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1 Introduction
In order to estimate location RFPM takes measurements from the UE and compares them to a set of predicted values.  As such an important parameter for simulations is the assumed modelling error.  For signal strength measurements (RSRP) this is the deviation between predicted RF propagation environment and the actual RF propagation environment.  As of yet, this important parameter has gone unspecified [1], although previous simulations have assumed and RMS error between 0 and 6 dB. In RAN-62Bis a proposal [2] was put forward that suggested an RMS error between 8 and 10 dB.  This paper provides examples, that show when more detailed propagation models are used, that 6 dB is a more appropriate value.
2 Propagation Error Standard Deviation Examples

Several studies have been conducted that demonstrate incorporating physical propagation mechanisms yield much more accurate models than those that are based on curve fits to field measurements  such as the well known Hata model. In [3], it was shown that the physics based model approximated with vertical plane launch results in accuracy around 7dB of standard deviation of modelling error. In [4], it is shown that the inclusion of slope diffraction in the RF path loss model improves the model accuracy to around 6 dB. In [5] the authors demonstrate standard deviations of either 3.11 or 3.77 when either a heuristic geometric approach for diffraction of ray paths over arbitrary high rooftops is used or a vertical plane model is used respectively. In [6] the authors show standard deviations anywhere from 3.71 dB to 5.61 dB in a microcellular where the differences are a result of the antenna height.  In [7] the authors use ray-tracing techniques and demonstrate a standard deviation of 3.2 dB.  Lastly, in [8] the authors again use ray-tracing techniques which yield standard deviations of 1.57 dB and 4.76 dB in picocell and microcell environments respectively.

Polaris Wireless has also done extensive analysis of various propagation phenomenons and how they can be modelled and incorporated into predictions used for RFPM.  The results of some of these studies are repeated here. In the cases that follow the network is divided into 10 meter grids. A scanner is used to collect data in many locations, where the data is averaged locally to remove fast fading effects.   These cases are measured using a GSM network which should be reflective of the type of performance one would expect doing a similar study on an LTE network.

Unlike the simpler propagation models used in [2], more sophisticated propagation models are employed which leverage the use of Graphical Information Systems, GIS, such as terrain, clutter, and building elevation models.  Incorporating this information enables modelling of key physical propagation phenomenon such as diffraction around or over building structures.  Figures 1 and 3 show traces of the collected data, in yellow, of the areas measured for a single cell site.  In these same figures one can see the building footprints in red.  From these plots it is clear that the areas under study represent locations both in more urban areas with heavy building footprints, along with more suburban areas where buildings are less prevalent.
Figures 2 and 4 plot the theoretical or physical model and the measured data as a function of distance from the cell site.  Apparent in both of these graphs is that the physical model does not decay smoothly as a function distance from the cell site due to the incorporation of more complex propagation phenomenon, which captures some of the shadow fading effects due to building structures.  Further, in both cases the RMS error (or standard deviation) is under 6 dB, with values of 5.76 and 4.92 respectively.
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Figure 1: Signal strength data collection trace in yellow and building footprints in red.
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Figure 2: Plot of physical propagation model and measured data versus distance from cell site
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Figure 3: Signal strength data collection trace in yellow and building footprints in red.
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Figure 4: Plot of physical propagation model and measured data versus distance from cell site
3 Summary

This paper presented a comparison between theoretical propagation models and measured data with examples both from literature and from studies conducted by the authoring company.  This difference is important because it reflects how well one can expect to realistically model and predict signal strength measurements; an important aspect of an RFPM location system.  The results indicate that a 6 dB RMS error between the predicted RF propagation and the real RF propagation is realistic.
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