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1 Introduction

The discussion on the addition of A-Galileo support dwells on whether A-Galileo should be considered as an additional block or as a part of more generic approach.

This document shows that A-Galileo actually provides a solid base for a generic A-GNSS approach, which can be used for GPS and Galileo in the future. Since a navigation model (orbit and clock model) is necessarily needed in the assistance data, it is advantageous to make the same format (Galileo format) as generic as possible with the least possible amount of changes. This document describes how this can be achieved. 
2 Discussion

Let us first review the satellite clock and orbit models utilized by GPS and Galileo. The purpose of the satellite clock model is to relate the satellite clock to the system (GNSS) clock. The orbit model enables solving the satellite position at the given instant.

Satellite clock model

The parameters of the satellite clock model for Galileo are (GPS parameters are given for reference)

	Parameter
	Units
	Galileo
	
	GPS

	
	
	Bits
	Scale Factor
	
	Bits
	Scale Factor

	a0 (constant)
	sec
	28
	2-33
	
	22
	2-31

	a1 (linear term)
	sec/sec
	18
	2-45
	
	16
	2-43

	a2 (second order term)
	sec/sec2
	12
	2-65
	
	8
	2-55


It should be noted that the bit counts used in Galileo enable describing the GPS clock model in terms of Galileo format (but not vice versa). 

Orbit model

The model utilized in GPS and Galileo is based on the Keplerian parameters. There are 6 Keplerian parameters, 3 linear correction terms and 6 harmonic correction coefficients. The parameters, bit counts and scale factors are summarized in the following table. 

	Parameter
	Explanation
	Bits
	Scale factor
	Units

	toe
	Time of ephemeris
	-
	-
	-

	 (
	Argument of perigee @ toe
	32
	2-31
	semi-circles

	M0
	Mean anomaly @ toe
	32
	2-31
	semi-circles

	e
	Eccentricity
	32(u)
	2-33
	---

	(A)1/2
	Square root of semi-major axis
	32(u)
	2-19
	meters1/2

	i0
	Inclination toe
	32
	2-31
	semi-circles
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	Longitude of the ascending node @ toe
	32
	2-31
	semi-circles

	(n
	Mean motion correction
	16
	2-43
	semi-circles/sec
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	Rate of change of inclination
	14
	2-43
	semi-circles/sec
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	24
	2-43
	semi-circles/sec

	Crs
	Sine correction of radius
	16
	2-5
	meters

	Cis
	Sine correction of inclination
	16
	2-29
	radians

	Cus
	Sine correction of latitude
	16
	2-29
	radians

	Crc
	Cosine correction of radius
	16
	2-5
	meters

	Cic
	Cosine correction of inclination
	16
	2-29
	radians

	Cuc
	Cosine correction of latitude
	16
	2-29
	radians


The formats utilized by GPS and Galileo are identical. 

3 Proposal

Nokia’s proposal is to define A-Galileo using the Galileo native format, but at the same time to acknowledge that defining A-GPS and A-Galileo leads to overlaps. Hence, we want to emphasize that A-Galileo is in fact a good base for a generic format, which may be used for various other systems as well.

Considering the overlaps first, we note that the addition of A-Galileo and leaving the current A-GPS as such necessarily means duplicated messaging. This can be seen as follows. The orbit models for GPS and Galileo are identical. Therefore, if there is one message for GPS SV orbits and another message for Galileo SV orbits, the overlaps are inevitable. With the satellite clock models the situation is analogous. Since the Galileo satellite clock model includes the model used in GPS, adding A-Galileo even in its native format leads to duplicated messaging. 

Taking the Galileo native format as the base for a generic approach, we see that this generic model may be used to describe GPS and Galileo orbits without modification. With the satellite clock models the situation is almost as straightforward, since the generic format may be used for Galileo as such. Moreover, the model utilized in GPS may be mapped to the generic format by simple bit shifts and by introducing one conditional scale factor. The required operations are summarized in the following table.

	Parameter
	Units
	Generic clock model
	Mapping GPS broadcast to the

generic clock model

	
	
	Bits
	Scale factor
	

	a0
	sec
	28
	2-33
	GPS broadcast shifted two bits left                              (4 upper bits set to zero in GPS case)

	a1
	sec/sec
	18
	2-45
	GPS broadcast shifted two bits left

	a2
	sec/sec2
	12
	2-65, if Galileo

2-55, if GPS
	GPS broadcast can directly be used                              (4 upper bits set to zero in GPS case)


Benefits from the proposal

The benefit arising from considering A-Galileo as the starting point for a generic A-GNSS format are not obvious now as the debate aims at the A-Galileo addition only. However, the work item also obligates to consider, how future-proof the different solution proposals are.

If A-Galileo is defined as the generic format, we can note that the format is applicable for GPS and Galileo. Moreover, [1] shows that the clock part of the generic format can be exploited with GLONASS as well as with Space and Land based augmentation systems. The orbit models, on the other hand, require defining additional orbit models. These issues are discussed in more detail in [1].

The current proposal forces some modifications to the currently used solution. For instance, the method of SV indexing must be modified. Currently, GPS satellites are identified with PRN numbers. The same identification method is also utilized by Galileo. Now, if PRNs are used, GPS and Galileo satellites cannot be distinguished. In Nokia’s proposal the problem has been solved introducing the GS ID (GNSS – SV ID), which contains information on the system (GPS or Galileo) in the upper bits and the PRN number in the lower bits. Naturally, because of the generic format of GS ID it may be extended to include other systems as well. 
4 Conclusions

This document justifies the use of Galileo satellite clock and orbit models as the basis for a generic format. The choice is justified by acknowledging that Galileo models can be used to represent to GPS models. Defining the generic format as described herein leads, amongst other things, to the removal of duplicated messages.  

As shown, the Galileo format may be generalized for use with Galileo and GPS (and in the future also with other satellite systems) by modifying the SV identification field. Therefore, we see that since it is possible to change the format from Galileo-specific to generic making only minor modifications, we must not to limit the applicability of GNSS Navigation Model to Galileo only, but to prefer generic formats.
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