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1 Introduction

The contribution R4-031017 used a collected set of experimental results of GPS signal strengths around and within a domestic house to gain some insight into the GPS environment.  The outdoor measurements were included to reflect usage around about the house.  This lead to the creation in R4AH-04006 of a specification to test the key aspects of performance, which were identified as the number of satellites required for a fix, the synchronisation sensitivity, and the fix sensitivity.

With the focussing of discussion on the indoor environments the inclusion of the outdoor results within the statistics is inappropriate, so the results have been reprocessed with just the indoor experimental locations being included, and the conclusions updated accordingly.

This contribution presents the results, and compares them with the original contributions.

2 References

The ‘in and around’ measurement results were published in 

R4-031017
“Realistic scenarios for testing GPS in phones”, Philips, RANWG4 #29, San Diego, November 2003
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The specification implications for the ‘in and around’ results were analysed in 

R4AH-04006 
“A-GPS performance parameters”, Philips, RANWG4 A-GPS Ad Hoc, Espoo, January 2004 

with the corresponding figure numbers 
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3 Measurement results

In each of the following cases the previous results for ‘in and around’ are presented alongside the results for just the indoor cases.  There are 261 indoor tests, out of the 305 measurements taken.

3.1 Signal strength measurements

The A-GPS signal levels are plotted for the strongest satellite signal (on  the x axis) and for the signals from weaker satellites (on the y axis) were as follows. 
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Figure 1 GPS  signal strengths in and around a house



Figure 2 GPS signal strengths indoors

The outdoor signals are stronger, and are not present when narrowing down and focussing on the indoor scenarios.  The picture of the range of signal levels remains true, with all signals becoming weaker as one moves deeper into the building. 

3.2 Relative signal strengths

[image: image3.emf]Relative GPS signal strengths

0%

5%

10%

15%

20%

25%

0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20

dB relative to strongest signal

Percentage of samples

2nd

3rd

4th

5th

6th

7th

8th

[image: image4.emf]Relative GPS signal strengths

0%

5%

10%

15%

20%

25%

0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20

dB relative to strongest signal

Percentage of samples

2nd

3rd

4th

5th

6th

7th

8th

The signals get weaker as one moves into the building.  What is interesting and important is the relationship of signal strength of the weaker signals, relative to the signal strength of the strongest 

Figure 3
Signal strength distribution, in and around


Figure 4
Signal strength distribution, indoors

Indoors it is a bit less likely that the second and third strongest signals are close in levels to the strongest signal, than is the case in general.
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This is confirmed by plotting the cumulative distribution

Figure 5 
Cumulative distribution of relative signal strength, in and around

Figure 6  
Cumulative distribution of relative signal strength, indoors

The relative signal strength distribution for the fourth strongest signal (four signals normally being required for a position fix) is unchanged, the second and third strongest signals are weaker , but the 5th strongest signal is relatively speaking slightly less weak indoors than in general. 

We can conclude from this that indoors the third strongest signal is roughly speaking 3dB stronger than the fourth strongest, and that the fifth strongest signal is roughly speaking 3dB weaker.  This is important for compensating for whether the receiver uses three, four, or five satellite signals to calculate a fix.  In general, for the ‘in and around’ situation, this delta is observed to be 5dB.

Performance results with specifications

From these results below we see that the performance that will be achieved from a receiver depends strongly on the specification for the minimum GPS signal usable for a fix – the fix senstivity.
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Figure 7
Variation of performance with fix sensitivity, in and around

Figure 8
Variation of performance with fix sensitivity, indoors

The indoor scenario are taken as “light indoor”, corresponding to strongest signals from –132dBm down to –141dBm.  This indoor range used is for weaker signals than the –130dBm down to –139dBm strongest ten dB range chosen for the ‘in and around’ case.  A larger range, deeper indoors could be used, though this would reduce the overall success rate.  It will already be noted that rather good Fix sensitivity is needed in order to get good performance in the environment range used.

The performance is better if only three satellite signals are needed for a fix, with similar success rate being achieved by a receiver that uses four signals if the sensitivity is 3dB better.   From the earlier results it can be assumed that performance will be worse from a receiver that needs five satellites to perform a fix, but that this can also be compensated for by improving the sensitivity by 3dB.

If only coarse timing as available then the receiver must synchronise to GPS time, normally using the strongest signal available.  The performance variation with synchronisation sensitivity is shown in the following results.
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Figure 9  Variation of ‘in and around’ performance with Synchronisation sensitivity
Figure 10 Variation of performance indoor performance with Synchronisation sensitivity

It can be seen that for the envisaged Fix sensitivity levels of around –147dBm the Synchronisation sensitivity has little impact on performance, as long as it is at least as good as –139dBm.  Indeed, for the light indoor environments there is no improvement of performance observable for Synchronisation sensitivity specifications tighter than –140dBm.  The Fix sensitivity, or minimum usable GPS signal, has a much greater influence on overall performance, particularly if more than three satellite signals are to be used by the receiver for producing a fix.

4 Conclusions

The measurement results and specification analysis has been focussed on indoor only scenarios.  The measurements show that the second to sixth strongest signals are substantially weaker than the strongest signal, and indoors are typically spaced by 3dB relative to each other. 

The likelihood of getting a location fix indoors (and the accuracy achieved) is strongly determined by the Fix sensitivity, the minimum signal usable for performing a GPS fix.  With a fix sensitivity specification of  
–147dBm the probability of getting a fix indoors with four satellites received and measured is around 60%.

The synchronisation sensitivity plays little role in the availability performance achieved in practice indoors, as long as it is at least as good as –138Bm.
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