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1. Introduction
At the SI stage on Hetnet mobility, there was the following observation [1]:

· The UE speed has a significant impact on the HO performance. The trend of simulation results indicated that high speed UEs suffer much higher HO failure rate than low speed UEs.
At RAN2#81 meeting, an avoiding macro-to-pico (M2P for short) handover scheme which keeps the high speed UE from hand over into pico cell was proposed to improve the mobility performance of high speed UE. In this contribution, we evaluate the performance of this enhancement based on our simulation results and suggest some further enhancements.
2. Discussion
2.1. Issues of current scheme
Under current scheme, a high speed UE may experience lots of HOFs and ping-pong handovers in heterogeneous network. When passing through pico cell, before receiving the handover command, the high speed UE severed by macro cell may receive strong interference from pico cell resulting in handover failure. Even if the M2P handover succeeds, the high speed UE would have to handover to macro cell soon and the handover to macro cell may fail since UE can’t receive the handover command from pico cell. If both handovers succeed, it’s very likely to be a ping-pong handover.
Some simulations were taken to evaluate the mobility performance of the current and avoiding M2P handover scheme, of which the parameters and topology are given in Annex.

The proportion of pico related ping-pong handover and HOF in the overall ping-pong handover and HOF in current scheme is showed in the Figure 1. The pico related ping-pong handover contains the ping-pong handovers of macro-to-pico-to-macro and pico-to-macro-to-pico, and the pico related HOF contains the handover failures of macro-to-pico and pico-to-macro. We can see that the majority of ping-pong handovers and handover failures are pico related in current scheme. 
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Figure 1: Proportion of pico related ping-pong and HOF in current scheme
2.2. Evaluation of the avoiding M2P handover scheme
To solve the issues of current scheme, the avoiding M2P handover scheme that keeps the high speed UE from handover into pico cell was proposed. 
The avoiding M2P handover scheme could completely avoid the pico related ping-pong handover and HOF, while make minor impact on the macro-to-macro (M2M for short) handover. Figure 2 gives the simulation results comparing the overall handover performance of the current and avoiding M2P handover scheme in terms of ping-pong handover and HOF which shows the avoiding M2P handover scheme could reduce the ping-pong handover and HOF greatly. As UE still would handover between the macro cells, there is remaining in ping-pong handover and HOF occurred during the M2M handover.
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Figure 2: Ping-pong handover and HOF

Observation 1: Keeping high speed UE from handover into pico cell could reduce overall HOF and ping-pong handover.
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Figure 3: UE trajectory 

While under certain case such as passing through the centre of pico cell as shown in figure 3, the UE would receive strong interference from pico cell for a relatively long time if not allowed to handover into the pico cell. In the avoiding M2P handover scheme, these UEs would be very likely to suffer RLF, which would cause service interruption. 
As the existing metrics can not evaluate the RLF which is caused by avoidance of M2P handover, it’s noticed that the macro UEs suffered this type of RLF would be very likely to initiate reestablishment towards pico cell. The type of the cell UE selected for reestablishment can verdict whether the RLF is caused by the avoidance of M2P handover. If the macro UE selects a pico cell to re-establish RRC connection, that means the RLF may be avoided if the UE is allowed to hand over into the pico cell, similar mechanism is already used for handover too late verdict in SON[2]. So the number of M2P reestablishment which indicates the reestablishment attempt that UE was served by macro cell prior the reestablishment and chose a pico cell to re-establish the RRC connection is used to evaluate the RLF which is caused by avoidance of M2P handover.
Figure 4 gives the simulation result comparing the M2P reestablishment of current and avoiding M2P handover scheme. In the current scheme, there are some M2P reestablishments due to the inappropriate network settings. We can see that the M2P reestablishments increase a lot in the avoiding M2P handover scheme, which means there are more RLFs caused by not handover into pico cell appropriately.
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Figure 4: Pico related reestablishment

Furthermore, different from the current scheme, as the macro eNB wouldn’t transfer UE context to pico eNB due to the forbiddance of handover into pico cell, the M2P reestablishment in the avoiding M2P handover scheme would not succeed due to lack of UE context in the pico cell. Then these UEs would have to start the procedure of RRC connection establishment which would extend the time of service interruption.
Observation 2: Keeping high speed UE from handover into pico cell would increase and extend the service interruption to certain UEs.
2.3. Further enhancements
As mentioned in section 2.2, the service interruption performance of high speed UE degrades due to not handing UE doomed to RLF over to pico cell. Consequently, to reduce the service interruption to the high speed UE passing through the center of pico cell, some further enhancements could be considered as the following options indicated.

Option 1: Allow high speed UE to handover into pico cell if keeping connected to macro cell would cause RLF. This kind of enhancement could reduce the number of M2P reestablishment. So the service interruption to these certain UEs can be reduced. The key point of this kind of enhancement is how to distinguish the UEs which would suffer RLF if not handover into pico cell from others.
Option 2: Make the pico cell prepared when the UE request reestablishment towards the pico cell. This kind of enhancement could reduce the period each service interruption would take. 
Proposal: RAN2 is kindly suggested to consider the further enhancements to reduce the service interruption to certain UEs.
3. Conclusion
As mentioned above, the consideration on high speed UE performance is presented in this contribution and we make the following observations and proposal.
Observation 1: keeping high speed UE from handover into pico cell could reduce overall HOF and ping-pong handover.
Observation 2: keeping high speed UE from handover into pico cell would increase and extend the service interruption to certain UEs.
Proposal: RAN2 is kindly suggested to consider the further enhancements to reduce the service interruption to certain UEs.
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Appendix: Simulation parameters
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Figure 5: Deployment of pico cell 

Table 1: Simulation parameters
	HO Parameter
	Value

	Time to Trigger
	160 ms

	Ping-Pong-Time
	1 s

	Measurements Rate
	0.2 s

	HO Execution Time (including Preparation)
	0.09 s

	RSRP error – zero mean Gaussian
	2 dB std

	Filtering Factor K
	1

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB

	UE speed
	120km/h

	Channel model
	ITU

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms

	Cell Loading [%]
	100
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