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1 Introduction
In Radio Frequency Pattern Matching a set of RF measurements are compared against a set of corresponding predictions of the same measurements in order to estimate the location.  Inherent in these predictions of the RF environment are errors of the predicted values versus the actual values.  An important parameter of any simulation study is then the assumed standard deviation of this error as it will have significant impact on performance.  In this contribution the focus is on the error associated with signal strength measurements.
In past meetings there has been several discussion regarding the signal strength modelling error.  In [1] analysis of this error using curve fitting techniques for the predictions, standard deviations of 9.7-14.7 dB are demonstrated across different environments.  However, in [2] a similar analysis demonstrates that with physics based prediction models significant improvements are made producing modelling error standard deviations consistently under 6 dB.   In [3] it is asserted that additional error factors should be incorporated into the modelling error, such as error associated with the user orientation and handset transit type (e.g. in-vehicle, pedestrian, indoor).  
This contribution takes a different approach to answer these questions by directly comparing handset measurements to predictions in different environments to ascertain the effective error between what the handset measures and what is predicted.  This error then incorporates all sources of error such as handset measurement error, user orientation effects, and modelling error.  As outlined in [4] it is assumed all of these errors sum independently so, although we may not be able to ascribe a specific value to any of  the individual contributors, the total sum of these errors should be consistent with what is observed in practice. 

2 Signal Strength Error Analysis
The cost function to be minimized in RFPM is of the form
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Where 
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 is the total error standard deviation and g() is the cost function component of other measurements folded into RFPM and not discussed here.   It is assumed that all error sources are independent so that 
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.  Two approaches for finding an appropriate value for 
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 are two characterize all component errors.  Alternatively, and the one proposed here is to estimate 
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directly by comparing handset measurements to predictions.
To accomplish this goal a significant measurement campaign was conducted on a GSM network in the downtown San Francisco area.  Figure 1 shows the measurement points, which includes over 4700 unique locations and comprises indoor and outdoor points.
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Figure 1: Location of Collected Handset Samples (Blue Dots on Map)

In addition a set of RF predictions for each base station in the area was calculated using a combination of a physics based RF propagation model along with surveyed data using a scanner.  Similar results can be obtained by instead by heavily surveying the area and interpolating between the surveyed points.  An example RF map is displayed in Figure 2, which indicates how incorporating a physics based model along with graphical information systems, produces significantly different results than more traditional curve fitting approaches (e.g. Hata model).
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Figure 2: Example RF map in the downtown San Francisco Area
The collection process was done over a several days and comprises over 17000 measurements over many different channels using a handset with modified firmware so that accurate indoor location could be pinpointed by clicking on a geo-referenced map.   The measurement set is divided into several collection files where each file represents a slightly different scenario (pedestrian, indoor, collection day, indoor location, etc...).   Of interest in this study is the statistics of the difference between the handset data and RF predictions.  A histogram of these differences is plotted in Figure 3.  The mean of this distribution is -9.74 dB.  This is due to the differences between the RF scanning equipment used in the survey collection and the device.  This can be easily accounted for in either the cost function or by adjusting the RF maps directly. Of more interest is the standard deviation of this distribution as these differences include all sources of error (indoor versus outdoor, head body losses, etc...) that have been mentioned to date.  In this example the standard deviation is 8.1 dB and it should be noted includes difficult propagation scenarios such as a complex urban environment along with many indoor location points.
[image: image8.emf]-50 -40 -30 -20 -10 0 10 20 30

0

1000

2000

3000

4000

5000

6000

7000

Histogram of Signal Strength Differences between Measurements and RF Prediction


Figure 3: Histogram of the differences between handset and RF predictions.

Proposal 1: Based on the direct analysis of comparing handset data directly to RF predictions, which incorporates all sources of modelling error, the aggregate standard deviation,  
[image: image9.wmf]rsrp

s

, should be set to 8 dB.
Proposal 2: If we assume a 3dB standard deviation on the measurement error, then the modelling error standard deviation should be set to 7.4dB.
3 Summary

This contribution looks at the modelling error and measurement error by directly comparing the handset and RF predictions under many different scenarios, such as indoor and pedestrian conditions.  This error should then incorporate all contributing factors, such as head body orientation and indoor versus outdoor location, detailed in [3].  Based on the extensive collection the following proposals are provided:
Proposal 1: Based on the direct analysis of comparing handset data directly to RF predictions, which incorporates all sources of modelling error, the aggregate standard deviation,  
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, should be set to 8 dB.

Proposal 2: If we assume a 3dB standard deviation on the measurement error, then the modelling error standard deviation should be set to 7.4dB.
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