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1	Introduction
In this contribution we discuss the impact of successful/unsuccessful beam failure recovery on radio link monitoring and radio link failure at RRC which is one open item after RAN2#100. In RAN2#100, LS was sent by RAN1 regarding the beam failure recovery procedure:
To TSG RAN WG2 group.
ACTION: 
RAN1 respectfully asks RAN WG2 to consider the following for future work:
· Beam failure detection including counting the number of consecutive detected beam failure instance, and consequent trigger mechanism for beam failure recovery request transmission
· Mechanism for supervising beam failure recovery procedure based on Beam-failure-recovery-Timer and based on PreambleTransMax-BFR
· Resources for beam failure recovery request transmission by non-contention based channel based on PRACH
· gNB response for UE beam failure recovery request through a dedicated CORESET, i.e. Beam-Failure-Recovery-Response-CORESET

Regarding beam failure recovery request, the following details were agreed:
Agreements
1. Beam failure recovery using a dedicated PRACH preamble is specified in the MAC and triggered upon indication from Physical layer.  RAN2 assumes that the PHY layer does the detection of beam failure.    
2. Beam selection is specified in the MAC similar to the HO case
3. The UE uses contention free when there is a beam associated to a dedicated “preamble/resource” and the beam is above a threshold.  Otherwise use contention based.  

Agreements
1	The reception of the gNB response to beam recovery request sent on RACH is based on the monitoring of a PDCCH addressed to C-RNTI within a time duration configured by RRC.
2	Beam recovery can take place on a candidate beam (e.g. beams above threshold) with dedicated PRACH resources either associated with an SSB or CSI-RS resource.
3: 	When more than one beam is a valid candidate, it is up to UE implementation to select the beam.

In RAN1 NR AH#2, following conclusion was agreed:
· 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

2	Impact of Beam Failure Recovery on RLF
2.1. Aperiodic OOS
As stated in the 38.321, MAC layer is responsible for monitoring the beam recovery procedure i.e. determining whether it is considered to be successful or not, and is also responsible for generating an indication to higher layers (RRC):
From: 38.321:
[bookmark: _Toc500788021]5.17	Beam Failure Recovery Request procedure
The beam failure recovery request procedure is used for indicating to the serving gNB of a new SSB or CSI-RS when beam failure is detected on the serving SSB(s)/CSI-RS(s). Beam failure is detected by the lower layers and indicated to the MAC entity.
The MAC entity shall:
1>	if beam failure indication has been received from lower layers:
2>	start beamFailureRecoveryTimer;
2>	initiate a Random Access procedure (see subclause 5.1) on the SpCell.
1>	if the beamFailureRecoveryTimer expires:
2>	indicate beam failure recovery request failure to upper layers.
1>	if downlink assignment or uplink grant on the PDCCH addressed for the C-RNTI has been received:
2>	stop and reset beamFailureRecoveryTimer;
2>	consider the Beam Failure Recovery Request procedure successfully completed.

When beamFailureRecoveryTimer timer expires and the beam failure recovery procedure is not successful i.e. UE has not received transmission addressed to its C-RNTI it indicates this to higher layer (RRC). 
Alternatively, based on RAN1 agreements the unsuccessful beam failure recovery may also be determined based on the maximum number of preamble transmissions. When maximum number of preamble transmissions have been made and UE has not decoded any downlink transmission addressed to its C-RNTI it considers the beam failure recovery to be unsuccessful. The beam recovery procedure in 38.321 is specified as part of the random access procedure but it has separate parameter for counting maximum number of preamble transmissions for beam failure recovery and maximum number of preamble transmissions for random access attempts as defined by RAN1. This issue we discuss in companion contribution [1]. Similar manner, upon unsuccessful beam recovery either using dedicated recovery resources or contention based PRACH resources the MAC layer should indicate the failure of beam recovery procedure to higher layer (RRC).
Observation 1: Failure of Beam failure recovery procedure can be determined based on timer or maximum number of retransmissions of beam failure recovery request, BFRQ.
One open issue is that what are the RRC actions when receiving lower layer indication on unsuccessful beam failure recovery. Currently in NR and already in LTE the random access failure (reaching maximum number of random access preamble transmissions) is indicated by MAC to RRC which causes RRC to declare radio link failure (RLF). Effectively the expiration of beamFailureRecoveryTimer and the indication thereof could be considered to have same actions at RRC since upon timer expiry, MAC layer cannot perform any further recovery attempts. This indication could be modelled as aperiodic Out-Of-Sync indication (aOOS) and it causes RRC to declare RLF. 
Observation 2: Expiration of beamFailureRecoveryTimer should be considered effectively as similar condition as reaching maximum number recovery/RA attempts.
Also, regardless of whether the T310 is running or not, the aperiodic OOS indication should have the same effect at RRC i.e. the RLF is declared immediately. 
Proposal 1: At RRC, upon receiving aperiodic Out-of-Sync indication (unsuccessful beam failure recovery request) from the lower layers, radio link failure is considered to be detected/declared.
2.2. Aperiodic IS
Currently there is no specified MAC layer actions or indications to higher layer upon successful beam recovery failure request. One potential benefit of indicating successful recovery would be to potentially prevent radio link failure due to the expiry of T310. Typically the T310 may be configured with a duration in order of seconds and one could argue that the periodical IS indication (by RLM procedure) would suffice when beam recovery procedure has been successful i.e. UE has obtained new PDCCH beam. 
Alternatively, instead of stopping the timer T310 based on the indication, the timer could be reset to allow time for L1 to generate IS indication(s) (which would eventually stop the T310) or it would provide more time for L1 to indicate IS to RRC in case the BLER of the recovered link is not below IS threshold.
On the other hand, as the RLM procedure has been specified with hysteresis i.e. after T310 is started due to N consecutive OOS indication by L1, it is required that link has to be in IS condition for the timer to be stopped. It would be fair assumption that UE would perform recovery to highest quality link but currently the metric for candidate beam selection only takes into account the RSRP, and it does not consider the hypothetical BLER of the link: UE may successfully recover the link from beam failure recovery procedure point of view but link may not in IS condition from RLM perspective and it would lead eventually to RLF. This could be considered as desired operation.
Proposal 2: successful beam recovery request is not indicated to higher layer (RRC) by beam failure recovery procedure.
3	Conclusions
Observation 1: Expiration of beamFailureRecoveryTimer should be considered effectively as similar condition as reaching maximum number recovery/RA attempts.
[bookmark: _Hlk503438240]Proposal 1: At RRC, upon receiving aperiodic Out-of-Sync indication (unsuccessful beam failure recovery request) from the lower layers, radio link failure is considered to be detected/declared.
Proposal 2: successful beam recovery request is not indicated to higher layer (RRC) by beam failure recovery procedure.
Proposed TP to TS 38.331 can be found in the Annex.
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[bookmark: _Toc500942652]5.3.11.3	Detection of radio link failure
The UE shall:
1>	upon T310 expiry, or
1>	upon random access problem indication from MCG MAC while T311 is not running, or
Editor’s Note: FFS: Under which condition physical layer problems detection is performed, e.g. neither T300, T301, T304 nor T311 is running. It’s subject to the harmonization of the RRC procedures for RRC Connection establishment/resume/ re-establishment and RRC connection reconfiguration. 
1>	upon indication from MCG RLC that the maximum number of retransmissions has been reached, or
Editor’s Note: FFS whether maximum ARQ retransmission is only criteria for RLC failure.
1> upon indication of unsuccessful beam failure recovery from MCG MAC
2>	consider radio link failure to be detected for the MCG i.e. RLF;
Editor’s Note: FFS Whether indications related to beam failure recovery may affect the declaration of RLF.
Editor’s Note: FFS: How to handle RLC failure in CA duplication for MCG DRB and SRB. 
Editor’s Note: FFS: RLF related measurement reports e.g. VarRLF-Report is supported in NR. 
2>	if AS security has not been activated:
3>	perform the actions upon leaving RRC_CONNECTED as specified in x.x.x FFS_Ref, with release cause 'other';
2>	else:
3>	initiate the connection re-establishment procedure as specified in x.x.x FFS_Ref.
The UE shall:
1>	upon T313 expiry, or
1>	upon random access problem indication from SCG MAC, or
1>	upon indication from SCG RLC that the maximum number of retransmissions has been reached:
2>	consider radio link failure to be detected for the SCG i.e. SCG-RLF;
Editor’s Note: FFS: How to handle RLC failure in CA duplication for SCG DRB and SRB. 

