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Introduction of A-GNSS

1. Introduction

A preliminary version of Galileo specifications has been recently published and made available to 3GPP. This resulted in the approval of a CR to 22.071 to introduce Galileo at SA#29. As not being the final release, significant amount of re-work might be needed in the future if GERAN specifications would be modified based on this preliminary Galileo specifications. However, if the work in GERAN is started after the Galileo specifications are completed, there may be a remarkable delay before Galileo capable terminals are introduced to the market. 
This paper proposes a way to introduce A-GNSS in 3GPP TSG GERAN specifications. This is done with a generalized A-GNSS concept that makes possible to include Galileo even though the Galileo specifications are not yet mature. 

2. Background

In the evolution of assisted global navigation satellite systems (A-GNSS) the first phase has been the introduction of stand-alone systems like GPS. Such system consists of satellites orbiting the globe, Earth-based control stations and positioning devices. 

The main task of a navigation satellite is to transmit the navigation data that contain the information needed by the positioning device to determine its position. The most important elements of the navigation data are orbital parameters and time. Orbital parameters (ephemeris) define the exact location of a satellite as a function of time. The transmitted data is time-stamped with “satellite time” to enable the determination of signal propagation time and the satellite position at the time of transmission. The navigation data transmitted by the satellites is updated by the control stations that monitor the orbits of satellites.

The main problem that limits the usability of this concept is the reception of navigation data. High enough signal-to-noise ratio is needed to receive the data correctly and it also takes some time, especially with 50 bps data rate of GPS. To overcome this problem, the idea of assisted GPS (A-GPS) was introduced. Basically it means that the data link from satellite to receiver is replaced with faster and more reliable connection, like cellular network. The simplest way to set up a assistance system is to collect the navigation data with receivers placed in locations where they have clear visibility to the satellites and then forward the data to positioning devices associated with a cellular phone. The data link can also be used as source for accurate satellite system time if the network is either synchronized with satellite system time or the time differences between the base station and satellite system times are measured e.g. with Location Measuring Units (LMU).

However, even a navigation system enhanced with better data link still has its limitations. The current A-GPS concept standardized in all major cellular standards has the following issues that make it inflexible for ugrades and suboptimal in terms of performance:

1. Assistance data elements are GPS specific. 

· It is very difficult to add new navigation systems such as modernized GPS signals, Galileo, Glonass or ground-based pseudolites due to GPS C/A-code only legacy. 

· The ionosphere assistance is according to GPS specifications.

· Acquisition assistance data format is GPS signal specific.

2. Acquisition assistance is not suitable for position calculation

· Acquisition assistance data is suitable only for speeding up signal acquisition within the given uncertainties. Terminal based position, velocity and time calculation is not possible with the data provided in the message.

3. Reference time is GPS system time.

· All assistance data and measurement data elements are referenced to GPS system time (GPS Time-Of-Week, TOW).

· Accurate time assistance can be transmitted only in GPS time.

4. Ephemeris data is according to GPS specifications and can be delivered only up to 16 satellites.

· Ephemeris data format is GPS specific and therefore limited in terms of validity time, precision and content. One set for ephemeris data is valid for positioning only up to 2-4 hours and frequent updates are needed to maintain the data equal with the visible satellite constellation.

5. Full potential of GPS signals is not used

· Carrier phase measurements cannot be transmitted over cellular standards. Carrier phase positioning enables high-accuracy positioning.

6. Full potential of GPS positioning and cellular link interworking is not used

· Base station and satellite system time relations can be solved in terminals as a side product of position calculation. The relations can be used to speed up satellite signal acquisition and to improve sensitivity in following positioning sessions if handled correctly or supported by network assistance. This would improve the performance of satellite positioning.

To improve the positioning performance further with the A-GNSS concept, the following approach is proposed.

3. Proposal

The A-GNSS concept is intended to allow the combined use of different satellite systems and to enable an effortless expandability to cover new GNSS as needed. To meet these goals an implementation of A-GNSS is proposed that enables seamless use of satellites belonging to different GNSS to get a maximal satellite coverage, streamlined signalling procedure to minimize network load and improved performance also for positioning devices that use only one satellite system but support the new signalling.

These improvements are achieved by going one step further with the assistance data generation. Instead of using the satellite navigation data as such or re-using and just expanding the A-GPS concept, means are proposed in which the positioning assistance data is specifically generated for A-GNSS capable cellular phones. 

3.1 Main features

1. Default assistance data is based on reference location, ionosphere model and long-term orbit models
2. Instead of copied satellite system specific short-term (~ 2 h) orbit model, a common long-term (~24 h or longer) orbit model is generated for full Galileo and GPS constellations. This model is referenced to cellular time base instead of satellite system time.
3. A common high-accuracy ionosphere and possibly a troposphere model for improved accuracy

4. Assistance data can be broadcasted

5. Phone returns by default position information (position, velocity, time, uncertainties), cellular time difference relations andCI of the current cell.

6. Satellite signal measurements and OTD measurements from neighboring base stations can be returned optionally 

7. Cellular time base is used in UTC-cellular time difference transfer

8. Sensitivity improvement without LMUs

9. Optional performance improvements by:

· barometric assistance (wide-area air pressure models)

· short-term differential corrections for long-term orbit models

· troposphere model

· real time integrity data 

· GPS (and Galileo) data bits by request for data wipe-off

· High-accuracy positioning using carrier phase measurements (cm-level positioning accuracy)
3.2 Detailed Description of Main Features

3.2.1 Common Long-Term Orbit Model

The use of common orbit model for all GNSS system reduces the number of IE’s and ultimately simplifies terminal SW implementation. The same orbit model format can be used for any GNSS system, in principle also for terrestrial positioning systems. Ephemeris and almanac data are based on Keplerian orbits and parameters. GPS ephemeris also includes a model for Earth’s gravitational field correction. However, it is possible to use any kind representation to model the satellite position information, not just the model given in GPS ICD, e.g. spline polynomials, Hermitean polynomials, piece-wise continuous polynomials, etc.
Orbit model can be created from:

1. Broadcasted ephemeris data,

2. Ephemeris/orbital data from GPS/Galileo/Glonass control segments and/or

3. Ephemeris/orbital data from an external source such as IGS, see [2].

Common orbit model should contain:

1. model for satellite position and velocity data,

2. model for satellite clock bias and drift,

3. time reference for initialization,

4. estimates for satellite position and clock accuracies and

5. (optionally a model for satellite attitude for phase wind-up correction for PPP calculation)

Although some propietary solutions are available, this kind of standardized model does not exist at the moment. Therefore such model that 3GPP can adopt needs to be introduced. The model shall define the needed algorithms  to implement the generation and use of the assistance data as well as the parameters sent from network to terminal. It is assumed that this model will not be developed in 3GPP but adopted from an external source.

GPS, Galileo and Glonass have different system times, hence biases between the system times have to be known if the systems are used in hybrid positioning as such (e.g. using one GPS signal to predict the phase of Galileo signals). The proposed common orbit and clock model removes the problem by basing the model into a common time base, that is, UTC/cellular time. The differences between the satellite system times can be compensated in the satellite specific clock models that are part of the orbit model. Cellular system time is used if the relation between the GNSS system and cellular system times (e.g. SFN) is accurately known to enable accurate signal phase and Doppler prediction for high sensitivity and small receiver HW.

3.2.2 Common High-Accuracy Ionosphere and Troposphere Model

Ionosphere distortion cannot be eliminated from range measurements because Total Electron Content (TEC) cannot be estimated/eliminated from pseudorange equations using only single-frequency measurements. This distortion to pseudorange is typically in the range of 5...30 m. The ionosphere model according to GPS ICD that is broadcast from GPS satellites compensates only 70-90% of the ionosphere errors. This is due to the fact that the model is a global model of the TEC flux, thus not highly accurate locally.

It is likely that the majority of the GPS-Galileo receivers used in wireless terminals will be still single-frequency receivers due to high cost-delta from a two-band RF front-end which means that ionosphere errors will remain a problem. It is also likely that Galileo will have an ionosphere model of its own that creates a performance difference between GPS and Galileo. For a common model, a suitable new model needs to be identified or alternatively reuse of an existing model can be considered.
Troposphere model is not currently included in any GNSS ICD or in any cellular standard. Troposphere effect to pseudo-range is typically in the range of 1...10 m and therefore troposphere effects on measurements should be compensated for good positioning performance. There are various models for troposphere compensation that remove >90% of the errors. However, the implementations are usually receiver specific. For SBAS systems, MOPS algorithms are standardized. The recent studies show that it is possible to use weather predictions and local estimates for dry and wet components for troposphere to improve the performance of troposphere models. Troposphere correction is not frequency dependent so the same model could be used for all GNSS systems.

3.2.3 Reference Location

Reference location for typical A-GNSS positioning is the same as in 3GPP TS 44.031. Optionally, the reference location can be stated to be highly accurate (e.g. 3-D uncertainty within cm) for high-accuracy absolute positioning using carrier phase measurements.  

3.2.4 Sensitivity Improvement

Sensitivity improvement is possible if a GNSS receiver can predict the expected satellite signal code phases and Doppler frequencies with high accuracy from the assistance data at any given time. Therefore, the assistance data should include in minimum a reference location and satellite orbit models with known relations between cellular frame timing and UTC time. The relation between cellular frame timing and UTC time can be done in many ways:

1. Receiver (terminal) maintains the relation by its own after it has solved it as a by-product from a position solution. The relation can be maintained within a sufficient accuracy (from cell to another) with OTD measurements. 

2. A network server (SMLC) can maintain a cellular frame timing difference database based on the relations and OTD measurements it has received from terminals. SMLC can either send the relations to terminals for terminal based relation maintenance or

3.  use the relations directly in orbit models.

All the three above approaches do not require LMU deployment in the networks.

3.3 Advantages of the proposal

· Work can start now, final Galileo specifications are not necessary for development of long-term orbit models
· Network can offer both or either of the constellations based on terminal’s capability or just parts of the constellation

· Use of only one orbit model simplifies software implementation at both ends and minimizes the number of assistance messages, yielding reduced complexity

· GNSS specification independent orbit model can be used with any satellite constellation

· Adding e.g. Glonass is straightforward

· even pseudolites can be easily included

· No need for almanac data ( less data elements to support in standards

· Orbit models are based on long-term orbits ( fewer updates needed ( savings in communication bandwidth

· Similar expected performance in terms of positioning accuracy for GPS and Galileo
· Galileo-GPS hybridization becomes straightforward
· Improves the performance of A-GNSS to sub meter level, even to cm-level

· Differential corrections bring accuracy within 1 m

· Carrier phase techniques enable accuracy within cm

· Upgrades also the performance of A-GPS only solutions

· Air pressure model for altitude estimation with barometers

· No legacy to existing solutions

4. Conclusion

This paper introduces a new A-GNSS concept for cellular systems that supports for migration to the use of multiple GNSS and to the utilization of additional position information sources such as barometers for improved positioning performance and coverage.

The benefits of this approach are:

· improved performance for A-GPS and compatibility for A-Galileo

· compatibility to any GNSS (Glonass, modernized GPS)

· enables use of full potential of GNSS signals 

· sensitivity improvement without LMU deployment

· reduced complexity compared to current A-GPS solutions

5. Glossary

3-D
Three dimensional

A-Galileo
Assisted Galileo

A-GNSS
Assisted GNSS

A-GPS
Assisted GPS

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

ICD
Interface Control Document

IE
Information Element

LMU
Location Mearusing Unit, network element for measuring base station-GPS time differences

OTD
Observed Time Difference

SFN
System Frame Number

SMLC
Serving Mobile Location Centre

TEC
Total Electron Content

TOW
Time of Week

UTC
Universal Coordinated Time
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