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1 Introduction
The study item Mobility enhancements in heterogeneous networks (3GPP TR 36.839 [1]) has been finalized with the overall conclusion that handover performance in heterogeneous network deployments is not as good as in pure macro network deployments.

A handover failure in LTE will lead to subsequent Radio Link Failure and RRC re-establishment attempt. In this contribution, we present one way to speed up the re-establishment procedure, in the case of handover failure.
2 Discussion

In the study item phase it has been concluded that mobility performance in heterogeneous network deployments is not as good as in pure macro network deployments. This applies especially to pico to macro handovers, where a late handover command from the low power pico may become error prone, due to interference from the high power macro. Although the study item focused on only a few selected scenarios, the results indicate that in some cases handover failure rates may increase. In RAN2#77, we presented simulation results analyzing the reasons for handover failures [2]. The results are repeated in Annex A for convenience. We made the following observations from the results:

-
Failures are mostly observed during the handover preparation phase, i.e. after UE has transmitted measurement report, but has not yet received handover command, see Figure 4 
-
The probability for failed handover measurement report is very low, see Figure 5. 
-
The main reasons for handover failure are 
-
failed handover command, i.e. maximum number of RLC retransmissions reached and 
-
out-of-sync, i.e. RLF timer expires. 
From the above observations, we conclude that the most common failure scenario is that the network has received the measurement report from the UE, but the transmission of the handover command fails. 
We have illustrated this most common failure scenario in Figure 1. Having received the measurement report and performed the handover decision, the source eNB will prepare the target eNB over X2, so that the target eNB is prepared to receive the UE. The UE moving out of the pico coverage and failing to receive the handover command, will eventually receive out-of-sync indication from Layer 1 and start timer T310. The purpose of timer T310 is to avoid premature RLF declaration. When T310 expires, the UE will declare RLF and trigger RRC re-establishment procedure in the strongest cell. The strongest cell is likely to be the same cell reported strongest in the measurement report triggering the handover, and thus already prepared. Therefore, it is likely that the UE will be able to successfully perform the RRC re-establishment procedure in the target cell keeping the UE in RRC connected state. This means that the user only perceives a brief interruption in the user data transmission.

[image: image1]
Figure 1: Handover failure and succeeding RRC re-establishment, current procedure
In the above scenario, it seems unnecessary for the UE to wait for timer T310 to expire before triggering the RRC re-establishment procedure towards the target eNB, given that the target eNB is likely to be prepared for the UE much earlier. In 36.839, the value for T310 is 1 second. The UE will be unable to receive or transmit data while in out-of-sync state. Typically, a T310 time of this duration is appropriate as it increases the chance that the UE gets in-sync again and can maintain connectivity. A shorter T310 value would increase the probability of performing an unnecessary re-establishment to a potentially unprepared cell. 
On the other hand, if the UE experiences out-of-sync after it has triggered an A3 event and has transmitted the measurement report, it could apply a shorter RLF timer T310, before triggering the RRC re-establishment procedure towards the strongest cell, see Figure 2. This would allow the UE to trigger the RRC re-establishment procedure sooner and allow a shorter interruption time for the user data. 
Proposal 1 Allow the UE to use another RLF timer T310 (e.g. a shorter timer value) if the UE experiences out-of-sync after it has triggered a measurement event.
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Figure 2: Handover failure and succeeding RRC re-establishment, proposed procedure
The success of the RRC re-establishment procedure will depend on whether a handover decision was taken by the source eNB. If the decision is positive, the target will be prepared through the handover preparation handshake and the RRC re-establishment procedure is likely to succeed. If the handover decision was negative, the RRC re-establishment procedure will not succeed, but that would have likely been the case also with a longer RLF timer T310.
The short RLF timer could be configured per measurement identity (measId), in the measurement configuration (MeasConfig) Information Element. By configuring the short RLF timer per measurement identity, the network has the control over whether the short RLF timer shall be configured for all frequencies, only selected frequencies or not at all. Consider for example the situation where an operator is having a macro deployment on 800 MHz and a pico deployment on 3.5 GHz. A possibility here would be to configure the short RLF timer only in the pico cells for measurement objects on the 800 MHz frequency, so that if the UE is moving out of the pico coverage and triggering the A3 event towards a 800 MHz macro cell, it would be able to use the short RLF timer in case the handover command from the source cell fails and the UE detects out-of-sync, while it would still maintain the original RLF timer for pico-pico handovers.
Proposal 2 The short RLF timer T310 is configured by RRC per measurement identity (measId).
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Allow the UE to use another RLF timer T310 (e.g. a shorter timer value) if the UE experiences out-of-sync after it has triggered a measurement event.
Proposal 2
The short RLF timer T310 is configured by RRC per measurement identity (measId).
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5 Annex A: Simulation Results
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Figure 3: Handover failure rate.
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Figure 4: Handover State during which RLF occurs.
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Figure 5: Handover failure reason.
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Figure 6: Number of handovers and failure scenarios in Heterogeneous Networks deployment.
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Figure 7: Handover failure rate (30% load, 200kB object size)
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Figure 8: Handover failure rate (70% load, 400kB object size)
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