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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)
And a TP for RLM has been agreed in R2-1712009. RLM for NR is almost complete. However, considering the concept of BWP, there are still some remaining issues need to be solved for EN-DC work (December deadline) even though RAN2 agreed that RRC timers and counters related to RLM are not reset when the active BWP is changed. 

The paper also addresses the main issue RAN2 has been discussing: the relation between beam recovery failure / beam failure detection and RLF triggering (although we would like to highlight that this might not need to be settled by December).

[bookmark: _Ref178064866]Discussion
Beam failure / recovery and RLF triggering
Although this might not be prioritized until December for EN-DC, the RLF modelling cannot be finalized until we conclude whether beam failure related events can explicitly be part of it, considering the following RAN1 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

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. 
The beam failure and recovery procedure could be summarized as follows:
· UE monitors configured DL beam(s) / beam pair(s) and based on that UE can detect beam failure;
· Upon detecting the failure the UE can select new DL beam(s) / pairs (which can either be from the same cell or from a different cell, if configured.);
· Upon selecting new beam(s) UE triggers a beam recovery attempt by notifying the network (UL message).
· UE monitors a network response to finally declare a successful recovery.
RAN1 therefore think it may be useful 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.
From RAN2 perspective, we need to decide whether such aperiodic indicator can influence RLM/RLF or not, and if so, how. Our understanding is that a successful beam recovery (possibly indicated by the reception of the network message on the selected beam) will lead to the generation of IS events, and, once the UE starts to measure the RS used for RLM after a successful recovery, the number of IS events will likely increase and at some point, the RLF timer should be stopped due to that. However, if T310 is close to expire when beam recovery is successful, despite the fact that it is a matter of time to detect the recovery of the link, the UE may declare RLF. 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 very likely to be recovered, periodic IS events are probably a safer mechanism where the higher layers can make sure the link has not only been recovered but is also stable over time. Therefore, in our view, RAN2 should consider the possibility to configure the UE to not 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).
[bookmark: _Toc490232089][bookmark: _Toc492567758][bookmark: _Toc494387706]At some extreme case, there maybe not enough periodic IS event to stop RLF timer even beam failure recovery is successful.
[bookmark: _Toc490232097][bookmark: _Toc492567766][bookmark: _Toc494387691][bookmark: _Toc498087423][bookmark: _Toc498653908]Successful beam recovery can be used together with periodic IS to stope RLF timer. FFS how that can be configured.
Regarding the failure of beam failure recovery, our understanding is that this only means from lower layer perspective, no further beam failure recovery procedure will continue. Therefore whether UE can recovery its link after sending indication of failure of beam failure recovery is not clear. RAN2 is preparing a LS to RAN1 to clarify this issue. Before we get a LS from RAN1, our understanding is that this depends on the number of beam failure recovery procedure attempts or duration of this this beam failure recovery procedure. If the number of attempts is small, or the duration of this beam failure recovery procedure is short, quite probably UE can still recover its link even it does not continue beam failure recovery procedure. For example, UE is blocked by an obstacle, and later this obstacle is removed. Therefore, it is not reasonable to declare RLF immediately when receiving indication that beam recovery is failed in some case. On the other hand, it may be also not reasonable not considering such indicator in some other case.
[bookmark: _Toc492567759][bookmark: _Toc494387707]Whether UE can recover its link after receiving indication of failure of beam failure recovery is scenario dependent.
[bookmark: _Toc492567767][bookmark: _Toc494387692][bookmark: _Toc498087424][bookmark: _Toc498653909]Failure of beam recovery can be used together with periodic OOS to either start T310 (if it hasn’t been started), or declare RLF. FFS how that can be configured.
Besides, indication of success or failure of beam recovery, the attempt to recovery beam failure can be also be considered for RLM/RLF procedure. A possible scenario is that the UE detects a beam failure and starts the preparation for beam recovery, e.g., by selecting 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, a possibility could be to put it on hold during the recovery attempt. If beam failure recovery is successful, proposal 1 can be applied, if, if not successful, proposal 2 can be applied. 
[bookmark: _Toc490232098][bookmark: _Toc492567768][bookmark: _Toc494387693][bookmark: _Toc498087425][bookmark: _Toc498653910]Beam recovery attempt can be used to put the RLF timer on hold.
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In LTE, the RLF modelling has two phases. The first phase occurs before the RLF timer is triggered in LTE and the second phase starts after. Among the open issues is the existence of a second phase, after the RLF timer expires. In LTE, a second timer is triggered and UE-based mobility / cell reselection is allowed, before Re-establishment is triggered. 
In our view that should also be part of the RLF model in NR although the detailed UE actions should be left for stage-3 discussions.
[bookmark: _Toc489436671][bookmark: _Toc490213629][bookmark: _Toc490232106][bookmark: _Toc492567769][bookmark: _Toc494387694][bookmark: _Toc498087426][bookmark: _Toc498653911]When the RLF timer expires, the “Second phase” timer starts and the UE is allowed to perform UE-based mobility (i.e. cell reselection).
In LTE, when the RLF timer expires, RRC connection re-establishment procedure is triggered, where the UE first performs cell reselection. If the new selected cell is still an LTE cell, UE initiates random access procedure on that cell, and then sends RRCConnectionReestablishmentRequest message towards the network. If the new selected cell is an inter-RAT cell, then UE should perform the actions upon leaving RRC_CONNECTED.
In NR, an additional aspect related to the second phase that should be further discussed concerns the case where the UE re-selects to a cell from which it has been previously configured to perform beam recovery. In other words, the network can configure the UE to upon beam failure to either select a beam from the PCell or to select a beam from another cell. After RLF is declared, re-selects to one of these configured cells, there is no reason not to perform beam recovery to one of these cells instead of the usual RRC Connection Re-configuration.
An additional aspect to be discussed in NR is the possibility that the upon RLF the UE re-selects to an LTE 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. UE should continue with RRC re-establishment procedure as well instead of leaving RRC_CONNECTED even though this new selected cell is an inter-RAT cell. 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.  
[bookmark: _Toc473127706][bookmark: _Toc473209859][bookmark: _Toc473904844][bookmark: _Toc489436672][bookmark: _Toc490213630][bookmark: _Toc490232107][bookmark: _Toc492567770][bookmark: _Toc494387695][bookmark: _Toc498087427][bookmark: _Toc498653912]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.

Conclusion
In section 2 we made the following observations:
Observation 1	The lower layer indications related to beam failure, beam recovery and beam recovery failure to be taken into account by the RLF modelling has been down prioritized in RAN1 until December.
Observation 2	For EN-DC, there are no remaining stage-2 issues left related to RLM/RLF.
Observation 3	At some extreme case, there maybe not enough periodic IS event to stop RLF timer even beam failure recovery is successful.
Observation 4	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:
Proposal 1	Successful beam recovery can be used together with periodic IS to stope RLF timer. FFS how that can be configured.
Proposal 2	Failure of beam recovery can be used together with periodic OOS to either start T310 (if it hasn’t been started), or declare RLF. FFS how that can be configured.
Proposal 3	Beam recovery attempt can be used to put the RLF timer on hold.
Proposal 4	When the RLF timer expires, the “Second phase” timer starts and the UE is allowed to perform UE-based mobility (i.e. cell reselection).
Proposal 5	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.
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