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1. Introduction
Extended ephemerides or Long Term Orbits are being discussed in GERAN as a way to increase performance of GNSS enabled terminals. Increasing the validity time of GNSS assistance data provides obvious advantages that have been well described in several papers submitted to GERAN, for example [1] and [2]. General consensus exists between all participating companies that Long Term Orbits are advantageous so we will not devote more time to discuss this point.
There are currently two main approaches proposed to implement extended orbit support being discussed in GERAN. The first approach is based on the use of delta terms to the ICD Keplerian parameters as described in [3]. The other main approach is based on corrections to an almanac on a local reference system based on high order polynomial fits. The latter approach is described in [4]. A comparison paper [2] was presented in GERAN #34. 
This paper attempts to reset the discussion on Long Term Orbits by describing the rationale for using Keplerian parameters for GNSS satellite orbits. Keplerian parameters are used now by all GPS receivers and are also the choice for the orbit description of future GNSS. The intention is to provide some big picture framework that can prove useful for companies that are not so involved with GNSS yet.
In our view, the discussion in this paper is far more important than all the metrics presented in [2]. A separate contribution will present a detailed comparison of the two methods and also address all the issues outlined in [2].
2. Keplerian parameters in GNSS
Most GNSS system use Keplerian parameters to define the orbits of the satellites that are broadcasted. Keplerian parameters have been used to predict the motion of celestial bodies since the early 1600’s. GPS uses Keplerian parameters to define its orbits as it is specified in the GPS ICD [5]. Thus, Keplerian parameters have been successfully used for GPS satellites since the 1970’s. They are still in use today and they will be for many years to come. All GPS receivers use Keplerian parameters and therefore all algorithms for satellite position determination have been proven reliable and are deployed in hundreds of millions of receivers. As an illustration, and for later comparisons, we include in Figure 1 the ephemeris table as shown in the GPS ICD [5].
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Mean Anomaly at Reference Time

Mean Motion Difference From Computed Value

Eccentricity

Square Root of the Semi-Major Axis

Longitude of Ascending Node of Orbit Plane at Weekly Epoch

Inclination Angle at Reference Time

Argument of Perigee

Rate of Right Ascension

Rate of Inclination Angle

Amplitude of the Cosine Harmonic Correction Term to the Argument of Latitude
Amplitude of the Sine Harmonic Correction Term to the Argument of Latitude
Amplitude of the Cosine Harmonic Correction Term to the Orbit Radius
Amplitude of the Sine Harmonic Correction Term to the Orbit Radius
Amplitude of the Cosine Harmonic Correction Term to the Angle of Inclination
Amplitude of the Sine Harmonic Correction Term to the Angle of Inclination
Reference Time Ephemeris (reference paragraph 20.3.4.5)

Issue of Data (Ephemeris)





Figure 1.

Not in vain, Keplerian parameters have been chosen to describe the orbits of Galileo as described in [6], Compass and GPS L1C as described in [7]. These new GNSS constellations are now being developed using the most modern technology and state or the art algorithms and calculations yet they all use Keplerian parameters rather than other more cumbersome methods such as the one described in [4]. As an illustration in Figure 2, we include the Keplerian parameters used in Galileo [6].
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Figure 2
Another point to take into account is the fact that the generic format that has been agreed in GERAN for the GNSS orbits is also based on Keplerian parameters. See, for example, reference [10]. So it seems unreasonable to the co-signers to use a new different method to describe extended orbits for the same GNSS constellations
In fact, previous GNSS proposals presented in GERAN used a generic polynomial fit to describe GNSS orbits. An example of such proposal can be found in [8]. One of the disadvantages to that proposal quoted by Qualcomm Europe in [9] reads like this:
“New common orbit models need to be defined
. It may not be possible to use existing A-GPS user algorithms anymore. New GNSS protocol would not be compatible with existing A-GPS implementations”

The co-signers could not be more in agreement with this comment, which we think is perfectly applicable to the polynomial fit method described in [4]. Note reference [4] is ironically sourced by Qualcomm Europe.
3. Conclusion

Virtually all existing GPS receivers and future GNSS receivers use and will use Keplerian parameters for the calculation of satellite positions for all foreseeable future. Keplerian parameters have also been agreed in GERAN as the method of choice to describe the orbits of GNSS satellites. Uncountable man hours of the most reputable world  experts in satellite navigation have gone into R&D to develop past and future GNSS constellation and they have all agreed to use Keplerian parameters. We think 3GPP members should be humble enough not to come up with a new, unproven method for computing GNSS satellite positions and to try to impose it to the GNSS community. Therefore, we recommend that a method based on Keplerian parameters is used for extended orbits such as described in contribution G2-070169.
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