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1 Introduction
Ideas for improved recovery from RLF had been discussed in previous meetings as measures to reduce the UE’s service-interruption time when undergoing radio link failure (RLF) while attempting a handover. In [2] we evaluated different approaches to achieve this, and concluded that with an additional short Handover-RLF timer (called T312 in the following), a gain in service-interruption time can be achieved while keeping additional radio link failures to a minimum.  

This new timer T312 would be started when a measurement event expiry is triggered and while the legacy RLF timer T310 is already running. In contrast to an early termination of T310 [4] at this instance, the usage of the additional timer T312 gives the UE some time to complete the handover regularly [2]. 

We propose to implement the new timer T312. A detailed description can be found in this paper, as well as in the corresponding change request [1].
2 Discussion
Different schemes for improved recovery from RLF had been discussed before. The main advantage is to reduce the service-interruption time of a UE. The idea of applying shorter T310 values for UEs undergoing a handover procedure than for UEs not undergoing a handover procedure had been evaluated by various companies.

While shortening the T310 timer generally reduces the UE outage time, it may lead to more frequency radio link failures, since 

1. The radio link is not able to recover anymore

2. The handover procedure might be terminated too early. 

Especially for the latter case it should be noted that a UE having triggered T310 may still be able to transmit and receive handover related RRC signalling [3]. Our approach of using the new Handover-RLF timer T312 provides a compromise between a too early termination of T310, and a too long general T310. This new timer T312 leaves the UE some time to complete the handover procedure successfully before triggering RLF.
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Figure 1: Illustration of new Handover-RLF timer T312.
In Figure 1, the usage of the new Handover-RLF timer T312 is illustrated. At expiry of a measurement event trigger (for whose measId the usage of this timer is configured) the new timer T312 will be started, if RLF timer T310 is running already. Assuming that T312 is shorter than T310, the reestablishment procedure can be initialized earlier which reduces its service-interruption time. The new timer T312 will be stopped with the same conditions as T310, i.e. upon PHY layer recovery (after N311 PHY in-sync indications). A timer value for T312 of 0ms will lead to an early termination [4] of T310, i.e. to start Reestablishment directly. 
Please note that as a difference to our previous proposal [2], we don’t consider usage of the new timer T312 anymore in case the measurement event expiry triggers before T310 is started. In this case it would be unlikely that the handover fails since no physical layer problem had been detected yet. In scenarios with many pico cells, or when using large cell range expansion, it is also more likely that the measurement event is triggered while T310 is already running (compare also analysis in [3]). Furthermore, a correct specification of this case (which we don’t consider, i.e. measurement event before T310 start) would imply usage of yet another timer, which indicates that a measurement event had been triggered within a certain timeframe before T310 is started. Using a variable (such as proposed in [4]) is not sufficient for this purpose, since this state-variable would not be reset over time. 
Furthermore, usage of the T312 timer shall be optional and configurable on a measId level. This allows operators high configuration flexibility, e.g. usage can be limited to certain measurement events in specific cells. 
3 Conclusion

Based on the discussion above, as a measure to reduce the service interruption time for UEs undergoing radio link failure while attempting handover, we make the following proposals:
Proposal 1 Introduce new Handover-RLF timer T312, which is started at expiry of a measurement event trigger, if the legacy timer T310 is running at this instance.

Proposal 2 Usage of the timer T312 shall be configurable per measId. 

Proposal 3 Agree on change request [1] to TS 36.331 to introduce this new functionality.
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