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1 Introduction
The need of Mobility State Estimation (MSE) enhancement in HetNet was discussed based on [1] at RAN2#76 meeting and an email discussion [77#33] has been held since RAN2#77 meeting on various proposals to enhance MSE.
In this contribution, the possible problems of the existing MSE are further analysed, and evaluations are made based on a generic signalling framework for cell type based weighting approaches. This signalling framework support flexible configuration for different ways of classifying cells (based on cell size or network topology) in cell changes and different sets of weights in counting (using 0/1 binary numbers or scaling variables). Large area system simulations are preformed for two example solutions and preliminary results are presented to compare the mobility performance of different solutions with the one based on the existing MSE.
2 Possible problems and solutions
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 one 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 types. 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]. There can be two approaches to classify cells into different types: 
· From cell size point of view, history cells could be simply categorized into macro cell and pico cell;
· From network topology point of view, they could be categorized into cell deployed with unique coverage and cell overlaid on top of other cells for capacity enhancement. 
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 to set 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, 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 types are not taken into account [3][4]. MSE can be enhanced in HetNet by having handovers weighted differently for cells with different types. Only considering the types of history cells, however, may still not be sufficient, since handover region sizes also vary significantly with different sizes of target cells. 
In the email discussion [77#33], four MSE enhancements options are listed:

a) Count only macro cells for MSE?

b) Indicate in HO command which cells (not) to count for MSE?

c) Weigh different cell types differently in the counting for MSE?

d) Count only cells deployed for coverage (no hot-spots within coverage of another cell)?
Except for the option b), options a), c), and d) all count history cells in MSE using cell type based weights. They are different only on the actual parameterization of the cell type and counting weight variables. That is, a generic signalling framework can be designed to support options a), c), and d), giving operators the flexibility of network configuration for specific scenarios. The option a) can further be viewed as a special case of the option c), since the option c) includes the case in which the weight for macro cells is set to one and the weight for pico cells is set to zero. Thus the following simulation evaluation only focuses on the options c) and d).
3 Simulation

3.1 Simulation assumptions
In order to evaluate the performance of the two options discussed above, large area system simulations are performed on two example solutions S1 and S2, where S1 is based on the option c) and S2 is based on the option d). And the existing MSE is selected as the common baseline S0 for both S1 and S2:
· S0: the existing MSE specified in the section 5.5.6.2 of 3GPP TS 36.331, which is the common baseline for S1 and S2.
· 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 [1], where it was evaluated in the case of “With enhanced MSE”.
· S2: the solution is to count the handovers according to the cell type of the same or different macro coverage and the absolute weights of one or zero. If the target cell and source cell are deployed in the different macro coverage, then the handover is counted and the related weight equals to one. If the target cell and source cell are deployed in the same macro coverage, then the handover is not counted, i.e., the corresponding weight equals to zero.

Please note more analysis on S2 can be found in [4], where various network topologies are discussed.
Table 1 lists common parameters used for S0, S1 and S2. 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


3.2 Simulation results
3.2.1 Simulation results between S0 and S1
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 REF _Ref319916771 \h 
 \* MERGEFORMAT , 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.
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Figure 2, Pico-pico handover failure rate

From Figure 2 REF _Ref319917165 \h 
, 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 REF _Ref319917464 \h 
, 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 REF _Ref319917630 \h 
, 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.
3.2.2 Simulation results between S0 and S2
Simulation results are presented using the following performance metric: 

· UE distribution of different mobility states
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Figure 5, UE distribution of mobility states
The UE distribution of mobility states in different schemes are showed in Figure 5. The evaluation of high, medium and normal states for the existing MSE in the homogeneous network is the baseline. It can be seen that when using the existing MSE, the distribution of mobility states in HetNet drastically changes and is quite different from the baseline. Furthermore, with the solution S2 it is shown that MSE stability can be improved and distribution of mobility states can be maintained as the baseline. Thus the solution S2 has advantages of improving the MSE accuracy in HetNet.
4 Conclusion
This contribution makes further studies on MSE enhancement and performs simulations comparing various MSE enhancement solutions with the existing MSE. A generic signalling framework for cell type based weighting approaches can support flexible configuration for different ways of classifying cells (based on cell size or network topology) in cell changes and different sets of weights in counting (using 0/1 binary numbers or scaling variables). The simulation results show that MSE enhancements can achieve improvements in mobility performance and in MSE accuracy for HetNet.
Proposal: RAN2 is kindly requested to capture the MSE problem in HetNet and possible solutions into 3GPP TR 36.839 for further studies.
5 Reference

[1] R2-115919, Need of mobility state estimation enhancement in HetNet, Huawei.
[2] R2-114950, Discussion on the mobility performance enhancement for co-channel HetNet deployment, ZTE.
[3] R2-114316, Enhancements for UE Mobility State Estimation, Nokia Siemens Networks, Nokia Corporation.
[4] R2-120736, Discussion on the scenario for UE mobility state estimation, Fujitsu.












































































































































































































































































































� EMBED Visio.Drawing.11  ���





� EMBED Visio.Drawing.11  ���








� EMBED Visio.Drawing.11  ���





















 5/5

[image: image9.emf]22.7%

[image: image10.emf]14.3%

[image: image11.emf]15.2%

_1393658322.vsd
14.3%



_1393658396.vsd
15.2%



_1393658226.vsd
22.7%



