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1 Introduction
In the last RAN2 meeting, the following agreement on RLF was reached. 
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.

In LTE Rel-12 Hetnet mobility enhancement work item, the timer T312 is defined to allow network to modify the mobility event triggering per target cell, which can improve mobility robustness in Hetnet environments.
This paper discusses the applicability of T312 for NR RLF. 

2 Discussion
In LTE, Two phases govern the behaviour associated to radio link failure as shown on Figure 1:

-
First phase:

-
started upon radio problem detection;

-
leads to radio link failure detection;

-
based on timer T310 or other (e.g. counting) criteria (in the figure it is T1).
-
Second Phase:

-
started upon radio link failure detection or handover failure;

-
leads to RRC_IDLE;

-
Timer 311 based (in the figure it is T2).
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Figure 1: Radio Link Failure in LTE
In LTE Rel-12 Hetnet mobility enhancement work item, the third timer (i.e.T312) is introduced. It starts if T310 is running and a measurement report is triggered for a measurement identity with T312 configured. If the UE performs a handover, re-establishment procedure, or T310 is stopped, T312 is stopped too. The expiry of T312 triggers RLF and corresponding procedures. T312 works during the First phase together with T310. T312 basically provide the means for the UE to do fast RLF recovery, which is essential to improve the mobility robustness in Hetnet environments. 
Table -1 below describes how mobility is handled with respect to radio link failure in LTE:

Table 1: Mobility and Radio Link Failure in LTE
	Cases
	First Phase
	T312 expired
	Second Phase
	T311 expired

	UE returns to the same cell
	Continue as if no radio problems occurred
	Go via re-establishment procedure
	Activity is resumed by means of explicit signalling between UE and BS
	Go via RRC_IDLE

	UE selects a different cell from the same BS
	N/A
	Go via re-establishment procedure
	Activity is resumed by means of explicit signalling between UE and BS
	Go via RRC_IDLE

	UE selects a cell of a prepared BS (NOTE)
	N/A
	Go via re-establishment procedure
	Activity is resumed by means of explicit signalling between UE and BS
	Go via RRC_IDLE

	UE selects a cell of a different BS that is not prepared (NOTE)
	N/A
	Go via RRC_IDLE
	Go via RRC_IDLE
	Go via RRC_IDLE

	NOTE:
a prepared eNB is an eNB which has admitted the UE during an earlier executed HO preparation phase, or obtains the UE context during the Second Phase.


Table -2 below describes how RLF timers works as defined in LTE with respect to radio link failure:
	Timer
	Start
	Stop
	At expiry

	T310
	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure and upon initiating the connection re-establishment procedure
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure 

	T311
	Upon initiating the RRC connection re-establishment procedure
	Selection of a suitable E-UTRA cell or a cell using another RAT.
	Enter RRC_IDLE

	T312
	Upon triggering a measurement report for a measurement identity for which T312 has been configured, while T310 is running
	Upon receiving N311 consecutive in-sync indications from lower layers, upon triggering the handover procedure, upon initiating the connection re-establishment procedure, and upon the expiry of T310
	If security is not activated: go to RRC_IDLE else: initiate the connection re-establishment procedure


Table 1 Description of RLF related timers at TS36.331 for LTE

The LTE RLF mechanism is stable and works for quite a long time. In NR, the timer based radio link failure mechanism as used in LTE can be reused. 
Proposal 1: Support T310/T311 based RLF recovery procedure as defined for LTE.
Considering the high frequency deployment of NR, the Hetnet scenario also exists and more mobility issues needs to be considered from the perspective of mobility robustness. T312 based approach can be a start point to support the mobility robustness for NR Hetnet deployment scenario. The additional improvement can be studied alter on.  
Proposal 2: Support T312 based RRC re-establishment procedure a start point to support the mobility robustness for NR Hetnet deployment scenario. 
3 Conclusion
Proposal 1: Support T310/T311 based RLF recovery procedure as defined for LTE.
Proposal 2: Support T312 based RRC re-establishment procedure a start point to support the mobility robustness for NR Hetnet deployment scenario. 
3GPP
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