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1. Introduction
One of the objectives of “HetNet Mobility Enhancements for LTE” [1] is:

· Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks. 
During the last meeting, it is agreed either too short TTT or too long TTT would degrade the UE experience. T310 early termination is more adaptive and could guarantee UE experience. Different T310 early termination methods [2-3] were proposed by now. In this contribution, we evaluated the performance of these methods in term of outage time. 
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 handover during which RLF easily happens due to interference from the high power macro. Therefore, in the following sections, we focus on the RLF recovery performance of pico UE using different T310 early termination methods.
Different methods of T310 early termination were proposed. In general however, it can be said that the A3 event (either A3 entering or TTT expiry) is used to trigger T310 early termination. These two methods are evaluated:

· T310 early termination based on A3 entering [2]: when T310 is running, if A3 entering is met, UE terminates the T310 and triggers RLF, corresponding to case 3 and 4 in Figure 1. When A3 entering has already been met, if Qout is met, UE doesn’t start T310 and triggers RLF immediately, corresponding to case 1 and 2 in Figure 1.
· T310 early termination based on TTT expiry [3]: when T310 is running, if TTT expires, UE terminates the T310 and triggers RLF, corresponding to case 2 and 3 in Figure 1. When TTT has expired, if Qout is met, UE doesn’t start T310 and triggers RLF immediately, corresponding to case 1 and 4 in Figure 1.
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Figure 1 Timing relations between T310 running and A3 event
To evaluate the performance of these methods in interruption to UE service, following metrics are defined:

Outage time = time of T310 running/the number of UE/total simulation time.

Interruption time = time of re-establishment/ the number of UE/total simulation time.

Overall interruption time = outage time + interruption time.

Time of re-establishment is defined as 250ms per successful re-establishment and 450ms per failed successful re-establishment.
We implemented the simulation according to the set 3 defined in [4] and the detail simulation parameters are listed in table 1 in Appendix. It is assumed the measurement report couldn’t be delivered to eNB when T310 is running.
Figure 2 shows the simulation result of T310 early termination methods based on A3 entering and TTT expiry. It could be seen the T310 early termination based on A3 entering could get shorter outage time than T310 early termination based on TTT expiry, which indicates more unnecessary T310 waiting time could be reduced in A3 entering based method as the A3 entering could tell which UEs couldn’t recover from Qout more efficiently than TTT expiry. The interruption time is close, because measurement report couldn’t be deliverd in either method. Therefore, T310 early termination method based on A3 entering could get shorter overall interruption time.
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Figure 2 simulation result
Proposal: Consider T310 early termination based on A3 entering as the solution to reduce the overall interruption time caused by RLF.
3. Conclusion
In this contribution, two methods of T310 early termination were implemented in a large scale system-level simulation. The simulation results indicate these two methods could indeed reduce the interruption time caused by RLF. The T310 early termination based on A3 entering could get better performance than T310 early termination based on TTT expiry.
Proposal: Consider T310 early termination based on A3 entering as the solution to reduce the overall interruption time caused by RLF.
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 Appendix: Simulation parameters

Table 1 simulation parameters
	HO Parameter
	Value

	Pico cells per macro cell
	4

	Time to Trigger
	160 ms

	T310
	1s

	A3 offset
	2dB

	L1 to L3 period 
	0.2 s

	Filtering Factor K
	1

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB

	UE speed
	30km/h

	Channel model
	ITU

	Handover preparation (decision) delay
	50ms

	Cell Loading 
	100%








PAGE  
1
R2-133834

_1437478656.vsd
TTT


RLF timer T310


Time



