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1 Introduction
One of the objectives of the study item of “Study on HetNet mobility enhancements for LTE” [1] is:

Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.
In this contribution, potential issues in HetNet scenario are first analysed for the current mobility state estimation (MSE) mechanism. Possible enhancements are discussed to take different cell-sizes into account. Some preliminary simulation results are provided to evaluate the potential performance benefits if MSE is enhanced in HetNet environment.
2 Discussion
2.1 Existing mechanism
The existing MSE mechanisms are defined in the section 5.5.6.2 of TS 36.331 for RRC_CONNECTED mode, and in the section 5.2.4.3 of TS 36.304 for RRC_IDLE mode. Though the following discussions focus more on RRC_CONNECTED mode, they can be extended similarly to RRC_IDLE mode.
The current MSE mechanism in RRC_CONNECTED mode can be modelled into three steps as the following:
Step 1: The UE counts handovers during time period t-Evaluation and t-HystNormal.

Note: The UE shall not count consecutive handovers between same two cells. 
Step 2: The UE detects its own mobility state based on the number of handovers:
· If the number of handovers during the time period t-Evaluation exceeds n-CellChangeHigh 

· the UE enters the High-mobility state

· If the number of handovers during the time period t-Evaluation exceeds n-CellChangeMedium but does not exceed n-CellChangeHigh 

· the UE enters the Medium-mobility state

· else if criteria for either Medium- or High-mobility state is not detected during the time period t-HystNormal 

· the UE enters the Normal-mobility state 

Step 3: The UE scales the timeToTrigger (TTT) based on its mobility state:

· if the High-mobility state is detected: 

· use the TTT value multiplied by sf-High 

· else if the Medium-mobility state is detected: 

· use the TTT value multiplied by sf-Medium 

· else 

· no scaling is applied
2.2 Possible problems and enhancements
As described above, the MSE (Steps 1 and 2) and its related functions (Step 3) essentially adjust mobility related parameters to fit the handover region. The handover region can be viewed as between the moments when measurement event entering condition is met and when the serving cell condition has seriously degraded due to UE moving into neighbor cells. If UE’s speed is high, the handover region would be small, and mobility related parameters, e.g., the TTT, should be scaled in a way that the handover can be performed sooner.
In a homogeneous network, where cells are mostly of the same size, handover region is only affected by UE’s movement speed. The higher the speed, the smaller the handover region is. In a heterogeneous network, where cell sizes can vary dramatically from macro to pico, handover region is affected by both UE’s movement speed and the sizes of the serving and target cells. For example, the handover region in a Macro-Pico scenario would be significantly smaller than that in a Macro-Macro scenario [2].    

The existing MSE mechanism is designed when the deployment is more about homogeneous network, and it does not consider the cell size either when the number of cell changes is counted or when mobility estimation results are used to scale the TTT for measurement reports of candidate cells. When cell sizes vary significantly in HetNet deployment, problems may arise in both the estimation of mobility state and in the application of the estimation results to scale mobility related parameters. The former problem was discussed in [3], by counting small cells and large cells differently in the number of handovers. 
Yet changing the way history cells are counted does not reflect the importance of current handover region on choosing the proper mobility parameters. In other words, UE mobility state should be estimated not only based on the number and types of the history cells, but also based on the types of its current serving and target cells. For a given movement speed, UE mobility state should be estimated higher when the handover region is smaller, e.g., in the macro-pico scenario. 

Some enhancements can be explored to address the handover region aspect of MSE problem. In these enhancements, UE also considers the cell-size of target cell when it performs the MSE. And with these enhancements, for a UE with constant speed, Normal- or Medium-mobility state is detected when the target cell is large, and High-mobility state is detected when the target cell is small.
3 Simulation

3.1 Simulation assumptions
Some preliminary simulations are performed to evaluate the impacts of the potential enhancements on handover failure rates. The assumptions taken in the simulations are as follows:

· Without enhancements, UEs’ mobility states are always estimated as Normal.

· With enhancements, UEs’ mobility states are estimated as Normal when target cell is macro, and as High when target cell is pico.
Some parameters used in the simulations are listed in Table 1, and others follow those agreed configurations for the large area system simulation in 3GPP TR 36.839 v0.2.0.
Table 1, Simulation parameters and metrics
	Items 
	Description 

	Pico cell placement
	Random according to 3GPP TR 36.814

	Number of pico cells per macro cell
	2

	UE placement
	Uniform according to 3GPP TR 36.814

	UE speed
	15km/h, 30km/h

	Parameter configuration set
	Set 2 in 3GPP TR 36.839 v0.2.0

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

	Macro to pico handover failure rate
	(number of macro to pico handover failures) / (total number of macro to pico handover attempts)


3.2 Simulation result
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Figure 1 Macro to pico handover failure rate before and after enhancements
From the Figure 1, it is observed that Macro to Pico handover failure rate can be reduced if enhancements are applied:
· The relative reduction of Macro to Pico handover failure rate is 23.0% when the UE speed is 15km/h
· The relative reduction of Macro to Pico handover failure rate is 21.09% when the UE speed is 30km/h
4 Conclusion
This contribution analyses the problems of current MSE mechanism in HetNet enviroment. In addition to counting large cells and small cells differently, it proposes to also explore enhancements to reflect the size of handover region in the MSE. Some preliminary simulation results are provided to evaluate the potential impact of these enhancements on the handover failure rates.
Proposal: RAN2 is kindly requested to agree on MSE problems in HetNet and capture them into 3GPP TR 36.839 (Section 8) for further studies. 
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