previously configured CORSET resource, or also the previously configured TCI of the CORSET? We support UE monitors previously configured CORSET with the QCL of the candidate RS indicated in its BFRQ. 

	InterDigital
	Same view with QC

	Fujitsu
	Prefer not to specify this UE behavior. The relationship between radio link failure and beam failure requires further discussion.

	HW
	Discuss later

	CATT
	Continue monitoring previously configured CORESETs.


6.4 +Reaction to successful recovery from beam failure

Upon reception of gNB response, beam failure recovery is considered successful from UE perspective. Some details are addressed by contributions

· CORESET-BFR is monitored till reconfiguration. Spatial QCL assumption for PDCCH and PDSCH channel is associated with the identified candidate beam till further indicated

· HW, Samsung, MediaTek, Spreadtrum

· UE invalidate TCI states previously configured

· MediaTek

Proposal 6-4: Upon receiving gNB response for beam failu
re recovery request transmission, UE shall
· Only monitor CORESET-BFR for dedicated PDCCH reception until 
· Alt 1: Reconfigured by gNB to another CORESET for receiving dedicated PDCCH
· Alt 2: re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure
· Before further gNB indication, assume DMRS of PDSCH is spatial QCL’ed to DL RS of the UE-identified candidate beam in the beam failure recovery request
· FFS: whether to invalidate TCI states previously indicated for CORESET(s) configured before beam failure detection 
	Company
	Comments 

	Intel
	The UE shall only monitor CORESET-BFR before gNB reconfigures the CORESET

	OPPO
	Support

	ZTE
	Support “Continue monitoring CORESET-BFR until reconfigured by gNB”. But, please clarify why we need the second bullet for PDSCH. We only need to interpret that one reserved TCI state for fall-back mode should be updated according to beam recovery request for PDSCH beam indication

	Ericsson
	Support

	vivo
	Agree with the proposal. But for the second bullet, it is up to gNB configuration.

	Sharp
	Same view as Intel

	Samsung
	This proposal is not clear. 

1. The QCL of PDSCH is indicated by DCI. The beam failure is the beam of PDCCH. Why do we need to make an assumption on PDSCH?

2. We have agreed dedicated CORESET for gNB response. That means: the UE is configured with one or few CORESET for normal transmission and one dedicated CORESERT for gNB response. After UE sends BFRR, the UE begins to monitor that dedicated CORSET, in the mean time, the UE can continue monitoring those normal CORESETs.  What does “until reconfigured by gNB” mean in the first sub-bullet? What is reconfigured by gNB?

3. The TCI for PDCCH is configured by the gNB. After reporting beam failure, the UE should wait for the gNB to re-configure the TCI states for PDCCH. UE should not make any assumption on those normal PDCCH. The UE only needs to make QCL assumptions on that dedicated CORESET for gNB’s response



	Lenovo, MM
	Support.

	InterDigital
	Support

	Fujitsu
	Support.

	MediaTek
	To clarify the proposal, the proposal text is modified. The intention is

1. After gNB response is received, UE only monitors CORESET-BFR for dedicated PDCCH as commented by Intel.
2. CORESET-BFR is spatial QCL-ed with DL RS of the UE-identified candidate beam, as per [90b-NR-18] agreement

3. CORESET and sQCL assumption for dedicated PDCCH can be re-configured by gNB to another CORESET other than CORESET-BFR

4. Before further gNB indication, PDSCH beam is assumed sQCL-ed to the UE-identified candidate beam

	HW
	Support.

	CATT
	Support the 1st bullet. Support the 2nd bullet for PDCCH, but not PDSCH. PDSCH beam should follow normal PDSCH beam indication procedure.  Do not support invalidating TCI states. 


7. +LS to RAN2

The discussion of beam failure recovery procedure is currently not widely discussed in RAN2. Based on RAN1 agreement, it is obvious that at least MAC impact exists. In order to trigger RAN2 discussion on it, LS should be prepared to notify RAN2 of RAN1 decisions.

Proposal 7: Send LS to RAN2 to notify RAN2 impact of beam failure recovery, at least including the following aspects

· Trigger condition and mechanism of beam failure recovery request transmission

· Non-contention PRACH resources are used for beam failure recovery request transmission

· Mechanism to decide successful/unsuccessful recovery from beam failure

	Company
	Comments 

	Intel
	If we do not have any question to ask RAN2, maybe we do not need to send it?

	OPPO
	No strong view

	Ericsson
	Agree, this is needed

	vivo
	Send LS to RAN2 is needed, but the above proposal needs to be future discussed.

	InterDigital
	Support, RAN2 will specify the PRACH resource selection based on newly identified beam information in MAC specification. We propose to add:

•
Association between Non-contention PRACH resources and DL-RS (CSI-RS or SSB) and mechanism to select the PRACH resource for new candidate beam indication

	MediaTek
	We do not intend to ask RAN2 with any question. Intention is to initiate corresponding RAN2 action. For example, in PRACH-based approach, PRACH resource is controlled and indicated to PHY by MAC.


Proposal: Send LS to RAN2 to notify RAN2 impact of beam failure recovery with the following aspects

· Mechanism for beam failure declaration

· Trigger condition beam failure recovery request transmission

· Non-contention PRACH resources are used for beam failure recovery request transmission

· Mechanism to decide successful/unsuccessful recovery from beam failure

_1572273906.vsd
Beam failure


New beam identified


N times


Indication of failure to BFR


BFRQ Tx


gNB response window


Beam recovery timer starts


Beam recovery timer expiry


(A)


Beam failure


New beam identified


(B)


Indication of failure to BFR


BFRQ Tx


gNB response window


Beam recovery timer starts


Beam recovery timer expiry



