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1. Introduction
In this contribution, we discuss the implications of the beam recovery mechanism on RLM. Specifically, the interaction between the RLF/SCG failure detection mechanism in upper layers and the Beam Recovery Failure Indication/Beam Recovery Success Indication (BRFI/BRSI) from L1 is investigated and we propose a way forward on the overall RLM framework for NR.
2. [bookmark: _Ref492376922]General frame work for RLF detection in NR
In LTE, RLM mechanism receives a number of triggers including both L1 based triggers and higher layer triggers. The L1 triggers are in the form of periodic in-sync (IS)/out-of-sync(OOS) indications from L1 to RRC. Whilst the higher layer triggers are aperiodic and include indications such as the RLC counter reaching the maximum value, RACH problems after handover etc. Then the upper layers (specifically, RRC) detects RLF based on the combination of these inputs. This frame work satisfies the basic requirements for detecting RLF as follows:
· RLF is detected based on a combination of periodic L1 triggers and aperiodic higher layer triggers
· Radio problems are detected at the earliest, but:
· RLF is not declared too early (by using appropriately configured timers and counters)
· RLF is not declared too late (again using the above timers/counters)
The above basic frame work of including various triggers (both periodic and aperiodic) from different protocol layers and specifying the RLF detection in RRC should be the basis for RLF detection in NR. This mechanism is as depicted in Figure 1. 



[bookmark: _Ref492375071]Figure 1: Basic RLF detection frame work for NR
Proposal 1: The basic mechanism of using a combination of L1 and higher layer triggers to detect RLF will be specified for NR in the RRC spec (as in LTE)

RAN1 in the meanwhile has discussed the beam recovery aspects for NR and made the following agreements: 
	· RAN1 plans to provide at least periodic IS/OOS indications
· 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
· 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
· Periodic OOS is indicated 
· If the estimated link quality corresponding to hypothetical PDCCH BLER based on all configured X RLM-RS resource(s) is below Q_out threshold
· FFS: The evaluation of OOS takes beam failure recovery procedure into account
· FFS: Aperiodic OOS



From the above agreements, it can be concluded that the periodic IS/OOS indications from L1 will be delivered to higher layers. However, unlike LTE, the periodic IS/OOS indications are generated based on a configured RS at the UE (i.e. additional RRC configuration is needed to RLM even for periodic IS/OOS indications – i.e. these indications can be generated based on the quality of CSI-RS or SS). In addition to the periodic IS/OOS indications there are also additional aperiodic BRFI/BRSI triggers from L1. The details of generation of the BRFI/BRSI will be specified by RAN1 (likely in conjunction with RAN4 for any performance requirements etc). However, for generating the aperiodic BRFI/BRSI indications, a number of issues remain FFS in RAN1 (as summarized in the RAN2 LS to RAN1 in R2-1709993); these include: 
· Whether there will actually be aperiodic BRSI from lower layers?
· Will the L1 continue to monitor RS for RLM after indicating BRFI to higher layers?
· Will the periodic IS/OOS be impacted by the BRFI/BRSI? 

So, based on the current status, the overall framework for RLM in NR looks as shown in Figure 2.
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[bookmark: _Ref492376158]Figure 2: Detailed RLF detection frame work for NR including the BRFI triggers from L1
Based on the above the following observations can be made:

Observation 1: Incorporating aperiodic BRFI/BRSI indications into the RLM frame work is feasible because the current RLM frame work in LTE already includes both periodic and aperiodic triggers

Observation 2: A number of open issues need to be resolved in RAN1 before RAN2 can finalize the details of how the aperiodic BRFI/BRSI could be utilized in higher layers

Observation 3: It is feasible (although FFS in RAN1) that the aperiodic BRSI/BRFI indications are implicitly considered the IS/OOS generation

Based on the above, considering the time scales for completion of the NSA part of Rel-15, we make the following proposals: 

Proposal 2: RAN2 aims to complete the RLM (for SCG failure detection in EN-DC) based on the periodic IS/OOS indications from L1 (i.e. this is same frame work as LTE)

Proposal 3: RAN2 will define signaling framework to enable RLM-RS to be configured in L1 (i.e. define RLM-resource-config-SS, RLM-resource-config-CSIRS and RLM-RS-type fields in the serving cell measurement configuration for RLM)

Proposal 4: The above signaling framework for configuring the L1 for generating periodic IS/OOS indications should be easily extendable to also include the necessary configuration for controlling the generation of BRFI/BRSI indications. 

Proposal 5: RAN2 waits for further input from RAN1 on BRFI/BRSI before discussing how to incorporate these aperiodic triggers into RLM frame work. 
3. Conclusion and proposals
In this contribution, we discussed the general RLM frame work for NR. The following observations are made:

Observation 1: Incorporating aperiodic BRFI/BRSI indications into the RLM frame work is feasible because the current RLM frame work in LTE already includes both periodic and aperiodic triggers

Observation 2: A number of open issues need to be resolved in RAN1 before RAN2 can finalize the details of how the aperiodic BRFI/BRSI could be utilized in higher layers

Observation 3: It is feasible (although FFS in RAN1) that the aperiodic BRSI/BRFI indications are implicitly considered the IS/OOS generation

Based on the above we propose the following way forward: 

Proposal 1: The basic mechanism of using a combination of L1 and higher layer triggers to detect RLF will be specified for NR in the RRC spec (as in LTE)

Proposal 2: RAN2 aims to complete the RLM (for SCG failure detection in EN-DC) based on the periodic IS/OOS indications from L1 (i.e. this is same frame work as LTE)

Proposal 3: In addition to the above, RAN2 will define signaling framework to enable RLM-RS to be configured in L1 (i.e. define RLM-resource-config-SS, RLM-resource-config-CSIRS and RLM-RS-type fields in the serving cell measurement configuration for RLM)

Proposal 4: The above signaling framework for configuring the L1 for generating periodic IS/OOS indications should be easily extendable to also include the necessary configuration for controlling the generation of BRFI/BRSI indications

Proposal 5: RAN2 waits for further input from RAN1 on BRFI/BRSI before discussing how to incorporate these aperiodic triggers into RLM frame work 
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