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1 Introduction
This email discussion is based on R2-1916391[1] and TP within. The scope of the discussion is stated as below

R2-1914763	Report of email discussion [107bis#67] [NR - NTN] 	Ericsson	pCR	Rel-16	38.821	0.8.0	FS_NR_NTN_solutions	Late
=>	Revised in R2-1916391
R2-1916391	Report of email discussion [107bis#67] [NR - NTN] 	Ericsson	pCR	Rel-16	38.821	0.8.0	FS_NR_NTN_solutions	Late
=>	The review is moved to email discussion 

[108#07][NTN] TP on ephemeris  (Ericsson)
	Intended outcome: Agreed TP
	Deadline:  2019-11-28

Companies are asked to provide input to the TP and to other company comments within the TP as soon as possible as email discussion is short.
2 Size of ephemeris data

Annex A in TR 38.821[2] the parameters for ephemeris data are presented as follows:

------------------------------------------------------------------------------------------------------------------------------- 
[bookmark: _Toc20076411]Annex A: Satellite ephemeris

[bookmark: _Toc530555944][bookmark: _Toc20076412]A.1	Key parameters
Key parameters of orbital mechanics of all commercial satellites are publicly available from multiple sources.  This information is called ephemeris, which is used by astronomers to describe the location and orbital behaviour of stars and any other astronomic bodies.
Typically, ephemeris is expressed in an ASCII file using Two-Line Element (TLE) format. The TLE data format encodes a list of orbital elements of an Earth-orbiting object in two 70-column lines. The contents of the TLE table are reproduced below.
Table A.1-1: First line of the ephemeris
	Field
	Columns 
	Content 

	1
	01–01
	Line number (1) 

	2
	03–07
	Satellite number

	3
	08–08
	Classification (U=Unclassified)

	4
	10–11
	International Designator (Last two digits of launch year)

	5
	12–14
	International Designator (Launch number of the year)

	6
	15–17
	International Designator (piece of the launch)

	7
	19–20
	Epoch Year (last two digits of year)

	8
	21–32
	Epoch (day of the year and fractional portion of the day)

	9
	34–43
	First Time Derivative of the Mean Motion divided by two

	10
	45–52
	Second Time Derivative of Mean Motion divided by six (decimal point assumed)

	11
	54–61
	BSTAR drag term (decimal point assumed)

	12
	63–63
	The number 0 (originally this should have been "Ephemeris type")

	13
	65–68
	Element set number. Incremented when a new TLE is generated for this object.

	14
	69–69
	Checksum (modulo 10)



Table A.1-2: Second line of the ephemeris
	Field
	Columns
	Content

	1
	01–01
	Line number (2)

	2
	03–07
	Satellite number

	3
	09–16
	Inclination (degrees)

	4
	18–25
	Right ascension of the ascending node (degrees)

	5
	27–33
	Eccentricity (decimal point assumed)

	6
	35–42
	Argument of perigee (degrees)

	7
	44–51
	Mean Anomaly (degrees)

	8
	53–63
	Mean Motion (revolutions per day)

	9
	64–68
	Revolution number at epoch (revolutions)

	10
	69–69
	Checksum (modulo 10)



The TLE format is an expression of mean orbital parameters “True Equator, Mean Equinox”, filtering out short term perturbations.
From its TLE format data, the SGP4 (Simplified General Propagation) model [10] is used to calculate the location of the space object revolving about the earth in True Equator Mean Equinox (TEME) coordinate. Then it can be converted into the Earth-Centered, Earth-Fixed (ECEF) Cartesian x, y, z coordinate as a function of time.
The instantaneous velocity at that time can also be obtained. In ECEF coordinate, z-axis points to the true North, while x axis and y axis intersects 0-degres latitude and longitude respectively as illustrated below.
[image: Ecef]
Figure A.1-1: Earth-Centered, Earth-Fixed (ECEF) coordinates in relation to latitude and longitude (source https://en.wikipedia.org/wiki/ECEF)

An example of ephemeris converted into ECEF format for the Telestar-19 satellite is shown below as an example below.
	Epoch (day, hr, min, sec)
	X[km]
	Y[km]
	Z[km]
	dX/dt[km/s]
	dY/dt[km/s]
	dZ/dt [km/s]

	2018-10-26 02:00:00.000
	19151.529
	-37578.251
	17.682
	-0.00151
	-0.00102
	-0.00106

	2018-10-26 02:05:00.000
	19151.073
	-37578.556
	17.359
	-0.00152
	-0.00101
	-0.00109

	2018-10-26 02:10:00.000
	19150.614
	-37578.855
	17.029
	-0.00154
	-0.00099
	-0.00112

	2018-10-26 02:15:00.000
	19150.150
	-37579.151
	16.690
	-0.00155
	-0.00098
	-0.00114



[bookmark: _GoBack]Given a specific point in time, it is straightforward to calculate the satellite location by interpolation.  The example given above refers to a geosynchronous (GEO) satellite, in which the epoch interval is 5 minutes.  For LEO satellites, the intervals may be much shorter, on the order of seconds.

--------------------------------------------------------------------------------------------------------------------------------------------

6 Reference
[bookmark: _Ref22572238][bookmark: _Ref22572227][bookmark: _Ref527986830]R2-1916391, Report of email discussion [107bis#67] [NR - NTN], Reno, Nevada, US 18th-22nd November 2019
TR 38.821      


7 TP

‘’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’start of TP’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
7.3.X Ephemeris Data for NTN

7.3.X.1 Representation of Complete Ephemeris Data

Ephemeris data contains the information about the orbital trajectories of artificial satellites as described in Annex A. There are different possible representations of ephemeris data. One possibility is to use orbital parameters, e.g. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis, mean anomaly at a reference point in time, and the epoch. The first five parameters can determine an orbital plane, and the other two parameters are used to determine exact satellite location at a time. A description table for the orbital parameters and the corresponding illustrations are as below.

Table 7.3.x-xx Essential Elements of Ephemeris
	Orbital plane parameters
	
	Square root of semi major axis（semi-major axis）

	
	
	Eccentricity（eccentricity）

	
	
	Inclination angle at reference time（inclination）

	
	
	Longitude of ascending node of orbit plane（right ascension of the ascending node）

	
	
	Argument of perigee（argument of periapsis）

	Satellite level parameters
	
	Mean anomaly at reference time（true anomaly and a reference point in time）

	
	
	Ephemeris reference time（the epoch）


* True anomaly is the actual measured angle in the orbital plane between the vector extending from the focus to the point of periapsis and the vector extending from the focus to the object's actual position. Mean anomaly is the angle between the periapsis point and the imagined position of an object for the same elapsed time since periapsis for a circular orbit around the same body with the same orbital position. The key difference is that mean anomaly always increases linearly with time. The true anomaly, in general, does not, except if the orbital is circular, in which case the mean anomaly and true anomaly are almost identical. True and mean anomaly can be linked together thanks to the eccentric anomaly.


Figure 7.3.x-yy Satellite Orbit and Keplerian Elements

Another possible option is to provide the location of the satellite in coordinates (x, y, z), e.g. ECEF coordinates. For anything else than GEO, additionally a velocity vector (vx, vy, vz) and again a reference point in time are needed.

NOTE:It seems that this option has the drawback that – for LEO satellites – it prevents the UE from extrapolating the satellite track for more than a very short time into the future. Since a LEO satellite moves very fast, the given position (x, y, z) may be outdated in a short period of time. And since the satellite moves in an elliptical orbit, providing a velocity vector (vx, vy, vz) does not help much; so it remains to be studied the required accuracy –to determine the satellite location with acceptable precision. As a result, the satellite would need to provide (e.g. broadcast) an updated location very often, about every few minutes.  Furthermore, for the same reason it is unclear how to pre-provision a UE with ephemeris information in coordinates. 

7.3.X.2 Provision and Use of Ephemeris Data

In all cases, the minimum representation needs at least seven double-precision floating point numbers, plus some overhead. This means that, for satellite networks with many satellites, the ephemeris data can be quite substantial. The exact data size for a LEO network depends on the number of satellites, which may be several hundreds, and the accuracy of which the ephemeris parameters are represented. 

In a satellite network, the orbits of all satellites are however not independent, as several satellites typically share a common orbital plane. To reduce the amount of data needed, the ephemeris data could provide information not for every single satellite, but only for the common orbital planes. Even for a network with 100 orbital planes, the ephemeris data would then amount to only a few kB.  The ephemeris data may be provisioned a file containing the ephemeris data in the uSIM of the UE or directly in UE itself. 

As mentioned above, the size of the ephemeris data can be quite substantial for networks with many satellites, and easily exceeds the capacity of a uSIM which is one way for preprovisioning the emphemeris data, which typically is 128 kB. The ephemeris data file on the uSIM may thus contain only information about the orbital planes. In this case, the ephemeris data would not provide the location of a specific satellite but describe an arc in the sky above the UE which the UE would need to scan for a satellite. According to the definitions of orbital parameters, the first five parameters, i.e. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis, are used to determine the elliptical orbit. So these parameters can be provisioned to UE as baseline ephemeris data.
These baseline ephemeris data or orbital planes may be indexed and further quantized and sub-indexed. The indexes can then be used in RRC in an efficient way to point to stored ephemeris data. The UE can be given information about ephemeris data of other cells by using the ephemeris plane information. For example, when a UE is asked to do RRM measurements, the UE is given the index of the orbital plane where the cell to be measured can be found.
With the help of ephemeris data,  a UE may search for the first NTN cell it could connect to. After detecting PSS/SSS(SSB) of a cell broadcasted by a satellite, the UE may be able to read the initial system information of that cell. Ideally, before attempting to access the cell, the UE knows the RTT well enough to be able to do random access. For this, the initial system information may need to contain further ephemeris information on the exact location of the cell (or the satellite broadcasting the cell). This information can be given with respect to the orbital plane that the UE already has information about.
Considering that the orbit-plane level orbital parameters are not sufficient to derive the satellite position while the satellite level orbital parameters is more helpful for UE to search for the first NTN cell and perform initial access, it is worthwhile evaluating some other solutions to provide satellite level orbital parameters. In addition to the first five orbital parameters for orbital plane, the other two orbital parameters including mean anomaly at a reference point in time and the epoch are used to determine the exact satellite location at a time.
 As mentioned above, the main concern for proving the satellite level orbital parameters is about the size of such information. However, there is no need for a UE to store orbital parameters for all the satellites. If the orbital parameters per satellite are pre-provisioned, UE only needs to store the ephemeris data for the satellites that may serve UE Another possible solution to address the size concern of the satellite level orbital parameters is to broadcast the orbital parameters of the serving satellite and several neighboring satellites which will be sufficient for initial access and mobility handling at UE side. Thus, the following solutions can be considered to provide orbital parameters per satellite:
(1) Pre-provision satellite level orbital parameters for all the satellites that may serve the UE in uSIM/UE and the ephemeris data for each satellite can be linked to a satellite ID or index. Broadcast the satellite ID or index of the serving satellite in system information so that UE is able to find the corresponding detailed ephemeris data stored in uSIM to derive the position coordinates of the serving satellite. The satellite ID or index of neighbor satellites can also be provided to UE via system information or dedicated RRC signaling to assist mobility handling.
(2) Broadcast satellite level orbital parameters of the serving satellite in system information and UE will derive the position coordinates of the serving satellite. The ephemeris data of the neighboring satellites can also be provided to UE via system information or dedicated RRC signaling.. In case the baseline orbital plane parameters are provisioned in uSIM/UE, only mean anomaly at a reference point in time and the epoch need to be broadcasted to UE, in this way signaling overhead can be reduced significantly.





7.3.X.4 Updating Stored Ephemeris Data

For the solutions in which the orbital parameters for the common orbit planes or for all the satellites that may serve the UE are pre-provisioned, the accuracy of the prediction of a satellite orbit or the satellite position decreases the further in the future one tries to extend the prediction. It might thus be needed to update the ephemeris data stored in the UE. The validity time of stored ephemeris data might depend on the orbital parameters of the NTN satellite, and on the required accuracy of its prediction. Since the validity time determines the frequency of the updates, it should be studied further.

The main purpose of the ephemeris data provided by network is to provide the UE with ephemeris data for initial access, e.g. if it is expected to be switched off for a longer time; or in other words, as a replacement for the data stored in the UE. As such, it may also contain information on orbital plane level or on satellite level.
The UE should always use the most current ephemeris data. Once the UE has obtained new ephemeris data, the parameters stored in the UE are thus obsolete and should no longer be used or be overwritten with the newer values. Every parameter in the UE has an associated priority statement. By giving the parameters in the UE lower priority, the UE can be prevented from using the obsolete values stored in the UE.
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