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Introduction
[bookmark: _GoBack]In RAN2, RLM and RLF have so far not been discussed. These topics have been down prioritized until RAN1 could make some further progress. Meanwhile, in RAN1, there is an ongoing discussion about beam failure and beam recovery and some previous proposals seem to speculate on the relation between these lower layer procedures and RLM and RLF, which has clearly some RAN2 impact.
In our view, it makes sense to start early these discussions in RAN2, especially considering that these lower layer procedures are not defined in LTE. This paper introduces the topic and proposes some initial assumptions.
[bookmark: _Ref178064866]Discussion
Beam link monitoring 
In a companion contribution, RLM and RLF in LTE have been described, where it has been proposed to maintain a similar separation as in LTE between lower layer and higher layer procedures for RLM and RLF [1]. In LTE, the physical layer in the UE evaluates the DL radio quality every frame. The quality is compared to the thresholds Qin and Qout, which are UE-internal variables that are defined by relevant tests. This procedure is known as radio link monitoring (RLM). When the quality falls below Qout, the UE indicates out-of-sync to higher layers in the UE, and when the quality exceeds Qin, the UE indicates in-sync to higher layers. Based on the out-of-sync and in-sync indications, higher layers in the UE may declare RLF. The RLM procedure is designed to discover situation where the network cannot reach the UE with a PDCCH transmission, and by taking appropriate action, the UE then avoids being trapped in a non-reachable state. To estimate the PDCCH quality, the UE relies on the internal quality threshold variables Qin and Qout, which correspond to 2% and 10% block error rate of a hypothetical PDCCH defined in:
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc477957122][bookmark: _Toc478021954]In LTE, the Qin and Qout quality thresholds correspond to BLER levels of a hypothetical PDCCH. 

Concerning beam failure events, the following agreements were made in RAN1#88:
· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs
· Note: here the beam pair link is used for convenience, and may or may not be used in specification
· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH
· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 
· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH
· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH
· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH
· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 
· Note: the criterion for declaring radio link failure is for RAN2 to decide.
· FFS: The necessity of such indication
· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols


These agreements show that there have been significant discussions about beam recovery (BR) for NR, and the associated monitoring procedure. In RAN1#88, it was agreed that a beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough. In other words:
[bookmark: _Toc478021955]Beam link failure occurs when the quality of an associated control channel falls below a certain threshold.
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. When it comes to the higher layer impact of these procedures, one option could be 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]RRC should configure N-Qin-RLM, N-Qout-RLM, N-Qin-BLM, N-Qout-BLM thresholds defined for BLM and RLM.
UE actions upon detecting beam failure (beam recovery)
Notice that both BLM and RLM aim at discovering a situation when the network is unable to reach the UE with a PDCCH, hence the procedures should use similar measurements. On the other hand, the actions taken for beam recovery and RLF should be different. Beam recovery is a L1 procedure, which can be executed rather rapidly i.e. before RLF is declared. One possibility would be the configuration of UE-specific UL resources to be transmitted within the same cell when beam failure is detected. By detecting that UL signal the network should be able to identify the UE and the wide DL beam to transmit PDCCH to that UE again.
Notice that before the UE sends that UL signal the UE should select it best DL time reference, which in the multi-beam case, would simply be the best SS Block. Notice that the process could be optimized at the UE by tracking its best DL SS Block for that purpose so that the UE could quicker perform recovery.
RAN2 understanding of beam recovery being the action taken by the UE detecting a beam failure, selecting a DL time reference (e.g. based on the SS Block) and transmitting an UL signal on a configure UL resource.

From a higher layer perspective, beam recovery in NR could at certain extent be interpreted as equivalent to what in LTE the UE could do when it starts to detect Qout events e.g. trying to synchronize again with PSS/SSS and/or CRS except that in beam recovery the UE would transmit UL signals, which indicates that the procedure should be carefully used e.g. by defining a certain number of maximum attempts. Beam recovery should also be transparent to L3, since it won’t involve relocation of buffers. On the other hand, to recover from RLF, RRC re-establishment is performed, which is obviously non-transparent to L3. It involves contention resolution during random access, and possibly also relocation of buffers. Hence, we have this observation:
[bookmark: _Toc477957123][bookmark: _Toc478021956]The actions taken at beam recovery are not the same actions taken at RLF.
Beam recovery should be assumed to be transparent to RRC.

The network performs BLM and RLM based on Qout and Qin indications, since both processes are estimating PDCCH quality. 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.

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. 
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]Beam Recovery and RLF trigger should be configured independently.
The alternative, to condition RLF on a number of unsuccessful BR attempts, would lead to that the RLF procedure becomes coupled with the BR. If the BR counters and/or timers are increased, the RLF declaration would happen later. In a system without beams, the BR procedure would always be unsuccessful, in which  case the network should have the option not to configure BR, without affecting the RLF procedure.
Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, the Qin and Qout quality thresholds correspond to BLER levels of a hypothetical PDCCH.
Observation 2	Beam link failure occurs when the quality of an associated control channel falls below a certain threshold.
Observation 3	RAN2 understanding of beam recovery being the action taken by the UE detecting a beam failure, selecting a DL time reference (e.g. based on the SS Block) and transmitting an UL signal on a configure UL resource.
Observation 4	The actions taken at beam recovery are not the same actions taken at RLF.
Observation 5	Beam recovery should be assumed to be transparent to RRC.
Observation 6	RLM and RLF are always required while BLM and radio link monitoring might no be required in all deployments.

Based on the discussion in section 2 we propose the following:
Proposal 1	RRC should configure N-Qin-RLM, N-Qout-RLM, N-Qin-BLM, N-Qout-BLM thresholds defined for BLM and RLM.
Proposal 2	Beam Recovery and RLF trigger should be configured independently.
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