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Beam failure recovery timer
In the beam failure recovery procedure, a UE is configured with a set of CSI-RS and/or SS/PBCH block by the higher layer parameter Candidate-Beam-RS-List. UE monitors the radio link quality of the reference signals in the Candidate-Beam-RS-List. Upon request from the higher layers the UE shall provide CSI RS and/or SS/PBCH block indexes from the Candidate-Beam-RS-List and the corresponding L1-RSRP measurements that are larger than or equal to the threshold CandidateBeamThreshold. 
Observation 1: L1 does not provide CSI-RS and or SS/PBCH block indexes and corresponding L1-RSRP measurements to the higher layers if L1-RSRP measurements of all the beams in the Candidate-Beam-RS-List is below the CandidateBeamThreshold.
Based on the above observation, when the measurement of beams in the Candidate-Beam-RS-List is below CandidateBeamThreshold UE will not be able to perform beam failure recovery transmission over contention free random access (CFRA). In this scenario, UE switches to contention based random access (CBRA). UE checks if at least one of the SSBs (among all SSBs of a cell) with RSRP is above the rsrp-ThresholdSSB is available. If multiple SSBs satisfy the criteria then it selects an SSB above rsrp-ThresholdSSB. On the other hand, if all SSBs are below the rsrp-ThresholdSSB then UE selects any SSB for CBRA. 
Observation 2: In scenarios where the RSRP of all the SSBs is below the rsrp-ThresholdSSB UE shall select any SSB for CBRA.
In some scenarios, for e.g.:
· Due to signal blockage the RSRP of all the SSBs may fall significantly below the rsrp-ThresholdSSB. The computed power for PRACH transmission may turn out to be much higher than the UE maximum transmit power.
· The maximum permissible emission (MPE) requirement limits UE transmission power on certain SS/PBCH blocks. 
In both the above cases, a preamble transmission that does not meet the PRACH link budget requirement may result in PRACH failure. The transmission itself may be unnecessary and has the following drawbacks:
· Increases interference to UL transmissions on neighbouring cells. 
· May cause significant interference to DL transmissions (neighbouring gNB to nearby UE) due to dynamic/semi-static TDD configuration.
· Unnecessary PRACH transmission impacts UE battery life.   
Taking these into consideration RAN 1 #90 agreed that:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power
Observation 3: RAN 1 #90 has already agreed that ‘If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power’.
Based on the above RAN 1#90 agreement, UE shall not to transmit PRACH if UE does not detect a SSB that meets the target received power of the RACH preamble with its maximum transmit power. When such events occur the counter PREAMBLE_TRANSMISSION_COUNTER will not be incremented. This causes the RACH procedure to run endlessly in some scenarios. The main purpose of the beamFailureRecoveryTimer is to ensure that the RACH procedure does terminate based on either PREAMBLE_TRANSMISSION_COUNTER exceeding preambleTxMax; or upon the expiration of beamFailureRecoveryTimer timer.      

Proposal 1: NR supports Beam-failure-recovery-Timer in Rel. 15     
Aperiodic In-Sync Indication
When the beam failure recovery procedure is successful the timers associated with RLF need to be stopped to avoid false detection of RLF. RAN 1 agreement [3] provided an examples on how aperiodic indication(s) based on beam failure recovery procedure can assist RLF. Among them, in particular, in Example 1, aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310, representing beam recovery success. When the beam recovery is successful, control/data transmission can be continued on the link. Therefore, the success of beam failure recovery procedure can stop the T310 timer. 

Proposal 2: The timer (E.g., T310) is stopped at least upon reception of beam recovery procedure success indication from lower layers.
Partial beam failure scenarios
Sharing Candidate Beam RS amongst multiple CCs
RAN1 has already agreed to support cross-carrier sQCL indication amongst various RS (SSBs, P/SP/A CSI-RSs) to help bootstrap beam management of one carrier from that of another and to avoid duplication of beam mgmt RSs in each carrier (amongst the ‘beam coherent’ carriers).  This principle of cross-carrier sQCL should be extended slighly for Beam Failure Recovery procedure in order to truly avoid duplication of RSs in each CC. Specifically, Candidate-Beam-RS-List can be allowed to include SSBs/P CSI-RSs of another activated CC, rather than having to duplicate the candidate beam RSs in each CC.Agreement: 
The following P/SP/AP CSI-RS signaling options are supported:
QCL parameter
Reference RS
Target RS
Signalling mode
Reference RS and Target RS should belong to the same CC/BWP or not
Spatial
SSB
P CSI-RS
RRC

Can be on different CCs/BWPs
Spatial
SSB
SP CSI-RS
SP CSI-RS activation signal 

Can be on different CCs/BWPs
Spatial
P CSI-RS
Another P CSI-RS
RRC

Can be on different CCs/BWPs
Spatial
SSB or P/SP CSI-RS
AP CSI-RS
RRC or RRC+MAC CE for configuration,
indication with DCI 
Can be on different CCs/BWPs


 
As an example, consider a group of UEs with two active CCs, where CC1 is the ‘scheduling CC’ for both CC1 and CC2.  So these UEs are monitoring CORESETs in CC1 only.  Similarly, there can be another group of UEs monitoring CORESETs on CC2 only, for loadbalancing.  In this case, to facilitate candidate beam search, NW will need to duplicate SSBs/CSI-RSs on both CCs.  However, if Candidate-Beam-RS-List [38.213, 6] is permitted to include cross-carrier RSs, the RS duplication can be avoided, and NW can transmit RSs in one CC only.  Specifically, a cell index of an active CC will need to be included in the RRC parameter Candidate-Beam-RS-List.
Proposal 3: Candidate-Beam-RS-List can include RSs from another active CC/BWP.
Relevant RRC parameters are Candidate-Beam-RS-List and beamFailureCandidateBeamResource that would need to include a cell index of an activated cell to completely identify an RS.  This cross-carrier framework can be borrowed from the cross-carrier sQCL indication amongst the RSs (per above noted agreement) or from the TCI state for SP CSI-RS which also needs to point to cross-carrier RS.
Similar to Candidate-Beam-RS-List, the RLM-like RS used to monitor beam failure of active TCI states of CORESET(s) could also be a cross-carrier RS, although this is less of a saving since there are few unique active CORESET TCI states, and some/all of these already represented by RLM-RS which is already confined to be within the BWP. 
Next we consider the CA scenario when the aggregated CCs are not beam coherent.
Beam Failure Recovery for Scell
A higher frequency Scell can be aggregated with a sub6 SpCell (or another carrier that isn’t ‘beam coherent’ with the SCell).  In this case, it is important to support Beam Failure Recovery on the SCell.  However, beam failure recovery of SCell can be easily mediated by an assisting sub6 cell (or a non-beam coherent cell) that typically remains functioning when the SCell’s beams fail.  Moreover, in some cases, the SCell may not have corresponding UL, e.g., due to temporary MPE (maximum permissible exposure) restrictions.
Crux of the Beam Failure Recovery agreed so far is to,
1. convey to the NW that all control beams have failed and, importantly, the id of a new promising beam (implicitly in RACH),
2. start monitoring a predetermined CORESET with the new beam.
 But with a second functioning CC available, 
1’.		the UE could simply indicate (1) explicity on the functioning cell, e.g., in beam failure MAC-CE or SR/UCI.  
2’.		And (2) isn’t necessarily needed because, in response to (1’), a NW can be expected to reconfigure the active TCI state of CORESET(s) of failed SCell, e.g., using direct RRC signaling or, better yet, TCI reconfig MAC-CE for SCell sent on the function cell.  
However, other proactive approaches to perform (2) can also be considered. Nevertheless, the first step towards that goal is that:
Proposal 4: Beam failure of SCell can be indicated on an assisting cell, using beam failure MAC-CE and/or SR/UCI transmission on the assisting cell.
Recovery from partial beam failure
The two possible routes for BFR discused so far are as follows:  when all control beams of a cell fail,
1. initiate RACH-based recovery.
a. I.e., recovery relies on a channel that is necessarily RX beamswept by the gNB.
b. This route is possible as long as there is a corresponding UL cell that is beam coherent. 
2. initiate recovery on assisting cell.
a. I.e., recovery exploits a functioning link instead of replying directly on a beamswept channel. 
b. This route is possible when an assiting cell is configured/available (i.e., functioning), such as a sub6 cell.
 
Then the scenario where only a subset of control beams fail is analogous to (2) above, where the functioning CORESET(s) can naturally play the role of ‘assiting cell’.  The gNB will use the P/SP/A beam reporting and P2/P3 beam refinment toolkits to (try to) keep the beam (active TCI state) of CORESET(s) uptodate, without proactive signaling from the UE.  However, gNB could find it useful to have proactive event-based indications from the UE, e.g., the event of partial beam failure.  
SR is a natural choice for event-based on/off signaling from the UE.  I.e., an SR resource can be reserved for the purposes of partial beam failure indication.  We note that the gNB does not need to allocate a periodic SR resource corresponding to each CORESET (or active TCI state). Instead the UL beam (SRI) for the SR resource can be cycled through different choices (e.g. two different beams) over different transmission occasions, to provide robustness/redundancy.
Proposal 5: An SR resource can be configured to indicate the event of partial beam failure.
After detecting the partial beam failure (SR) indication, the gNB can use the normal beam reporting toolkit to obtain a measurement report on the control beams and update TCI states as necessary.  
Previously, it has been discussed to hack periodic beam reporting in order to indicate the event of partial beam failure.  Specifically, the beam report is altered and some information erased to make room for indicating partial beam failure.  This disruption to periodic beam reporting is undesirable and perhaps not a sound design choice, in our view.
Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1: L1 does not provide CSI-RS and or SS/PBCH block indexes and corresponding L1-RSRP measurements to the higher layers if L1-RSRP measurements of all the beams in the Candidate-Beam-RS-List is below the CandidateBeamThreshold.

Observation 2: In scenarios where the RSRP of all the SSBs is below the rsrp-ThresholdSSB UE shall select any SSB for CBRA.

Observation 3: RAN 1 #90 has already agreed that ‘If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power’.

Based on the discussion in sections 1, 2 and 3, we propose the following:
1. NR supports Beam-failure-recovery-Timer in Rel. 15. 
[bookmark: _Hlk498708472]Proposal 2: The timer (E.g., T310) is stopped at least upon reception of beam recovery procedure success indication from lower layers.
Proposal 3: Candidate-Beam-RS-List can include RSs from another active CC/BWP.
Proposal 4: Beam failure of SCell can be indicated on an assisting cell, using MAC-CE and/or SR/PUCCH transmission on the assisting cell.
Proposal 5: An SR resource can be configured to indicate the event of partial beam failure.

Agreements
In RAN1 #88bis [1] the following agreements have been reached
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
· New candidate beam identification
· UE monitors beam identification RS to find a new candidate beam
· Beam identification RS includes
· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well
· Beam failure recovery request transmission
· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 
· Information indicating UE beam failure
· Additional information, e.g., new beam quality
· Down-selection between the following options for beam failure recovery request transmission
· PRACH
· PUCCH
· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)
· Beam failure recovery request resource/signal may be additionally used for scheduling request
· UE monitors a control channel search space to receive gNB response for beam failure recovery request
· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs
· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

In RAN1 #89 [2], the following agreement has been reached on
Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both

Agreements:
· 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 the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer

In RAN1 AH2 [3], the following agreement has been reached on 
Agreements:
· RAN1 agrees that the certain number of beam failure recovery request transmissions is NW configurable by using some parameters
· Parameters used by the NW could be:
· Number of transmissions
· Solely based on timer
· Combination of above
· FFS: whether beam failure recovery procedure is influenced by the RLF event

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event
· Send LS to inform RAN2 – to be done next meeting

Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 
· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310
· RAN2 can decide specific procedure
· Example 2: aperiodic indication(s) based on failure of beam recovery procedure
· How to use aperiodic indication can be decided in RAN2
FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used

In RAN1 90 [4], the following agreement has been reached:
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
Agreements:
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification
· The following options can be configured for new candidate beam identification  
· CSI-RS only
· Note: in this case, SSB will not be configured for new candidate beam identification
· SS block only
· Note: in this case, CSI-RS will not be configured for new candidate beam identification
· FFS: CSI-RS + SS block
Further in RAN 2 97bis[5], the following agreements were made.

Agreements
1:	For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.
FFS whether maximum ARQ retransmission is only criteria for  RLC failure (needs to be discussed in common UP/CP session). 
2	In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 
3	For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.

In RAN 1 #90bis [6] the following agreements were made following an e-mail discussion:
Agreements:
· 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).

In RAN 1 #90bis [6] the following agreements were made:
Agreement:
gNB response is transmitted via a PDCCH addressed to C-RNTI
FFS: DCI format for gNB response
[bookmark: _Hlk498694973]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

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  
In RAN1 #91 the following agreements were made, 
Agreement
[bookmark: _Ref498527113]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
	
	One threshold for CSIRS

	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

	
	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


[bookmark: _Ref498527120]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
	Details on UE behaviour related to the timer is FFS

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

	Beam-Failure-Recovery-Response-CORESET
	FFS
	



In RAN2#100, the following agreements were made regarding the timer for the beam failure recovery procedure in NR:
Agreements

3	From RAN2 point of view beamFailureRecoveryTimer is not supported

 

In RAN1# AH 1801 the following agreements were made regarding the timer for the beam failure recovery procedure in NR: 

Agreement:
Behavior of Beam-failure-recovery-Timer
· Start Beam-failure-recovery-Timer upon beam failure detection event declared by UE
· Stop Beam-failure-recovery-Timer upon reception of gNB response for beam failure recovery request transmission
            Include as part of LS to RAN2

In RAN1# 90 the following agreements were made regarding the UE selection of SS block for PRACH transmission:

Agreements:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power
· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)
· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged
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