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6.2
System Level Simulations

6.2.1
Overview

In the following sections, a simulation methodology is provided to evaluate the location accuracy of RF Pattern Matching against a baseline of the CELL-ID/ TA + AoA method. For the first cut, this study will use RSRP measurements along with the CELL-ID/TA + AoA measurements as inputs to the RF Pattern Matching algorithm. The simulation framework however allows for easy integration of other measurements and procedures (PRS, inter-RAT). The simulation also supports both synchronous and asynchronous cells scenarios. It is suggested that the simulation methodology and flows be used as the foundation for further study.
The simulation structure can be divided into several blocks as shown in Figure 6.3. The arrows denote either dependency or flow of information between the blocks. Each of these blocks will be described briefly in this section and in detail later in other sections. 










Figure 6.3 – Simulation Block Structure

6.2.2
Network topology and BS Configuration

The simulation uses the standard hexagonal distribution of cellular towers shown in Figure 2. Base stations are placed in a regular hexagonal grid. There are a total of 19 base stations with 3 cells per site. Each cell is equipped with a directional antenna. The antenna signal attenuation patterns in horizontal and vertical directions are described in Table 6. Interference between different cells is modelled by simply summing up all the interference energy received at each cell receiver and using it to calculate the SINR. The simulation assumes a reuse factor of 6 for both CRS and the PRS signals and assumes that frequency/time resources have been assigned to neighbouring cells in an ordered way (for example, cell freq index = cell number % 6). Since the CRS signals of one cell might overlap with traffic in the other cells, the interference also depends upon the amount of traffic in the network which is modelled in the form of a loading factor (a fraction between 0 and 1). A complete set of parameters specifying the network topology and the Base station and cell configuration is specified in Table 6.

Developing some notation at this point will aid comprehension later. Each cell site can be represented as a structure (say Cell). Then the ith cell site “Cell(i)” will have the following entries (i ranges from 1: nCells):-

cellId  –  unique cell identifier

loc      –  another structure with entries x, y

freq    –  reuse pattern index for CRS/PRS signal

height –  height of the tower housing the cell site 

tower  –  index of the tower housing the cell site

txPwr –  transmit power of this cell site

antAttn(theta) – function returning antenna Gain - antenna attenuation at an angle theta relative to the boresight. 

6.2.3
UE Configuration and Location Distribution

During each run of the simulation, a UE is assumed to be present in the shaded evaluation area shown in figure 2. The evaluation area is split into square cells (pixels) and the UE location is assumed to be uniformly distributed over centres of these pixels. Each pixel is labelled as either indoor or outdoor. The size of each pixel and the percentage of indoor/outdoor pixels are simulation parameters. Let’s assume that the pixels in the evaluation area are labelled from 1: nLocs and the location for ith pixel is given by candLoc(i). Each UE is equipped with an omni-directional antenna. The UE noise figure, UE antenna gain and other receiver losses can be abstracted as output of the UE.antAttn() function. A complete list of parameters describing the UE configuration and location distribution is given in Table 1. 

Note that the current simulation study only considers the snapshot scenario, i.e. the UE is present at a fixed location for each run of the simulation and NMRs (network measurement reports) are generated for that location. However, the simulation can easily accommodate UE mobility in the future. 
6.2.4
Channel Model

The channel model describes the attenuation of a signal between the cell antenna and the UE antenna. The attenuation can be split into path loss, shadow fading, and fast fading components. The parameters are again given in Table 6. 

Using the simulation parameters the generated channel model can be described by the following set of matrices (each with nCells rows and nLocs columns):-

PL – path loss matrix in dB: - Each entry of this matrix is dependent on the distance between the UE and Cell site under consideration. A simple Hata model will be used to model path loss as described in Table 6. 

SF – shadow (slow) fading matrix in dB: - Entries in this matrix will be formed of correlated random variables where the correlation will depend on the distance between the UE locations.

FF – fast fading matrix in dB: - As described in Table 6, entries of this matrix will be generated using one of the following channel models: ETU, EPA, Urban A, Urban B, or Bad Urban model. In the ETU, EPA cases, the entries will be different realizations of the same random variable. However in the other cases, since the delay spread associated with fading random variable depends on the distance between the cell site and the UE, the entries will be described by different random variables.  

The net signal attenuation due to the channel between cell i and UE location j will then be PL(i,j) + SF(i,j) + FF(i,j). 
6.2.5
RF Map Generator

The RFPM positioning method works by comparing UE/EU-TRAN measurements against an offline constructed measurement database (RF map). For purposes of this simulation, the RF map can be defined as a set of signal strength vectors (one vector per pixel in the evaluation area). Each element of this vector contains the average received signal strength value corresponding to a cell sector. Note that since the RF map is supposed to be an averaged representation of signal strengths, fast fading is ignored during its generation. Also, note that in later stages of this simulation, we might incorporate OTDOA measurements as part of the RF map and then each vector element will contain these additional measurements. 

The RF map can be represented as an nCells by nLocs matrix (in dB) where each entry is generated as follows:-

RFMap(i,j) = Cell(i).txPwr + Cell(i).antAttn(theta) + PL(i,j) + SF(i,j) + UE.antAttn

:where theta is a function of Cell and UE locations. 

Note that in practice, this RF map can be generated through a combination of calibration drives and RF modelling. Also, since not all the cell sites will be heard at all UE locations, some of the entries could be NULL (or a very low dB value). 

6.2.6
UE/E-UTRAN Positioning Measurements Generator

Given a UE’s location, the measurements generator block simulates the network measurement report (NMR) generation corresponding to that UE. The signal strength measurements are generated by adding fast fading to the RF map signal vector for the UE’s pixel location. In addition, a modelling error is added that controls the accuracy of our RF map model.  Note that not all the cells that are part of the RF map construction might get decoded and reported. 

Assuming that the UE is located at pixel j, the measurement vector would be computed by following these steps:-

· rawSigMeas(:, j) = RFMap(:, j) + FF(:, j) + modelErr(:, j);  where modelErr has N(0, sigmaMdl2) entries.

· For each i, SINR(i, j) = rawSigMeas(i, j)/(sum_{k, k ~= i, k has same freq as i} (rawMeas(k, j));

· servCellIndex = argMax_{i} SINR(i, j);

· decodedCellList = all i for which SINR(i, j) > decodeSINRThreshold;

· sigMeasVector = rawSigMeas(decodedCellList, j);

Once the serving cell has been identified, the timing advance and AoA measurements can be generated by first calculating their exact values (using the BS, UE locations, heights, antenna orientations) and then corrupting them by Gaussian error vectors, i.e.,

· taMeas = trueTa + taErr;  where taErr is a N(0, sigmaTA2).

· aoaMeas = trueAoa + aoaErr;  where aoaErr is a N(0, sigmaAoA2).

The NMR is generated by concatenating {sigMeasVector, taMeas, aoaMeas} along with the Cell structure entries corresponding to the decodedCellList.

In order to simulate OTDOA, RSTD measurements are generated using the true BS, UE locations and corrupted by Gaussian error vectors (with std. sigRSTD) as before. 

Note that in practice, the UE might send a stream of measurements over a certain period of time (for example, 30 seconds for an E-911 application). Such a scenario can be modelled by generating a sequence of NMRs and supplying them to the localization algorithm for obtaining a snapshot location estimate. 

Also note that the above calculations correspond to a scenario when signal strength measurements are available in the muted sub-frames and the network is synchronous. In case of CRS signals, when sub-frames are not muted and traffic in other cells might overlap with these signals, we will need to account for the interference due to the traffic power. The above SINR calculation is then modified by adding traffic power from each cell (multiplied by loading factor and attenuated by CRS gain) in the interference term. Even in case of muted sub-frames, we need to account for traffic in the asynchronous scenario (Figure 6.4).
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Figure 6.4 – Synchronous versus Asynchronous Networks

6.2.7
Location methods to be simulated

The simulation models the accuracy of three methods of calculating the location of a handset in an LTE   network:-

6.2.7.1
Cell-ID/TA + AoA

In this method, the network measures the timing advance (TA) and angle of arrival (AoA) supplied by the serving cell. The UE will then be at a location projected in the AoA estimate direction at a distance determined by the TA estimate.

6.2.7.2
OTDOA

In this method, the handset measures the difference in times of signals (RSTD) received from the serving cell and various neighbouring cells. These measurements are used to calculate the distance of the handset from the serving cell.  Each RSTD measurement for a pair of downlink transmissions describes a hyperbola along which the UE may be located. The UE’s position is determined by the intersection of these hyperbolas for at least two pairs of base stations. One way to accomplish this is through solution of a system of linear equations that are obtained after Taylor series expansion of the OTDOA expressions [11]. This is the algorithm that will be used in this simulation to derive the OTDOA location estimate.
6.2.7.3
RFPM

This method compares the signal strength (RSRP) measurements for all decodable cells with a database of predicted signal strengths (RF Map from section 6.5) to derive the handset’s location. In addition it might use the Cell ID/TA + AoA and OTDOA measurements either in the same fashion (comparison against a predicted measurements), or use them to derive an independent handset location estimate and then combine the location estimates. For the first cut, we will compute the squared norm of the deviation between the received and predicted measurement vectors for each candidate pixel and give out the location of the minimum error pixel as our UE location estimate. Before summing up the squared deviation of each measurement component, we will weigh it inversely based on its variance. 

6.2.8
Simulation Parameters

The evaluation parameters for this simulation are based on those recommended in [8]. Details of the fast fading parameters are given in references [9] and [10]. Table 6.6 below is a complete list of parameters:-

	Scenario
	Urban
	Suburban

	Simulation Bandwidth
	10 MHz
	10 MHz

	Carrier Frequency (fc)
	2 GHz
	2 MHz

	Inter site distance
	500 m
	1732 m

	Base station (BS) antenna 
	Height
	30 m
	45 m

	
	Gain
	15 dBi
	15 dBi

	
	Horizontal Pattern
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	θ3dB
	70 deg
	70 deg

	BS transmit power
	46 dBm
	46 dBm

	Cell Antenna boresights
	0, 120, 240 deg
	0, 120, 240 deg

	UE antenna
	Type
	Omni
	Omni

	
	Gain
	0 dB
	0 dB

	UE noise figure
	9 dB
	9 dB

	Min. UE-serv. cell distance
	25 m 
	35 m

	Thermal noise level
	-174 dBm/Hz
	-174 dBm/Hz

	Evaluation Area Pixel size
	10 m x 10 m
	10 m x 10 m

	Distance dependent path loss
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 d in km

	Indoor penetration loss
	10 dB
	10 dB

	Lognormal shadowing
	std
	8 dB
	8 dB

	
	Spatial correlation model
	[image: image10.png]



	[image: image11.png]




	
	[image: image12.png]



	50
	50

	
	Site to site correlation 
	0.5
	0.5

	Fast fading
	ETU, EPA [9]

Optional: Urban A, Urban B, and Bad Urban profiles in [10]
	ETU, EPA [9]

Optional: Urban A, Urban B, and Bad Urban profiles in [10]

	RSRP decoding threshold
	-6 dB
	-6 dB

	RSTD decoding threshold
	-6 dB
	-6 dB

	Loading factor
	0.5
	0.5

	CRS power gain over traffic 
	3 dB
	3 dB

	CRS/PRS freq reuse factor
	6
	6

	Network Synchronization
	Asynchronous, Synchronous


Table 6.6 – Simulation Parameters
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