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1.0
Summary

This contribution looks at the distribution of satellite signals strength detected by in cellular handset. This study was done to look at the number of satellites available and the signal strengths reported by the receiver at several different outdoor locations, with an internal GPS antenna for a cellular handset.

The conclusions are as follows: 

1. With an antenna embedded in a cellular handset, the signal strengths are much weaker, and the signal strength profiles are significantly different than the expected performance of external GPS antennas used in non-cellular applications 
2. The average signal strength of satellites used in a position calculation decreases as the sky visibility is restricted by foliage, buildings and other obstructions.
2.0
Study details 

An investigation of satellite signal strengths over various outdoor conditions was conducted to characterize the performance of a GPS antenna built into a handset. 
A large number or measurements were made at multiple fixed outdoor locations. The satellite signal strengths were logged at each location. The sites chosen were grouped into four categories, shown in Table 1. 
	Site type
	Number of locations

	Urban
	12

	Suburban
	11

	Foliage
	2

	Outside Open
	5


Table 1
The conditions of the tests are as follows:

· An internal GPS antenna, embedded in a cellular handset, was used for all tests. 

· All trials were assisted with the receiver being ‘cold-started’ for every trial. Multiple measurements were collected at each site. 
· The receiver reports the number of satellites used, and their signal strengths for every location acquisition attempt. 
· 1132 data points were taken over a variety of locations. The locations were selected to characterize a range of signal environments. 

3.0 Results
The following plots show the signal strength profiles for the four site types listed in Table 1
 Figure 1 shows, the measured signal power of the strongest satellite in each trial is shown by curve I, the second strongest by curve II, and so on. The X-axis shows the SV signal strength in dBm, and the Y-axis shows the percentage of trials in which the signal power was less than the given SV signal strength.
 Figure 2 shows the difference in satellite signal strength of the weaker satellite, when compared to the stronger satellite. For instance, curve II in Figure 2 shows the difference between curve I and curve II of Figure 1. 
Obviously, SV signal strengths for the outside open sites, shown in Figure 1, were better than the SV signal strengths for more restrictive site graphs, as shown in Figures 3, 5 and 7. The signal strengths of the strongest SV signals varied from -123dBm to -143dBm, although, they are greater than -134dbm for 80% of the trials at these sites. The next two satellites are within 5dB of the strongest satellite 80% of the time. The results are somewhat different than what was expected, the expectation was to see most satellites with nearly the same signal strength. 
The foliage site SV plots, as shown in Figure 3, show degradation of the signal strength of the strongest satellite, when compared to the outside open sites. The signal strength of the strongest SV at these sites varied between -130dbm and -143dbm. The next two weaker satellites are within 7db, 80% of the time. 

For suburban and urban sites, the signal strengths of the second and third strongest satellites show an increasing difference in the signal strengths of the detected satellites. At the suburban sites, the difference between the strongest and third strongest satellite is within 6db, in 80% of the trials. At the urban sites, the difference increases to 9db.   

4.0 Conclusions

We know that using a   GPS antenna in a handset will alter the satellite signal strength profiles seen by an A-GPS receiver. Also, higher performance standalone commercial antennas, typically used in outdoor survey or automotive applications, are not practical for use in a handset due to size, weight, and cost requirements of cellular handset suppliers. Therefore, since the antenna has a large impact on performance of an A-GPS receiver, the effects of the GPS antenna must be taken into consideration when characterizing GPS signal availability for a given area. 
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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