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Introduction
In RAN2#99bis meeting in Prague, the following have been agreed concerning RLM and RLF triggering in NR: 
Agreements
1	RLF detection will be specified for NR in the RRC spec (as in LTE)
2	For Dec 17, RLF will be based on the periodic IS/OOS indications from L1 (i.e. this is same frame work as LTE)

Despite the significant progress in RLM and SCG failure handling, especially for EN-DC, there are still a set of remaining open issues for standalone operation:
· 1/ Impact of successful and failed beam recovery procedure to RLF triggering;
· 2/ Remaining RLF related actions (e.g. inter-RAT cell reselection, re-establishment, etc.);
· 3/ Impact of BWP concept to RLM;
This paper addresses issues 1/ and 2/. Companion contribution addresses issues 3/ (R2-1805381 [3]).
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Beam recovery procedure and RLF triggering
The latest RAN1 agreement concerning Beam Failure and Beam Recovery are the following:
· 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

That is, there might be aperiodic indication from L1 which indicate either success or failure of beam failure recovery procedure. How to use such aperiodic indication in RLM/RLF procedure need be settled. 

Successful Beam recovery
A successful beam recovery should have as consequence the improvement in radio quality of the beams to be monitored for RLM and beam failure detection. If the recovery occurs before T310 timer is triggered, OOS events will stop to get generated, N310 counter threshold will not be reached and T310 will not get started. If the recovery occurs while T310 timer is running, IS events will start to get generated, N311 counter threshold may be reached and the UE will leave the RLF condition. Hence, in these two cases a successful beam recovery fulfils the purpose of avoiding RLF indirectly, without the need to use the successful event to control the T310.
However, if T310 is close to expiry when a beam recovery is successful, the existing mechanism so far without any usage of successful recovery to control RLF variables (like the T310 timer), even though it is a matter of time to detect the recovery of the link, the UE may still declare RLF.
In some scenarios, without the usage of successful beam recovery indication to higher layers, RLF may be triggered even though the link quality has improved.

For that reason, one could argue that the detection of a successful recovery should immediately stop the RLF timer. However, although a successful beam recovery indicates that the link is likely to be recovered, N311 periodic IS events introduce some filtering, so the higher layers can make sure the link becomes stable over time.
Hence, as it is quite difficult to predict all kinds of scenarios the successful beam recovery indication would be beneficial or not to stop the T310 timer,  RAN2 should consider the possibility to configure the UE to only stop the RLF timer upon the occurrence of a successful beam recovery but also based on aperiodic IS indication generated due to beam recovery plus a number of configurable periodic IS events (which can be smaller value than the counter equivalent to N311 in LTE).
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Failed Beam recovery
Upon the failure of beam recovery procedure e.g. the UE has reached a maximum number of attempts, our understanding is that no further beam failure recovery procedure will continue. Therefore, whether the UE can recover its link after sending indication of failure of beam failure recovery is not clear. RAN2 has prepared an LS to RAN1 to clarify this issue. For example, UE could be blocked by an obstacle that is later removed so, the link may be recovered even without beam recovery. Therefore, while it is not certain that in all scenarios RLF should be declared immediately when receiving indication that beam recovery is failed, in some cases the UE would be postponing the RLF, declaration. 
Hence, following the same reasoning for the successful indication, RAN2 should carefully consider the usage of the beam recovery failure indication from lower layer or discuss a solution based on some level of configurability.
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Besides, indication of success or failure of beam recovery, the attempt to recovery beam failure should also be considered for RLM/RLF procedure. The UE may detect beam failure and starts the preparation for beam recovery, e.g., by performing measurements to select a new beam before sending an associated UL recovery request. During that process, the RLF timer may be running so that while the UE is still trying to recover, an RLF could potentially be declared, despite the high potential of a successful procedure e.g. if the UE has selected a new beam that is strong enough and stable. If as proposed for the successful case the UE also stops the RLF timer even at the recovery attempt, and the attempt is not successful, it will take a longer time until the RLF timer starts again (i.e. based on OOS events) and the UE would be unnecessarily unreachable for much longer. Hence, to avoid the early stop of the RLF timer, the UE should put T310 on hold during the recovery attempt. 
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In Section 2.1 we have discussed the impact of beam recovery to the declaration of RLF/SCG Failure, which is relevant for both EN-DC and standalone scenarios. While SCG failure handling has been captured in 38.331, there are still some remaining open issues related to the UE behaviour after RLF is declared in the standalone case. The current 38.300 specification, the causes for the RLF declaration and the UE behaviour upon RLF declaration are captured.
In RRC_CONNECTED, the UE declares Radio Link Failure (RLF) when one of the following criteria are met:
-	Expiry of a timer started after indication of radio problems from the physical layer (if radio problems are recovered before the timer is expired, the UE stops the timer);
-	Random access procedure failure;
-	RLC failure.
After RLF is declared, the UE:
-	stays in RRC_CONNECTED;
-	selects a suitable cell and then initiates RRC re-establishment;
-	enters RRC_IDLE if a suitable cell wasn't found within a certain time after RLF was declared.

An additional aspect to be discussed for NR standalone is the possibility that the upon RLF the UE re-selects to an LTE cell, e.g., if the UE does not find an NR suitable cell. If the new selected cell is an LTE cell which connects to Next Generation Core, we think it is not necessary for UE to leave RRC_CONNECTED state and do cell selection from scratch. Instead, the UE should continue with RRC re-establishment procedure as well instead of leaving RRC_CONNECTED. This is reasonable as UE can build up its context in LTE cell from old NR cell as the two cells are using same core network. If the new selected cell is a LTE cell which connects to legacy EPC or other inter-RAT cell, then UE should perform actions upon leaving RRC_CONNECTED.  
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RAN2 to adopt the CR as provided in R2-1805442 [4]

Conclusion
In section 2 we made the following observations:

1. In some scenarios, without the usage of successful beam recovery indication to higher layers, RLF may be triggered even though the link quality has improved.
Whether UE can recover its link after receiving indication of failure of beam failure recovery is scenario dependent.

Based on the discussion in section 2 we propose the following:

1. Successful beam recovery can be used together with periodic IS to stop RLF timer (T310). 
Failure of beam recovery can be used together with periodic OOS generated by RLM to either start T310 (if it hasn’t been started), or declare RLF. 
Beam recovery attempt shall put the RLF timer on hold.
When UE encounter RLF in NR and reselect to an NR cell or an LTE cell which connects to 5GC, RRC connection re-establishment procedure is applied. Otherwise, UE perform actions upon leaving RRC_CONNECTED.
RAN2 is requested to adopt the text proposal as proposed in R2-1805442 [4]
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-172108, Updated work plan of RAN 1 and 4 NR, NTT DOCOMO & drafting group, 11th – 14th September 2017
3GPP TS 38.300 V15.0.0, 3GPP NR and NG-RAN Overall Description, Stage 2 (release 15)
[bookmark: _Ref503455439][bookmark: _Ref506476712]R2-1805381, Ericsson, ‘BWP impact to RLM configuration’
[bookmark: _Ref510713660]R2-1805442, Ericsson, ‘CR on beam recovery impact and BWP impact on RLF triggering’

