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1 Introduction

In this document we present examples of satellite signal conditions in outdoor open sky, urban canyon and indoor environments. We discuss the impact of an antenna gain pattern on test results if no compensation is made. We also discuss challenges that we are likely to face when defining typical operational radio conditions for these environments.  

2 Measurements Results and Discussion

In the following sections we present results for three different types of environments, which could be categorized as outdoor open sky, indoor and urban canyon. In the field measurement results the impact of an AGPS antenna has been. In section 2.1 we also discuss how an antenna gain pattern can affect the measurement results. 

2.1 Outdoor open sky

In Figure 1 we present an example of how the actual open sky satellites power levels are affected by an antenna gain pattern. In the upper left figure signal level differences as a function of elevation are presented for arriving signal in open sky conditions. In the upper right figure an example of AGPS antenna gain pattern is shown. Finally the lowest figure shows signal level differences as a function of elevation when the impact of the antenna gain pattern is not removed or it cannot be removed. Because of ”too good” GPS antennas, signal levels from low elevation satellites may be underestimated, which means that signal level differences look larger than they actually are This demonstrates how the measurement results will be biased to a certain direction and thereby they do not reflect real power levels if the impact of the antenna is not removed from measurement results.
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Figure 1: Impact of an antenna gain pattern on outdoor open sky measurement results.
In open sky conditions an AGPS receiver should experience satellites on rather similar signal levels. This is also more or less the case in our open sky measurement results illustrated n Figure 2. Power difference between the weakest and strongest satellite is clear less than proposed for an open sky test case in [4].  However, we believe that the weakest satellite in Figure 2 is slightly attenuated by the environment and thereby  it is not in fact a clean open sky scenario. 
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Figure 2: Measurements of six strongest satellites when driving in open sky conditions 

2.2 Indoor Measurements

In Figure 3 we show time domain indoor measurement results as relative signal levels for the four strongest signals. Correlation between 3rd and 4th satellite is rather strong indicating that the sensitivity requirements in this environment would be more or less the same for an AGPS receiver needing only 3 satellites for a fix as for an AGPS receiver needing 4 satellites for a fix. In order to ensure that all terminals have at least a certain minimum sensitivity needed for a fix we believe that the sensitivity requirements should be the same for all types of AGPS receivers. 
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Figure 3 Indoor measurements, relative signal levels of four strongest signals, note correlation between 3rd and 4th satellite

It has been suggested that in the AGPS performance test cases the strongest satellites should be the ones with the highest elevation. Based on our experience this is not necessarily the case in real radio conditions. It highly depends on an environment, which one of the visible satellites is the strongest one.  

In Figure 4 we show  received satellite signal levels in an office building (Nokia office in San Diego).  The strongest signal in this case comes from a satellite with the lowest elevation angle.  This naturally does not mean that in all indoor environments the strongest satellites comes from the lowest elevation but the results demonstrate that it is rather dangerous to optimize a search strategy to certain elevations. However, this type of a search would naturally not be a problem in a practical implementation if the UE anyway fulfills the minimum performance requirements. This on the other hand means that such an AGPS receiver would not suffer even if the strongest satellites in the test cases do not come from the highest elevation. We believe that the minimum performance requirements should not encourage to an optimization, which would only give a good performance in certain types of radio conditions but when the radio conditions are changed, the performance would drastically change and therefore the minimum performance level could not longer be met. 
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Figure 4: Light indoor, received signal power (vector length) and direction to the satellite. Measurements made in a room facing south.

We discussed in [3] how he geometry of detected satellite  (i.e. elevation and azimuth of detected satellites) affects the quality of a position estimate in conjunction with the number of satellites. In Table 1 we present HDOP values for the same indoor case as illustrated in Figure 4 with 4, 5 and 6 strongest satellites.  We can observe from the results that HDOP is clearly improved when the number of satellites is 5 instead of 4. The fifth strongest satellite also clearly comes from another direction than the four strongest satellites.  

Table 1: HDOP for different number of satellites in the constellation shown in Figure 4
	Number of satellites (N)
	HDOP for N strongest satellites

	4
	4.3

	5
	1.98

	6
	1.25


In Figure 5 we present light indoor measurement results from a residential area. The measurement are performed inside an apartment close to a window. The apartment is shown with a red circle in Figure 6 . The measurement results presented in Figure 5 a) are taken in a room facing east and the results in Figure 5 b) are taken in a room facing north. The red vectors represent visible satellites that are not detected. Satellite elevations are indicated in red colour beside the signal vectors. 
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Figure 5 Examples of light indoor measurements. The red vectors represent satellites that are not detected. a) Room facing east b) Room facing north, red vectors show the satellites lost when the room is changed. The degree values next to vectors are satellite elevations.

In this light indoor environment the strongest satellite does not come from the weakest elevation as in Figure 4. However, we can also see that neither in Figure 5 a) nor in Figure 5 b) the satellite from the highest elevation is detected.
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Figure 6 The location, where measurements shown in Figure 5, were made. The picture shows the north side of the building (street is north-south oriented)

The indoor measurement results shown in this section clearly indicate that it is rather difficult to define any typical light indoor environment. We can only define different realistic environments. We believe that the minimum performance requirements and test cases should be defined so that good AGPS receiver performance is guaranteed in various environments. This ensures that the receiver performance is acceptable even if radio conditions are changed from the ones in the test cases. The purpose of the minimum performance requirements is to ensure that all AGPS capable terminals would have rather similar minimum performance in various radio conditions. 

If it is seen necessary, we could define additional realistic environmental test cases in order to allow the operators to better understand how the performance of an AGPS receiver varies in different environments. These test cases, however, should not replace the basic minimum performance test cases as discussed above. This same approach, which we support, is also taken in the revised baseline text in [2].
2.3 Urban Outdoor Measurements

Here are some results of AGPS testing made in Rome in the area sketched in Figure 11. Figure 8 to Figure 10 illustrate the testing environment. This data set consists of about 9500 measurements logged on 1 sec interval while walking around the testing area. 

Figure 7 a) shows a cdf of power level differences between 3rd and 4th strongest satellite signals when the 4th satellite is attenuated at least 15 dB compared to open sky conditions. This graph represents about 3000 measurements. Figure 7 b)  shows also power differences between the 3rd and 4th satellite but here has been taken into account the measurements where the 3rd satellite is attenuated 12 dB or more. There were about 2400 such measurements. 

The first graph illustrate the difficulty of defining a typical scenario for a certain environment. In this example we have set some limits to a one signal, but even in this restricted situation the correlation with the stronger satellites is poor. It can be seen that it is probable that the stronger signal is attenuated about the same amount, but on the other hand it may be that it hasn’t attenuated at all.

The second graph clearly shows that when both signals are attenuated the correlation between these two signals increase and their difference is most of the time within few dBs. Therefore, when consistent performance is considered, the “flat” sensitivity limit seem to be safer choice than wide spread of different signal levels. The dynamic range test case then ensures that an AGPS receiver is capable of handling situations with different range of satellite signal levels.
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Figure 7  a) a cdf of power level differences between 3rd and 4th strongest satellite signals when the 4th satellite is attenuated at least 15 dB compared to open sky conditions. b)  power differences between the 3rd and 4th satellite but here has been taken into account the measurements where the 3rd satellite is attenuated 12 dB or more.
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Figure 8 Test environment in Rome
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Figure 9 Test environment in Rome
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Figure 10 Test environment in Rome
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Figure 11 Testing area in the centre of Rome

3 Conclusions

In this document we have shown how an antenna gain pattern may bias the measurement results if its impact cannot be removed from the results. In practical measurements it is often rather difficult to remove the impact of an antenna gain pattern. This, however, should be considered when using field measurements for defining typical or realistic radio conditions in a certain environment.

Based on the findings of this documents and other measurement results shown in RAN4 (e.g. in [1]) we believe that it is rather difficult to define a typical operational radio conditions for a certain environment like urban canyon or light indoor. Hence, we support the principle proposed in  [2] to have basic sensitivity, dynamic range and nominal accuracy test cases in order to ensure that all AGPS capable terminal fulfil at least the required minimum performance requirements and to define test cases for selected realistic radio conditions in order to provide more information on performance differences in different environments. The additional test cases, however, should not replace the basic test cases, which are well suited for verifying the minimum performance requirements as discussed in [3]
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