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Introduction
The beam recovery is closely related to both RLM, RLF. In RAN2#97bis, the following has been agreed related to RLM in NR
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.

Then in RAN2#98, the FFS above is solved
	As a baseline, RLF is triggered based on RLC max number of retransmission reached for single leg.

Hence, one of the remaining open issues was whether there will be per cell OOS/IS indications or not. RAN1 has provided a response in R1-1703964 as follows:Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?
A1: RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?
A2: RAN1 plans to provide at least periodic IS/OOS indications.


 Latest agreements in RAN1#NRAH2 are as follows:

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:
· The RS used for RLM should have following properties 
· Periodic transmission with short enough periodicity
· Wideband transmission relative to bandwidth of active bandwidth part
· Supporting both single beam and multi-beam operations
· Representing control channel quality
· Both CSI-RS based RLM and SS block based RLM are supported
· FFS: whether or not only a single type of RS is configured to UE for RLM at a time

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

RAN1 ad hoc3
Agreement:
WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision
· “Support at least the following triggering condition(s) for beam failure recovery request transmission:
Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification”

Agreement:
The following working assumption is confirmed
· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources
· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed
Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests

Agreement:
· For new candidate beam identification purpose
· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources
· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources
· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources
· CSI-RS and SSB can be associated with the same dedicated resource through QCL association


This paper we discuss beam link monitoring aspect while the remaining stage 2 issues for RLM/RLF is discussed in our companion contribution [1]. Note that “RLF connected to beam management” aims for completion beyond Dec 15. RAN1 has made the interpretation that the aperiodic IS and OOS indications caused by beam recovery are not part of the Dec release. 
Configuration BLF
[bookmark: _Hlk490058388]As the UE is monitoring DL quality, such a beam link monitoring (BLM) would be equivalent to monitor the quality of the PDCCH. Hence, by performing BLM, the UE is trying to determine if the network can reach it with a PDCCH, which is the same situation the UE is trying to discover in the RLM procedure. Hence, it is reasonable to assume BLM based on Qin and Qout quality thresholds defined for RLM. According to RAN1, such IS/OOS indication is at least periodical and such indicator is irrespective of number of beams in a cell.
It is worth also mentioning that in many deployments, beam recovery will be unnecessary, since the network can reach the UE with a non-beamformed PDCCH and the UE can reach the network using a non-beamformed PUCCH. In contrast to BR, RLM and RLF triggering is a fundamental function and will always be required. 
[bookmark: _Toc485408158][bookmark: _Toc490074828][bookmark: _Toc490248589]RLM and RLF are always required while BLM and radio link monitoring might not be required in all deployments. 
Also, the operator should be able to tune RLF parameters independently of the BR parameters. Hence, if the RLF parameters are set to declare RLF after 20 out-of-sync indications and a 2s time-out, then that should apply irrespective of how the BR parameters are set. This principle will ease tuning significantly, and simplify deployments where BR is not deployed. We thus make the following proposal:
[bookmark: _Toc477957128][bookmark: _Toc478021963][bookmark: _Toc485408160][bookmark: _Toc490074830][bookmark: _Toc490248585]BLF and RLF trigger should be possible to be configured independently.

One option is to define thresholds N-Qout-RLM associated to the number of Qout events to trigger RLF and N-Qout-BLM to associated to the number of Qout events to trigger Beam Recovery, both configured via RRC.
[bookmark: _Toc477957126][bookmark: _Toc478021961][bookmark: _Toc485408159][bookmark: _Toc490074831][bookmark: _Toc490248586]RRC should configure N-Qin-RLM, N-Qout-RLM, N-Qin-BLM, N-Qout-BLM thresholds defined for BLM and RLM.

Beam recovery
The beam failure recovery procedure includes the following aspects:
· Beam failure detection: here the UE monitors a certain periodic reference signal (RS) to estimate the quality of the serving link. Once the quality of that link falls below a certain threshold, the UE initiates beam recovery.
· New candidate beam identification: Once beam failure has been detected, the UE tries to identify a new beam that would provide adequate quality. During this search procedure, the UE may also change its RX beam.
· Beam failure recovery request: Once a new candidate beam has been found, the UE transmits an UL signal using certain UL resources. 
· Beam failure recovery response: When the gNodeB has received the beam failure recovery request, it sends a DL response to indicate to the UE that it received the request, using the knowledge of the new beam. 

Further, LS [2] from RAN1 includes the following agreements for beam recovery request transmission and recovery response:
Beam failure recovery procedure
· 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
· Support using PUCCH for beam failure recovery request transmission
· 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
· 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

When network sends the beam failure recovery response, there might be need to update certain configuration assumptions.

[bookmark: _Toc490248587]Discuss whether there is need to update the UE configuration, or part of the UE configuration when beam recovery happens.

Interraction between BLF and RLF
The network performs BLM and RLM based on Qout and Qin indications, since both processes are estimating PDCCH quality. The RS of which PDCCH quality is measured is still open in RAN1 and current options are SSB or CSI-RS. Thus, Qout and Qin indication might be based on SSB or periodic CSI-RS matching PDCCH. Hence, beam recovery attempts will be simply reflected in higher layers by the detection of a number of Qin events, while unsuccessful beam recovery attempts would just lead to the continuation of more Qout indication, which may trigger RLF. However, RAN1 has agreed that 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. Further, RAN1 agreed that the specific procedures are decided by RAN2.
Since beam recovery is fast, it is reasonable to assume that the UE completes beam recovery in a rather short period of time, and that the UE will know after a short period of time that the beam recovery was unsuccessful.  This means that a failed beam recovery attempt, or the aperiodic indication mentioned in RAN1 agreement, should not automatically trigger RLF or start T310 directly.  It should be configurable how the aperiodic indication, which may be due to failed beam recovery attempt, affects RLF procedure.
[bookmark: _Toc490074832][bookmark: _Toc490248588]It should be configurable how the aperiodic indication, which may be due to failed beam recovery attempt, affects RLF procedure.
It should be configurable how the aperiodic indication, which may be due to failed beam recovery attempt, affects RLF procedure. For BLF, there can be at least the following aperiodic events that may be considered to affect to the occurrence of RLF:
· aperiodic OOS and IS indication from either CSI-RS or SSB
· maximum number of beam recovery attempts
· maximum time beam recovery procedure tries to resolve the PDCCH monitoring issue
· successful beam recovery

Any of these could be considered to be input to RLF procedure in a configurable manner with the option that it does not affect RLF.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc477957122]Conclusion
In section 2 we made the following observations:
Observation 1	RLM and RLF are always required while BLM and radio link monitoring might not be required in all deployments.
Based on the discussion in section 2 we propose the following:
Proposal 1	BLF and RLF trigger should be possible to be configured independently.
Proposal 2	RRC should configure N-Qin-RLM, N-Qout-RLM, N-Qin-BLM, N-Qout-BLM thresholds defined for BLM and RLM.
Proposal 3	Discuss whether there is need to update the UE configuration, or part of the UE configuration when beam recovery happens.
Proposal 4	It should be configurable how the aperiodic indication, which may be due to failed beam recovery attempt, affects RLF procedure.
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