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1. Introduction
Handover and RLF are important mechanisms to support seamless mobility for UEs. In this contribution, we will focus on the situation where a UE experiences poor link quality in a serving cell while moving to a neighbour cell. Note that one of NR deployment scenarios can be dense small cells, where inter-cell interference is severe. Furthermore, in high frequencies (e.g. FR2), sudden drop in the link quality may happen frequently due to blockage or the UE’s rotation. In this context, it is valuable to investigate how the UE recovers from this situation efficiently. Therefore, we will discuss the following issues:
· Recapitulation on fast RLF recovery in LTE

· Necessity of fast RLF recovery in NR and how to capture this in NR
2. Fast RLF recovery in LTE
In LTE, the RLF-related actions are defined for a UE to initiate the connection re-establishment procedure when the UE experiences poor link quality in a serving cell. More specifically, the RLF-related timer T310 operates as described in Table 1.

Table 1 Description of T310

	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


Note that the out-of-sync indication is issued if the link quality is worse than the threshold Qout, which is defined as the level at which the downlink radio link cannot be received and shall correspond to 10 % block error rate of a hypothetical PDCCH transmission. Accordingly, the UE may not receive (or transmit) control information and data with a high probability while T310 is running.
To reduce the service interruption during T310, early T310 termination was introduced inLTE Rel-12. This operation considers the situation where a UE finds a target cell for handover while T310 is running. In particular, the timer T312, which controls when to declare RLF, operates as described in Table 2.
Table 2 Description of T312
	Timer
	Start
	Stop
	At expiry

	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
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Figure 1 Early T310 termination based on T312
Fig. 1 shows the early T310 termination based on T312. We assume that a UE satisfies the A3 event for TTT while T310 is running. Then, the UE starts T312 and attempts handover. If handover is not triggered (i.e., the UE does not receive handover command) until the expiry of T312 and T310 is still running, the UE declares RLF without waiting the expiry of T310 and performs the connection re-establishment procedure towards the target cell. By doing so, the UE can avoid the service interruption during the remaining T310.

Observation 1: The operation of T312, in which a UE is allowed to declare RLF before the expiry of T310, is beneficial to reduce service interruption time.
3. Necessity of Fast RLF recovery in NR, and how to capture it
3.1 necessity in NR
As in LTE, a gNB in NR transmits handover command to a UE to initiate a handover procedure. Furthermore, it is well known that handover failure mainly occurs because the UE fails to receive the handover command, although the UE already detects a target cell. Accordingly, it is highly probable that the handover failure occurs while T310 is running. Such reasoning is valid for any handover procedure that relies on the handover command, regardless of whether the procedure is for LTE or NR. In this context, we think that the early T310 termination based on T312, which is already specified in LTE Rel-12, should be a baseline as a method for fast RLF recovery and/or mobility performance enhancement in NR.
Observation 2: In LTE, we observed that the main cause of handover failure is because a UE fails to receive the handover command from a serving cell. Since NR also relies on the handover command to initiate handover, it is expected that NR will have the same problem as in LTE.
In NR, it is expected that the CU-DU architecture will be implemented, where a CU manages a large number of cells formed by DUs. Hence, the CU may have the context information of the UEs served by the cells under itself. Due to such availability of the context information at the CU, we think that fast RLF recovery schemes like the early T310 termination based on T312 work efficiently.
Observation 3: In the CU-DU architecture, a target cell for handover can easily obtain the UE’s context information that is managed by the same CU. This aspect can make the time from the UE’s RLF declaration to the connection re-establishment shorter.

Proposal 1: RAN2 to adopt LTE T312 operation (below Table 4) as a baseline for the fast RLF recovery scheme in NR.

3.2 how to capture it in NR 

Table below summarizes the operation in LTE specwise.

Table 3 T312 operation in LTE spec

	Configured by
	useT312-r12 in ReportConfigEUTRA

-         Indication whether T312 is applicable for MR triggered by the reportConfig

t312-r12 in MeasObjectEUTRA

-         The actual value for T312 

	Start
	If measurement report is triggered for an event due to entry condition is fulfilled (for TimetoTrigger); and

If useT312 is included for the event; and

If T310 is running

Start T312 with the value configured in the corresponding measObjectEUTRA
(Captured in 5.5.4    Measurement report triggering)

	Stop
	Reception of handover message; or
Initiation of RRC connection re-establishment; or
Recovery of physical layer problem (i.e. T310 stop); or
Reception of MobilityFromEUTRACommand

	Expiry
	RLF is declared


If we apply the same principles/mechanisms, followings can be specified. 
 

Table 4 T312 operation in NR based on LTE

	Configured by
	useT312-r16 in ReportConfigNR

-         Indication whether T312 is applicable for MR triggered by the reportConfig

t312-r12 in MeasObjectNR

-         The actual value for T312 

	Start
	Captured followings in 5.5.4  Measurement report triggering

-         If measurement report is triggered for an event due to entry condition is fulfilled (for TimetoTrigger); and

-         If useT312 is included for the event; and

-         If T310 for PCell is running

-         Start T312 with the value configured in the corresponding measObject

 

	Stop
	Reception of ReconfigurationWithSync (in 5.3.5.5.2) 

Initiation of RRC connection re-establishment (in 5.3.7.2 )
Recovery of physical layer problems (in 5.3.10.2) 
Reception of the MobilityFromNRCommand by the UE (in 5.4.3.3 )

	Expiry
	5.3.10.3   Detection of radio link failure

Consider radio link failure to be detected for the MCG


There are several points to be updated for NR even adopting LTE principles in NR. (please note that delta compared to LTE is highlighted in red)
1. In LTE there are two different RLF timers (i.e., T310 for Pcell and T313 for Pscell), and NR we also have two RLF timer but has one name in the specification. So it is natural to specify that timer only for Pcell. 
2. One of the stop condition in NR table, i.e., reception of the MobilityFromNRCommand by the UE (in 5.4.3.3) might not be needed since the current specification does not stop T310 in that section. It does not make sense to stop only T312 without stopping T310. The UE will move to the indicated RAT and in that RAT the handling of t312 does not matter.
Proposal 2: RAN2 to specify Pcell to the T310 in the starting condition of NR T312

Proposal 3: RAN2 to specify the LTE T312 stop conditions to NR T312 stop condition except the reception of the MobilityFromNRCommand by UE case.
We have the CR to show the proposed changes [1].
4. Conclusion

Based on the above discussions, we have the following observations and proposals.
Observation 1: The operation of T312, in which a UE is allowed to declare RLF before the expiry of T310, is beneficial to reduce service interruption time.

Observation 2: In LTE, we observed that the main cause of handover failure is because a UE fails to receive the handover command from a serving cell. Since NR also relies on the handover command to initiate handover, it is expected that NR will have the same problem as in LTE.

Observation 3: In the CU-DU architecture, a target cell for handover can easily obtain the UE’s context information that is managed by the same CU. This aspect can make the time from the UE’s RLF declaration to the connection re-establishment shorter.

Proposal 1: RAN2 to adopt LTE T312 operation (below Table 4) as a baseline for the fast RLF recovery scheme in NR.

Proposal 2: RAN2 to specify Pcell to the T310 in the starting condition of NR T312

Proposal 3: RAN2 to specify the LTE T312 stop conditions to NR T312 stop condition except the reception of the MobilityFromNRCommand by UE case.
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