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Introduction
Handover and RLF (Radio Link Failure) are important mechanisms to support seamless mobility for UEs. In the last RAN2 #96 meeting, the following agreements about cell-level mobility (i.e., handover) were made.

	Agreements:
· The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.
· At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered).
· Network based mobility shall reuse the same principles as LTE (Rel-13).



In addition, RAN1 also discussed how to treat link failure and/or blockage in the last #87 meeting and made the following agreements.

	Agreements:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation.
· E.g., due to UE mobility/rotation, blockage, and/or link failure, etc.



In this contribution, we will focus on the situation where a UE experiences poor link quality in a serving cell while moving to a neighbor cell. Note that one of NR deployment scenarios can be dense small cells, where inter-cell interference is severe. Furthermore, in high frequency (above 6 GHz) cells, sudden drop in link quality may happen frequently due to a blockage or the UE’s rotation. In this context, it is valuable to investigate how the UE escapes from this situation efficiently. Therefore, we will discuss the following issues.
· Fast RLF recovery during mobility in LTE
· Necessity of fast RLF recovery in NR
Fast RLF Recovery during Mobility 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 [1]. More specifically, the RLF-related timer T310 operates as described in Table 1.
Table 1 Description of T310 for RLF
	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 reliably 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.

Observation 1: In LTE, the operation of T310 is defined as a method for a UE to declare RLF.
Proposal 1: The RLF procedure in LTE, which includes radio problem detection and RLF detection, should be considered as a baseline in NR.

To reduce the service interruption during T310, the operation of early T310 termination was introduced to LTE Rel-12. This operation considers the situation where a UE finds a target cell for handover while T310 is running. More specifically, the timer T312, which control when to declare RLF, operates as described in Table 2.
Table 2 Description of T312 for early T310 termination
	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





Figure 1 Operation of early T310 termination using T312
Fig. 1 shows the operation of early T310 termination using T312. We assume that the UE satisfies the A3 event (i.e., RSRPtarget > RSRPserving + offset) for TTT (Time-To-Trigger) 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 further service interruption during the remaining T310.

Observation 2: 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.
Necessity of Fast RLF Recovery in NR
3.1	Handover Command
In the last RAN2 #96 meeting, it was agreed that a gNB transmits handover command to a UE in order to trigger a handover procedure (i.e., network-based mobility). The agreements on this issue are captured as follows.

	Agreements:
1. At least cell id and all information required to access the target cell will be included in the HO command.
…
4. Study the possibility of handover where a condition configured by the gNB is used by the UE to determine when it executes the handover.



It is well known that handover failure mainly occurs because the UE fails to receive the handover command from the serving gNB, although the UE already detects the target gNB (e.g., A3 event). Moreover, this phenomenon (i.e., handover command reception failure) is primarily caused by the poor link quality between the UE and the serving gNB. As a result, it is highly probable that the handover failure occurs while T310 of the UE is running. Such reasoning is valid for any handover procedure that relies on the handover command sent by the serving gNB, regardless of whether the procedure is used in LTE or NR. In this context, we think that the early T310 termination scheme using 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 3: In LTE, we observed that the main cause of handover failure is because a UE fails to receive handover command from a serving cell. Since NR also relies on the handover command to initiate handover (i.e., network-based mobility), it is expected that NR will have the same problem as in LTE.

3.2	CU-DU Architecture
Let’s assume that a UE declares RLF at the expiry of T312 and performs the connection re-establishment procedure towards a target cell for handover. In LTE, depending on whether a context of the UE is available at the eNB of the target cell, one of the following two cases can happen [2].

· Case 1: If the eNB finds a context that matches the identity of the UE, or obtains this context from the previously serving eNB, it indicates to the UE that its connection can be resumed.
· Case 2: If the context is not found, RRC connection is released and the UE initiates procedure to establish new RRC connection. In this case, the UE is required to go via RRC_IDLE.

It is obvious that the UE experiences less service interruption time in the case 1 than in the case 2. In other words, if the target cell belongs to a prepared eNB (i.e., an eNB which has admitted the UE during an earlier executed handover preparation phase, or obtains the UE context from the previously serving eNB), the service interruption time becomes shorter.

In NR, it is expected that the CU-DU architecture will be implemented, where a CU (Centralized Unit) manages a large number of cells formed by DUs (Distributed Units). Hence, the CU may have context information of the UEs served by the cells under itself so that the frequency of the case 1 may dominate that of the case 2. Due to such an availability of the context information at the CU, we think that fast RLF recovery schemes such as the early T310 termination using T312 work efficiently.

Observation 4: In the CU-DU architecture, the target cell for handover can easily obtain the UE’s context information from the previously serving cell via the CU. This aspect can make the time from the UE’s RLF declaration to the connection re-establishment shorter.
Proposal 2: RAN2 should study fast RLF recovery schemes based on the T312 operation (i.e., RLF declaration before the expiry of T310), which is already specified in LTE.
Conclusion
Observation 1: In LTE, the operation of T310 is defined as a method for a UE to declare RLF.
Observation 2: 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 3: In LTE, we observed that the main cause of handover failure is because a UE fails to receive handover command from a serving cell. Since NR also relies on the handover command to initiate handover (i.e., network-based mobility), it is expected that NR will have the same problem as in LTE.
Observation 4: In the CU-DU architecture, the target cell for handover can easily obtain the UE’s context information from the previously serving cell via the CU. This aspect can make the time from the UE’s RLF declaration to the connection re-establishment shorter.

Proposal 1: The RLF procedure in LTE, which includes radio problem detection and RLF detection, should be considered as a baseline in NR.
Proposal 2: RAN2 should study fast RLF recovery schemes based on the operation of T312 (i.e., RLF declaration before the expiry of T310), which is already specified in LTE.
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