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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

4 Scope

The E911 positioning service requirements mentioned in TS 22.071, even if not directly applicable to Europe, seem to hardly be able to be satisfied by currently developed positioning solutions:

· the Cell-ID or E-OTD methods provide high service availability but limited service accuracy

· the A-GPS method provide high service accuracy but limited service availability, especially when considering the obstacles masking the signals of part of the GPS satellites in urban environments.

This document focuses on Assisted GPS (A-GPS) service, which consists in providing, through the cellular network, positioning assistance data (satellite parameters and corrections) to improve the efficiency of the positioning techniques (celerity of the Time To First Fix, Positioning sensitivity and Accuracy, etc…).

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, as compared with the other solutions (E-OTD, TDOA, Cell-Id). 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 specifications to open the door to these other systems, especially because this will induce quite few modifications in the specifications and will be ready when the modernised GPS system will become operational.

This document will highlight the advantages of enlarging the Assisted GPS concept to Assisted Global Navigation Satellite Systems, and particularly to the GALILEO system. 

3 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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3 Definitions, symbols and abbreviations

3.1 Definitions

3.2 Symbols

For the purposes of the present document, the following symbols apply:

A
Interface between 2G-MSC and BSS

Gb
Interface between 2G-SGSN and BSS

Iu
Interface between RAN and CN

Iupc
Interface between RNC and SAS (Standalone SMLC)

Lc
Interface between gateway MLC and gsmSCF (CAMEL interface)

Le
Interface between External User and MLC (external interface)

Lg
Interface between Gateway MLC - VMSC, GMLC - MSC Server, GMLC - SGSN (gateway MLC interface)

Lh
Interface between Gateway MLC and HLR (HLR interface)

Um
GERAN Air Interface

Uu
UTRAN Air Interface

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

BOC
Binary Offset Carrier
BPSK
Bipolar-Phase Shift Key
CN
Core Network

DME
Distance Measuring Equipment

E-OTD
Enhanced Observed Time Difference
ESA
European Space Agency

Ffs
For further study

GERAN
GSM EDGE Radio Access Network
GLONASS
GLObal Navigation Satellite System (Russia)

GMLC
Gateway MLC
GNSS
Global Navigation Satellite System

GOC
Galileo Operation Center

GPS
Global Positioning System

GTRF
Galileo Referential Terrestrial Frame
HLR
Home Location Register

HSS

Home Subscriber Server
IE
Information Element

IERS
International Earth Rotation Service
IGS
International GPS Service

IPDL
Idle Period Downlink
ITRF
Inertial Terrestrial Reference Frame
LCAF
Location Client Authorization Function
LCCF
Location Client Control Function

LCCTF
Location Client Co-ordinate Transformation Function
LCF
Location Client Function

LCS
Location Services

LSAF
Location Subscriber Authorization Function
LSBcF
Location System Broadcast Function
LSBF
Location System Billing Function
LSCF
Location System Control Function
LSOF
Location System Operations Function
LSPF
Location Subscriber Privacy function

Mcps
Mega chips per second

MLC
Mobile Location Center

MSC
Mobile services Switching Centre

NGS
National Geodetic Survey
NIMA
National Imagery and Mapping Agency
OSA
Open Service Access
OTDOA
Observed Time Difference Of Arrival
PCF
Positioning Calculation Function
PLMN
Public Land Mobile Network
PRCF
Positioning Radio Control Function
PRN
Pseudo-Random Noise

PRRM
Positioning Radio Resource Management
PRS
Public Regulated Service
PSMF
Positioning Signal Measurement Function

RAN
Radio Access Network
RNSS
Radio-Navigation Satellite Service

RRC
Radio Resource Control
SAR
Search And Rescue

SAS
Standalone SMLC

SBAS
Satellite Based Augmentation System

SGSN
Serving GPRS Support Node
SIS
Signal In Space

SoL
Safety-of-Life Service
SPS
Standard Postioning Service

UE
User Equipment

UMTS
Universal Mobile Telecommunication System
USNO
US Naval Observatory

UTC
Universal Time Co-ordinated

UTRAN
Universal Terrestrial Radio Access Network
VSAT
Very Small Aperture Terminal

WAAS
Wide Area Augmentation System

WGS 84
World Geodetic System 1984

5 Service Availability

As mentioned in the Scope of this document, the A-GPS method provide quite poor service availability, especially when considering the obstacles masking the signals of part of the GPS satellites in urban environments. Let’s take an example to illustrate the difficulty.

The GPS Standard Performances assume a masking angle of 5° only. A building 4.6 meters high 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.
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Figure 4.1.3-2: Masking Angle Concept

5.1 Assisted GPS availability

The figure 4.1.3-3 shows 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.

[image: image3.wmf]
Figure 4.1.3-3: Number of GPS Satellites In View for 30° Masking Angle

To compensate for such low availability, highly energy 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 is then necessary to enlarge the Assisted GPS concept toward an Assisted GNSS one (Global Navigation Satellite System), GALILEO being one of these GNSS.

5.2 Assisted GPS + GALILEO availability
As an example, the figure 4.1.3-4 shows 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 4.1.3-4: Number of GPS + GALILEO Satellites In View for 30° Masking Angle

6 Service Accuracy

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

The following table summarises the various “95% Errors Statistics” depending on the constellation and the masking angle.

Table 4.1.3-2: Comparison of End-User Performance

	
	GPS
SPS
	GALILEO
L1
	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 used of the Assisted GPS and the Assisted GALILEO.

Assuming a masking angle of 5°, the light blue/shaded areas in the following figure show location 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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	95% Horizontal Errors over 2.6 meters
	95% Vertical Errors over 4.6 meters


Figure 4.3.5-1: GPS + GALILEO - 5° Masking Angle

7 Conclusions

This Technical Report shows that the LCS will get many advantages from enlarging the Assisted GPS concept to the Assisted GNSS one, such as with the example of GALILEO.

The use of GNSS e.g. GALILEO either alone or in association with GPS greatly improves the availability and the accuracy of the LCS Services (as specified in TS 22.071) , in difficult situations such as urban or indoors environments where a limited number of satellites are visible and signal can be greatly attenuated.

In addition to the above mentioned improvement, GNSS e.g.  GALILEO are  dedicated to civil applications and offer full operational service availability. 

Finally, the current standard for LCS support several positioning methods including the use of GPS and should be extended to also use GNSS for the benefit of the location services. 

8 Annex : Galileo system presentation

The Galileo system is a Satellite based navigation system. It is built upon a constellation including 27 satellites defined as a Walker 27/3/1 constellation with the following characteristics:

- Semi-major Axis: 29993.707 kilometres

- Inclination: 56°

- Eccentricity: 0.

As the GALILEO satellite inclination /altitude (56° / 23616 km) are higher than the GPS satellite inclination / altitude (55° / 20181 km), GALILEO provides a better coverage for the higher latitudes.

It proposes several services : 

1. The Galileo Open Service (F/NAV) is defined for mass-market applications. It will provide signals for timing and positioning, free of charge. The Open Service will be accessible to any user equipped with a receiver, with no authorisation required. It is on this service that an agreement with the American DoD has been found to provide a common signal wave form, which means that most basic GPS receivers will be in a position to simultaneously use GPS and GALILEO signals for their positioning services. The F/NAV service share the same the signal than the I/NAV service and such benefits from the same signal integrity.  

2. The Safety-of-Life Service (I/NAV) will be used for most transport applications where lives could be endangered if the performance of the navigation system is degraded without real-time notice. The Safety-of-Life Service will provide the same accuracy in position and timing as the Open Service. The main difference is the worldwide high-integrity level for safety-critical applications, such as maritime, aviation and rail, where guaranteed accuracy is essential.

This service will increase safety, especially where there are no traditional ground infrastructure services. This world-wide seamless service will increase the efficiency of companies operating on a global basis - airlines and transoceanic maritime companies. The Safety-of-Life Service will be certified and its performances will be obtained by using certified dual-frequency receivers. Under such conditions, the future Galileo Operating Company (GOC) will guarantee SoL.

3. The Commercial Service (C/NAV) is aimed at market applications requiring higher performance than offered by the Open Service. It will provide added value services on payment of a fee. CS is based on adding two signals to the open access signals. This pair of signals is protected through commercial encryption, which will be managed by the service providers and the future Galileo Operating Company (GOC). Access will be controlled at the receiver level, using access-protection keys.

Typical value-added services include data broadcasting; service guarantees; precise timing services; the provision of ionosphere delay models and local differential correction signals for extreme-precision position determination. Many of these services will be developed by third-party, regional service providers, which will buy the right to use the commercial signals from the Galileo Operating Company (GOC).

4. The Public Regulated Service (G/NAV). Galileo is a civil system providing a robust and access-controlled service for governmental applications. Groups such as police, fire, ambulance, military and customs can use it. Applications cover transport of hazardous goods and customs control. Civil bodies will control access to the encrypted PRS. Access by region or user group will follow the security policy rules applicable in Europe.
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