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1 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.

Some of the proposed enhancements have been summarized in [1]. One major class of mobility enhancement relies on the UE speed, and speed-based methods include speed-dependent HO parameter optimization and speed-dependent mobility decision. In previous RAN2 meetings, it has been shown that speed-based method can improve the mobility performance significantly [2]. For example, when high-speed UEs are not handed over to pico cells, the HO failure rate involving pico cells is reduced significantly.  

Speed-based method relies on the knowledge of UE speed. In current LTE, a UE is able to estimate its mobility, and it is straightforward to extend UE mobility state information for speed-based enhancements. Estimation of UE mobility is achieved based on the MSE procedure. During the study item phase, performance of MSE in HetNet was evaluated and was shown to be inaccurate due to different cell sizes and densities. Hence, several enhancements to Rel-8 MSE procedure have been proposed to improve the MSE performance in HetNet. The proposed methods include weighted counting [3], selective counting [4], Doppler speed-based estimation, and eNB location based estimation. To further improve the stability/consistency of MSE, we have proposed to increase the observation time to allow the UE to accumulate sufficient number of cell reselections / HOs before making MSE decision [5]. It should be noted that the enhanced MSE should improve the overall mobility performance.
In this contribution, we propose enhanced MSE to improve mobility performance and introduce the concept of biasing MSE towards high mobility to address the trade-off between ping-pong and HO failure.  

2 Biased MSE
2.1 Motivation
There are in general two types of MSE errors:

Type I: wrongly declare low-speed UEs to be in high mobility state
Type II: wrongly declare high-speed UEs to be in low mobility state 

In a network where high-speed UEs avoid triggering handover to small cells, the cost of Type I error could be loss of offloading opportunity, as it is generally desirable to offload low-speed UEs to small cells. When UE mobility is only used to scale the HO parameters, the cost of Type I error is increased ping-pong. On the other hand, Type II error generally results in increased HO failure, as high-speed UEs may not have sufficient time to complete handover. Simulation result with speed-dependent mobility configuration shows that for high speed UEs, the HO failure is of the primary concern while the ping-pong problem is not so severe. For low speed UEs, the ping-pong becomes a bigger issue but HO failure is less significant. Therefore there exists a trade-off between HO failure and ping-pong if MSE is purely used to scale the HO parameter, namely the TTT.  
From the user experience point of view, Type II error is considered to be more devastating, as it leads to HO failures and UE needs to re-establish RRC connection with the eNB. When a UE is declared to be in low mobility state, a long TTT is used. Type II error occurs if the actual UE speed is high. In this case, it is likely that the long TTT will cause delay to trigger HO. The serving cell radio quality may become unsatisfactory and cause radio link failure before the UE is attached to the target cell. When HO failure occurs, the UE loses on-going connection with the network. Therefore it is more critical to detect high mobility reliably.  
As we cannot always detect the UE mobility correctly, our design principle is to bias MSE towards high mobility. The biased MSE reduces the probability of Type II error at the cost of Type I error. This results in a higher probability to detect low-speed UEs to be in high mobility, which either reduces opportunity of offloading to small cells, or increases ping-pong rate. However, biased MSE also reduces the probability of wrongly treating high-speed UEs to be low mobility, which can reduce the HO failure rate and improve the user experience. 
2.2 Biased MSE with long observation time window
In our previous contribution, we have shown that a long observation time window improves MSE accuracy [5] as it accumulates more HOs / cell reselections and reduces variance in HO/reselection counts. However, one issue with long observation time is delay to detect mobility change. Applying MSE over a sliding observation time window can reduce the detection delay. In this contribution, we further improve the MSE procedure by biasing the MSE towards high mobility. The proposed enhancement is described in the sequel.
The long observation time window has duration T-eval and is made up of N slots. The UE shall assume high mobility initially and records the HO/reselection counts at each slot. After T-eval (or N slots), the UE makes a decision on its mobility state based on the total counts in the N slots. Subsequently, UE records the HO/reselection counts in each slot (e.g. count Ci in slot i), and the MSE decision of UE is based on the HO/reselection counts in current and previous (N-1) slots in a sliding window fashion. In other words, the UE back-tracks previous counts and makes MSE decision based on both the current count in slot N and historical counts in previous (N-1) slots, as illustrated in Fig.1.
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Fig. 1. 
Illustration of sliding window based MSE
When the UE maintains the same mobility, the accuracy of MSE improves as the equivalently long observation time window (with duration T-eval) reduces the variance of HO count. However, when the UE changes its mobility, a long observation time window may induce delay to detect the mobility change. To reduce such delay, UE has to rely on the HO counts in the slot to make MSE decision, which, however, is less reliable, and both Type I and Type II error could occur. 
To address this issue, a biased MSE towards high mobility may be adopted by setting the threshold in the slot to reduce probability of Type II error (i.e. to favor detection of high mobility). If high mobility is detected in the slot, the UE will declare its MSE to be high. Otherwise, UE will make MSE decision based on counts in current and previous (N-1) slots.    
In summary, biasing of MSE towards high mobility is achieved by first assuming a high UE mobility during the initial T-eval. The subsequent MSE decision also favors high mobility detection by threshold setting in the slot. This design yields biased MSE towards high mobility at the cost of Type I error, which could occur in several situations. The initial UE mobility state is assumed to be high, which could result in MSE error when the true UE mobility is low. When the UE speed changes from high to low, the UE can only detect the mobility change after a T-eval. The biased MSE in a slot may also declare UE in low speed to be in high mobility, which may only be corrected after T-eval.  
2.3 Simulation Result 

The simulation parameters are summarized in Table 1. 
Table 1: Simulation parameters

	Simulation Parameter
	Value

	General parameters
	Same as HetNet mobility simulation calibration

	Number of Picos per macro-cell
	0, 2, 10.

	Pico cell placement
	Random according to 3GPP TS 36.814

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

	TTT (ms)
	160 

	cA3 Offset [dB]
	2

	RSRP L3 Filter K
	1

	T-eval (sec)
	30, 90.

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


We first show the histogram of HO counts with short (30 sec) and long (90 sec) observation window in Fig. 2. The long observation time window corresponds to T-eval, which is made up of 3 short observation time windows, or slots, each with duration 30 sec. Each macro cell contains 10 randomly placed pico cells. With long observation time window (90 sec), we can observe more distinct separation of HO counts at different UE speeds, which improves the accuracy and reliability of MSE. 

	[image: image2.emf]0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Handover count

Percentage of occurance

T-eval = 30sec

 

 

3kmph

30kmph

120kmph


(a) T-eval = 30 sec (slot)
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(b) T-eval = 90 sec

	Fig. 2.  Histograms of MSE count for different t-Evaluations 



Observation 1: Increasing observation time results in more accurate MSE.
Next we evaluate the HO performance in HetNet by first showing the advantage of biasing MSE towards high mobility and comparing the percentage of HO failure. In this contribution, we only use the MSE to adjust the HO parameters, namely the TTT. HO failure percentages for UE at 30kmph and 120kmph with different pico densities and mobility states are shown in Fig. 3. Higher mobility state results in shorter TTT and enbles the UE to complete the HO faster, which reduces the failure of HO involving pico cells, as has been observed similarly in other contributions like [2].  
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(a) UE speed = 30 kmph
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(b) UE speed = 120 kmph


Fig. 3. 
Comparison of HO failure percentage
Observation 2: Biasing MSE towards high mobility reduces the HO failure probability.
Finally we show the limitation of biasing MSE towards high mobility by comparing the ping-pong rate. The ping-pong rate for UE at 3kmph and 30kmph with different pico densities and mobility states are shown in Fig. 4. The simulation result shows that ping-pong rate increases if MSE is biased towards high mobility. However, ping-pong rate may be reduced if different HO procedure is used. For example, when UE mobility is high, the UE may not send measurement report to trigger HO. 
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(a) UE speed = 3 kmph
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(a) UE speed = 30 kmph


Fig. 4. 
Comparison of ping-pong rate

Observation 3: Biasing MSE towards high mobility may increase the ping-pong rate.
2.4 Discussion

The proposed method may work as a standalone solution, or it can be implemented together with some other proposals such as weighted/selective counting to enhance MSE, and mobility-based HO decision to improve overall HO performance in HetNet. Evaluation of the proposed enhancement is summarized in Table 2 based on the criteria in [6]. 

Table 2: Evaluation of solution

	Criteria
	Description

	Mobility performance
	Trade-off between HO failure and ping-pong has been shown in the simulation result above (Fig. 3 and Fig. 4). The proposal aims to reduce the HO failure at the cost of ping-pong rate. However, other methods may be used to reduce ping-pong rate.  

	Standard effort
	The proposal only changes the MSE procedure in current standard.

	Signalling overhead
	The network may need to signal two sets of parameters for MSE in long observation time window and the slot. 

Alternatively, the UE may derive one set of the parameters based on the signalled set of the other to reduce the signalling overhead.  

	Backward compatibility
	HO failure of legacy UEs may be reduced if their MSE is biased towards high mobility in the slot.   

	Idle UE applicability
	The proposal also works for UEs in idle modes, where the cell reselection is counted instead of HO. 


Based on the above evaluation, the biased MSE approach may be used together with the sliding window way of MSE procedure to enhance mobility in HetNet with the primary objective to reduce HO failure. 
Proposal 1: RAN2 to consider the sliding window way to enhance MSE procedure and to improve MSE accuracy.   
Proposal 2: RAN2 to consider the biased MSE approach with the primary objective to reduce HO failure.
3 Conclusions

In our previous contribution, we show that long observation time window improves MSE when the UE moves at a constant speed. Applying MSE over a sliding observation time window can reduce the delay in detecting UE speed change. In this contribution, we further improve the MSE procedure by biasing the MSE towards high mobility with the primary objective to reduce the probability of HO failure. Our major observations are:

Observation 1: Increasing observation time results in more accurate MSE.
Observation 2: Biasing MSE towards high mobility reduces the HO failure probability.
Observation 3: Biasing MSE towards high mobility may increase the ping-pong rate.
Based on the above observation, our proposals are: 

Proposal 1: RAN2 to consider the sliding window way of MSE procedure to improve MSE accuracy.   
Proposal 2: RAN2 to consider the biased MSE approach with the primary objective to reduce HO failure.
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