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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 the number of small 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.

We will discuss in more detail in this contribution that the currently supported UE MSE does not always behave as desired in HetNet environments, mainly due to anticipated increasing number of small cells, so it is suggested to look at the identified problems and solutions to improve the mobility state estimation for heterogeneous networks.  

2
Background
The existing functionality for UE mobility state estimation has been specified in ‎[3], ‎[4]. The purpose of UE MSE is not to estimate the actual velocity of the UE, but rather evaluate how actively UE is changing cells  (i.e. mobility state). The current UE MSE functionality is used was mainly designed with homogeneous macro layer deployment as baseline, where a fast moving UE should make a handover to a better cell faster than slowly moving UE to avoid late handovers and related radio link failures (RLF). However, there are challenges with the current UE MSE especially when used in HetNet deployments.
2.1
Challenges with Rel-8 MSE
The general challenge with Rel-8 MSE and scaling of mobility parameters  is that currently estimated mobility state has an impact to the number of the future executed mobility events, when mobility state is estimated to be above normal. That is, the mobility state estimator has a feedback loop that takes the rate of mobility events as input to the estimator, which introduces a possibility of instability. 
It is noted that handover failure problems are seen in the field in such cases where fast moving users are not restricted access to small cells, thus causing frequent hand in and hand out and very short time of stay in the small cells, and the same is observed in various simulations. 
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Figure 1, Illustration of MSE stability
When UE is in connected state, a problem may occur if UE specific measurement configuration, e.g. TimeToTrigger, is not optimized for current velocity of the device in HetNet. In such case the network may fail to handover UE to the most suitable target cell for its current mobility state, e.g. handover a fast moving UE to macro layer.
In idle state, UE should be camping preferably in the cell that is the best and the most suitable, when in connected state  the connection starts and a handover can be avoided as a first step. Also, the probability of RLFs may be minimized if a best suitable cell could be is selected from the outset.
Another challenge with Rel-8 MSE is that 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.
3
Enhanced Mobility State Estimation

3.1
General Requirements for Enhanced MSE in HetNet
As part of Release 11 Study Item, HetNet mobility improvements for LTE ‎[1] methods for improving Mobility State Estimation have been studied, e.g. ‎[7], ‎[8], ‎[9]. In this chapter we propose some general requirements to address the problems and to improve the MSE in HetNet and also propose that we capture them into 3GPP TR 36.839.
3.1.1
Cell specific characteristics
Information about the cell specific characteristics (e.g. cell type or cell size) should be signalled to the UE in both idle and connected modes. These cell specific characteristics should basically indicate the cell size in terms of relative weights, where a macro cell would have a relative weight “1.0”.
Proposal #1: It is proposed that network signal the cell specific weights to indicate the cell specific information as a relative weight and that the information would be a configurable parameter. Signaling details for idle and connected mode are FFS.
3.1.2
MSE Stability
In ‎[7] it has been evaluated that cell specific characteristics can be used to stabilize the UE MSE process in HetNet, where the UE velocities may vary. One way to improve stability of MSE is to use the cell specific characteristrics in the mobility state estimation process. In ‎[7] it was proposed that small cells would have smaller significance over the mobility evaluation period t-Evaluation and network signal the cell type information and that this information is used in the MSE algorithm.
Proposal #2: It is proposed that enhanced MSE algorithm would take into account the signalled cell specific weights to improve the stability of the MSE estimate in HetNet.
3.2
Enhanced MSE Proposal
Enhanced MSE follows principles of TS 36.304 and TS 36.331 with enhancements on how to apply the cell specific information (relative cell weight indicative of the cell size) when counting the number of HOs within time interval T_CRMax.
It is proposed that that N_cellReselections denotes the number of weighted reselections or handovers during a given interval T_CRMax. Weighted reselection is a reselection count scaled according to parameters (relative cell weight) associated to source and target cell type.
· Macro to Macro HO; the HO from Macro to Macro is counted as Macro_to_Macro_Weight;

· Macro to Pico HO; the HO from Macro to Pico is counted as Macro_to_Pico_Weight;

· Pico to Macro HO; the HO from Pico to Macro is counted as Pico_to_Macro_Weight;

· Pico to Pico HO; the HO from Pico to Pico is counted as Pico_to_Pico_Weight;

N_cellReselections is compared to thresholds, which define the limits of each mobility state during T_CRMax. 
· UE moves to high mobility state if N_cellReselections > N_CRHigh 
· UE moves to medium mobility state if N_CRHigh > N_cellReselections > N_CRMedium
· 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, timeToTrigger (TTT) in connected mode. Each UE mobility state has its own scaling weights for the mobility parameters, which are applied to the defined parameters whenever mobility state changes. T_CRmaxHyst specifies the additional time period before the UE can enter normal mobility state.
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Figure 2 Enhanced MSE scenario using cell specific weights
Proposal #3: It is requested that the enhanced MSE algorithm would be captured in 3GPP TR 36.839.

4
Enhanced MSE Simulations
4.1
Simulation model
Enhanced MSE proposal explained in Chapter 3.2 was simulated using source-target cell type specific weights and parameters shown in Table 1.

Table 1, Enhanced MSE parameters using in simulations
	MSE Parameter
	Value

	T_CRMax, mobility period

	30s

	N_CRMedium, limit to enter medium state
	3

	N_CRHigh, limit to enter high state
	5

	T_CRmaxHyst, hysteresis back to normal state
	0s

	Macro_to_Macro_Weigth
	1.0

	Macro_to_Pico_Weigth
	0.3

	Pico_to_Macro_Weigth 
	0.3

	Pico_to_Pico_Weight
	0.15


T_CRmaxHyst was set to 0s to demonstrate the immediate impact of cell type specific weights. It can be further used to impact the distribution of mobility states. The performance for the enhanced UE MSE is illustrated with a set of RRC connected state simulations using the basic network parameters and mobility related parameters as listed in Appendix A Table 2 and Table 3 respectively. 

4.2
Enhanced MSE Performance
4.2.1
MSE Stability using Enhanced MSE
UE MSE stability was evaluated by network simulations. Figure 3 and Figure 4 show the distribution of mobility states with the same common mobility parameters for Rel-8 and enhanced MSE. In both figures the section a) has 2 Picos per Macro and b) 6 Picos per Macro at 120 km/h. In Figure 3 with Rel-8 MSE the distribution of mobility states drastically changes, when number of picos per macro increase from 2 to 6. With enhanced MSE it is shown that MSE stability can be improved and distribution of mobility states can be maintained. This is achieved using enhanced MSE where cell type/size information and cell type specific paramaters are made available to UE.
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	Figure 3, Rel-8 UE MSE distribution of mobility states at 120 km/h, a) 2 Picos per Macro b) 6 Picos per Macro
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	Figure 4, Enhanced UE MSE distribution of mobility states at 120 km/h, a) 2 Picos per Macro b) 6 Picos per Macro


Flexiblity of enhanced MSE is preferred functionality for example in areas where small cells are deployed next to main roads, rural roads and highways. In this case different distributions of mobility states can be used to improve mobility performance, e.g. compared to scenarios with only pedestrian mobility.
4.2.2
Mobility Performance using Enhanced MSE
Figure 5 shows significant improvements with enhanced MSE in terms of mobility performance. Comparing Figure 5 section a) with no MSE to section b) where enhanced MSE is used, both HOF and RLF are reduced about 40%, while ping-pong percentage remains in practice unchanged below 8%.
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	Figure 5, Mobility performance with 6 Pico per Macro at 120 km/h, a) No MSE b) Enhanced UE MSE.


Proposal #4: It is requested that simulation results demonstrating the enhanced UE MSE algorithm performance would be captured in 3GPP TR 36.839.

5
Conclusion
Choice of mobility parameters has significant impact on the UE mobility state estimation and mobility related performance indicators, such as number of RLFs, handover failures and ping pongs. In this document we have discussed about potential problem with Rel-8 MSe and related mobility parameter handling. We have identified specific areas of Rel-8 mobility state estimation, which can be improved and refined to have significant gain in the mobility performance. 
In this document we have shown that enhanced UE MSE can address the identified challengies in HetNet deployment scenarios. Based on the simulation results it can be concluded that enhanced MSE and broadcasted cell type characteristics should be specified with configurable parameters to enable optimization for better HetNet mobility performance.
In summary the following are proposed in this paper:
Proposal #1: It is proposed that network signal the cell specific weights to indicate the cell specific information as a relative weight and that the information would be a configurable parameter. Signaling details for idle and connected mode are FFS.
Proposal #2: It is proposed that enhanced MSE algorithm would take into account the signalled cell specific weights to improve the stability of the MSE estimate in HetNet.
Proposal #3: It is requested that the enhanced MSE algorithm would be captured in 3GPP TR 36.839.

Proposal #4: It is requested that simulation results demonstrating the enhanced UE MSE algorithm performance would be captured in 3GPP TR 36.839.
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Appendix A
Simulation parameters

Table 2, Set of basic simulation parameters

	Parameter 
	Value 

	Bandwidth 
	10 MHz 

	Sub-Carrier Spacing 
	15 kHz 

	Macro and Pico Frequency 
	2 GHz 

	Simulation Time 
	200 s 

	Shadowing Standard Deviation Macro 
	8 dB 

	Shadowing Standard Deviation Pico 
	10 dB 

	Shadowing Correlation Distance Macro 
	50 m 

	Shadowing Correlation Distance Pico 
	13 m 

	BS Tx Power Macro 
	29+10log10(nPRB) = 29+10log10(50) = 46 dBm 

	BS Tx Power Pico 
	13+10log10(nPRB) = 13+10log10(50) = 30 dBm 

	Distance Dependent Path-Loss Macro 
	128.1 + 37.6 log10 (R) 

	Distance Dependent Path-Loss Pico 
	140.7 + 36.7 log10 (R) 

	Initial UEs Location and UEs Dynamics 
	Random, with movements along straight lines 


Table 3, Summary of Mobility related parameters
	HO Parameter
	Value

	Time To Trigger (TTT)
	Dynamic, 480 ms in normal Mobility

	A3 Offset
	3 dB Macro and Pico

	Ping-Pong-Time
	1 s

	Measurements Rate
	0.2 s

	HO Execution Time (including Preparation)
	0.15 s

	RSRP error – zero mean Gaussian
	1 dB std

	Filtering Factor K
	4

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB

	Velocity
	120 Km/h


