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Discussion and decision
1. Introduction
The study on HetNet Mobility Enhancements for LTE [1] concluded that handover performance in HetNet deployments is not as good as in homogeneous macro deployments.  In a dense HetNet environment, increased number of handovers and Radio Link Failures would lead to more outage time for the UE due to handover interruption, RLF recovery interruption and Qout during T310.
We have shown that interruption time due to T310 is significant and can cause bad user experiences [2]. It was considered in the last meeting however that we should analyse characteristics of Radio Link Failure in more detail in order to understand overall impact of RLF, especially;
· When during handover procedure would T310 be started?

· What are the actual durations for interruptions?

· Can’t a short T310 be used to obtain interruption time reduction gain?
2. Discussion
Mobility in a Dense HetNet (10 picos/macro:
Pico placed randomly) is looked at. Except for the pico cell placement, the simulations assumptions are aligned with the large area system simulation assumptions in [1], set 3 @ 30km/h).

2.1. T310 start
In this section, we look at T310 start point, i.e. in what point in time during handover procedure T310 would be started. 

Simulation results in the study phase have shown that the state 1 handover failure is very rare event. For the state 2 handover failure, we separated the following two cases for the purpose of this analysis. The state 2a handover failure is the case in which T310 is started before TTT expiry. The state 2b is the case in which T310 is started after TTT expiry, but before HO command. The definition of state 3 handover failure is unchanged in this document.
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Figure-1: State 2a handover failure
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Figure-2: State 2b handover failure
The following figure shows the distribution of T310 start point. The result shows state 2a handover failure is the dominant case among all handover failures. Difference between 2a and 2b can easily be explained because as the figure-2 shows the state 2b handover failure is very specific scenario where T310 start needs to fall into between TTT expiry and HO command. It should be noted that the state 2a indeed includes the case where T310 is started even before A3 event entering condition. 
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Figure-3: T310 start point
Observation 1:
An RLF recovery enhancement shall address both state 2a and 2b handover failures
2.2. Overall outage time
Outage time is defined by the time during which the UE observes Qout. Outage time (%) indicates the fraction of the time in which a UE observes Oout during the simulation run. HO outage time is purely the sum of the interruptions caused by successful handovers, and RLF outage is the sum of the outage time by Qout (T310 running) or RRC connection re-establishment procedure.
We further looked at different enhancements:

· T310 = 0:





Rather “extreme” scheme where T310 value is always 0  

· Re-establishment at TTT:

RLF is detected at TTT expiry if T310 is already running; or T310 = 0 if TTT has expired already before T310 start

It is shown below that outage time occupies significant amount of time in case of dense HetNet, causing bad user experience.
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Figure-4: Outage time
2.3. Interruption time
In addition to the result shown in the section 2.2, we should also look at how the distribution of actual interruption time would be changed by those enhancements. It can be observed that without an enhancement almost 60% of interruptions are due to T310 (1 second). Early termination of T310 reduces the duration of interruptions.
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Figure-5: Interruption time [second] CDF
Observation 2:
RRC connection re-establishment procedure with T310 early termination is an attractive solution for reducing interruption time due to RLF, hence improving user experience.
2.4. Risk of short T310

It was questioned in the last meeting whether a similar interruption time reduction gain could be obtained if pico cells use a short T310 value.
Going back to Figure-3, we can see that T310 starts before TTT expiry. In addition in Figure-5, we can observe that there are cacses where T310 starts even before event A3 entering condition, from the fact that the early-terminated T310 values  can be lager than TTT. So too aggressive short T310 value (in the direction of being short) can lead to “premature” RLFs where RLF is declared even before TTT expiry. This will increase the probability of RRC connection re-establishment failure due to the target cell being unprepared.
Observation 3:
Using too aggressive T310 value can lead to “premature” RLFs where RLF is declared even before TTT expiry. This will increase the probability of RRC connection re-establishment failure due to the target cell being unprepared.
3. Conclusion
In this document we analysed characteristics of RLF and concluded that RRC connection re-establishment procedure with T310 early termination is an attractive solution for reducing interruption time due to RLF.
We concluded that an enhancement in this direction should take into account the RLF “failure modes” presented in this document (i.e. state 2a and 2b handover failures) for completeness.
Observation 1:
An RLF recovery enhancement shall address both state 2a and 2b handover failures

We looked at very aggressive scheme of using T310 value set to 0 to show upper bound for reduction in interruption time associated with RLF. However too aggressive T310 value can lead to “premature” RLFs where RLF is declared even before TTT expiry. This will increase the probability of RRC connection re-establishment failure due to the target cell being unprepared. We further looked into the impact of the aggressive scheme in [3].

Observation 2:
RRC connection re-establishment procedure with T310 early termination is an attractive solution for reducing interruption time due to RLF, hence improving user experience.

Observation 3:
Using too aggressive T310 value can lead to “premature” RLFs where RLF is declared even before TTT expiry. This will increase the probability of RRC connection re-establishment failure due to the target cell being unprepared.
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