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Introduction of GNSS

1 Principles

For the time being, two satellite positioning systems (SPS) are available, the American GPS (Global Positioning System) and the Russian GLONASS. Due to various technical issues, the GPS is the most used one and the applications dealing with SPS matters generally cater for the GPS L1 signals only. In the near future, other SPS will be available among which the next one will certainly be Galileo. This leads to introduce the concept of Global Navigation Satellite System (GNSS) which opens the door to major Quality of Service improvements. The GNSS term aims at identifying all the satellite positioning/navigation systems willing to be available for public applications. This includes the Satellite Based Augmentation Systems (SBAS) such as the WAAS, EGNOS, etc. The Satellite Positioning Systems basically aiming at providing their services world-wide, the compatibility of a receiver with other Satellite Positioning Systems than GPS will soon appear as a basic terminal feature.

This presentation paper aims at introducing the changes allowing other positioning systems signals to be used for Assisted location techniques and initiating the upgrade from the usual A-GPS technique to the wider A-GNSS one.

This presentation paper is associated with the Work Items approved in SA (TD SP‑040308) and in GERAN (TD SP‑042268).

1.1 History of the introduction of the AGNSS concept in the 3GPP specifications

A brief summary of the key process dates is supplied in this section : 

· April 2004 : Feasibility study presented in SA1 subgroup. This feasibility study underlined the key benefits in terms of location performances of jointly using the Galileo L1 F/Nav signal and the GPS L1 C/A one. It underlines also the modest impact on the receiver complexity.

· April 2004 : Work item to introduce A-Galileo approved at SA1 level

· May 2004 : Work Item approved at SA level

· March 2005 : Presentation of discussion paper G2-050074 in GERAN2#23 bis presenting a way to introduce the Galileo system in LCS. Presentation of Galileo F/Nav L1 ICD

· July 2005 : GERAN 24#bis in Quebec, presentation of Galileo F/Nav L1 ICD G2-050266.

· August 2005 : Dissemination on 3GPP reflector of a web link to find the Galileo F/Nav L1 ICD.

· September 2005 : Change request approved in TS 22.071 at SA1 level to require the use of the Galileo signals.

1.2 Impacts on specifications

The following table provides an overview of the impacted Technical Specifications at GERAN subgroups level.

	Sub groups
	Technical specification
	Description of the impact

	GERAN1
	TS 43.030
	Radio network planning aspects.

	
	
	Descriptive recommendation to be helpful in cell planning

	
	
	Editorial changes

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

	
	
	Stage 2 of the LCS feature in GERAN, which provides the mechanisms to support mobile location services for operators, subscribers and third party service providers.

	
	
	Editorial changes

	
	TS 43.130
	Iur-g interface - Stage 2

	
	
	Overview of the Iur-g interface

	
	
	Editorial changes

	
	TS 45.050
	Background for Radio Frequency (RF) requirements

	
	
	Gives background information on how the RF requirements of TS 45.005 have been derived

	
	
	Editorial Changes

	GERAN2
	44.031
	LCS - MS-SMLC - Radio Resource LCS Protocol (RRLP)

	
	
	Defines the format of the A-GPS data exchanged between the SMLC and the MS. Major modification to introduce new set of assistance data and measurement data to support Galileo in addition to GPS

	
	
	Major changes

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

	
	
	Contains the content of messages necessary for support of MS Based location service operation on the mobile radio interface layer 3.

	
	
	Major changes. Nevertheless directly deduced from TS 44.031

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

	
	
	Contains the coding of information necessary for support of location service operation on the mobile radio interface layer 3 between the LMU and SMLC + LLP definition (LMU – LCS Protocol). Only impact on the definition of the clock reference

	
	
	Editorial changes

	
	44.118
	Mobile Radio Interface Layer 3 Specification - RRC Protocol - Iu Mode

	
	
	Procedures used at the radio interface (Reference Point Um, see 3GPP TS 24.002) for Radio Resource management. Radio Resource Control Protocol (RRC) - Radio Resource control plane protocol for Radio Resource management that is used when a mobile station is operating in Iu mode

	
	
	Editorial changes

	
	48.008
	MSC - BSS Interface; Layer 3 Specification

	
	
	Layer 3 procedures used on the Base Station System (BSS) to Mobile-services Switching Centre (MSC) interface for control of GSM services.

GPS Assistance data definition on the BSS/MSC interface

	
	
	Minor impact when TS44.031 is updated.

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

	
	
	Procedures used on the Base Station System (BSS) to Serving GPRS Support Node (SGSN) interface for control of GSM packet data services.

	
	
	Minor impact when TS44.031 is updated

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

	
	
	Procedures and information coding that are needed to define and support the BSSAP LCS Extension (BSSAP-LE). The BSSAP-LE message set being applicable to the GSM interfaces defined in 3GPP TS 43.059:

	
	
	Major impact. To be defined in relation with TS44.031

	GERAN3
	51.010
	Digital cellular telecommunications system (Phase 2+); Mobile Station (MS) conformance specification; Part 1: Conformance specification

	
	
	Technical characteristics and methods of test for Mobile Stations (MS), for the Pan European digital cellular communications system and Personal Communication Systems (PCS)

	
	
	The tests procedures shall be modified with respect to the Change made in TS44.031.


In addition to these documents, the TS 24.008 will also be impacted through the definition of the class mark info type 3 which will be in charge of defining the compatibility of the mobile with AGNSS.

The main change request to be discussed refers to the following technical specifications 

· TS 44.031

· TS 49.031

· TS 51.010

The overall logic to implement these changes will be driven by the TS 44.031, that is why we propose to start the change process within the GERAN2 subgroups, starting with discussions on the TS 44.031 for the release 7.

1.3 Changes logic and options

The main challenge to introduce the concept of Assisted Galileo or Assisted GNSS as a location means for the mobile phone is to insure the backward compatibility, i.e. 

· A mobile phone supporting A-GNSS to be compatible with an AGPS SMLC

· A SMLC supporting AGNSS compatible with a mobile phone supporting only AGPS.

Several solutions can be followed in order to introduce Galileo from the less generic to the most generic one: 

1. Introduce new satellite location methods : Galileo and GPS+Galileo

2. Introduce a GNSS location method encapsulating the specificities of the constellations

3. Introduce a GNSS concept embodying all the Satellite Positioning Systems with a generic approach i.e. independent from the ICD of the constellations

2 Analysis of the various options

2.1 Introduction of new location methods : Galileo and GPS+Galileo

This first approach aims at keeping as such the current specifications and adding separated methods for the location of the mobile phone based on Galileo and joint Galileo + GPS. The key elements of the approach are detailed hereafter : 

· Impact on RRLP : TS 44.031

In this approach the main impact is that elements related to Galileo have to be implemented in each message component of the RRLP specifications.

	Message component
	Element major changes

	Measure Position Request
	Positioning instructions : 


Method type : Add 4 method types : 






'0': E-OTD;






'1': GPS;







'2': E-OTD or GPS (i.e. both can be reported).







‘3’ : Galileo







‘4’ : Galileo + GPS







‘5’ : E-OTD or Galileo







‘6’ : EOTD or GPS or Galileo

	
	
Add Galileo Assistance Data Element (see assistance data)

	
	
Add Galileo Time Assistance Measurement Request

	
	
Add Galileo Reference Time Uncertainty

	Measure Position Response
	
Add a Galileo Measurement Information

Quasi identical to GPS measurement Information except that the coding of the pseudo ranges is made relatively to the chip rate and the code length of Galileo

	
	
Add  Galileo Time Assistance Measurements
Identical to the GPS one but with respect to the Galileo time scale

	Assistance data
	
Add a Galileo Assistance Data
Galileo Reference Time : identical to GPS one but with respect to the Galileo time scale



Reference Location : Identical to GPS one 



Galileo DGPS Corrections : identical to GPS ones



Galileo Navigation Model : Galileo Navigation model. Quai identical to GPS one but some slight differences



Ionospheric Model : Identical to GPS one



Galileo UTC Model : Model to transpose Galileo time to UTC time



Galileo Almanacs 



Galielo Acquisition Assistance : Galielo encoding of the almanacs



Galielo Real-Time Integrity

	
	Add Galileo Reference Time Uncertainty

	
	Add Galileo Time Assistance Measurement Request


· Impact on TS 49.031

The impact of this specification consists in introducing a new information element : Requested Galileo Assistance Data. This element is quite identical to the Requested GPS Assistance Data but referring to the Galileo assistance data.

The main drawback of this approach is the duplication of the information and the lack of evolving approach.  

2.2 Introduction of a GNSS location method encapsulating the specificities of the constellations

This approach differs from the previous one in the sense that a GNSS location approach is considered. This GNSS approach encapsulates several satellite constellations. In each GNSS referring message, each element encloses data for all the constellations. The constellation is identified through a constellation ID. It means that GPS and Galileo becomes particular cases of the GNSS location methods. Typically a GNSS compatible terminal will use the GNSS messages for LCS purposes whether it uses GPS , Galileo or both. Nevertheless to insure backward compatibility all related GPS messages are kept as such.

This approach has been presented in GERAN2 #23bis Discussion paper Tdoc 050074. 

· Impact on RRLP : TS 44.031

	Message component
	Element major changes

	Measure Position Request
	Positioning instructions : 


Method type : Add 1 method type : 






'0': E-OTD;






'1': GPS;







'2': E-OTD or GPS (i.e. both can be reported).







‘3’ : GNSS (no difference between GPS+Galileo or GNSS, up to the mobile phone to decide wrt to the QOS information)

	
	
Add GNSS Assistance Data Element (see assistance data)

	
	
Add GNSS Time Assistance Measurement Request

	
	
Add GNSS Reference Time Uncertainty

	Measure Position Response
	
Add a GNSS Measurement Information

The measurement information gathers pseudoranges measurements made on GPS or Galileo, or any other system, identifying the constellation concerned by a constellation ID

	
	
Add  GNSS Time Assistance Measurements
Generic Time assistance data with constellation identification

	Assistance data
	
Add a GNSS Assistance Data.

Encapsulatin of GNSS assistance data. When the assistance data are unique for all the constellations, no constellation ID added, on the contrary when the assistance data are specific for each constellation, a constellation ID is added. It is to be noted that the GNSS Assistance data enclose the GPS assistance data.



GNSS Reference Time : Reference time w.r.t reference constellation.



Reference Location : Unique for GNSS, no distinction w.r.t to the constellation. 



GNSS DGPS Corrections : particularised w.r.t. to the constellation ID.



GNSS Navigation Model : Navigation model provided for the targeted constellation. The navigation model is different for all the constellations, and tagged through a constellation ID. The navigation model is fully the same as the one provided by the ICD of the constellation.



Ionosphere Model : One unique Ionosphere model : Klobuchar.



GNSS UTC Model : referenced though a constellation ID.



GNSS Almanacs : referenced through a constellation ID.



GNSS Acquisition assistance : Acquisition assistance for all the constellations. Encoding depending on the constellation ID. It is to be noted that this assistance can be completely generic, using range encoding or time encoding instead of (Code Phase, Integer Code Phase, Bit Number).



Real-Time Integrity : identical for all the constellations.

	
	Add GNSS Reference Time Uncertainty

	
	Add GNSS Time Assistance Measurement Request


· Impact on TS 49.031

The impact of this specification consists in introducing a new information elements : Requested GNSS Assistance Data. This element encapsulate a bitmap targetting a set of assistance data for GNSS identifying the constellation.
The main advantage of this approach is to try to be as generic as possible in terms of structure, as well as respecting the specificities of the Interface Control Document (ICD) of each constellations. The structure proposed allows to implement Galileo but remains opened for future constellation involvements. 

2.3 Introduce a GNSS concept embodying all the Satellite Positioning Systems with a generic approach i.e. independent from the ICD of the constellations

This approach is quasi identical to the previous one, except that it proposes to be generic in terms of structure as well as in terms of constellation data. The satellite positioning systems are seen as a whole without any specificities for one or another satellite constellation. This approach is particularly evolving. 

· Impact on RRLP : TS 44.031

	Message component
	Element major changes

	Measure Position Request
	Positioning instructions : 


Method type : Add 1 method type : 






'0': E-OTD;






'1': GPS;







'2': E-OTD or GPS (i.e. both can be reported).







‘3’ : GNSS (no difference between GPS+Galileo or GNSS, up to the mobile phone to decide wrt to the QOS information)

	
	
Add GNSS Assistance Data Element (see assistance data)

	
	
Add GNSS Time Assistance Measurement Request. 

This assistance time measurement could be on a reference time independent from any constellation.

	
	
Add GNSS Reference Time Uncertainty

	Measure Position Response
	
Add a GNSS Measurement Information

The measurement information gathers pseudo ranges measurements made on GPS or Galileo, or any other system, identifying the constellation concerned by a constellation ID. The encoding of this made with respect to meters or seconds instead of chip. 

	
	
Add  GNSS Time Assistance Measurements
Generic time assistance with respect to an external clock reference independent from GPS or Galileo

	Assistance data
	
Add a GNSS Assistance Data.

Encapsulation of GNSS assistance data. A fully generic approach is adopted. No assistance data particularised for any constellation

GNSS Reference Time.

GNSS Navigation model : A navigation model encoded for any MEO satellites. Independent from GPS or Galileo ephemeris encoding.



GNSS DGPS Corrections : Differential correction in meters or seconds for each satellites of any constellations.



Ionospheric Model : One unique Ionospheric model : Klobuchar



GNSS UTC Model : Parameters allowing to transform UTC clock in GPS clock or Galileo clock.



GNSS Almanacs : Generic encoding, can be two lines format.



GNSS Acquisition assistance : Acquisition assistance independent of any constellation, no more reference to code length, or bit length. All the parameters are encoded with respect to the physical object they represent.



Real-Time Integrity : identical for all the constellations.

	
	Add GNSS Reference Time Uncertainty. 

Referenced towards UTC

	
	Add GNSS Time Assistance Measurement Request


· Impact on TS 49.031

The impact on this specification consists in introducing a new information element : Requested GNSS Assistance Data. This element encapsulates a bitmap targetting a set of assistance data for GNSS identifying the constellation.
3 Conclusion

The paper proposed 3 different approaches to introduce new satellite constellations in the satellite positioning solution for LCS from the less to the most generic one. 

Nevertheless a full generic approach could present a main drawback. Indeed to adopt such a solution, a new set of end user algorithms has to be put in equation. This generic approach is not followed in the constellation ICD. In that way either 3GPP is warrant of the processing to be used at end user level with respect to the assistance data supplied, or an external warrant has to be found.

The following table tries to summaries wich kind of message can be easily generic and which cannot be.

· Assistance data

	Assistance data type
	Can Not be Generic
	Can be Generic
	Comments

	Reference time
	
	(
	UTC clock can be used, provided that  the UTC model assistance data can be delivered with respect to all the constellations.

	Reference Location
	
	(
	No dependence towards constellations.

	Differential corrections
	
	(
	No dependence towards the constellations.

	Navigation model
	(
	
	It could be generic, nevertheless, if it is the case, a set of algorithms to retrieve the satellite position vs. time shall be specified. For the time being no organization external to 3GPP is warrant of a given format. If such an organization could be found, the  navigation model could be generic (and it would be very appreciable !)

	Ionospheric model
	
	(
	Proposed to be the Klobuchar Model, specified in GPS ICD 200C.

	UTC model
	(
	
	Each constellation have its own time implementation. 

	Almanac
	
	(
	Proposed the two lines format. 

	Acquisition assistance
	
	(
	Proposed to be encoded independently from the signal structure but with reference to the physical objects represented :

· Correlation peak position and uncertainty in seconds

· Doppler, in Hz, Doppler drift in Hz/s, Doppler uncertainty in Hz

	Real Time integrity
	
	(
	


· GNSS Measurement Information Elements

The measurement parameters can be completely generic. To insure this it is proposed to encode the pseudo ranges in seconds, and in delta with respect of the first reported measured. In that way. 

· Reference UTC time

· Number of satellites

· Sat ID, and for each satellite 

	Measurement elements
	Can Not be Generic
	Can be Generic
	Comments

	Sat ID
	
	(
	Numbering of the satellite with an indicator of the constellation.

	C/N0
	
	(
	Independent form the constellation.

	Doppler
	
	(
	Independent form the constellation.

	Pseudo ranges
	
	(
	Encoded in seconds or meters, independently from the signal structure as it is done today.

	MP indicator
	
	(
	

	Pseudo range RMS error
	
	(
	Encoded in meters or seconds.


As a conclusion, the proposal of this paper is of course to adopt a very generic approach, but being pragmatic, and relying on existing standards. The second solution seems to be a good approach since it allows to introduce this generic view while keeping the possibility to keep specific implementation. 

This second solution allows many improvements in terms of encoding scheme efficiency (for example pseudo ranges encoding, or acquisition assistance). The generic approach of the structure paves also the way to work on many other improvements. In particular it does not exclude to work and add a generic long term navigation model, or add new assistance data types, or report new measurements from the mobile in order to improve the location  performances. .
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