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Introduction

In RAN1#90bis, the following agreements were made regarding to beam failure recovery (BFR) mechanism [1]. 
	Agreements:
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
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
· 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


[bookmark: _Ref462918989]
In this paper, we would like to discuss the potential resource shortage problem caused by RAN1’s agreements/working assumption on the BFR procedure, and propose a remedy from RAN2’s perspective based on a timer associated with the dedicated BFR PRACH resource.
[bookmark: _Ref178064866]Discussion
In the current RRC specification, gNB configures UE with the dedicated PRACH through the RRCReconfiguration message, and then the MAC entity of UE can utilize the configured dedicated PRACH resource to transmit its BFR request at the time when MAC receives consecutive beam failure instance from PHY. The current RRC specification is based on RAN1’s agreements and it allows gNB to configure the UE with sufficient dedicated PRACH resources associated with as many DL beams as possible. If the UE is configured with sufficient number of dedicated PRACH resources, it will not end up choosing the sub-optimized DL beam as its preferred DL beam, as the optimized DL beam is always associated with the dedicated PRACH resource.
Observation 1: The more dedicated UL resources gNB allocates to an UE, the more likely the UE will be able to indicate its most-preferred (optimized) DL beam to gNB while sending the BFR request.
In the RRCReconfiguration message, each dedicated PRACH resource is mapped to either a SSB-ID or a CSI-RS ID, which is similar to the PRACH resource allocation in the NR handover procedure. For the handover case, to choose which SSBs and/or CSI-RSs providing the dedicated PRACH resources is mainly based on the L3 beam measurement result. For the BFR case, to choose which SSBs and/or CSI-RSs providing the dedicated UL resources can be based on other considerations such as the CSI report, the SRS measurement, and/or the UE mobility.
Observation 2: Although it is up to gNB implementation, to choose which SSBs and/or CSI-RSs providing the dedicated UL resources can be based on the CSI report, the SRS measurement, and/or the UE mobility.
[bookmark: _Toc461106288]Although RAN2 agree UE can utilize the contention-based RA procedure to send the BFR request as a fallback mechanism, sending the BFR request via the contention-free RA procedure will result in less latency and less signalling overheads. Since it is better to allocate as many dedicated PRACH resources as possible to the UE for sending the BFR request, it is very likely the total PRACH resources are not sufficient to support a good number of UEs. Therefore, the network should avoid allocating dedicated PRACH resources to UEs permanently and exclusively, in order to have sufficient dedicated PRACH resources to support other UEs that might suffer from the DL beam failure in the future. In other words, the dedicated PRACH resource which gNB allocates to UE for the BFR purpose can expire after a certain period of time (similar to the design of T304 timer in HO cases), or can remain valid as long as the UE stays in the RRC connected state. This time period information can be signalled to UE together with the BFR resource configuration. It should be noted that the same timer can be also applied to the BFR PUCCH resource and can be signalled together with the BFR PUCCH configuration.
Proposal 1: The dedicated UL resource (PRACH/PUCCH) for the BFR procedure should be configured with a timer indicating the valid duration of the dedicated UL resource.
Although it is still up to gNB implementation when to configure/update an UE with the updated dedicated BFR PRACH resource, the implementation can be designed in a way that the timing is determined based on the CSI report (all kinds of CSI reports) or the SRS measurement (if there is any association between the UL beam and DL beams). In other words, gNB ‘predicts’ roughly when an UE will suffer from the DL beam failure and configures the UE with the dedicated BFR PRACH resources at the right time. Such prediction doesn’t have to be very precise, as UE still can utilize the CBRA BFR procedure as the last resort to recover from the beam failure situation. 
Proposal 2: RAN2 to adopt the text proposal in this paper to the latest TS 38.331.
Conclusion
In this paper, we discussed the potential resource shortage problem caused by RAN1’s agreements/working assumption on the BFR procedure, and came out with the following observations.
Observation 1: The more dedicated UL resources gNB allocates to an UE, the more likely the UE will be able to indicate its most-preferred (optimized) DL beam to gNB while sending the BFR request.
Observation 2: Although it is up to gNB implementation, to choose which SSBs and/or CSI-RSs providing the dedicated UL resources can be based on the CSI report, the SRS measurement, and/or the UE mobility
Based on the observations, RAN2 is kindly asked to approve the following proposal.
[bookmark: _In-sequence_SDU_delivery]Proposal 1: The dedicated PRACH resource for the BFR procedure should be configured with a timer indicating the valid duration of the dedicated PRACH resource.
Proposal 2: RAN2 to adopt the text proposal in this paper to the latest TS 38.331.

Text Proposal to TS 38.331 (V15.1.0)
---------------------------------------------------- Beginning of the Text Proposal ----------------------------------------------------
[bookmark: _Toc510018577]6.3.2	Radio resource control information elements
[bookmark: _Toc510018583]–	BeamFailureRecoveryConfig
The BeamFailureRecoveryConfig IE is used to configure the UE with RACH resources and candidate beams for beam failure recovery in case of beam failure detection. See also 38.321, section 5.1.1.
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-START

[bookmark: _Hlk508788928]BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)															OPTIONAL,	--	Need M
	-- Configuration of contention free random access occasions for BFR
	rach-ConfigBFR						RACH-ConfigGeneric															OPTIONAL,	--	Need M
	-- L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free 
	-- Random Access to recover from beam failure. The signalled threshold is applied directly for SSB, a threshold for 
	-- CSI-RS is determined by linearly scaling singalled value based on Pc_ss corresponding to the CSI-RS resource.
	-- (see FFS_Specification, FFS_Section)
	candidateBeamThreshold		RSRP-Range																			OPTIONAL,	--	Need M
	-- A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recover and the associated RA parameters
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	--	Need M
	-- Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB resources
	ra-ssb-OccasionMaskIndex			INTEGER (0..15)																OPTIONAL, 	--	Need M
	-- Control Resource Set that the UE uses to receive the random access response for beam failure recovery. 
	-- If the field is absent the UE uses the initial CORESET (ControlResourceSetId = 0)
	recoveryControlResourceSetId		ControlResourceSetId														OPTIONAL	,	-- Need S
	-- Search space to use for BFR RAR. If the field is absent, the UE uses the initial Serach Space (SearchSpaceId = 0).
	recoverySearchSpaceId				SearchSpaceId																OPTIONAL,	-- Need S
	...
}

PRACH-ResourceDedicatedBFR ::= 		CHOICE {
	ssb									BFR-SSB-Resource,
	csi-RS								BFR-CSIRS-Resource
}

BFR-SSB-Resource ::= 			SEQUENCE {
	-- The ID of an SSB transmitted by this serving cell. It determines a candidate beam for beam failure recovery (BFR)
	ssb								SSB-Index,
	-- The preamble index that the UE shall use when performing BFR upon selecting the candidate beams identified by this SSB.
	ra-PreambleIndex				INTEGER (0..63),
	-- The timer associated with the Preamble. When the timer expires, UE shall release the dedicated resource. If the value of the timer is 0, UE will not release the dedicated resource unless being explicitly signalled
	bfr-DedicatedResourceTimer		INTEGER (0..FFS),
	...
}

BFR-CSIRS-Resource ::=			SEQUENCE {
	-- The ID of a NZP-CSI-RS-Resource configured in the CSI-MeasConfig of this serving cell. This reference signal determines a candidate beam
	-- for beam failure recovery (BFR).
	csi-RS							NZP-CSI-RS-ResourceId,
	-- RA occasions that the UE shall use when performing BFR upon selecting the candidate beam identified by this CSI-RS. If the field is absent
	-- the UE uses the RA occasion associated with the SSB that is QCLed with this CSI-RS. 
	-- The RA preamble index to use in the RA occasions associated with this CSI-RS. If the field is absent, the UE uses the preamble index
	-- associated with the SSB that is QCLed with this CSI-RS. 
	ra-PreambleIndex				INTEGER (0..63)																	OPTIONAL,	-- Need R
	-- The timer associated with the Preamble. When the timer expires, UE shall release the dedicated resource; if the value of the timer is 0, UE will not release the dedicated resource unless being explicitly signalled
	bfr-DedicatedResourceTimer		INTEGER (0..FFS),
	...
}

-- TAG-BEAM-FAILURE-RECOVERY-CONFIG-STOP
-- ASN1STOP

------------------------------------------------------- End of the Text Proposal -------------------------------------------------------
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