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Discussion Paper on usability of common bits for Galileo eccentricity and semi major axis
1 Introduction

This document focuses on the split of Toe, eccentricity and semi-major axis bits that have been adopted in RRLP (TS 44.031). The implemented approach consists in separating them into a common part for all satellites of a given GNSS system and a part specific to each satellite.

2 TOE

The current specification splits this element into :

· TOE (MSB) : 5 bits, scale 21600s

· TOE (LSB) : 9 bits, scale 60s

This implies that all satellites in the constellation have a TOE that are not different by more than 6 hours. The choice of the value has probably to be related to the 6hours fit period of GPS, so that no couple of ephemeris with times of ephemeris different by more than 6hours should been used together.

6 hours seems today effectively large enough. However it is not excluded that in the future, for instance for higher altitude constellations, the validity period could be increased. In that case the choice of 6 hours could become obsolete. 

3 Eccentricity

The current specification splits this element into :

· e (MSB) : 7 bits, scale 2-8
· e (LSB) : 25 bits, scale 2-33

To confront this point, we gathered navigation messages sent by satellites above Toulouse (France), the 7th of June 2007 at 12:00 GPS.

They have been recovered in RINEX messages taken on ftp://igs.ensg.ign.fr/pub/igs/nrt/data/2007/158/.

The results are given in the following table :
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During this period, only 4 bits were common to all satellites. This leads to the conclusion that the repartition between LSB and MSB  must at least been changed. It can not indeed be 7 bits for MSB as it is today implemented.

An argument in favour of this separation is that in Galileo’s almanac the maximum value for the eccentricity is 211.2-16 = 2-5 = 0.03125. However, the maximum value authorised in ephemeris is 232.2-32 = 2-1 = 0.5.

In GPS’ almanacs, the maximum value is 216.2-21 = 2-5 = 0.03125 and it is 232.2-32 = 2-1 = 0.5 in ephemeris. For GPS’ ephemeris, the “Effective Range” for eccentricity is 0.03.

The main explanation is that ephemeris are a model to describe the orbit of a satellite with a good level of accuracy on a short delay (2 or 4 hours, and even less for Galileo). While the global move of the satellite is keplerian, so that almanacs with keplerian parameters may be globally used, on a short delay various elements may happen on the satellite’s trajectory : collisions and thrusts for the most important. Eccentricity is particularly sensible to those elements. That is why more important values are authorized in ephemeris than in almanacs. Currently, a GPS satellite should not been used in such a condition : the status health is switched to 063 during thrusts, so that only GPS control centres shall treat eccentricity values over 0.03.

In conclusion, 2 arguments seems to be opposed to the split approach and have to be taken into account :

· Galileo’s ICD does not mention any effective range under 0.5 ;

· A satellite shall not be used today during a manoeuvre, due to the lack of precision of thrusters. If progresses are made in this domain so that it becomes possible to send valid ephemeris during thrusts, the MSB/LSB separation would avoid to benefit of this best availability. 

4 Semi-major axis

The current specification splits this element into :

· sqrtA (MSB) : 6 bits, scale 27
· sqrtA (LSB) : 26 bits, scale 2-19
On the same data than for eccentricity, all visible satellites had 11 bits in common (the most important difference between satellites’ semi-major axis was 17.750 km).

In Galileo’s almanac, it is not the absolute value of sqrtA which is sent but the difference between the value of sqrtA on the week and the reference value of sqrtA, currently not defined (around 29600km). This difference is coded on 17 bits (with one sign bit) with a 2-9 scale factor. The maximum coded deviation is then 16.384 km. Considering that this value is the maximum deviation of the semi-major axis of a Galileo satellite leads to the conclusion that exactly 6 bits are common to all satellites.

In GPS, sqrtA is described on 24 bits with a 2^-11 scale factor in almanac, so that this element does not ensure any better precision.

In the following table, we gathered the possible deviation between all satellites of a system depending on the number of bits taken in MSB. It has been made also for Glonass only as an illustration of an other system (all values are in km).

	System
	A (km)
	6 bits
	7 bits
	8 bits
	9 bits

	GPS
	26560
	346km
	346km
	17km
	17km

	Galileo
	29600
	700km
	7km
	7km
	7km

	Glonass
	19100
	160km
	160km
	160km
	21km


To conclude on the semi-major axis, a solution with 6 bits in MSB seems possible. 

However, the main disadvantage is that this choice made today jeopardize the use of this generic structure for future systems with different types of orbit for instance. 

5 Conclusion

It is recommended not to apply this LSB/MSB solution for any of the proposed elements.

The current implementation has indeed two main drawbacks :

· the specifications of existing systems do not ensure the respect of the common part (in particular for the eccentricity) ;

· it may be not suitable for future GNSS systems, which is in contradiction with the generic approach of GANSS Information Elements ;

The initial will of such an approach was to save bits in the assistance message.

The following table provide a comparison of the amount of bits transmitted with and without the split mechanism depending on the number of satellites to be assisted. The difference between both mechanism is minor.

	Number of satellites
	N bits without MSB/LSB split
	N bits with MSB/LSB split
	Gain

	1
	466
	461
	1,07%

	2
	926
	901
	2,70%

	3
	1386
	1341
	3,25%

	4
	1846
	1781
	3,52%

	5
	2306
	2221
	3,69%

	6
	2766
	2661
	3,80%

	7
	3226
	3101
	3,87%

	8
	3686
	3541
	3,93%

	9
	4146
	3981
	3,98%

	10
	4606
	4421
	4,02%
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