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1 Introduction

We have analysed some of the differences between the Proposal 1 (R4-040233) and the Proposal 2 (R4-040363). This comparison document was already earlier sent to the RAN4 AGPS reflector but it is now resubmitted to the conference call in order to facilitate a thorough discussion, which already started on the reflector. 

2 Discussion

2.1 Moving scenario and periodical update test case

R4AH-04018 discussed the objectives of the moving scenario and periodical update test case of the Proposal 1. The test case of the Proposal 1 has a twofold purpose. One goal is to verify the capability to produce fixes on regular basis. For this purpose it is convenient that the receiver is on the move as this makes it possible to verify that the position fix is really updated. This is also the case in the Proposal 2 and hence, both of the proposals meet this purpose. 

In addition to periodic reporting, the intention of the Proposal 1 test case is to verify the ability of the receiver to track its position e.g. in a moving vehicle. The vehicle in the Proposal 1 test case is expected to drive around a city block, which can be considered one example of typical operational environment. The vehicle slows down, turns and accelerates during the test. Hence, the test cases stresses the tracking ability of the receiver well due to varying environment. In the moving test case of Proposal 2 the UE is moving with a steady speed of 100 km/h. The selected trajectory of the Proposal 2 does not seem to reflect any typical operational environment and we would like to ask further information why the Proposal2 proposes a new moving scenario test case and what the objectives of the test case in the Proposal 2 are.  

R4-040378 defines the objectives of the moving scenario and periodic update test case of the Proposal 2 to be as follows. “The purpose of the test case is to verify the UE’s capability to operate periodically, quickly, and to obtain accurate GPS measurements and (for UE-Based operation) location fixes, when the UE is moving and changing its velocity.” This objective, however, seems to be contradicting with the actual Proposal 2 test case in R4-040363, where fixed UE speed is used.

2.2 Dynamic range test case

We have also compared the dynamic range test case of the Proposal 1 and Proposal 2 based on the excel sheet provided by Lucent.

	Proposal 1 
	Proposal 2

	-129 dBm
	-129 dBm

	-135 dBm
	-138 dBm

	-141 dBm
	-141 dBm

	-147  dBm
	-144 dBm

	-147 dBm
	-147 dBm

	-147 dBm
	-150 dBm


· In the Proposal 1 signal power difference between the strongest and fourth strongest satellite is 18 dB

· In the Proposal 2 signal power difference between the strongest and fourth strongest satellite is 15 dB

Since four satellites are enough to make position estimation, this difference between the proposals means 3 dB worse minimum dynamic range in the Proposal 2. (The UE is likely to ignore too weak satellites although they are present in the test case)

Since we are planning to define for a UE assisted method an algorithm that performs position estimation from the reported measurement results, this same dynamic range applies both for UE assisted and UE based methods. (Without this algorithm the Proposal 2 would have had different dynamic range requirements for UE based and UE assisted methods.)

We would like to understand better what are the objectives of the Proposal 2 test case and what is the intended dynamic range. 

2.3 Multipath test case
As in any other spread spectrum system, also in GPS the signal timing is determined by correlating the received signal with the locally generated code replica. The replica code is shifted with respect to the received signal and in ideal reception conditions with infinite receiver bandwidth this process would produce correlation output shown in Figure 1. In this case the correct timing would be easy to detect by searching for the correlation peak. 

In practise the peak search is usually done by an early-late correlator pair, as in Figure 1. These correlators are separated by some constant value, traditionally by one chip as in the figure. The position (x-axis) of this pair is adjusted so that the difference of their output becomes zero (i.e. same y-axis values for both) and the peak is estimated to be in the middle.
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Figure 1: One tap channel without multipath (red arrow) and resulting correlation triangle
· In the Proposal 1 delay difference between mutipath components is ½ chip and the first multipath component is 3 dB higher than the second component [0 dB, -3 dB].

· In the Proposal 2 delay difference between mutipath components is 2 chips and the second multipath component is 3 dB higher than the first component [-3 dB, 0 dB].

As discussed in R4AH-04018 we believe that medium elevation satellites are likely to create the biggest practical multipath propagation problems with multi-path delays of less than ½ chip and significant power levels.  This is due to a fact that multipath propagation affects the pseudorange measurement by distorting the correlation triangle. Depending on the relative phase between line-of-sight and reflected signal, the correlation peak is shifted either forward or backwards finally causing uncertainty to a position estimate. The amount of multipath error depends on the timing and power differences between the correlation peaks. 

Far echoes (> 1 chip) on the other hand are expected to have negligible impact on a GPS receiver.

In Figure 2 and  Figure 3 we presented the multipath propagation conditions with correlation triangles for the Proposal 1 and Proposal 2 respectively. 

In Figure 2, the correlation triangle is distorted by a multipath component, which is 3 dB weaker and delayed by 0.5 chips. It is clearly seen that peak detection by early and late correlators is challenged in this case unless good care is taken in the receiver design. On the other hand, Figure 3 describes a situation where the first signal component is 3 dB weaker. However, the delay between the first and second path is so large (2 chips) that there is clearly two separate triangles and the detection of the first peak position is not disturbed.
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Figure 2: Multipath amplitudes and relative timing (red arrows) and resulting distorted correlation triangle of Proposal 1 in R4-040233
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Figure 3: Multipath amplitudes and relative timing (red arrows) and resulting two separable correlation triangles of Proposal 2 on R4-040363.
We would like to ask further clarification on the objectives of the multipath test case of the Proposal 2 since the test case does not seem to verify the ability of an AGPS receiver to cope with severe multipath environments better nor we can see that it reflects a typical operational scenario better. R4-040378 only describes that “The purpose of the test case is to verify the UE’s capability to obtain precise GPS measurements under a simple, two-ray GPS multipath environment.”












