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Introduction
The main objective of this technical discussion document is first to recall the transfer function and secondly to provide an application example with SIB19/SIB31 values. The data required by the Test Equipment to implement SIB19 (NTN dedicated SIB from 5G NR Rel-17) or respectively SIB31/SIB32 (for IoT NTN) is based on two potential information: ECEF information and/or Orbital information. Effectively, it has been agreed in RAN1 that UEs are provided with satellite ephemeris in ECI of the date (namely ECEF) in either state vector (position velocity) or orbital information (Kepler elements).
This document presents examples of ephemeris generation and related examples of Doppler and Delay values. Please also refer to R5-237216 (THALES, “NGSO satellite Ephemeris file generation methodology for NTN NR UE testing”) and R5-237213 (THALES, “GSO satellite Ephemeris file generation methodology for NTN NR UE testing”) for a more complete set of explanations and results.
Recall of RRC Specification Protocol (TS 38.331) in Rel-17 
The specification TS 38.331 "Technical Specification Group Radio Access Network - NR - Radio Resource Control (RRC) protocol specification" indicates the required satellite ephemeris information to be included in SIB and transmitted/broadcasted by the satellite. The UE uses this information (namely SIB19 for NTN 5G NR) to perform UL Doppler and timing advance pre-compensation. 
-- ASN1START
-- TAG-EPHEMERISINFO-START

EphemerisInfo-r17 ::=          CHOICE {
    positionVelocity-r17           PositionVelocity-r17,
    orbital-r17                    Orbital-r17
}

PositionVelocity-r17 ::=       SEQUENCE {
    positionX-r17                  PositionStateVector-r17,
    positionY-r17                  PositionStateVector-r17,
    positionZ-r17                  PositionStateVector-r17,
    velocityVX-r17                 VelocityStateVector-r17,
    velocityVY-r17                 VelocityStateVector-r17,
    velocityVZ-r17                 VelocityStateVector-r17
}

Orbital-r17 ::=                SEQUENCE {
    semiMajorAxis-r17              INTEGER (0..8589934591),
    eccentricity-r17               INTEGER (0..1048575),
    periapsis-r17                  INTEGER (0..268435455),
    longitude-r17                  INTEGER (0..268435455),
    inclination-r17                INTEGER (-67108864..67108863),
    meanAnomaly-r17                INTEGER (0..268435455)
}

PositionStateVector-r17 ::= INTEGER (-33554432..33554431)

VelocityStateVector-r17 ::= INTEGER (-131072..131071)

-- TAG-EPHEMERISINFO-STOP
-- ASN1STOP







With the following description:
	EphemerisInfo field descriptions

	Eccentricity
Satellite orbital parameter: eccentricity e, see NIMA TR 8350.2 [71]. Unit is radian.
Step of 1.431 * 10-8. Actual value = field value * (1.431 * 10-8).

	Inclination
Satellite orbital parameter: inclination i, see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	Longitude
Satellite orbital parameter: longitude of ascending node , see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	meanAnomaly
Satellite orbital parameter: Mean anomaly M at epoch time, see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	Periapsis
Satellite orbital parameter: argument of periapsis , see NIMA TR 8350.2 [71]. Unit is radian.
Step of 2.341* 10-8 rad. Actual value = field value * (2.341* 10-8).

	positionX, positionY, positionZ
X, Y, Z coordinate of satellite position state vector in ECEF. Unit is meter.
Step of 1.3 m. Actual value = field value * 1.3.

	semiMajorAxis
Satellite orbital parameter: semi major axis , see NIMA TR 8350.2 [71]. Unit is meter.
Step of 4.249 * 10-3 m. Actual value = 6500000 + field value * (4.249 * 10-3).

	velocityVX, velocityVY, velocityVZ
X, Y, Z coordinate of satellite velocity state vector in ECEF. Unit is meter/second.
Step of 0.06 m/s. Actual value = field value * 0.06.




Application examples 
The transfer function as defined in TS 38.331 Release-17 allows the conversion of the Datafield to its corresponding INTEGER value as shown in below:
[image: ]

For NTN UE, the SIB19 requires to provide either “positionVelocity-r17” or “orbital-r17” Datafield as INTEGER, meaning that ephemeris given to Network Operating Center are to be coded to INTEGER prior to any transmission to a UE

Two cases of generation of SIB19 “positionVelocity-r17” and “orbital-r17” for LEO (600 km) and GSO are proposed based upon available ephemeris generated by, in this case GMAT (used for ephemeris generation). Results are represented in the table below: 
[image: ]

Further, one can represent the following few “selected” scenarios (as examples, to give some idea about the ranges) computed with a min elevation angle target of 30°:
	Frequency
	Constellation
	Elevation
	Doppler shift (kHz)
	OneWayDelay_ms
	Xsat_ECEF_Coded_m
	Ysat_ECEF_Coded_m
	Zsat_ECEF_Coded_m
	VXsat_ECEF_Coded_m
	VYsat_ECEF_Coded_m
	VZsat_ECEF_Coded_m
	sma_ECEF_Coded
	Excentricity_ECEF_Coded
	Inc_ECEF_Coded
	RAAN_ECEF_Coded
	AOP_ECEF_Coded
	MeanAnom_ECEF_Coded

	2,00 GHz
	LEO@600 km
	30,0
	39,734
	3,6
	-2654979,0
	4388008,0
	1590654,0
	14542,0
	-34415,0
	120208,0
	127433469,0
	625589,0
	65357030,0
	89802029,0
	197030161,0
	11181850,0

	2,00 GHz
	LEO@600 km
	149,9
	-39,899
	3,7
	-2401021
	3830217
	2907041
	28879
	-61410
	105774
	126505185
	585942
	64768697
	89517532
	197339614
	22986454

	2,00 GHz
	LEO@600 km
	89,6
	0,026
	2,0
	-2550081
	4151097
	2263034
	21970
	-48164
	114109
	127026053
	607046
	65099618
	89701469
	196621435
	16735395

	2,00 GHz
	LEO@1200 km
	29,9
	35,127
	6,7
	-2935802
	4896147
	1184965
	8471
	-23252
	118268
	273627907
	769347
	65474780
	89834882
	198836074
	7798966

	2,00 GHz
	LEO@1200 km
	149,9
	-35,273
	6,8
	-2471684
	3860360
	3621839
	31517
	-67464
	94643
	272191987
	715100
	64360117
	89258597
	199900686
	27917535

	2,00 GHz
	LEO@1200 km
	89,5
	0,007
	4,0
	-2771542
	4509243
	2455572
	20837
	-46176
	109528
	273057241
	744972
	65034798
	89682433
	197978669
	17169725

	30,00 GHz
	LEO@600 km
	30,0
	596,011
	3,6
	-2654979
	4388008
	1590654
	14542
	-34415
	120208
	127433469
	625589
	65357030
	89802029
	197030161
	11181850

	30,00 GHz
	LEO@600 km
	149,9
	-598,486
	3,7
	-2401021
	3830217
	2907041
	28879
	-61410
	105774
	126505185
	585942
	64768697
	89517532
	197339614
	22986454

	30,00 GHz
	LEO@600 km
	89,6
	0,384
	2,0
	-2550081
	4151097
	2263034
	21970
	-48164
	114109
	127026053
	607046
	65099618
	89701469
	196621435
	16735395

	30,00 GHz
	LEO@1200 km
	29,9
	526,908
	6,7
	-2935802
	4896147
	1184965
	8471
	-23252
	118268
	273627907
	769347
	65474780
	89834882
	198836074
	7798966

	30,00 GHz
	LEO@1200 km
	149,9
	-529,095
	6,8
	-2471684
	3860360
	3621839
	31517
	-67464
	94643
	272191987
	715100
	64360117
	89258597
	199900686
	27917535

	30,00 GHz
	LEO@1200 km
	89,5
	0,110
	4,0
	-2771542
	4509243
	2455572
	20837
	-46176
	109528
	273057241
	744972
	65034798
	89682433
	197978669
	17169725

	2,00 GHz
	GEO
	90,14
	0,000
	119,37
	-16975960
	27636606
	68083
	0
	0
	-48
	8393577246
	0
	224827774
	67241608
	268307824
	18691093

	2,00 GHz
	GSO
	58,85
	0,19
	121,99
	-16926361
	27652344
	-903320
	387
	36
	-6130
	8393577246
	0
	224829171
	69524249
	1191777
	143241486

	2,00 GHz
	GSO
	58,85
	-0,19
	121,99
	-17018430
	27595775
	-903373
	207
	328
	6130
	8393577246
	0
	90637528
	69524136
	133006899
	257895279

	2,00 GHz
	GSO
	68,87
	0,000
	120,59
	-16850867
	27425327
	3983665
	-330
	-203
	0
	8393577246
	0
	23571205
	5259905
	201262439
	66369698

	30,00 GHz
	GEO
	90,14
	0,000
	119,37
	-16975960
	27636606
	68083
	0
	0
	-48
	8393577246
	0
	224827774
	67241608
	268307824
	18691093

	30,00 GHz
	GSO
	58,85
	2,87
	121,99
	-16926361
	27652344
	-903320
	387
	36
	-6130
	8393577246
	0
	224829171
	69524249
	1191777
	143241486

	30,00 GHz
	GSO
	58,85
	-2,87
	121,99
	-17018430
	27595775
	-903373
	207
	328
	6130
	8393577246
	0
	90637528
	69524136
	133006899
	257895279

	30,00 GHz
	GSO
	68,87
	0,000
	120,59
	-16850867
	27425327
	3983665
	-330
	-203
	0
	8393577246
	0
	23571205
	5259905
	201262439
	66369698



Similarly, one can represent the following few “selected” scenarios (as examples, to give some idea about the ranges) computed with a min elevation angle target of 10°:
	Frequency
	Constellation
	Elevation
	Doppler shift (kHz)
	OneWayDelay_ms
	Xsat_ECEF_Coded_m
	Ysat_ECEF_Coded_m
	Zsat_ECEF_Coded_m
	
	VXsat_ECEF_Coded_m
	VYsat_ECEF_Coded_m
	VZsat_ECEF_Coded_m
	sma_ECEF_Coded
	Excentricity_ECEF_Coded
	Inc_ECEF_Coded
	RAAN_ECEF_Coded
	AOP_ECEF_Coded
	MeanAnom_ECEF_Coded

	2,00 GHz
	LEO@600 km
	9,9
	45,304
	6,5
	-2717798,0
	4550992,0
	849128,0
	
	6122,0
	-19350,0
	124295,0
	127718928,0
	639459,0
	65536691,0
	89845489,0
	198612804,0
	5766116,0

	2,00 GHz
	LEO@600 km
	170,0
	-45,239
	6,6
	-2199272
	3404229
	3535794
	
	35394
	-74414
	94682
	125875956
	565437
	64365904
	89211929
	199233028
	30409196

	2,00 GHz
	LEO@600 km
	89,6
	0,026
	2,0
	-2550081
	4151097
	2263034
	
	21970
	-48164
	114109
	127026053
	607046
	65099618
	89701469
	196621435
	16735395

	2,00 GHz
	LEO@1200 km
	10,0
	40,062
	10,4
	-2962861
	5019276
	97850
	
	-2615
	-3875
	120784
	273800787
	777311
	65607366
	89853215
	201096313
	632648

	2,00 GHz
	LEO@1200 km
	170,0
	-39,918
	10,7
	-2142675
	3156398
	4434942
	
	38457
	-82453
	78501
	271404201
	698334
	63736334
	88651622
	203306610
	37653139

	2,00 GHz
	LEO@1200 km
	89,5
	0,007
	4,0
	-2771542
	4509243
	2455572
	
	20837
	-46176
	109528
	273057241
	744972
	65034798
	89682433
	197978669
	17169725

	30,00 GHz
	LEO@600 km
	9,9
	679,567
	6,458
	-2717798
	4550992
	849128
	
	6122
	-19350
	124295
	127718928
	639459
	65536691
	89845489
	198612804
	5766116

	30,00 GHz
	LEO@600 km
	170,0
	-678,582
	6,605
	-2199272
	3404229
	3535794
	
	35394
	-74414
	94682
	125875956
	565437
	64365904
	89211929
	199233028
	30409196

	30,00 GHz
	LEO@600 km
	89,6
	0,384
	2,031
	-2550081
	4151097
	2263034
	
	21970
	-48164
	114109
	127026053
	607046
	65099618
	89701469
	196621435
	16735395

	30,00 GHz
	LEO@1200 km
	10,0
	600,927
	10,441
	-2962861
	5019276
	97850
	
	-2615
	-3875
	120784
	273800787
	777311
	65607366
	89853215
	201096313
	632648

	30,00 GHz
	LEO@1200 km
	170,0
	-598,774
	10,656
	-2142675
	3156398
	4434942
	
	38457
	-82453
	78501
	271404201
	698334
	63736334
	88651622
	203306610
	37653139

	30,00 GHz
	LEO@1200 km
	89,5
	0,110
	4,039
	-2771542
	4509243
	2455572
	
	20837
	-46176
	109528
	273057241
	744972
	65034798
	89682433
	197978669
	17169725

	2,00 GHz
	GEO
	90,14
	0,000
	119,37
	-16975960
	27636606
	68083
	
	0
	0
	-48
	8393577246
	0
	224827774
	67241608
	268307824
	18691093

	2,00 GHz
	GSO
	58,85
	0,19
	121,99
	-16926361
	27652344
	-903320
	
	387
	36
	-6130
	8393577246
	0
	224829171
	69524249
	1191777
	143241486

	2,00 GHz
	GSO
	58,85
	-0,19
	121,99
	-17018430
	27595775
	-903373
	
	207
	328
	6130
	8393577246
	0
	90637528
	69524136
	133006899
	257895279

	2,00 GHz
	GSO
	68,87
	0,000
	120,59
	-16850867
	27425327
	3983665
	
	-330
	-203
	0
	8393577246
	0
	23571205
	5259905
	201262439
	66369698

	30,00 GHz
	GEO
	90,14
	0,000
	119,37
	-16975960
	27636606
	68083
	
	0
	0
	-48
	8393577246
	0
	224827774
	67241608
	268307824
	18691093

	30,00 GHz
	GSO
	58,85
	2,87
	121,99
	-16926361
	27652344
	-903320
	
	387
	36
	-6130
	8393577246
	0
	224829171
	69524249
	1191777
	143241486

	30,00 GHz
	GSO
	58,85
	-2,87
	121,99
	-17018430
	27595775
	-903373
	
	207
	328
	6130
	8393577246
	0
	90637528
	69524136
	133006899
	257895279

	30,00 GHz
	GSO
	68,87
	0,000
	120,59
	-16850867
	27425327
	3983665
	
	-330
	-203
	0
	8393577246
	0
	23571205
	5259905
	201262439
	66369698




Conclusion 
Observation 1: A summary of SIB19/SIB31 values have been provided in this contribution for NTN UE/IoT testing purpose.
Observation 2: A complete set of SIB19/SIB31 values for NTN UE/IoT testing purpose are provided in TS 38.508-1 and TS 36.508 for both NGSO and GSO cases.
Observation 3: Please also refer to R5-237216 and R5-237213 contributions.

image1.emf
min max a b min max units

semiMajorAxis-r17              INTEGER (0..8589934591), 0 8589934591 4.2490E-03 6 500 000 6 500 000.00 42 998 632.08m

eccentricity-r17               INTEGER (0..1048575), 0 1048575 1.4310E-08 0 0.00 0.02none

periapsis-r17                  INTEGER (0..268435455), 0 268435455 2.3410E-08 0 0.00 6.28radians

longitude-r17                  INTEGER (0..268435455), 0 268435455 2.3410E-08 0 0.00 6.28radians

inclination-r17                INTEGER (-67108864..67108863), -67108864 67108863 2.3410E-08 0 -1.57 1.57radians

meanAnomaly-r17                INTEGER (0..268435455) 0 268435455 2.3410E-08 0 0.00 6.28radians

PositionStateVector-r17 ::= INTEGER (-33554432..33554431) -33554432 33554431 1.3 0 -43 620 761.60 43 620 760.30m

VelocityStateVector-r17 ::= INTEGER (-131072..131071) -131072 131071 0.06 0 -7 864.32 7 864.26m/s

Transfer function (y = a*x+b) 

Reference 38.331

Datafield Physical value


image2.emf
Parameter LEO 600 kms GSO Parameter LEO 600 kms GSO

semiMajorAxis (km) 7040.751427 42164.30972 semiMajorAxis-r17 127265575 8393577246

eccentricity 0.008840084 9.99277E-13 eccentricity-r17 617756 0

periapsis (degree) 263.843098 180.1237874 periapsis-r17 196707850 134291036

longitude (degree) 120.4019082 121.5681308 longitude-r17 89765473 90634949

inclination (degree) 87.52091807 93.52807368 inclination-r17 65251097 69729724

meanAnomaly (degree) 18.25579457 0.026739544 meanAnomaly-r17 13610582 19936

X coordinate (km) -3397.174 -22068.69752 PositionX-r17 -2613211 -16975921

Y coordinate (km) 5578.976236 35927.61246 PositionY-r17 4291520 27636625

Z coordinate (km) 2465.428996 90.92313924 PositionZ-r17 1896484 69941

Vx component (km/s) 1.076768851 0.02026218 VelocityVX-r17 17946 338

Vy component (km/s) -2.439519509 0.011490593 VelocityVY-r17 -40659 192

Vz component (km/s) 7.064059506 0.377575546 VelocityVZ-r17 117734 6293

Physical value in ECEF SIB19 Datafield


