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1 Introduction 
Improving the overall handover performance is one of the major objectives of the HetNet Mobility enhancements WI [2], which is quoted as below:
“Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments”
In this contribution, regarding the handover failure (HOF) rate and ping-pong rate, we provide our considerations on potential way forwards for HetNet mobility enhancement by discussing the details of the HO performance on the following aspects:
1. Overall HO performance problems
2. HO performance with eICIC 
3. Rel-8 MSE performance in HetNet
2 Discussions
2.1 Overall HO performance problems
As stated in [1], there are handover problems for medium/high mobility UEs (i.e., speed >= 30km/h). More explicitly, in the context of multiple picocell deployment scenario defined in [1], when the UE’s speed arrives to 30 km/h, our simulation results indicate the HOF rate arises where most of the HOFs are state-2 failures [3], as shown in Fig.1. This implies that improving the reliability of the serving cell radio link is more essential for HO performance enhancement in HetNet.  
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Fig.1: Number of HOFs per UE per second under the speed of 30 km/h in 4-picos scenario
This conclusion can also be obtained from the simulation results in the context of the TD-ICIC feature with ideal ABS synchronization is employed. The simulation results under different CRE bias values and parameter sets are captured in Fig.2.
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Fig.2: Number of HOFs per UE per second under the speed of 30 km/h in 4-picos w/ TD-ICIC scenario.
Regarding HOF rate, the state-2 HOF rate contributes most to the total HOF rate in the above cases. Detailed simulation results can be found in Appendix A.
Therefore, it seems clear that in order to improve the handover performance in HetNet, potential solutions should focus on improving the radio link quality on the serving cell during handover

Proposal 1: How to improve reliability of serving cell’s radio link should be studied regarding the HOF in HetNet.
At the SI stage of HetNet Mobility enhancements, the ping-pong problem, or the more general short stay problem, in HetNet was observed for the low speed UE (i.e., speed<30km/h) [1]. Note the ping-pong rate and the short-stay rate statistics data are presented in Table.1 and Table.2 respectively, in the context of multiple picocell deployment and UE’s speed of 3km/h. Except the inconsistent results for parameter set 1, which are actually caused by the low overall ping-pong numbers in Macro-only network, both the ping-pong rate and the short stay rate in the HetNet are as the same level as that in Macro-only network. Additionally, such trend is eICIC-independent. Note that the ping-pong/short-stay HOs only increase the total handover times, but not the HOF rate that can be experienced directly by the customers. Given the macro-only case as baseline, we can conclude that there are no urgent need to improve the ping-pong rate and the short-stay rate in the HetNet. 
Table.1: Ping-pong Rate for Macro only/ HetNet w/o eICIC/ HetNet w/ eICIC
	Parameter Set
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	Ping-pong Rate
	Macro Only
	0.07%
	4.40%
	35.83%
	56.19%
	75.32%

	
	HetNet_noICIC
	0.27%
	4.31%
	31.61%
	53.57%
	72.59%

	
	HetNet_eICIC
	0.57%
	3.73%
	29.08%
	52.43%
	71.60%


Table.2: Short Stay Rate for Macro only/ HetNet w/o eICIC/ HetNet w/ eICIC

	Parameter Set
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	Short_stay_rate
	Macro Only
	0.07%
	6.31%
	43.09%
	66.60%
	84.90%

	
	HetNet_noICIC
	0.57%
	6.64%
	39.92%
	64.96%
	85.00%

	
	HetNet_eICIC
	0.97%
	6.35%
	38.90%
	65.91%
	85.60%


Proposal 2: Ping-pong and short stay problems in HetNet shall be considered as low-priority task.
2.2 HO Performance with eICIC
eICIC (i.e. CRE and ABS) was introduced to reduce the interference from HPN to LPN in HetNet, in order to boost network capacity. The eICIC can also improve the Pico-to-Macro handover performance if perfect ABS synchronization is guaranteed. However, in the case of imperfect ABS synchronization the improvement on Pico-to-Macro handover performance becomes less obvious or disappeared. More specifically, the eICIC can only reduce the HOF with small CRE bias (e.g. 0 ~ 2 dB). In the case of larger CRE bias employed, the HOF rate would undesirably surpass that of the no eICIC case. Furthermore, the larger the CRE bias becomes, the worse HO performance presents. The simulation results in contribution of [4] showed this problem. 
Proposal 3: The handover performance with imperfect ABS synchronization should be further improved.
2.3 MSE performance in HetNet
With Rel-8 MSE mechanism, UE in HetNet is not able to adjust the TTT parameter adapting to its speed properly. Consequently, the HO performance will be degraded. As shown in Fig.3, where our previous simulation results are provided [5], we can observe that the HOF rates associated with Rel-8 MSE can be effectively suppressed by the enhanced MSE scheme with cell-specific weight under different CRE values.
Meanwhile, although the network side can estimate the UE speed and adjust the TTT value through RRC reconfiguration, the overhead of RRC reconfiguration is not negligible. Furthermore, the additional delay caused by RRC layer will degrade the performance of this method, especially considering the small coverage radius of LPNs.
Proposal 4: The Rel-8 MSE should be enhanced.

[image: image3]
Fig.3: Normalized HOF rate under the speed of 30 km/h in 2-pico scenario.
3 Conclusions
In this contribution, we analysis the overall HO performance and solutions of the HetNet environment, and have following proposals:
Proposal 1: How to improve reliability of serving cell’s radio link should be studied regarding the HOF in HetNet.
Proposal 2: Ping-pong and short stay problems in HetNet shall be considered as low-priority task.
Proposal 3: The handover performance with imperfect ABS synchronization should be further improved.
Proposal 4: The Rel-8 MSE should be enhanced.
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Appendix A: Simulation results of handover failure rate
In this section, the simulation results of handover failure rate are represented.
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Fig.4: Under the speed of 30 km/h in 4-picos scenario.
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Fig.5: HOF rate under the speed of 30 km/h in 4-picos w/ TD-ICIC scenario
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