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4.3
Standard UE Positioning Methods

The standard positioning methods supported within UTRAN are:

-
cell ID based method;

-
OTDOA method that may be assisted by network configurable idle periods;
-
network-assisted GPS methods;
· U-TDOA.
· (WLS) Wireless Location Signatures

new section

4.3.5
WLS Method

The WLS positioning method is based on network measurements collected by the UE and used for handoff management. The method relies on a pre-determined Network RF “Fingerprint” and does an algorithmic comparison of the real-time UE measurements against the fingerprint to determine best match. This method will work with existing UE without any modification and requires no hardware in the network.

The operation of the WLS location method is described in clause 13.
new section
13 Wireless Location Signatures (WLS) positioning method

13.1 Overview

The basic elements of the Wireless Location Signatures System, as shown in Figure 13.1, are (1) the Real-time Network Interface, (2) the Predicted Signature Database (PSD), and (3) the Location Engine.  This figure represents an emergency service implementation.  For LBS applications, the architecture will be similar, but with a different client or service application. 

The Real-time Network Interface receives the location requests and signal strength measurements from the carrier’s Gateway Mobile Location Center (GMLC), and subsequently provides the resulting location estimate(s) to the application or emergency service system via the GMLC.  This interface also extracts the required elements of information from the network messages and transforms them into the format needed by the Location Engine.    
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Figure 13.1.  Elements of  Wireless Location Signatures System

The Predicted Signature Database (PSD) contains predicted and/or measured signal strength values for all of the control channels that might be reported by a handset at each point in the service area.  Figure 13.2 illustrates a portion of a PSD, where the horizontal dimensions of the array represent a uniform grid of points covering the service area and the vertical dimension has one entry for each reportable channel.  Thus, a single column of the array contains the predicted signal strength value for each channel at that grid location. These predicted values are generated off-line through appropriate combinations of RF propagation models and field calibration measurements.  The predictions incorporate power and antenna characteristics of the base stations and absorption, reflection, and diffraction by the terrain, buildings, and other structures between the base stations and grid points of the PSD.  The PSD for an entire cellular network could be quite large. However, to estimate the location of a particular handset it is only necessary to load the portion of the PSD corresponding to the reported serving cell.

The PSD Manager software automatically maintains the PSD.  When network changes, such as frequency plan alterations, are made, the software automatically corrects the PSD for the change.  These database updates are made without operator intervention and are based on change information within the service provider’s network configuration database.   

The Location Engine is comprised of algorithms that estimate the location of the handset by comparing the time series of reported signal strength values to the values stored in the PSD.  
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Figure 13.2.  Illustration of Predicted Signature Database (PSD) Format

13.1 Operation

In all of the digital air interface protocols, the handset reports the signal strengths or signal-to-interference ratios of the control channels for some number of cells from a pre-programmed neighbor list provided by the serving cell.  In IS-136, this list may include 12 control channels, and the handset reports the signal strength of all of them.  In GSM, the neighbor list may include as many as 30 control channels, but the handset reports only the 6 strongest of the channels where it has been able to decode a Base Station Identity Code (BSIC).  In IS-95 CDMA, the handset reports the pilot signal-to-interference ratio for the cells on its Active and Candidate lists.  In IS-136 and GSM, the handset in active mode automatically reports these signal strengths every 1.0 and 0.48 seconds, respectively, and in IS-95 CDMA, the signal strengths are reported in response to a request from the serving cell or when particular thresholds are crossed. 

For each Network Measurement Report (NMR), the handset typically provides 6 measurements.  Since a handset’s location consists of two pieces of information (x and y coordinates), the mapping of 6 or more signal strength values into this two-dimensional location space results in a significantly over-determined system; the diversity of the information helps to increase the accuracy and robustness of the signal strength-based location estimate.

The Location Engine uses the predicted signal strength values in the PSD and the time series of NMR’s from the handset to calculate the probability distribution of the handset’s location.  WLS technology employs a location algorithm predominantly based on relative signal strength. This mechanism eliminates the effects of any biases that are common to all channels.  When the algorithm has processed the time series of NMR’s currently available, it will have calculated the probability that the handset is at each point in the array of possible locations (the updated probability distribution).  When a new NMR becomes available, the algorithm uses its knowledge of the possible motions of the handset during the time period between the last NMR and the new NMR to predict a new location probability distribution (the predicted distribution).  Next, the algorithm uses the PSD and the new NMR to calculate the likelihood of the new NMR at each possible location.  This measurement likelihood is then combined with the predicted distribution to produce a new updated distribution that now incorporates the information provided by the new measurement.  Whenever a location estimate is required, it may be calculated from the probability distribution using one of several statistical methods.
Only one NMR is required to produce a handset location estimate, but a stream of NMR’s is quite useful for averaging out residual fading effects not eliminated by the standard handset processing or for tracking a moving handset.  Since the storage of a PSD and the operation of a signal strength-based Location Engine require only modest computational capability, WLS technology is significantly less complex than other location technologies currently in use.
13.2 Signal Strength Location Information

This section discusses the kind of location information that can be extracted from signal strength or signal-to-interference ratio measurements in comparison to other location technologies.  There are two cases to consider: (1) cells on different towers and (2) sector cells on the same tower.  To illustrate these cases, simplified RF propagation models are used without the complications of terrain or clutter, so that the cell signal strength maps are simple path loss exponent models.  In addition, it is assumed that any co-channel or adjacent channel cells are sufficiently far away that, in the local area, the channel models and the cell models are identical.

Cells on Different Towers: This case is shown in Figure 13.3 (a) for two omni-directional cells.  For each cell, the contours of constant signal strength are circles, and the contour of constant signal strength1 - signal strength2 is a hyperbola with the two cell towers as the foci.  This is the same kind of relative range information that would be obtained from two time-of-arrival sensors at the two cell towers.

Sectored Cells on the Same Tower: This case is shown in Figure 13.3 (b).  For each cell, the contours of constant power repeat the shape of the antenna pattern, and the contour of constant signal strength1 - signal strength2 is a radial from the tower.  This is the same kind of azimuth information that would be obtained from an angle-of-arrival sensor at the cell tower.

Of course, the introduction of terrain and clutter effects into the cell signal strength maps will change these hyperbolas and radials into more complex shapes, but the concept remains the same.  In addition, the presence of measurement errors and modeling errors will introduce a band of uncertainty around these curves, as with all location technologies.
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Figure 13.3.  Signal Strength Location Modes

Thus, signal strength-based location information combines both the relative range, or lateral, information that could be obtained from TDOA measurements and the azimuth, or radial, information that could be obtained from AOA measurements.  Figure 13.4 illustrates the radial and lateral modes of location.  If signal strength measurements for sectors B and C appear in the NMR, they provide information about the radial position of the handset with respect to site 1.  If signal strength measurements for sectors B and D appear in the NMR, they provide information on the lateral position of the handset with respect to sites 1 and 2.  This is part of the intrinsic advantage of the signal strength-based location approach: an NMR with several signal strength measurements is effectively doing a combination of both radial and lateral position location. 
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Figure 13.4.  Information Modes in Signal Strength-Based Location Engine

13.3 RF Propagation Overview

This section discusses RF propagation issues and their effect on location performance.  In this regard, the two factors that determine signal strength-based location accuracy are:

1) Measurement Repeatability – the degree to which arbitrary handsets produce consistent signal strength measurements at the same location

2) PSD Accuracy – how well the single predicted signal strength value at a grid point represents the different values that would be measured at all locations in the grid square.

Three types of RF propagation effects need to be considered: (1) distance-dependent path loss, (2) fast fading, and (3) shadow fading.  These RF propagation mechanisms are illustrated in Figure 13.5 and described in the text below. 
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Figure 13.5.  Three Categories of RF Propagation Effects


Distance-Dependent Path Loss:  A first order estimate for the distance-dependent path loss RF propagation effect may be obtained from the Hata model, which is based on empirical modeling of field measurements.  This model gives the signal strength at the mobile phone as:
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where d is the distance from the base station to the phone, α is an empirically-derived exponent ranging from 2 to 5, and P0 depends on the power level, antenna pattern, antenna height, etc.  

Fast Fading:  The physical basis for the fast fading is the constructive-destructive interference caused by the simultaneous reception of the direct signal and a variety of different multipath signals which experience different path delays.  This behavior results in Raleigh fading of the received power level as the handset moves through space.  It is not uncommon to register large swings in signal strength power with just a few centimeters of movement.  This fast Raleigh fading is unpredictable and must be averaged out.  The time averaging of the received signal strengths that is performed by the handset combined with the natural movements and fidgets of a cellular phone user significantly mitigate this problem.  Using multiple NMR’s in the Location Engine further reduces the effects of fast fading on the location estimate.

Shadow Fading:  The physical basis for the shadow fading (also called slow fading) is twofold.  A fixed, predictable component is due to the buildings, terrain, and foliage that characterize the RF environment.  For urban and suburban areas, the local variation of the predictable component of the slow fading is typically between 6 and 10 dB.  This component of slow fading is fairly stable, since it depends mainly on the fixed environment.  The second, unpredictable component, is due to local shielding of the phone’s receive antenna by the user’s body and head, traffic, or nearby objects and to the orientation of the receive antenna.  This unpredictable component of shadow fading is to some extent mitigated by natural user movements and by processing multiple NMR’s through the Location Engine.  The extent to which predictable shadow fading is captured in the PSD depends on the relative sizes of the feature causing the shadow and the PSD’s grid resolution.  If the feature is much larger than the PSD grid size, it can be well modeled; if the feature size is much smaller than the PSD grid size, it will simply contribute to PSD error in that grid square.

Both distance-dependent path loss and large-scale shadow fading are incorporated into the cell signal strength maps.  Thus, the PSD will have a rich, fine structure that can be exploited for accurate location finding, using independent signals from multiple base stations.  

The external variables that can affect the performance of a signal strength-based location system include:

· Handset variations:  The performance of the receivers in handsets varies with factors such as manufacturer, model, age, and battery condition.  This variation means that a location algorithm based on absolute signal strength is neither practical nor realistic.  The location algorithm used in WLS is primarily based on relative signal strength and eliminates the effects of any biases that are common to all channels, at the expense of reducing the effective number of measurements by one.  

· Seasonal changes:  The amount of leaves on the trees can have a significant effect on signal attenuation.  To the extent that the effect is uniform, the relative signal strength location algorithm accounts for it.  To the extent that it is not, a small number of PSD’s may be needed, with calibrations and modifications of the corresponding RF models according to the season. 

· Weather:  Rain, snow, fog, etc. are expected to have a uniform (albeit minimal) effect on all of the signals and, hence, the relative signal strength location algorithm already accounts for them.

· Motion:  Motion of the handset over a relatively small distance (meters) provides some spatial averaging that helps in matching the reported signal strengths to the PSD.  Motion at faster speeds or over longer periods actually helps the location estimation process in two ways.  First, the Location Engine is able to use the spatial correlation of the motion to improve the estimate.  Secondly, there are certain locations where the RF signature is inherently more ambiguous than others.  If the user who starts in such a location moves over some extended period of time, he or she is likely to move to a less ambiguous location, resulting in an improved location estimate.

It is worth noting that the Wireless Location Signatures technology capitalizes on the non-line-of-sight clutter effects that cause problems with other technologies, such as TDOA and GPS.  In heavy urban areas, several factors are present that enhance the accuracy of WLS technology.  First, cell densities are high so that many neighbour measurements are reported and cell serving areas are smaller.  These effects increase the richness of the signature comparison and help to localize the search area.  Second, the complex shadowing associated with dense clutter in urban areas creates an extremely unique signature for the pattern matching.  
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