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Introduction

One of the objectives for the WI: HetNet Mobility Enhancements for LTE is:
· Improve overall HO performance with regard to HO failure rate and ping-pong in HetNet environments.
The major proposed enhancements have been summarized in [1]. One important class of mobility enhancement relies on the UE speed. It has been shown that speed-based method can improve the mobility performance significantly. For example, when high-speed UEs are not handed over to pico cells, the HO failure rate involving pico cells is reduced significantly [2].  
Performance of speed-based method depends on knowledge of UE speed. For a given UE speed, an event such as handover failure (HOF) or short time of stay (SToS) happens based on the action taken either by the UE or the network. Such action relies on the estimated UE speed. In other words, the probability of the event at a particular UE speed is conditioned on the estimated UE speed. When the UE speed is estimated by MSE, there are only three possible mobility states.
As the performance of speed-based mobility management is affected by both the mobility management scheme and mobility state estimation accuracy, it is desirable to enhance MSE accuracy, which is beneficial for mobility-based enhancement. It may also be beneficial for efficient small cell discovery, RLF recovery, and power saving. 
In this contribution, we propose an enhanced MSE scheme by introducing two MSE windows and associated MSE parameters: a long MSE window to improve MSE accuracy, and a short MSE window to reduce MSE delay. 

Proposed MSE Enhancement 
Motivation
Accurate MSE is beneficial for mobility-based enhancement. As shown in our earlier contribution [3], one method to improve MSE accuracy is to increase the MSE window duration. A long MSE window accumulates more handovers / cell reselections and reduces variance in HO/reselection counts, hence improving the MSE accuracy. However, increasing the MSE window introduces delay in detection of UE mobility change, which may occur as a result of UE changing speed. The delays can generally be classified into two types:
Type I: Delay in detection of UE changing from high mobility to low mobility. 
Type II: Delay in detection of UE changing from low mobility to high mobility. 
From the user experience point of view, the latter appears to be more critical, as wrongly treating a high-speed UE as of low mobility may lead to higher HOF probability and the UE needs to re-establish RRC connection with the eNB [4].
Therefore, in our proposed scheme, a short MSE window is also used to reduce delay in detection of UE mobility change from low mobility state to high mobility state. This short MSE window is used together with the long MSE window used to improve MSE accuracy,

MSE with different MSE windows
Our proposed MSE enhancement can be described as follows: 
The mobility state of the UE is initially assumed to be high. 
The long MSE window is used when the mobility state of the UE is high or medium, and the mobility state of the UE is determined based on the long MSE window. 
Both the short MSE window and the long MSE window are used when the mobility state of the UE is low, and the mobility state of the UE is switched to medium or high mobility if any medium or high mobility criterion is satisfied in any MSE window (short or long). 

To support the operation of two MSE windows, the following parameters are needed.
Thresholds for short MSE window: NCR_M and NCR_H 
Thresholds for long MSE window: NCR_M_long and NCR_H_long.
Duration of short MSE window: TCRmax
Duration of long MSE window: TCRmax_long

The UE mobility state is determined the same way as current specification by comparing the number of handovers or cell reselections against the thresholds. The operation of the above proposal is illustrated by the following examples.

Example 1 (Figure1):
When the current UE mobility state is estimated to be high or medium, the long MSE window (TCRmax_long) will be used, and the MSE decision is made upon the expiry of the long MSE window. 
If the number of handovers or cell reselections within TCRmax_long exceeds NCR_M_long and not exceeds NCR_H_long, the UE mobility state will be declared to be medium. 
If the number of handovers or cell reselections within TCRmax_long exceeds NCR_H_long, the UE mobility state will be declared to be high.    
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Figure 1 	Illustration of Proposed MSE when current estimated UE mobility is high or medium.
Only the long MSE window is used in this case.
Example 2 (Figure 2):
When the current UE mobility state is estimated to be low, both the short MSE window (TCRmax) and long MSE window (TCRmax_long) will be used, and the MSE decision is made upon the expiry of every short MSE window. 
If the number of handovers or cell reselections within TCRmax exceeds NCR_M and not exceeds NCR_H, the UE mobility state will be declared to be medium. 
If the number of handovers or cell reselections within TCRmax exceeds NCR_H, the UE mobility state will be declared to be high.    
If the number of handovers or cell reselections within TCRmax_long exceeds NCR_M_long and not exceeds NCR_H_long, the UE mobility state will be declared to be medium. 
If the number of handovers or cell reselections within TCRmax_long exceeds NCR_H_long, the UE mobility state will be declared to be high.  
The final UE mobility state is selected to be the highest among the possible outcomes in both short MSE window and long MSE window.  
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Figure 2 	Illustration of Proposed MSE when current estimated UE mobility is low.
Both the long MSE window and short MSE window are used in this case.

When two MSE windows are introduced, the delay in detection of mobility change is reduced, and this is beneficial to improve mobility performance when UE changes its mobility from low to high. The trade-off of reduced delay is less accurate MSE. On the other hand, we allow longer MSE window to detect mobility change from high to low at better accuracy to reduce the error probability that a high mobility UE is treated as a low mobility one.   

Simulation Result 
We focus on improvement in MSE accuracy in this contribution. The simulation parameters are summarized in Table 1 of Appendix. The MSE result can be used as input for mobility-dependent schemes to enhance mobility robustness. 
The CDF plots of HO counts with short (30 sec) and long (90 sec) MSE windows are shown in Fig. 3. The long MSE time window corresponds to TCRmax_long, which is made up of 3 short MSE windows, each with duration 30 sec (TCRmax). Each macro cell contains 1, 4, or 10 randomly placed pico cells. With long MSE window, we can observe more distinct separation of HO counts at different UE speeds, which improves the accuracy and reliability of MSE. On the other hand, short MSE window reduces delay to detect mobility change, at the cost of less accurate MSE.  
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	Figure 3    CDF plots of HO counts for different MSE window durations 


	



Conclusions

In this contribution, we further illustrate our earlier proposal [4] to enhance MSE by using two MSE windows, where a long MSE window is used to improve MSE accuracy, and a short MSE window is used to reduce delay in detection of UE mobility change.
The proposed method may work as a standalone solution, or it can be implemented on top of other proposals such as weighted/selective counting to enhance MSE [5], and mobility-based HO decision to improve overall HO performance in HetNet [2].
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Appendix: Simulation Parameters

Table 1: Simulation parameters
	Simulation Parameter
	Value

	General parameters
	Same as HetNet mobility simulation calibration

	Number of Picos per macro-cell
	1, 4, 10

	Pico cell placement
	Random according to 3GPP TS 36.814

	UE speed (km/h)
	3, 30, 120 

	TTT (ms)
	160 

	A3 Offset [dB]
	2

	RSRP L3 Filter K
	1

	T-eval (sec)
	TCRmax  = 30 
TCRmax_long = 90

	TTT scaling factors
	Sfnormal=1, Sfmedium=0.5, Sfhigh=0.25
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