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1
Introduction
One of the objectives in the Release 11 Study Item, HetNet mobility improvements 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. (RAN2, RAN3)
In ‎[2] it was studied how number of small power cells deployed in heterogeneous network impact the mobility state estimation process. This contribution follows the simulation approach and setup introduced in ‎[2] and shows more results where the number of pico cells can have a big influence on the mobility state estimation.

The current LTE specifications include UE MSE, which is based on the number of past cell reselections (Idle mode) or handovers (Connected mode). For medium and high mobility states in Idle mode, UE adds an offset to the signalled Qhyst (cell reselection margin) and scales the Treselection by a factor given by the mobility state. In Connected mode, UE scales Time to Trigger by a factor. These scaling factors are parameters signalled by the network and are optional so the speed dependent scaling can also be turned off. Among others, these mechanisms can be used to optimize mobility for high velocity UEs. However, as will be discussed in more details in this contribution, the currently supported UE MSE does not always behave as desired in HetNet environments, mainly due to anticipated increasing number of small power cells, so it is suggested to further study the mobility state estimation enhancements for heterogeneous networks.  

2
Background
In macro-only deployments the fast moving mobiles should make a handover to a better cell as fast as possible to avoid late handovers and related radio link failures. The current UE MSE functionality can be used for this purpose. However, in HetNet deployments handovers to pico cells for fast moving users are not always preferred (see ‎[6]).

 UE MSE tries not to estimate the actual velocity of an UE, but rather evaluate how actively UE is moving from a cell to another at given macro and small cell deployment. Therefore mobility is not just dependent on the UE speed alone. It is a combined effect of UE speed, network deployment, cell type and size, placement of pico cells w.r.t. to macro cells, propagation, cell load etc. The problem with the currently specified method for UE MSE is that not all of these different deployment aspects are taken into account. The UE does not have information about the general deployment scenario, like the knowledge of being in a macro cell or a pico cell within pedestrian area. This is especially relevant for HetNet scenarios, where cell types and how cells are located can vary significantly. 

In addition to the UE MSE, the so-called UE history information is also signalled between eNBs using X2 for connected mode UEs. The UE History Information contains information about cells that a UE has been served by in active state prior to the target cell. Other information elements that are available contain; Global Cell ID, Cell Type, and Time UE stayed in Cell. The cell type is enumerated as {verysmall, small, medium, large, …}‎[5]. Thus, for connected mode UEs at network side, it is possible to provide the similar mobility state estimation, e.g. classify UEs as normal, medium and high mobility state and steer UEs accordingly by handovers knowing how UE MSE can scale the TimeToTrigger parameter. 

3
Simulations
The existing functionality for UE mobility state estimation has been specified in ‎[3]

 REF _Ref305351449 \r \h 
‎[4]. According to ‎[3], there are three mobility states: normal, medium and high. By default UE is defined to be in normal mobility state and thereafter mobility state is updated according to number of cell reselections or number of handovers within the mobility evaluation period t-Evaluation. 

It is defined that N_cellReselections denotes the number of reselections during a given interval T_CRMax, which is operated as a sliding window. N_cellReselections is compared to thresholds, which define the limits of each mobility state. TCRmaxHyst specifies the additional time period before the UE can enter Normal-mobility state.

· UE moves to high mobility state if N_cellReselections > N_CRHigh during time interval T_CRMax
· UE moves to medium mobility state if N_CRHigh > N_cellReselections > N_CRMedium during time interval T_CRMax
· Otherwise UE stays in normal mobility state or enters normal state when TCRmaxHyst interval is exceeded. 

The same UE MSE rules apply also to Connected Mode UEs where handovers are counted instead of cell reselections.

Two parameters are scaled according to mobility state: Q_hyst and T_reselection in idle mode and one parameter, Time-To-Trigger (TTT) in connected mode. Each UE mobility state has its own weights for the parameters, which are applied to the defined parameters whenever mobility state changes.

In the following, the baseline performance for the current UE MSE is illustrated with a set of simulations using the basic parameters listed in Table 1.
Table 1: Set of basic simulation parameters
	Items 
	Description 

	Number of Picos per macro-cell area
	2 or 6

	Pico cell placement
	Random according to 3GPP TR 36.814

	Cell loading
	100% (on all cells)

	Number of UEs
	630

	UE speed
	3, 30, 60, 120 km/h

	Channel model
	TUs

	TimeToTrigger  [ms]
	480 (normal mobility state)

	cellIndividualOffset  (Ocn for A3) [dB]
	3

	RSRP L3 Filter K
	8

	L1 to L3 period [ms]
	200

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms

	Minimum Time of Stay
	1s

	TTT scaling factors for MSE
	0.25, 0.50, 0.75, 1.00

	t-Evaluation, mobility period
	30s

	t-HystNormal, hysteresis back to normal state
	0s

	n-CellChangeMedium, limit to enter medium state
	3

	n-CellChangeHigh, limit to enter high state
	5

	Simulation network time
	60s


Handovers back to previous cell are not counted into mobility state estimation process. Only the user velocity and number of pico cells per macro cell are changed between simulation iterations, e.g. MSE thresholds and mobility period in t-Evaluation are the same for all the cases. 

The initial conclusion is drawn from few parameter combinations of number of picos and UE speeds. In these simulations the UE MSE has been evaluated in Connected Mode. In connected mode the UE shall scale the TTT value depending on its mobility state. When UE enters either medium or high mobility state, user specific TTT value will be scaled to a new TTT value as follows: 

· Normal state:
480ms

· Medium state: 256ms

· High state:
 128ms

according to SpeedStateScaleFactors [0.25, 0.5, 0.75, 1.00] from 3GPP 36.331. Note that the closest TTT value is selected. 

Simulated networks are shown in Figure 1
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Figure 1: Simulated network layout. a) 2 pico/macro cell vs. b) 6 pico/macro cell.
3.1
Performance results
The current UE Mobility state estimation has been evaluated for UE velocity 3, 30, 60 and 120 km/h with varying number of pico cells per macro cell. 

This was repeated for two network layouts consisting of 2 pico cells and 6 pico cells per macro cell according to Figure 1. Pico placement follows 3GPP TR 36.814. Results are presented in a form where each bar represents the average share of UEs in that mobility state during the simulation. Combining all the mobility states per user velocity represents 100% of the users.
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Figure 2, Current MSE, Mobility state share for 3, 30, 60 and 120 km/h with 2 and 6 pico cells per macro.
From the simulations we can see that normal mobility states are always present, even at high velocities and with large number of picos. In realistic scenario there are always some UEs, which are having a trajectory that won’t pass enough number of macro and pico cells during the t-Evaluation period to meet the thresholds of medium or high mobility state. Respectively, fast and freely moving users, say 120 km/h, are not classified as medium or high mobility state UEs unless they intersect enough pico cells during the mobility evaluation period. 

Proposal #1: Discuss and decide if further studies on possible improvements to UE MSE methods for HetNet deployments are needed.

At UE velocities 3 km/h and 30 km/h the current MSE provide about the same mobility state estimates where normal state is clearly dominating. Even if the number of picos would be increased above 10 per macro cell, the average mobility state would remain mainly as normal mobility state, if the t-Evaluation mobility period is short compared to time it takes a UE to pass enough number of cells for a higher mobility state.

If UE speed is increased to 60 km/h or more, then we start to see significant changes in user shares in medium and high mobility states. 

When looking at UE velocities 60 km/h and 120 km/h in Figure 2, and when more picos are introduced (green bars) to the network, we observe a trend where 30% to 55% of UEs change their mobility state to a higher state. At 60 km/h and 120 km/h there are less normal mobility state UEs and at 120 km/h with 6 picos per macro we see more UEs changing their mobility state from medium to high mobility state even if the user velocitiy is the same 120 km/h. If, in order to ensure more robust mobility and lower system signalling load, it is seen beneficial to keep UEs in high mobility state in macro layer, it can be difficult to achieve this if using the current MSE procedure. Reason being that the current MSE algorithm will scale the mobility parameters such that they will enable faster mobility triggers for UEs with high mobility state. As can be seen from our results about 20% of the UEs at 120 km/h will be performing MSE scaling when there are fewer number of small cells but about 75% of the UEs at the same 120 km/h will be performing MSE scaling when there are a larger number of small cells. The UE MSE does not estimate the UE velocity but only the mobility state – i.e. amount of cell changes (reselection or handover) per time window but if we were to make decisions to use MSE to avoid high velocity UEs e.g. from entering small cells purely based on current UE MSE then, as can be seen above from the proportion of 120 km/h UEs available, a large amount of UEs will perform MSE scaling with the intention of enabling faster mobility towards the small cells.
Proposal #2: Discuss and decide if the current UE MSE negatively impacts the mobility of UEs in high MSE UEs in a heterogeneous network.
5
Conclusion
Choice of parameters has significant impact on the UE mobility state estimation (MSE) and mobility related performance indicators, such as number of handover failures and ping pongs. In this document we have discussed about potential problem in using the current methodology of UE MSE and related mobility parameter handling. We propose further studies for improving UE MSE in order to better address MSE in HetNet deployment scenarios. 

In summary the following are proposed in this paper:

Proposal #1: Discuss and decide if further studies on possible improvements to UE MSE methods for HetNet deployments are needed.
Proposal #2: Discuss and decide if the current UE MSE negatively impacts the mobility of UEs in high MSE UEs in a heterogeneous network.
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