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1 Introduction
The need of Mobility State Estimation (MSE) enhancement in HetNet was discussed based on [1] at RAN2#77bis meeting and the following agreements have been reached:

1) Several companies see a need for enhancing the MSE in order to enhance the mobility performance in HetNet. We will study further which proposed solutions improve the mobility performance compared to the available baseline. 

2) The goal is to include enhancements for which RAN2 agrees that there is a benefit in terms of mobility performance in the TR. 
The problems of using the existing MSE scheme in HetNet are first identified in this contribution. Then analyses are provided on some alternative solutions based on RSRP measurements, which deviate from directly enhancing MSE. Large area system simulations are preformed for one example solution of MSE enhancement, and simulation results are presented to compare the mobility performance of the solution with the one based on the existing MSE.
2 Problems of existing MSE in HetNet
The existing MSE is in fact a method to reduce handover failure rate of high speed UE by scaling down TTT to expedite the handover process. Theoretically, TTT should be scaled to fit the time interval a UE spends in a handover region. The time interval length depends both on UE speed and on handover region size. On one hand, UE speed can be estimated using history handover numbers and history cell sizes. On the other hand, for a specific source cell, the size of handover region also depends on the size of the candidate target cell [2]. 
In homogeneous network, all cells have similar sizes, thus handover regions would be roughly the same across cells. The effect of handover region size can then be taken into account in setting an initial TTT, and the UE can scale the initial TTT only based on its estimated speed. As history cells also have similar sizes and are all deployed with its unique coverage, the UE can estimate its own speed by simply considering the number of history handovers during a time interval. In a word, the existing MSE would work well in homogenous network.
However, cell sizes vary significantly in heterogeneous network. While some cells are deployed for coverage extension, many more are overlaid on top of other cells for capacity enhancement. In that scenario, UE speed estimation becomes problematic if only history handover numbers are considered, but history cell sizes are not taken into account [3][4]. MSE can be enhanced in HetNet by having handovers weighted differently for history cells with different sizes. Furthermore, only considering the sizes of history cells may still not be sufficient, since handover region sizes also become varying significantly with different sizes of target cells. 
Observation 1: Using the existing MSE scheme in mobility parameter scaling faces challenges in HetNet, because

· Counting history cells of different sizes equally causes instability in MSE outcome;
· MSE outcome does not reflect the variation of HO region size introduced by the deployment of small cells.
3 RSRP based alternatives
Various enhancements have been proposed to address the two aspects of MSE problem identified in Section 2 [1]. In the mean time, a couple of work-around have been proposed to by-pass those MSE issues in HetNet. A serving cell RSRP based TTT scaling approach was proposed [5] to get around the need of estimating UE’s mobility state. Based on simulations performed with a fixed pico placement at the boundaries of macros, a correlation was observed between a RSRP level and HO success rate. This simply reflects the coverage boundaries in that specific setting. The appropriate RSRP for successful HO would be heavily dependent on where pico cell is placed in the system. For example, RSRP threshold should be very different from what captured in Figure 1 of [5] for the case where a pico cell is placed close to macro cell center, since UE would already be significantly interfered by pico while RSRP of the macro is still good. This may be the reason that the proposed scheme starts to show difficulties as more pico cells are randomly placed in the system. As TTT scaling is based on a fixed RSRP threshold, UE mobility state is not taken into account. Hence, there does not seem to be much balance achieved between HOF rates and short ToS rates, which is the main target of applying MSE in mobility control framework.
Gradient of RSRP measurement was considered to replace MSE in TTT scaling [6]. UE mobility state would be reflected in the pace at which RSRP of source and target cells change. But so is the angle of UE’s movement. Gradient would vary significantly with the angle between UE’s moving direction and the line connecting a pair of source and target cells. Things can quickly get very complicated when multiple pico cells are overlaid over a macro cell. It is yet to be checked if any performance gain can be achieved with practical implementation.

Observation 2: There are still significant uncertainties in the effectiveness and robustness of RSRP based TTT scaling in real deployment.
4 Simulation

4.1 Simulation assumptions
In order to evaluate the mobility performance of possible MSE enhancements, large area system simulations are performed on one example solutions S1. And the existing MSE is selected as the baseline S0 for S1:
· S0: the existing MSE specified in the section 5.5.6.2 of 3GPP TS 36.331, which is the selected baseline for S1.
· S1: the solution directly enhances the existing MSE, in which macro and pico cells are counted with different weights and the way they are counted varies with the sizes of target cells. If the target cell is a macro cell, all history handovers are converted into handovers from macro cells, with handover from pico cell only carrying one quarter of the weight. If the target cell is a pico cell, all history handovers are converted into handovers from pico cells, with handover from macro cell carrying four times the weight. 

Please note some extensive simulation results were already provided for S1 in [7], where it was evaluated in the case of “With enhanced MSE”.
Table 1 lists common parameters used for S0 and S1. Other simulation parameters and assumptions follow the large area system simulation agreements in 3GPP TR 36.839.
Table 1 Common simulation parameters
	 Items 
	Description 

	Pico cell placement
	Random placed according to 3GPP TR 36.814

	Pico cell number per macro cell
	4

	Configuration parameter set
	Set 3

	UE speed
	30km/h

	sf-High, scaling factor for High-mobility state
	0.25 

	sf-Medium, scaling factor for Medium-mobility state 
	0.5 

	t-Evaluation, the evaluating duration to enter High- or Medium-mobility state 
	30s 

	t-HystNormal,  the evaluating duration to enter Normal-mobility state 
	30s 

	n-CellChangeMedium, the handover number to enter Medium-mobility state 
	3

	n-CellChangeHigh,  the handover number to enter High-mobility state 
	5


4.2 Simulation results
Simulation results are presented using the following 4 metrics: 

· Macro-pico handover failure rate

· Pico-pico handover failure rate

· Overall handover failure rate

· Short stay rate

These four metrics are collected based on the definitions specified in 3GPP TR 36.839.
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Figure 1, Macro-pico handover failure rate
From Figure 1, it can be observed that S1 has lower macro-pico handover failure rates than S0, and the relative reduction of the macro-pico handover failure rate is 22.7% from S0 to S1.
[image: image6.emf]15.2%

 [image: image2.png]19%

18%

17%

16%

15%

14%





Figure 2, Pico-pico handover failure rate

From Figure 2, it can be observed that S1 has lower pico-pico handover failure rates than S0, and the relative reduction of the pico-pico handover failure rate is 14.3% from S0 to S1.
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Figure 3, Overall handover failure rate
From Figure 3, it can be observed that S1 has lower overall handover failure rates than S0, and the relative reduction of the overall handover failure rate is 15.2% from S0 to S1.
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Figure 4, Short stay rate
From Figure 4, it can be observed that S1 has similar performance on the short stay rate with S0, the short stay rate of S1 is a little bit higher than S0, but the increase is very negligible.
Observation 3: Enhancing MSE in the existing mobility control framework improves mobility performance in HetNet deployment.
5 Conclusion
This contribution identifies the problem areas of existing MSE in HetNet environment, analyzes RSRP measurement based alternatives, and performs simulations to compare one possible MSE enhancement solution with the existing MSE. Simulation results show that MSE enhancement can achieve improvements on mobility performance for HetNet.
Observation 1: Using the existing MSE scheme in mobility parameter scaling faces challenges in HetNet, because

· Counting history cells of different sizes equally causes instability in MSE outcome;
· MSE outcome does not reflect the variation of HO region size introduced by the deployment of small cells.
Observation 2: There are still significant uncertainties in the effectiveness and robustness of RSRP based TTT scaling in real deployment.

Observation 3: Enhancing MSE in the existing mobility control framework improves mobility performance in HetNet deployment.
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