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1 Introduction

In the two most recent GERAN WG2 meetings there has been discussion on the removal of MSB/LSB division in three navigation model parameters: eccentricity, square-root of semi-major axis and time-of-ephemeris/clock. Specifically, in GERAN2#34bis G2-07186 stated that 
“Eccentricity value can not be conveyed correlty by current format. Since the excentricity range of the Galieo satellites is still not clearly defined yet, bit width of this parameter should be conservative and comply the native format.”
In the same meeting G2-07189 claimed that 

“The GANSS Orbit model is defined so that MSB bits of eccentricity as well as MSB bits of squre root of semi major axis are gathered for all the satellites that can be visible from the MS location. The approach is valid for GPS L1 (4 MSB bits are unused). But the Galileo ICD does not mention such a restriction. More over the will of genericity obliges to change the approach and leave free the variation of those bits.”

Finally, in G2-071318 presented in GERAN#35 it is stated that 

“Some parameters in current GANSS Navigation model were splitted into MSB and LSB parts. This approach may save a few bits but it assumes that these parameters can be split into a common part which is applicable to all included satellites in a message. There is currently no evidence that this approach is possible for the currently supported GANSS and all future GANSS. For example, ephemeris of the satellites which are included in a RRLP component may not all have the same toe/c, and future GANSS may have an eccentricity very different from current ones, so that a split in a satellite independed MSB and a satellite dependend LSB part may not be feasible. To be future proof, it is importantnot to make any assumptions about a common value range of some parameters among all included satellites in a RRLP component.”

This contribution addresses the concerns expressed in the mentioned contributions. The contribution concentrates on GPS, Galileo, GLONASS and to some extent on COMPASS. Modernized GPS and QZSS are not considered, since they both use the ephemeris format defined for modernized GPS.
2 Discussion
2.1 What are semi-major axis and eccentricity?
Figure 1 defines semi-major axis and eccentricity in the context of satellite orbits. Major axis is the greatest distance between two points in the orbit and semi-major axis is half of that distance. Semi-minor axis is perpendicular to the direction of semi-major axis as shown in figure. 
Eccentricity defines the shape of the orbit. Eccentricity describes how much the orbit deviates from a circle. For elliptical orbits eccentricity is between [0,1), where 0 denotes circle. 
Mathematically eccentricity defines the location of the focal point. In the context of GNSS SV orbits the focal point is the center of mass of the Earth. As shown in the figure, when eccentricity is zero, the centre of mass is in the middle of the ellipse and the orbit is a circle. When eccentricity approaches unity, centre of mass moves closer to the orbit and the orbit shape approaches an elongated ellipse. 
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Figure 1. Semi-major axis and eccentricity

in the context of celestial mechanics.

The purpose of the above discussion is to show that both, eccentricity and semi-major axis, are well-defined parameters that have a physical meaning. Hence, given that the SVs lie in a well-defined plane (Walker constellation), these parameters are well-defined and cannot deviate randomly. 
2.2 Time-of-ephemeris/clock

The time-of-ephemeris/clock field is divided into 5 MSBs and 9 LSBs with the scale factor of 21600 and 60 seconds, respectively. Therefore, the LSBs can express 8½ hours at a resolution of one minute. Since this period is longer than the lifetime of the ephemeris in GPS, GLONASS or Galileo, the MSB/LSB division is capable of expressing any possible situation arising from different update times of ephemeris data for the constellation. 
It should also be noted that the MSBs are the same (but time-dependent) for a given GNSS, but vary between GNSSs. For example, GPS and Galileo may have different MSBs, when assistance data is sent. 
2.3  Eccentricity

Eccentricity is divided into 7 MSBs and 25 LSBs with the scale factors of 2-8 and 2-33 seconds, respectively. The LSBs allow expressing the range [0 , 0.00390625). 
GPS-ICD-200C states that the effective range of eccentricity for GPS is [0 , 0.03]. Hence, the MSB/LSB division is feasible, although in the current implementation there is a problem with the decimal place. The correct division would be 4 MSBs and 28 LSBs with the scale factors of 2-5 and 2-33 seconds, respectively, yielding the range of     [0 , 0.03125) for LSBs.
The Galileo orbit eccentricity has been debated extensively. There are two sources that support the MSB/LSB division. First of all, the Galileo draft ICD (dated 23rd May 2006) states that in almanac the effective range is [0, 0.03] similarly to GPS. An argument has been presented that this is for almanac, not for ephemeris. It should, however, be acknowledged that eccentricity is a well-defined physical parameter associated with the orbit. Eccentricity is not a fiddling parameter that varies wildly between different representations for the same orbit. Hence, the range [0, 0.03] can be taken as the effective range of eccentricity for Galileo orbits.
Finally, the orbit of GIOVE-A has eccentricity of 0.000826 [1]. The actual Galileo SVs have at high probability similar orbits. 
The question of eccentricity has also been raised for GLONASS. To address this issue, an extensive set of orbit simulations have been performed. GPS-style Keplerian parameters have been fitted to final accurate GLONASS orbits available from IGS (International GNSS Service). The whole constellation has been considered in GPS weeks 1437 – 1441.
The results of these parameter optimizations are presented in figure 2. The parameters have been normalized so that the range [0,1] or [-1,1] denotes the maximum range of the parameter as presentable using GPS ephemeris. Note that the range of semi-major axis (square-root) and eccentricity is [0,1], since negative values are not allowed for these. Further, note that the value of 1 for eccentricity equals 0.03 as the true parameter value. This normalization factor has been chosen, since the effective range for GPS is [0, 0.03]. 
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Figure 2. Results from the parameter optimizations for GLONASS orbits. The green line denotes the maximum (normalized) range and the red line the range of parameters occurring in the actual orbits. Note that the range [0,1] for eccentricity denotes the parameter range [0, 0.03].
The results show that the GLONASS eccentricity is between [0.00047, 0.0049]. Since the observation period is such extensive (5 weeks), it is believed that the results are representative and, therefore, GLONASS eccentricity is clearly below 0.03. Hence, the MSB/LSB division is also applicable for GLONASS.

COMPASS orbits lie between GPS and Galileo orbits and, hence, the current working assumption is that also eccentricity is then limited to the range [0, 0.03].
2.4 Square-root of semi-major axis

The square-root of semi-major axis is divided into 6 MSBs and 26 LSBs with the scale factors of 27 and 2-19, respectively. 
IS-GPS-800 (draft, dated 19th April 2006) states that the semi-major axis varies ±65.54 km around the nominal semi-major axis (26559.710 km). Moreover, the drift parameter has a range of ±8 m/s. Therefore, the maximum variation can be given by ±65.54km ± 8 m/s * 2h ≈ ±124 km. The current MSB/LSB division is capable of expressing +345/-980 km variation around the nominal (in GPS case), which is more than adequate. 
In order to verify the applicability for the current GPS constellation, a parameter fitting test was also performed for GPS constellation. The input data used was IGS final precise orbit data for GPS week 1441. The results of the optimizations are given in figure 3. 
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Figure 3. GPS-style Keplerian parameter ranges for GPS constellation for GPS week 1441. The parameter ranges are normalized by the maximum range presentable in GPS ephemeris. Eccentricity has been scaled by the effective range of [0, 0.03].
The results show that the semi-major axis varies approximately only ±1.5 km around the nominal. Hence, the MSB/LSB division works for current and future GPS constellation.
The similar concern has also been raised for GLONASS. Figure 1 shows that GLONASS semi-major axis has an offset of [-1719, -1098] meters from the nominal orbit altitude of 25509.710 m (1050 km below GPS orbit) commonly quoted in the literature. Such a small deviation from the nominal is easily expressed by the current MSB/LSB division. In fact, in the case of GLONASS, the LSB can handle the deviation of -705/+508 km around the nominal.
The draft Galileo ICD (dated 23rd May 2006) states that the nominal orbit altitude is 29601.297 km. While the maximum deviation from the nominal is not quoted in the context of ephemeris in Galileo ICD, in the almanac "square-root of the absolute value of the deviation of the mean semi-major axis from its nominal value" is expressed with 17b (MSB is the sign bit) and scale factor of 2-9. Therefore, the deviation around the nominal is only ±16.384 km. This variation is much less than in GPS orbits (±65 km). The current MSB/LSB division is capable of representing the deviation of ±690 km around the nominal in the case of Galileo. Hence, the division is suitable for Galileo.
Moreover, GIOVE-A (first Galileo test satellite) has semi-major axis of 29634.94 km [1], which is well within the bounds presentable using the current MSB/LSB division.
As with eccentricity, the argument for COMPASS-compatibility is that its orbit lies between GPS and Galileo orbits. Hence, the variation in the semi-major axis is restricted and fits with high probability in the variation bounds calculated above.
3 Proposal
The above discussion shows that the MSB/LSB division in time-of-ephemeris/clock, square-root of semi-major axis and eccentricity is feasible for GPS, GLONASS, Galileo and most likely for COMPASS as well.
The proposal is to correct the MSB/LSB division in eccentricity from 7/25 to 4/28 and to leave MSB/LSB division in time-of-ephemeris/clock, square-root of semi-major axis as such.
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