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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 deployment.
2 Discussion
2.1 Existing mechanism
The existing MSE mechanisms are defined in the section 5.5.6.2 of 3GPP TS 36.331 for RRC_CONNECTED mode, and in the section 5.2.4.3 of 3GPP 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 described in 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 functionalities (Step 3) essentially adjust mobility related parameters, i.e. TTT, to fit the time interval UE spends in a handover region. The handover region can be viewed as the span between the position where the candidate target cell meets the A3 measurement event entering condition and the position where the serving cell has seriously degraded due to UE moving into the candidate target cell. If UE’s speed is high, the time interval in handover region would be small, and 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, the sizes of handover regions are roughly the same for all handovers and the time interval in handover region is only affected by UE’s movement speed. The higher the speed is, the smaller is the time interval in handover region. In a heterogeneous network, where cell sizes can vary dramatically from macro to pico, the sizes of handover regions can vary significantly for different sizes of 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]. Hence, the time interval a UE spends in a handover region depends on both UE’s movement speed and the sizes of the involved serving and candidate target cell.
The existing MSE mechanism is designed when the deployment is more about homogeneous network. It does not consider the impact of cell size either when the number of handovers is counted or when handover region involves different sizes of serving or candidate target cells. The former problem was discussed in [3], by counting small cells and large cells differently in the number of handovers. Yet only changing the way history cells are counted does not reflect the importance of the size of current handover region on choosing the proper mobility parameters, such as TTT. In other words, UE mobility state should be estimated not only based on the number and sizes of the history cells, but also based on the sizes of its current serving cell and candidate 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 sizes of candidate target cells 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
Preliminary simulations are performed in order to evaluate the potential gains of improving MSE for HetNet mobility enhancement. And three cases are simulated and compared for this purpose:

1) Without MSE: this is the baseline case, and all the simulation assumptions follow those defined in 3GPP TR 36.839 v0.3.0 for the large area simulation calibration.
2) With MSE: this case simply adds the existing MSE, as described in the Section 2.1, and is used to provide the benchmark of HetNet mobility performance when MSE is enabled.
3) With enhanced MSE: this case is used to evaluate the potential benefits of enhancing MSE. Some simple enhancements are incorporated based on the discussions in the Section 2.2, where macro and pico cells are counted with different weights and the way they are counted varies with the sizes of candidate target cells. If the candidate 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 candidate 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.
Values of some MSE related parameters commonly used in both “With MSE” case and “With enhanced MSE” case are listed in Table 1.
Table 1, MSE related simulation parameters
	 Items 
	Description 

	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
The following three performance metrics are selected to present the simulation results for different MSE schemes:

· Macro-pico handover failure rate,
· Overall handover failure rate, and
· Ping-pong rate.
All these three metrics are based on the definitions specified in 3GPP TR 36.839 v0.3.0.
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Figure 1, Macro-pico handover failure rate
Figure 1 compares the macro-pico handover failure rates generated with different MSE schemes. From Figure 1, it can be observed that the existing MSE can somewhat reduce the macro-pico handover failure rate, and on top of that, an MSE enhancement can further reduce it to a large extent:

· Compared to “Without MSE” case, the relative reduction of the macro-pico handover failure rate is 14.30% in “With MSE” case;
· Compared to “With MSE” case, the relative reduction of the macro-pico handover failure rate is another 42.95% in “With enhanced MSE” case.
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Figure 2, Overall handover failure rate
Figure 2 compares the overall handover failure rates generated with different MSE schemes. It can be observed from Figure 2 that the existing MSE can somewhat reduce the overall handover failure rate, and an MSE enhancement can further reduce it to a large extent:

· Compared to “Without MSE” case, the relative reduction of the overall handover failure rate is 16.59% in “With MSE” case; 

· Compared to “With MSE” case, the relative reduction of the overall handover failure rate is another 28.23% in “With enhanced MSE” case.
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Figure 3, Ping-pong rate
Figure 3 compares the ping-pong rates generated with different MSE schemes. From Figure 3, it can be observed that the existing MSE somewhat increases the ping-pong rate, and the MSE enhancement further increases it, but at a very minimum amount:

· Compared to ”Without MSE” case, the relative increase of the ping-pong rate is 6.12% in “With MSE” case; 

· Compared to “With MSE” case, the relative increase of the ping-pong rate is merely 0.76% in “With enhanced MSE” case. 

In summary, two initial findings can be obtained from the above simulation results:

1) The existing MSE can reduce the handover failure rate in HetNet deployment at the cost of an increase of the ping-pong rate;
2) The existing MSE can be enhanced to further reduce the handover failure rate in HetNet deployment, with a minimal increase in the ping-pong rate.

4 Conclusion
This contribution analyses the problems of current MSE mechanism in HetNet deployment. 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. Simulations are performed to evaluate the potential impact of these enhancements on HetNet mobility performance. Simulation results demonstrate that there are still rooms for significant performance gain by enhancing MSE mechanism for HetNet deployment.
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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