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A-GNSS Performance Aspects

1. Introduction

In GP-052718, a generic approach for A-GNSS was introduced. That document also described the potential of performance advantages over current A-GPS. In this document, the relevant satellite navigation performance measures are described and the performance aspects of A-GNSS are taken to more concrete level.

2. Background

Ever since the introduction of Galileo navigation system, several comparison studies of performance of GPS, Galileo and combined GPS + Galileo have been carried out by the satellite navigation research community. Such a study has been also made within 3GPP resulting to TR 23.835, Study into Applicability of Galileo in LCS. Also, GP-042010 presented the benefits of combining GPS and Galileo [4].

2.1 Satellite positioning performance

Positioning performance as seen by end user can be basically described by three terms, namely accuracy, availability, and positioning delay (usually refered as time-to-first-fix, TTFF). In Table 1 we have summarised the measures as well as parameters affecting them. Please note that there is also listed an intermediate measure, pseudorange error which as such is invisible to the end user but effects on the position error.

Table 1: Parameters affecting the performance of AGPS

	Parameter
	Effect on
	Measure

	Quality of assistance
	Signal acquisition time
	Time-to-first-fix (TTFF)

	Number of detectable satellites
	
	

	Received signal levels
	
	

	Availability of assistance
	
	

	Received signal levels, absolute and relative (max vs. min)
	Signal quality

(Measurement noise)
	Pseudorange error 

(measure for MS assisted case)

	Multipath
	
	

	Line-of-sight signal blocking by obstacles
	Measurement bias
	

	Multipath
	
	

	Quality of assistance
	Position integrity
	Position error

(measure for MS based case)

	Number of detected satellites
	
	

	Pseudorange errors
	
	

	Number of detected satellites
	Dilution of precision (DOP)
	

	Geometry of detected satellites
	
	

	Number of detectable satellites
	Position calculation
	Availability


Quality of assistance
In order for the MS to make necessary measurements and calculate a position estimate the navigation data has to be valid (i.e. correct and up-to-date). The accuracy of position and time assistance has an impact on satellite acquisition performance. The accuracy of a position estimate on the other hand is dependent on how valid the given assistance data is.

Number of detectable satellites
The number of detectable satellites defines how many of the satellites, that are above the horizon, can be acquired with the given receiver. This affects TTFF especially if the signal levels are low and the number of detectable satellites is small compared to number of visible (i.e. above the horizon) satellites. The search time for one satellite is increased with the decrease of signal level and if there is no signal at all, the search process will cover the whole 2-D (code phase, Doppler) search area down to sensitivity limit.

Received signal levels

Received signal level affects the quality of the signal measurement as well as the time needed to find the signal. As the signal is buried deep into noise, in extreme conditions it may take seconds of integration to get positive signal-to-noise ratio even with the exact knowledge of signal timing and Doppler frequency. Unfortunately, there is always some uncertainty, amount depending on the assistance data and if there is already other satellites found.

If the difference in received signal levels grows too large, the detection of weak signals is disturbed by cross correlation products of the stronger signals. 

Availability of assistance

The availability of assistance data has a great impact on how quickly terminal can respond to positioning requests either to internal or external ones. If there are no valid assistance data stored in the terminal’s memory, the data need to be downloaded from satellite broadcast or received/requested from SMLC. Once the necessary assistance data has been made available for the GNSS receiver, the receiver can perform position information calculation or start acquiring satellite signals if has not found the signals yet.

Should the terminal have all the assistance data already available when the positioning request is set, the response time would naturally be the shortest possible. 

Multipath
Multipath 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. The amount of multipath error depends on the timing and power differences between the correlation peaks.

Line-of-sight signal (LOS) blocking by obstacles
If the line-of-sight signal is blocked so that it can not be detected but there is a detectable reflected signal instead, there will obviously be a measurement bias which depends on the excess path of the reflection. In case of several propagation paths, additional multipath effects will appear as described above.

Pseudorange error
Pseudorange error describes the range measurement error of a single satellite. The amount of pseudorange error is dependent on the factors discussed above. Furthermore, if the receiver clock is not yet synchronised to satellites there is some unknown bias in the measurement. Clearly, this bias is common to all satellites and is solved in position calculation, but before that it is only possible to measure ‘pseudoranges’. The pseudorange error on the other hands is one key error source in a position estimate.

Number of detected satellites

Naturally more satellites (with good DOP) there are available better the position estimate will be. If less than 4 satellites are available one of the 4 parameters (X,Y,Z or time) has to provided to the MS for calculating the position estimate. When the number of detected satellites is less than 4  DOP inevitably becomes poor. 

Geometry of detected satellites
Satellite geometry (i.e. elevation and azimuth of detected satellites) affects the quality of a position estimate in conjunction with the number of those satellites by defining a new parameter, namely ‘dilution of precision’ (DOP). 

Dilution of precision (DOP)
DOP is a measure that describes how sensitive the position estimate is to measurement noise, meaning that DOP relates to position accuracy only in statistical sense. In other words, a large DOP value indicates that the uncertainty of position fixes is large but it does not predict anything about the accuracy of one single position fix. 

3. discussion

From Table 1 above it is easy to see that the number of satellites plays a crucial role in positioning performance. It can be assumed that if several satellite systems are combined, the performance can be improved in terms of accuracy, time-to-first-fix, and availability. In other words, the improvement can be seen in all relevant position measures. The most problematic areas are urban centres where the visibility to the sky is very limited. Usually this means that the satellites in low elevation angles are blocked by the buildings. In such conditions, the number of detectable satellites and their geometry is usually poor with a single satellite navigation system.

Table 2 summarises the simulation results of [1], where the properties of combined satellite constellations have been simultated in different environments. 

Table 2: Availability of 20m 95% Horizontal Accuracy as no. of Galileo Satellites Increases[1]
	Scenario
	28 GPS

+0 Galileo
	28 GPS

+6 Galileo
	28 GPS

+12 Galileo
	28 GPS

+18 Galileo
	28 GPS

+24 Galileo
	28 GPS

+27 Galileo

	Suburban
	90%
	95%
	100%
	100%
	100%
	100%

	Low-rise
	70%
	80%
	90%
	>95%
	100%
	100%

	High-rise,EW
	30%
	50%
	60%
	75%
	85%
	90%

	High-rise, NS
	15%
	30%
	50%
	65%
	75%
	80%


The improved performance is evident as the number of available satellites increases. On this basis we consider the approach of combined usage of several satellite constellations very beneficial. 

Conclusions
Although the performance improvement in Chapter 3 was shown for GPS+Galileo only, the evident conclusion is that increasing the number of available satellites for positioning will only be beneficial for the performance. It is therefore desirable to maximize the availability of satellites for the terminals by enabling assistance data from the network for all possible GNSS. The focus of AGNSS work in GERAN should not be in A-Galileo only, but also in the other existing or soon-to-be-deployed GNSSs. These systems include:

· GLONASS: 12 satellites in operation currently, 18 by e/o 2007 [2,3].

· Quazi-Zenith Satellite System (QZSS), 3-4 operational satellites by e/o 2010.

· Satellite Based Augmentation Systems (SBAS) such as:

· EGNOS (European)

· WAAS (North-America and Pacific)

· GAGAN (Indian region)

· MSAS (Japan)

· Local Area Augmentation Systems (LAAS)

· Potential GPS augmentation for indoor positioning

It should be noticed that the GNSSs offer open-service positioning signals also on other bands than L1. For example, GPS and Galileo signals can be received also on L5 band in near future, which will improve the positioning performance compared to L1 band as L5 signals for GPS are designed more suitable for urban environments. Also, a combination of GPS L2C and GLONASS L2 will become an attractive combination by the end of this decade as GPS fleet modernization proceeds.

The problems related to availability of assistance data could be handled the best by offering data to the terminal that has long life-span. This could be in form of multiple navigation models per satellite or a totally new orbit model format designed for long-term fits.
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