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1 Introduction

One of the objectives for the Release-11 Study Item on HetNet mobility enhancement for LTE [1] is to evaluate performance benefits of enhanced UE mobility state estimation (MSE) and related functionalities, and other possible mobility solutions to take different cell-sizes into account. MSE may also be the option to provide UE mobility assistance information. 
In previous RAN2 discussions, the behavior of MSE in HetNet is seen as unstable or inconsistent [2][3]. One potential cause of such unstable or inconsistent behavior is that the observation time (t-Evaluation) is not long enough to accumulate sufficient number of cell reselections / handovers for meaningful mobility state estimation. 
This document discusses mobility state estimation enhancement with increased observation time window. Longer observation time results in more distinct mobility state separation and more stable MSE. 
2 Discussion
Existing MSE based on cell counting is defined in 3GPP TS36.331 for UE in RRC_CONNECTED mode and in 3GPP TS36.304 for UE in RRC_IDLE mode. Basically, the UE counts the number of handovers and cell reselections during the observation time (t-Evaluation), based on which the UE decides its mobility state to be low, medium, or high. For UE in RRC_CONNECTED mode, the UE scales the time-to-trigger (TTT) handover parameter based on its estimated mobility state.   

Heterogeneous network (HetNet) consisting of macro cells and small cells like pico cells are expected to be widely deployed. Due to different cell types and deployment densities, MSE becomes more complicated in HetNet. Based on the email discussion 77bis#32 [2] and earlier contributions like [3], the behavior of MSE is seen as not very stable, and hence diminishing its usefulness for good mobility performance in HetNet. Therefore it is important to enhance the stability of MSE for better TTT scaling and handover decisions.   
Some proposed enhancements to MSE in HetNet include assigning weights to different types of handovers [4] and counting only macro-to-macro handovers [5]. These solutions focus on optimization of cell counting for MSE. Another factor that could affect the MSE stability is the duration of observation time, or t-Evaluation.

In this contribution, we study the effect of the observation time on MSE stability. The instability issue could be caused by the short observation time in MSE, and more stable MSE performance can be achieved by increasing the observation time, which allows a moving UE to count more cell reselections/handovers to differentiate its MSE counter from that of a static UE. Accumulation of sufficient cell reselections/handovers also aids the UE to make more meaningful statistical inference about its mobility.  

2.1 Effect of t-Evaluation on MSE
The simulation parameters are shown in Table 1. The UE travels at 3km/h, 30km/h, and 120km/h. For each UE speed, two sets of simulations are conducted. For one simulation set, the number of cell reselections / handovers encountered within t-Evaluation = 30 sec is recorded, and for the other, t-Evaluation = 90 sec is used instead.   

Table 1: Simulation parameters

	Simulation Parameter
	Value

	General parameters
	Same as HetNet mobility simulation calibration

	Number of Picos per macro-cell
	2

	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-Evaluation (sec)
	30, 90.


The histogram for the number of handovers are shown in Fig. 1 (a) and Fig. 1 (b) for t-Evaluation = 30 sec and t-Evaluation = 90 sec, respectively. Fig. 1 shows that when the observation time is short (30sec), the distributions of UE MSE count (including cell reselections and handovers) at three UE speeds are close to each other with large overlapping regions. An overlapping of two distributions causes ambiguity for the UE to determine its mobility state properly, thus giving rise to MSE instability. On the other hand, when the observation time increases to 90 sec, the distributions of MSE count at the three UE speeds are well-separated with less overlapping regions and the MSE ambiguity is reduced.  
Observation 1: Increasing observation time results in more distinct separation of mobility states.
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(a) t-Evaluation = 30 sec
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(b) t-Evaluation = 90 sec

	Fig. 1.  Histograms of MSE count for different t-Evaluations

	


2.2 MSE enhancement with long t-Evaluation

Accurate MSE is critical to ensure good UE mobility performance in HetNet. For example, high mobility UE may not be handed over to small cells to avoid handover failure, while medium mobility UE should be handed over to small cells faster to gain more offloading opportunity. The result in Fig. 1 shows that more accurate/stable MSE can be achieved with longer observation time window, as increasing the t-Evaluation results in more distinct separation of the handover distributions for different UE mobility states. However, as the UE only makes a MSE decision after every t-Evaluation, longer t-Evaluation also causes delay in detection of change in mobility state, as shown in Fig. 2. 
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Fig. 2.  Illustration of MSE delay. The UE mobility change is assumed to occur at the red dashed line. The UE decides its mobility at each blue arrow. (a) MSE based on short observation time results in small detection delay; (b) MSE based on long observation time results in large detection delay. 

One way to improve the MSE stability without introducing too much delay is to implement the observation time window in a sliding window fashion. An example of such sliding window implementation is shown in Fig. 3, where it is assumed that a long observation time window comprises three consecutive observation slots. The duration of each observation slot may be equal to the current observation time window (e.g. 30 sec). The UE counts the number of cell reselections / handovers within each slot. The operation of the long observation time window works as follows: 

· Count the number of cell reselections / handovers in the most recent slot;
· Update the MSE counter by adding the new count; 
· Discard and subtract the count in the least recent slot from the long observation window; 
· Determine MSE by threshold comparison. 


In other words, the long observation time window is ‘slided’ across the MSE counts in steps equal to the observation slot duration. The MSE delay is determined by the duration of the observation slot.
Observation 2: Sliding window implementation of observation time window can reduce mobility estimation delay.  
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Fig. 3.  Sliding observation time window

3 Conclusions

This paper investigates the effect of observation time window on MSE stability.  

Observation 1: Increasing observation time results in more distinct separation of mobility states.
Observation 2: Sliding window implementation of observation time window can reduce mobility estimation delay.  
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