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LCS improvements through Galileo

1. Introduction

At TSG-SA1 #24 in Seoul (10-14 May 2004), the Work Item Tdoc SP‑040308 (Tdoc S1-040479) has been approved. This Work Item introduces the use of the Galileo positioning system in the 3GPP standards.

This WI induces modifications on several GERAN documents.

The following presentation aims at highlighting the advantages of including the Galileo positioning system and more exactly of enlarging the Assisted GPS concept to Assisted Global Navigation Satellite Systems (GNSS).

2. Overview

The A-GPS technique is growing up quickly, due to the already existing GPS infrastructure and to the good positioning performance accuracy with this technique. Nevertheless, the A-GPS can suffer from lack of availability of the service in urban environments, which could be a limitation to the E112 regulation and to development of accurate positioning services. This weakness can be reduced by the use of other emerging satellite based positioning techniques, such as GALILEO, which will be presented in this document. 

It is thus important for the 3GPP standards to allow usage of these other systems, whose introduction will not require major changes to the existing specifications.

3. Service Availability

As previously mentioned, the A-GPS method may suffer from degraded service availability in particular environments (such as dense urban areas), especially when considering the obstacles masking the signals of part of the GPS satellites in urban environments. 

The GPS Standard Performances assume a masking angle of 5° only. A 4.6 meters high building will create a masking angle lower than 5° only if the distance between the house and the UE is greater than 42 meters. In the case of the mobile communication applications, we can suppose that the masking angle will, in most cases, be significantly higher.

The simulations that we present take into account a 30° masking angle which corresponds to a location service use by a user located at 5,2 meters of a 4,9 meters high building and which positioning device is at 1.6 meters high, as represented in the next figure.
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Figure 1: Masking Angle Concept.

4. Assisted GPS availability

The Figure 2shows the impact of the masking angle on the number of satellites in view, for the GPS Only solution. With a masking angle of 30°, we can notice that 80% of the time there are only three, sometimes four visible satellites if only GPS is used, meaning that, most of the times a 3D fix is not possible for usual GPS receivers.
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Figure 2: Number of available satellites with a masking angle=30° in GPS.
To compensate for such low availability, highly computation demanding receiver techniques must be used in the GPS constellation only solution.

This is mainly due to the performance target of the GPS constellation, which has been designed so that outdoor receivers perform fixes (initially only military ones). Other satellite systems, fully interoperable with GPS, will grow up in the future, increase the number of visible satellites, even in urban canyons and therefore make up for that problem and simultaneously improve the service accuracy.

It may then be interesting to enlarge the Assisted GPS concept toward an Assisted GNSS one (Global Navigation Satellite System), GALILEO being one of these GNSSs.
5. Assisted GPS + GALILEO availability

As an example, the Figure 3shows the results for a GNSS built with a combination of GPS + GALILEO constellations. In this case, there are at least 7 satellites 80% of the time when the two constellations are used, meaning that the 3D fix is always possible with a basic receiver and that the accuracy is greatly improved as compared as for the GPS constellation alone.
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Figure 3: Number of available satellites with a masking angle=30° in GPS+GALILEO.

6. Service Accuracy

Besides the availability improvement, the combined use of GALILEO and GPS also greatly improves the service accuracy, especially when the masking angle increases.

The following table summarizes the various “95% Errors Statistics” depending on the constellation and the masking angle.
Table 1: Comparison of End-User Performance.

	GPS

	GALILEO

	Masking
Angle
	95% of fixes 

Horizontal Errors Statistics
	95% of fixes

Vertical Errors Statistics

	(
	
	5°
	11.0 meters
	20.0 meters

	
	(
	
	5.0 meters
	8.0 meters

	(
	(
	
	2.8 meters
	5.0 meters

	(
	(
	30°
	12.0 meters
	30.0 meters


* reference constellation for the above figure

The availability and/or accuracy of the LCS services will be improved by the simultaneous use of the Assisted GPS and the Assisted GALILEO.

Assuming a masking angle of 5°, the light blue/shaded areas in the following figure show locations where 95% horizontal (resp. vertical) errors are greater than 2.6 meters (resp. 4.6 meters) for all-in-view receivers.
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Figure 4: GPS + GALILEO - 5° Masking Angle.

7. Involved Documents
It is proposed that the CRs for GNSS/Galileo insertion are introduced in the Release 7 version of the standards. 

The list of impacted specifications under TSG GERAN responsibility impacted by the GNSS/Galileo WI is given in the following table.

Table 2: Impacted specifications under TSG GERAN responsibility impacted by the GNSS/Galileo WI.

	3GPP specification reference
	Subject
	TSG GERAN Group Responsibility

	TS 43.059
	Functional stage 2 description of Location Services (LCS) in GERAN
	G1

	TS 44.031
	LCS - MS-SMLC - Radio Resource LCS Protocol (RRLP)
	G2

	TS 49.031
	LCS - Base Station System Application Part - LCS Extension (BSSAP-LE)
	G2

	TS 44.035
	LCS - Broadcast Network Assistance for E-OTD and GPS Positioning Methods
	G2

	TS 44.071
	LCS - Mobile radio interface layer 3 - Location Services (LCS) Specification
	G2

	TS 48.008
	MSC - BSS Interface; Layer 3 Specification
	G2

	TS 48.018
	GPRS / BSS / SGSN - BSS GPRS Protocol (BSSGP)
	G2

	TS 48.031
	LCS - SMLC/SMLC - SMLCPP Specification
	G2

	TS 43.030
	Radio network planning aspects
	G1


8. Conclusion

The Location Services will get several advantages from enlarging the Assisted GPS concept to the Assisted GNSS one, such as with the example of GALILEO.

The use of GALILEO either alone but especially in association with GPS improves the availability and the accuracy of the LCS Services provided by the PLMN in difficult situations such as urban or indoor environments where a limited number of satellites are visible and where satellite signals can be highly attenuated.

The similarities of GALILEO and GPS will allow a joint usage of both constellations in the future.

The introduction of Galileo is proposed to be done in a generic way to ease the future use of next Global Navigations Satellite Systems with no or few impacts on the 3GPP standards.
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