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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, some T310 early termination methods [2-4] were proposed to reduce the interruption time cause by the current RLF recovery procedure. In this contribution, we evaluated the performance of these methods in term of outage time. 
2. Discussion

2.1. T310 early termination methods
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.
Three methods are evaluated:

· Short T310 [2]: This method is to use a shorter T310 than current T310 setting in set 3 defined in [5].
· T310 early termination based on A3 [3]: UE terminates the T310 and trigger the RLF if A3 entering event is met and T310 is running. 
· T310 early termination based on measurement report (MR) [4]: UE terminates the T310 and trigger the RLF if measurement report is sent and T310 is running. 
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.
2.2. Simulation results
We implemented the simulation according to the set 3 defined in [4] and the detail simulation parameters are listed in table 1 in Appendix. 
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Figure 1 outage time of different T310 settings
Figure 1 depicts the outage time of pico UEs (UEs served by pico cell before re-establishment) under different T310 settings. It is shown that in general shorter T310 setting could reduce the outage time because shorter T310 could reduce the waiting time for T310 expiry before re-establishment is triggered. The T310 of 0s has the shortest outage time for T310 expires immediately upon starting. The T310 of 1s has the longest outage time.
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Figure 2 interruption time of different T310 settings

Figure 2 depicts the interruption time of pico UEs under different T310 settings. It is shown that in general shorter T310 setting would increase the interruption time because shorter T310 would increase the number of re-establishment. The T310 of 0s has the longest interruption time and the T310 of 1s has the shortest interruption time. T310 of 0.1s could reduce much interruption time compared to 0s, due to avoiding many re-establishments for a large part of recovery from Qout happens between 0s and 0.1s. The difference between 0s and 1s is smaller in interruption time than outage time.
Note: It has been agreed that UE couldn’t receive HO command when T310 is running due to failure of decoding PDCCH to get the DL grant. To align with the agreement, we assume UE couldn’t deliver the measurement report when T310 is running due to failure of decoding PDCCH to get the UL grant.
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Figure 3 overall interruption time of different T310 settings

Figure 3 depicts the overall interruption time of pico UEs under different T310 settings. The minimum overall interruption time could be achieved when the T310 setting is 0.1s rather than 0s and 1s.
Observation 1: Shorter T310 would reduce outage time while increase the interruption time due to increasing the number of re-establishment. Set a relatively short T310 in pico cell, e.g. 0.1s, could reduce the overall interruption time to UE service in HetNet.
Table 1 shows the simulation result of T310 early termination methods based on A3 and MR with T310 setting to 1s comparing with the T310 of 0.1s. The T310 early termination based on A3 could get shorter outage time than T310 early termination based on MR, which indicates more unnecessary T310 waiting time could be reduced in A3 based method as the A3 entering event could tell which UEs couldn’t recover from Qout more efficiently than MR. It’s also shown that the T310 early termination based on A3 has close performance to short T310 method of which T310 is 0.1s in the overall interruption time.
Table 1 pico related reestablishment

	Method
	Outage time (×10-4s/UE/s)
	Interruption time (×10-4s/UE/s)
	Overall interruption time (×10-4s/UE/s)

	T310 early termination based on A3
	0.26
	4.41
	4.67

	T310 early termination based on MR
	1.12
	4.66
	5.78

	Short T310 (0.1s)
	0.17
	3.87
	4.03


Observation 2: T310 early termination based on A3 outperforms the T310 early termination based on MR, and it has close performance to short T310 method（T310 = 0.1s） in overall interruption time.
Although short T310 could get the shortest overall interruption time and has no impact on specification, it should be noticed that the best setting of short T310, which is 0.1s under our simulation configuration, may vary from different network configurations. Some additional work such as drive test may be required to find the best T310 setting in practice. While, the T310 early termination based on A3 could adapt to different network configurations without additional work, although this method has impacts on specification, e.g., a new IE is needed to inform UE whether T310 early termination function is activated. Hence it may need further discussion to decide which one to use.
Observation 3: The T310 early termination based on A3 method can adapt to different network configurations without additional network planning work, but it causes impact on specification.
Take the about into account, we suggest:
Proposal: Consider T310 early termination based on A3 entering event as the solution to reduce the overall interruption time caused by RLF recovery.
3. Conclusion
In this contribution, three methods of reducing the interruption time caused by RLF were implemented in a large scale system-level simulation. The simulation results indicate three methods could indeed reduce the interruption time in term of outage time. Different performances show that the T310 early termination based on A3 and short T310 outperform T310 early termination based on MR, and T310 early termination based on A3 is easier to implemented and short T310 has smaller impact on specification.
Observation 1: Set a relatively short T310 in pico cell, e.g. 0.1s, could reduce the outage time in HetNet.
Observation 2: T310 early termination based on A3 outperforms the T310 early termination based on MR, and it has close performance to short T310 method（T310 = 0.1s） in term of outage time.
Observation 3: The T310 early termination based on A3 method can adapt to different network configurations without additional network planning work, but it causes impact on specification.

Proposal: Consider T310 early termination based on A3 entering event as the solution to reduce the overall interruption time caused by RLF recovery.
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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 (for T310 early termination methods based on A3 and MR)
	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%
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