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<<< START OF CHANGES 1>>>
[bookmark: _Toc146197055][bookmark: _Toc27418755][bookmark: _Toc36042408][bookmark: _Toc43899735][bookmark: _Toc51767646][bookmark: _Toc59039974][bookmark: _Toc68073913][bookmark: _Toc75371774][bookmark: _Toc83727842][bookmark: _Toc100005942][bookmark: _Toc106703489][bookmark: _Toc155086256][bookmark: _Toc27418764][bookmark: _Toc36042419][bookmark: _Toc43899747][bookmark: _Toc51767659][bookmark: _Toc59039997][bookmark: _Toc68073936][bookmark: _Toc75371798][bookmark: _Toc83727866][bookmark: _Toc100005967][bookmark: _Toc106703515][bookmark: _Toc155086287]4.5	Test points selection for test cases in TS 36.521-4
This section contains information on test points selection for IoT NTN test cases in [5]. The general rules in this section apply to all the IoT NTN test cases. Separate analysis is not provided for each single test case unless specific test requirement deviates from the general rules.
General rules of test point selection for Tx and Rx test cases
Considering that IoT NTN operating bands are defined like E-UTRA FDD bands except for the channel bandwidth for category M1 is only limited to 1.4MHz, test environment, frequencies, SCSs, channel bandwidths, waveforms, and modulations of a Tx or Rx test for an IoT NTN band should be selected based on the same principles of the corresponding single carrier test for an E-UTRA FDD band except for the channel bandwidth for category M1 to be replaced by 1.4MHz for some test cases.
Table 4.5-1: IoT UE transmitter test points selection for NTN
	Subclause
	Number of test points
	Justification
	Comments

	6.2A.1	UE maximum output power for category M1
	30
	General rules of test point selection apply. Test points of TC 6.2.2EA from TS 36.521-1 can be leveraged.
	RAN5#99

	6.2A.2 UE maximum output power reduction for category M1
	9
	General rules of test point selection apply. Test points of TC 6.2.3EA from TS 36.521-1 can be leveraged.
	RAN5#99

	6.2A.3 UE additional maximum output power reduction for category M1 UE
	30
	TpAnalysisAMPR(NS_02N+NS_24)_6.2A.3v1.0
	RAN5#101

	6.2A.4 Configured transmitted Power for category M1
	5
	General rules of test point selection apply. Test points of TC 6.2.5EA from TS 36.521-1 can be leveraged.
	RAN5#99

	[bookmark: _Toc121162822][bookmark: _Toc120570030][bookmark: _Toc31560]6.2B.1	UE maximum output power for category NB1 and NB2
	15
	General rules of test point selection apply. Test points of TC 6.2.2F from TS 36.521-1 can be leveraged.
	RAN5#99

	[bookmark: _Toc121162823][bookmark: _Toc120570031][bookmark: _Toc20139]6.2B.2	UE maximum output power reduction for category NB1 and NB2
	50
	General rules of test point selection apply. Test points of TC 6.2.3F from TS 36.521-1 can be leveraged.
	RAN5#99

	[bookmark: _Toc120570032][bookmark: _Toc18962][bookmark: _Toc121162824]6.2B.3	UE additional maximum output power reduction for category NB1 and NB2 UE
	150
	TpAnalysisAMPR(NS_02N+NS_24)_6.2A.3v1.0
	RAN5#101

	[bookmark: _Toc408323042][bookmark: _Toc121162825][bookmark: _Toc120570033][bookmark: _Toc16153][bookmark: _Toc111062038]6.2B.4	Configured transmitted Power for category NB1 and NB2
	5
	General rules of test point selection apply. Test points of TC 6.2.5F from TS 36.521-1 can be leveraged.
	RAN5#99

	[bookmark: _Toc120570036][bookmark: _Toc159][bookmark: _Toc121162828][bookmark: _Toc25542]6.3A.1	UE Minimum output power for category M1
	30
	General rules of test point selection apply. Test points of TC 6.3.2EA from TS 36.521-1 can be leveraged.
	RAN5#100

	6.3A.2	Transmit OFF power for category M1
	——
	[bookmark: OLE_LINK2]This test is covered by clause 6.3A.3.1 ON/OFF time mask and 6.3A.3.2 PRACH and SRS time mask.
	RAN5#100

	[bookmark: _Toc23608]6.3A.3.1	General ON/OFF time mask for category M1
	15
	General rules of test point selection apply. Test points of TC 6.3.4EA.1 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc1370][bookmark: OLE_LINK3]6.3A.3.2.1	PRACH time mask for UE category M1
	5
	General rules of test point selection apply. Test points of TC 6.3.4EA.2.1 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc26110]6.3A.3.2.2	SRS time mask for UE category M1
	5
	General rules of test point selection apply. Test points of TC 6.3.4EA.2.2 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc7597]6.3A.4.1	Power Control Absolute power tolerance for UE category M1
	15
	General rules of test point selection apply. Test points of TC 6.3.5EA.1 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc30330]6.3A.4.2	Power Control Relative power tolerance for UE category M1
	5
	General rules of test point selection apply. Test points of TC 6.3.5EA.2 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc14296]6.3A.4.3	Aggregate power control tolerance for UE category M1
	1
	General rules of test point selection apply. Test points of TC 6.3.5EA.3 from TS 36.521-1 can be leveraged.
	RAN5#100

	6.3B.1	UE Minimum output power for category NB1 and NB2
	15
	General rules of test point selection apply. Test points of TC 6.3.2F from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc27821][bookmark: _Toc120570042][bookmark: _Toc121162834][bookmark: _Toc18703][bookmark: _Toc111062043]6.3B.2	Transmit OFF power for category NB1 and NB2
	——
	This test is covered by clause 6.3B.3.1 General ON/OFF time mask for category NB1 and NB2 and 6.3B.3.2 NPRACH time mask for category NB1 and NB2.
	RAN5#100

	[bookmark: _Toc5354]6.3B.3.1	General ON/OFF time mask for category NB1 and NB2
	1
	General rules of test point selection apply. Test points of TC 6.3.4F.1 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc5727]6.3B.3.2	NPRACH time mask for category NB1 and NB2
	1
	General rules of test point selection apply. Test points of TC 6.3.4F.2 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc13196]6.3B.4.1	Power Control Absolute power tolerance for category NB1 and NB2
	15
	General rules of test point selection apply. Test points of TC 6.3.5F.1 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc5148]6.3B.4.2 Power Control Relative power tolerance for category NB1 and NB2
	5
	General rules of test point selection apply. Test points of TC 6.3.5F.2 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc23380]6.3B.4.3 Aggregate power control tolerance for category NB1 and NB2
	3
	General rules of test point selection apply. Test points of TC 6.3.5F.3 from TS 36.521-1 can be leveraged.
	RAN5#100

	[bookmark: _Toc111062051][bookmark: _Toc108617008][bookmark: _Toc19475][bookmark: _Toc7577][bookmark: _Toc121162839][bookmark: _Toc120570047]6.4A.1	Frequency error for UE category M1
	45
	36.521-4_TPanalysis_6.4A.1_6.4B.1_FreqErr_v1.zip
	RAN5#101

	[bookmark: _Toc23310][bookmark: _Toc121162840][bookmark: _Toc10800]6.4A.2.1	Error Vector Magnitude (EVM) for category M1
	18
	General rules of test point selection apply. Test points of TC 6.5.2.1EA from TS 36.521-1 can be leveraged
	RAN5#101

	6.4A.2.2	Carrier leakage for category M1
	15
	General rules of test point selection apply. Test points of TC 6.5.2.2EA from TS 36.521-1 can be leveraged.
	RAN5#101

	6.4A.2.3	In-band emissions for non allocated RB for category M1
	30
	General rules of test point selection apply. Test points of TC 6.5.2.3EA from TS 36.521-1 can be leveraged.
	RAN5#101

	6.4A.2.4	EVM equalizer spectrum flatness for category M1
	15
	General rules of test point selection apply. Test points of TC 6.5.2.4EA from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc121162842][bookmark: _Toc31446][bookmark: _Toc120570050][bookmark: _Toc21064]6.4B.1	Frequency error for UE category NB1 and NB2
	75
	36.521-4_TPanalysis_6.4A.1_6.4B.1_FreqErr_v1.zip
	RAN5#101

	[bookmark: _Toc6152][bookmark: _Toc120570051][bookmark: _Toc111062055][bookmark: _Toc121162843][bookmark: _Toc2703]6.4B.2.1	
	12
	General rules of test point selection apply. Test points of TC 6.5.2.1F from TS 36.521-1 can be leveraged
	RAN5#101

	6.4B.2.2	Transmit modulation quality for Category NB1 and NB2
	8
	General rules of test point selection apply. Test points of TC 6.5.2.2F from TS 36.521-1 can be leveraged.
	RAN5#101

	6.4B.2.3	Transmit modulation quality for Category NB1 and NB2
	8
	General rules of test point selection apply. Test points of TC 6.5.2.3F from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc120570055][bookmark: _Toc121162847][bookmark: _Toc9469][bookmark: _Toc26371]6.5A.2	Occupied bandwidth for category M1
	1
	General rules of test point selection apply. Test points of TC 6.6.1EA from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc111062060][bookmark: _Toc120570058][bookmark: _Toc121162850][bookmark: _Toc14764][bookmark: _Toc9764]6.5A.3.2	Spectrum emission mask
	15
	General rules of test point selection apply. Test points of TC 6.6.2.1EA from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc111062062][bookmark: _Toc120570060][bookmark: _Toc121162852][bookmark: _Toc2169][bookmark: _Toc14413]6.5A.3.4	Adjacent Channel Leakage Ratio for category M1
	78
	General rules of test point selection apply. Test points of TC 6.6.2.2EA from TS 36.521-1 can be leveraged.
	RAN5#101

	6.5A.4.2	Transmitter Spurious emissions
	9
	General rules of test point selection apply. Test points of TC 6.6.3EA.1 from TS 36.521-1 can be leveraged
	RAN5#101

	[bookmark: _Toc12921][bookmark: _Toc121162856][bookmark: _Toc28471][bookmark: _Toc120570064]6.5A.4.3	Spurious emission band UE co-existence
	9
	General rules of test point selection apply. Test points of TC 6.6.3EA.2 from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc18015][bookmark: _Toc120570065][bookmark: _Toc121162857][bookmark: _Toc24911]6.5A.4.4	Additional spurious emissions
	27
	General rules of test point selection apply. Test points of TC 6.6.3EA.3 from TS 36.521-1 can be leveraged
	RAN5#101

	[bookmark: _Toc31308][bookmark: _Toc6613][bookmark: _Toc120570071][bookmark: _Toc121162863]6.5B.2	Occupied bandwidth for category NB1 and NB2
	9
	General rules of test point selection apply. Test points of TC 6.6.1F from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc5743][bookmark: _Toc121162866][bookmark: _Toc120570074][bookmark: _Toc111062064][bookmark: _Toc2510]6.5B.3.2	Spectrum emission mask
	20
	General rules of test point selection apply. Test points of TC 6.6.2.1F from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc30913][bookmark: _Toc111062066][bookmark: _Toc121162868][bookmark: _Toc120570076][bookmark: _Toc15743]6.5B.3.4	Adjacent Channel Leakage Ratio for category NB1 and NB2
	20
	General rules of test point selection apply. Test points of TC 6.6.2.3F from TS 36.521-1 can be leveraged.
	RAN5#101

	6.5B.4.2	Transmitter Spurious emissions
	10
	General rules of test point selection apply. Test points of TC 6.6.2.3F.1 from TS 36.521-1 can be leveraged
	RAN5#101

	6.5B.4.3	Spurious emission band UE co-existence
	10
	General rules of test point selection apply. Test points of TC 6.6.3F.2 from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc8793][bookmark: _Toc121162873][bookmark: _Toc120570081][bookmark: _Toc4333]6.5B.4.4	Additional spurious emissions
	24
	TpAnalysisAMPR(NS_02N+NS_24)_6.2B.3v1.0.zip
	RAN5#101

	[bookmark: _Toc8447][bookmark: _Toc120570087][bookmark: _Toc13095][bookmark: _Toc121162879]6.6B	Transmit intermodulation for category NB1 and NB2
	3
	General rules of test point selection apply. Test points of TC 6.7F from TS 36.521-1 can be leveraged.
	RAN5#101



Table 4.5-2: IoT UE receiver test points selection for NTN
	Subclause
	Number of test points
	Justification
	Comments

	7.3A Reference sensitivity power level for UE category NB1 and NB2
	15
	General rules of test point selection apply. Test points of TC 7.3EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.3B Reference sensitivity power level for UE category NB1 and NB2
	10
	General rules of test point selection apply. Test points of TC 7.3F from TS 36.521-1 can be leveraged.
	RAN5#101

	7.4A Maximum input level for category M1
	1
	General rules of test point selection apply. Test points of TC 7.4EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.4B Maximum input level for category NB1 and NB2
	2
	General rules of test point selection apply. Test points of TC 7.4F from TS 36.521-1 can be leveraged.
	RAN5#101

	7.5A Adjacent Channel Selectivity for category M1
	1
	General rules of test point selection apply. Test points of TC 7.5EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.5B Adjacent Channel Selectivity for category NB1 and NB2
	2
	General rules of test point selection apply. Test points of TC 7.4F from TS 36.521-1 can be leveraged.
	RAN5#101

	7.6A.2	In-band blocking for category M1
	1
	General rules of test point selection apply. Test points of TC 7.6.1EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.6A.3	Out-of-band blocking for category M1
	1
	General rules of test point selection apply. Test points of TC 7.6.2EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.6A.4	Narrow band blocking for category M1
	1
	General rules of test point selection apply. Test points of TC 7.6.3EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.6B.2	In-band blocking for category NB1 and NB2
	2
	General rules of test point selection apply. Test points of TC 7.6.1F from TS 36.521-1 can be leveraged.
	RAN5#101

	[bookmark: _Toc121162901][bookmark: _Toc26988][bookmark: _Toc32710][bookmark: _Toc10425][bookmark: _Toc120570109]7.6B.3	Out-of-band blocking for category NB1 and NB2
	1
	General rules of test point selection apply. Test points of TC 7.6.2F from TS 36.521-1 can be leveraged.
	RAN5#101

	7.7A	Spurious response for category M1
	1
	Same test points as TC 7.6A.3 of TS 36.521-4.
	RAN5#101

	[bookmark: _Toc121162905][bookmark: _Toc4474][bookmark: _Toc16417][bookmark: _Toc10062][bookmark: _Toc120570113]7.7B	Spurious response for category NB1 and NB2
	1
	Same test points as TC 7.6B.3 of TS 36.521-4.
	RAN5#101

	7.8A	Intermodulation characteristics for category M1
	1
	General rules of test point selection apply. Test points of TC 7.8.1EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.8B	Intermodulation characteristics for category NB1 and NB2
	2
	General rules of test point selection apply. Test points of TC 7.8.1F from TS 36.521-1 can be leveraged.
	RAN5#101

	7.9A	Spurious emissions for category M1
	3
	General rules of test point selection apply. Test points of TC 7.9EA from TS 36.521-1 can be leveraged except for the channel bandwidth to be replaced by 1.4MHz.
	RAN5#101

	7.9B	Spurious emissions for category NB1 and NB2
	2
	General rules of test point selection apply. Test points of TC 7.9F from TS 36.521-1 can be leveraged.
	RAN5#101





5	Satellites ephemeris derivation
5.1	 Tools
This section describes the procedure to emulate satellite orbits using using the General Mission Analysis Tool (GMAT), an enterprise, multi-mission, open-source software system for space mission design, optimization, and navigation developed by a team of NASA, private industry, public, and private contributors.
5.2	Satellite Ephemeris Generation process
The goal is to generate satellites orbits for IoT NTN testing, so design techniques of a low Earth orbit such as stabilizations techniques of the orbit by selecting eccentricity with SMA (Semi-major Axis) and inclination are not included. Furthermore, the presented model contains only gravity force J0.
For the mission preparation, a brief description of GMAT instantiation main steps is given in the following sub sections through the graphical user interface (GUI). A related script is jointly updated once any created objects are validated using the GUI. 
The GUI is used for all steps 5.2.1 to 5.2.7 using "resources" tab, 5.2.8 using "Mission" tab for mission sequence and the script for coding range and Doppler.
5.2.1	Spacecraft
The spacecraft object is generated from GUI in resources tab.
UTC time representation is defined as the timescale to be used for earth-space communication and therefore selected.
Keplerian representation can be selected to fill initial satellite state. However, Cartesian representation shall be selected for ephemeris generation in EarthFixed Frame.
Excentricity is set to 1e-7.
In case of GSO, the simulated orbit refers to a satellite at 35786 km altitude with an orbit inclination of 7° (configuration as per Figure 5.2.1-1 and Figure 5.2.1-2 below). In case of NGSO satellite, semimayor axis needs to be configured based on satellite altitude (as shown in Figure 5.2.1-3 below)

[image: A screenshot of a computer

Description automatically generated]
Figure 5.2.1-1 GSO Satellite Setting – Orbit (Spacecraft in resources tab)

As the drag model cannot be deselected when configuring propagators & force models, the spacecraft configuration shown in Figure 5.2.1-2 setting spacecraft drag surfaces properties properties to 0 is required to mitigate this perturbation. 
[image: A screenshot of a computer

Description automatically generated]Set to 0

Figure 5.2.1- 2 GSO Satellite Setting - Ballistic/Mass (Spacecraft in resources tab)

[image: ][image: ]
Figure 5.2.1-3 NGSO Satellite Setting – Orbit (Spacecraft in resources tab)

5.2.3	Ground Station simulating the UE
The IOT NTN UE is modeled in GMAT Tool by a Ground Station. 
The ground station object (hereafter GDS) is generated from GUI in resources tab.
Ground Station location for simulation is given in EarthFixed frame with Earth ellipsoid model selected and is considered fixed. 
UE location is configured as indicated in TS 36.508 clause 5.6.1.
To be noticed that, for any given UE location, the daily elevation variation remains rather low compared to NGSO cases. However, the UE location is limited by the Earth visibility domain with the minimum angle of 10° or 30°.
As an indication, the Earth visibility domain as seen by a satellite in geostationary position and 0° inclination for a minimum elevation of 0° is given in figure 5.2.3-1.

[image: A map of the world

Description automatically generated]
Figure 5.2.3- 1 Visibility domain from a geostationary satellite, Minimum UE elevation=0

Table 5.2.3-1 shows, at satellite longitude, the maximum UE latitude with its minimum elevation angle:
	Minimum UE Elevation (degree) 
	Maximum UE latitude with satellite longitude at UE longitude
(spherical Earth)

	0
	81.30

	5
	76.33

	10
	71.43

	15
	66.60

	20
	61.83

	25
	57.12

	30
	52.47


Table 5.2.3- 1. Maximum UE latitude with satellite longitude at UE longitude
[image: ]
Figure 5.2.3- 1 IoT NTN UE Setting (Ground Station in resources tab)
5.2.4	Propagators & Force Models
The default propagator type is used.
Default Gravity JGM2 is kept. 
For GSO satellites, degree of Earth potential is set to 70 and an order of 0 while for NGSO satellites degree of Earth potential is set to 2 and an order of 0
Drag and Atmospheric model unchanged. The drag & atmospheric cannot be disabled. 
The max Step Size is adjusted such timestamp allows to get Doppler shift in S-band lower than ±50Hz for a carrier frequency of 2 GHz. The possible values to be considered are 2n*10 ms with n=0,1,2,..8.
Max Setp size is 2.56s for GSO satellites while it is 0.64s for NGSO satellites (including 600km and 1200km altitudes).
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Figure 5.2.4- 1 Propagator Setting for GSO Satellites

[image: A screenshot of a computer
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Figure 5.2.4- 2 Propagator Setting for NGSO Satellites

5.2.5	UE Coordinate Systems
A local topocentric frame is attached to the ground station. This allows to get satellite coordinates in local ground station frame in order to calculate satellite Elevation while enabling the determination of the satellite visibility start and stop.
[image: A screenshot of a computer
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Figure 5.2.5-1 Creation of topocentric frame attached to the ground station (Coordinate Systems in resources tab)
Once this topocentric frame is defined, GMAT automatically allows access to satellite vector in UE frame without any additional coding.
5.2.6	Variables, Arrays, String
Variables can be created through the GUI. 
The following variables shall be created as result variables:
· Range 
· Delay 
· Doppler
· DelayRate
· Sat_El_GDS
The following 6 variables are created to get satellite position and velocity in SIB31/SIB-31NB INTEGER format as required in 3GPP TS 36.331: 
· Xsat_ECEF_Coded
· Ysat_ECEF_Coded
· Zsat_ECEF_Coded
· VXsat_ECEF_Coded,
· VYsat_ECEF_Coded,
· VZsat_ECEF_Coded
Intermediate variables are created for computation purpose and not stored.
Table 5.2.6-1 provides the correspondence between created variables in GMAT tool and SIB31/SIB-31NB parameters.
	
	SIB31/SIB-31NB Release17
	GMAT variable

	StateVector
	PositionX-r17
	Xsat_ECEF_Coded

	
	PositionY-r17
	Ysat_ECEF_Coded

	
	PositionZ-r17
	Zsat_ECEF_Coded

	
	VelocityVX-r17
	VXsat_ECEF_Coded

	
	VelocityVY-r17
	VYsat_ECEF_Coded

	
	VelocityVZ-r17
	VZsat_ECEF_Coded

	Orbital elements
	semiMajorAxis-r17
	sma_ECEF_Coded

	
	eccentricity-r17
	Excentricit_ECEF_Coded

	
	periapsis-r17
	AOP_ECEF_Coded

	
	longitude-r17
	RAAN_ECEF_Coded

	
	inclination-r17
	Inc_ECEF_Coded

	
	meanAnomaly-r17
	MeanAnom_ECEF_Coded


Table 5.2.6-1 SIB31/SIB-31NB parameter vs GMAT variable

5.2.7	Subscribers/Output
The subscribers or outputs in this context are data representation such as plots, groundtrack view, orbit view or results file generation.
The object has to be created from GUI "resources".
Configuration is as follows:
· Orbitview is set to default.
· Groundtrackplot is set to default, except groundstation object is enabled through the GUI.
· Result file generation

The parameters to be saved are selectable through the GUI. Variables can be added once created.
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Figure 5.2.7-1 Reportfile setting for Sat1

Range, Delay, Doppler, Sat_El_GDS have been previously created variables and therefore can selected through the GUI.
The list of stored parameters for this use-case are: 
· Sat_El_GDS, 
· UTC_Gregorian, 
· One-WayDelay, 
· Xsat_ECEF_Coded, 
· Ysat_ECEF_Coded, 
· Zsat_ECEF_Coded, 
· VXsat_ECEF_Coded, 
· VYsat_ECEF_Coded, 
· VZsat_ECEF_Coded, 
· sma_ECEF_Coded, 
· Excentricit_ECEF_Coded, 
· Inc_ECEF_Coded, 
· RAAN_ECEF_Coded, 
· AOP_ECEF_Coded, 
· MeanAnom_ECEF_Coded.

5.2.8	Mission Preparation using the GUI
This mission preparation aims to define the different execution steps using the "resources" tab.
First step is to initialize the variables.
Second step is to create the logical structure While 'condition' endwhile.
The condition is related to the use of the propagator:
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Figure 5.2.8- 1 While condition for GSO satellites
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Figure 5.2.8- 2 While condition for NGSO satellites
Third step is to create a verification if satellite is visible from the ground station: a logical structure "if …" is created with the condition shown in Figure 5.2.8-3.
[image: A screenshot of a computer screen

Description automatically generated]
Figure 5.2.8- 3 Visibility checking

5.2.9	Mission preparation using the script
After creation of the logical structure, Sat_El_GDS, range and Doppler equations need to be implemented.
Modified script is shown below to compute state vector components in SIB31/SIB-31NB decimal format.
Sat_El_GDS (elevation angle from the UE) is calculated as the elevation of the spacecraft in GDS frame. 
Range and Doppler are computed in GDS frame allowing simpler calculations:
· The radial range is the norm of the Sat1 position vector;
· The radial range rate is the orthogonal projection of velocity vector on axis supported normalized Sat1 position vector;
· The Doppler effect is the minus radial range rate divided by the range and by the light celerity;
· The Delay Shift is the Delay multiplied by Doppler effect.

The resulting GSO satellite script for the while loop should be as follows:
	BeginScript 'Initialisation'
GMAT RAAN_Init = Sat1.RAAN;
EndScript;
GMAT 'Set variable GDS_longitude to actual longitude' GDS_longitude = 121.56076999;
GMAT DeltaRAAN = Sat1.EarthFixed.PlanetodeticLON-GDS_longitude;
GMAT temp = RAAN_Init-DeltaRAAN;
GMAT Sat1.RAAN = temp;
While 'While ElapsedDays < Threshold' Sat1.ElapsedDays < 1
   GMAT Xsat_GDS = Sat1.GDS.X;
   GMAT Ysat_GDS = Sat1.GDS.Y;
   GMAT Zsat_GDS = Sat1.GDS.Z;
   GMAT VXsat_GDS = Sat1.GDS.VX;
   GMAT VYsat_GDS = Sat1.GDS.VY;
   GMAT VZsat_GDS = Sat1.GDS.VZ;
   GMAT D = sqrt(Sat1.GDS.X^2+Sat1.GDS.Y^2+Sat1.GDS.Z^2);
   GMAT Dz = Zsat_GDS;
   GMAT Dy = Ysat_GDS;
   GMAT Dx = Xsat_GDS;
   
   GMAT DopplerEffect = (Xsat_GDS*VXsat_GDS+Ysat_GDS*VYsat_GDS+Zsat_GDS*VZsat_GDS)/D/LightCel;
   GMAT Doppler_ppm = DopplerEffect*1000000;
   GMAT OneWayDelay_ms = D/LightCel*1000;
   GMAT El_GDS = RadToDeg(asin(Zsat_GDS/D));
   If Xsat_GDS < 0
      GMAT El_GDS = 180-RadToDeg(asin(Zsat_GDS/D));
   EndIf;
   GMAT 'Generate Xsat_ECEF_Coded (m)' temp = Sat1.EarthFixed.X*1000/1.3;
   GMAT Xsat_ECEF_Coded_m = floor(temp+0.5);
   GMAT 'Generate Ysat_ECEF_Coded (m)' temp = Sat1.EarthFixed.Y*1000/1.3;
   GMAT Ysat_ECEF_Coded_m = floor(temp+0.5);
   GMAT 'Generate Zsat_ECEF_Coded (m)' temp = Sat1.EarthFixed.Z*1000/1.3;
   GMAT Zsat_ECEF_Coded_m = floor(temp+0.5);
   GMAT 'Generate VXsat_ECEF_Coded (m)' temp = Sat1.EarthFixed.VX*1000/0.06;
   GMAT VXsat_ECEF_Coded_m = floor(temp+0.5);
   GMAT 'Generate VYsat_ECEF_Coded (m)' temp = Sat1.EarthFixed.VY*1000/0.06;
   GMAT VYsat_ECEF_Coded_m = floor(temp+0.5);
   GMAT 'Generate VZsat_ECEF_Coded (m)' temp = Sat1.EarthFixed.VZ*1000/0.06;
   GMAT VZsat_ECEF_Coded_m = floor(temp+0.5);
   
   GMAT 'Generate sma_ECEF_Coded (m)' temp = (Sat1.Earth.SMA*1000-6500000)/0.004249;
   GMAT sma_ECEF_Coded_m = floor(temp+0.5);
   
   GMAT 'Generate Excentricity_ECEF_Coded ' temp = Sat1.Earth.ECC/0.00000001431;
   GMAT Excentricity_ECEF_Coded = floor(temp+0.5);
   GMAT 'Generate Inc_ECEF_Coded (rad)' temp = DegToRad(Sat1.EarthFixed.INC)/0.00000002341;
   GMAT Inc_ECEF_Coded = floor(temp+0.5);
   GMAT 'Generate RAAN_ECEF_Coded (rad)' temp = DegToRad(Sat1.EarthFixed.RAAN)/0.00000002341;
   GMAT RAAN_ECEF_Coded = floor(temp+0.5);
   GMAT 'Generate AOP_ECEF_Coded (rad)' temp = DegToRad(Sat1.EarthFixed.AOP)/0.00000002341;
   GMAT AOP_ECEF_Coded = floor(temp+0.5);
   GMAT 'Generate MeanAnom_ECEF_Coded(rad)' temp = DegToRad(Sat1.Earth.MA)/0.00000002341;
   GMAT MeanAnom_ECEF_Coded = floor(temp+0.5);
     
   Propagate 'Prop One Step' DefaultProp(Sat1);
EndWhile;



The resulting NGSO satellite script for the while loop should be as follows:
	While Sat1.ElapsedSecs <= 3000
   GMAT 'Initialize x2 with Sat1.GDSLocalFrame.X' x2 = Sat1.GDSLocalFrame.X;
   GMAT 'Initialize y2 with Sat1.GDSLocalFrame.Y' y2 = Sat1.GDSLocalFrame.Y;
   GMAT 'Initialize z2 with Sat1.GDSLocalFrame.Z' z2 = Sat1.GDSLocalFrame.Z;
   GMAT 'Initialize Vx2 with Sat1.GDSLocalFrame.VX' Vx2 = Sat1.GDSLocalFrame.VX;
   GMAT 'Initialize Vy2 with Sat1.GDSLocalFrame.VY' Vy2 = Sat1.GDSLocalFrame.VY;
   GMAT 'Initialize Vz2 with Sat1.GDSLocalFrame.VZ' Vz2 = Sat1.GDSLocalFrame.VZ;
   GMAT 'Initialize ax2 with Sat1.GDSLocalFrame.VX' ax2 = Sat1.LowEarthProp1_ForceModel.AccelerationX;
   GMAT 'Initialize ay2 with Sat1.GDSLocalFrame.VY' ay2 = Sat1.LowEarthProp1_ForceModel.AccelerationZ;
   GMAT 'Initialize az2 with Sat1.GDSLocalFrame.VZ' az2 = Sat1.LowEarthProp1_ForceModel.AccelerationZ;
   GMAT 'Initialize x1 to 0' x1 = 0;
   GMAT 'Initialize y1 to 0' y1 = 0;
   GMAT 'Initialize z1 to 0' z1 = 0;
   GMAT 'Initialize Vx1 to 0' Vx1 = 0;
   GMAT 'Initialize Vy1 to 0' Vy1 = 0;
   GMAT 'Initialize Vz1 to 0' Vz1 = 0;
   GMAT 'Calculate satellite Local Elevation' Sat_El_GDS = RadToDeg(asin(z2/sqrt(x2^2+y2^2+y2^2)));
   GMAT 'Calculate satellite Local Azimuth' Sat_Az_GDS = RadToDeg(acos(x2/sqrt(x2^2+y2^2+y2^2)));
   If 'Check visibility' Sat_El_GDS >= Min_El & Sat_El_GDS <= Max_El
      GMAT 'Calculate Range' Range = sqrt((x1-x2)^2+(y1-y2)^2+(z1-z2)^2);
      GMAT 'Calculate Doppler' Doppler = - (x2*Vx2+y2*Vy2+z2*Vz2)/Range/LightCelerity;
      GMAT 'Calculate Delay' Delay = 1000*Range/LightCelerity;
      GMAT 'Calculate Delay Shift' DelayShift = Delay*Doppler;
      %GMAT 'Calculate Delay Rate' DelayRate = Delay*DopplerRate;
      GMAT 'Generate Xsat_ECEF_Coded (kms)' Xsat_ECEF_Coded = Sat1.EarthFixed.X*1000/1.3;Coding of satellite position and velocity components using transfert functions 

      GMAT 'Generate Ysat_ECEF_Coded (kms)' Ysat_ECEF_Coded = Sat1.EarthFixed.Y*1000/1.3;
      GMAT 'Generate Zsat_ECEF_Coded (kms)' Zsat_ECEF_Coded = Sat1.EarthFixed.Z*1000/1.3;
      GMAT 'Generate VXsat_ECEF_Coded (kms)' VXsat_ECEF_Coded = Sat1.EarthFixed.VX*1000/0.06;
      GMAT 'Generate VYsat_ECEF_Coded (kms)' VYsat_ECEF_Coded = Sat1.EarthFixed.VY*1000/0.06;
      GMAT 'Generate VZsat_ECEF_Coded (kms)' VZsat_ECEF_Coded = Sat1.EarthFixed.VZ*1000/0.06;
      GMAT 'Generate sma_ECEF_Coded (kms)' sma_ECEF_Coded = (Sat1.Earth.SMA*1000-6500000)/0.004249;
      GMAT 'Generate Excentricit_ECEF_Coded (kms)' Excentricit_ECEF_Coded = Sat1.Earth.ECC/0.00000001431;
      GMAT 'Generate Inc_ECEF_Coded (kms)' Inc_ECEF_Coded = DegToRad(Sat1.EarthFixed.INC)/0.00000002341;
      GMAT 'Generate RAAN_ECEF_Coded (kms)' RAAN_ECEF_Coded = DegToRad(Sat1.EarthFixed.RAAN)/0.00000002341;
      GMAT 'Generate AOP_ECEF_Coded (kms)' AOP_ECEF_Coded = DegToRad(Sat1.EarthFixed.AOP)/0.00000002341;
      GMAT 'Generate MeanAnom_ECEF_Coded (kms)' MeanAnom_ECEF_Coded = DegToRad(Sat1.Earth.MA)/0.00000002341;

   Else
      GMAT 'Non visible set Range to 0' Range = 0;
      GMAT 'Non visible set Doppler to 0' Doppler = 0;
      GMAT 'Non visible set Doppler Rate to 0' DopplerRate = 0;
      GMAT 'Non visible set Delay to 0' Delay = 0;
      GMAT 'Non visible set DelayShift to 0' DelayShift = 0;
      GMAT 'Non visible set DelayRate' DelayRate = 0;
      GMAT 'Generate Xsat_ECEF_Coded (kms)' Xsat_ECEF_Coded = 0;
      GMAT 'Generate Ysat_ECEF_Coded (kms)' Ysat_ECEF_Coded = 0;
      GMAT 'Generate Zsat_ECEF_Coded (kms)' Zsat_ECEF_Coded = 0;
      GMAT 'Generate VXsat_ECEF_Coded (kms)' VXsat_ECEF_Coded = 0;
      GMAT 'Generate VYsat_ECEF_Coded (kms)' VYsat_ECEF_Coded = 0;
      GMAT 'Generate VZsat_ECEF_Coded (kms)' VZsat_ECEF_Coded = 0
…..GMAT 'Generate sma_ECEF_Coded (kms)' sma_ECEF_Coded = 0;
      GMAT 'Generate Excentricit_ECEF_Coded (kms)' Excentricit_ECEF_Coded =0;
      GMAT 'Generate Inc_ECEF_Coded (kms)' Inc_ECEF_Coded = 0;
      GMAT 'Generate RAAN_ECEF_Coded (kms)' RAAN_ECEF_Coded = 0;
      GMAT 'Generate AOP_ECEF_Coded (kms)' AOP_ECEF_Coded = 0;
      GMAT 'Generate MeanAnom_ECEF_Coded (kms)' MeanAnom_ECEF_Coded =0;
      GMAT Zsat_ECEF_Coded (kms)' VZsat_ECEF_Coded = 0;
   EndIf;
   Propagate 'Propagate Sat1' LowEarthProp1(Sat1);
EndWhile;



The generated report files for SIB31/SIB-31NB containing ephemeris for the whole simulation time base on satellite propagator model are attached to this technical report.
To be noticed that in case of NGSO satellites, output variables Doppler. Doppler rate, Delay and Delay shift are set to 0 when satellite is not visible from ground station.
Units: 
· Satellite elevation in UE frame in degree, 
· One-way Delay in ms, 
· Doppler in ppm, 
· position for SIB31/SIB-31NB in INTEGER, 
· velocity component for SIB31/SIB-31NB in INTEGER.
5.3	Assumptions for satellite ephemeris calculation
The following assumptions have been considered to calculate satellite ephemeris:
- UE location and satellite location shall be such that it allows the definition of ephemeris for RRM test cases such that elevation angle perceived by the UE ia equal or higher than 30º for both serving and neighbour cells..
- For GSO satellites, a satellite orbit inclination over the equator of 7 degrees is a representative worst case.
- Ephemeris granularity for GSO satellites to be 2.56s while it is 0.64 ms for NGSO satellites.
- StateVectors and Orbital parameters ephemeris format shall be generated. 
- Ephemeris files shall include the full orbit for GSO satellites and the satellite visibility window for NGSO satellite including all possible elevation angles. 
- Ephemeris calculated should include addiottional information such as elevation angle, one-way delay and Doppler effect in [ppm] to enable the checking of related signalled parameters.
- When defining ephemeris for neighbour cell for IoT NTN, assume that neighbour cell satellite type is same as serving cell, including its altitude.
- When defining ephemeris for GEO neighbour cells, consider satellites in different orbits so there is some difference in elevation angles for the satellite in charge of serving cell and the one in charge of the neighbour cell.
- GSO orbits can be leveraged to gather ephemeris for serving and neighbour cell for GEO satellites (using zero Doppler conditions within the GSO orbits).
5.4	Satellite Ephemeris generated files
This section contains information about the satellite orbits generated according to the procedure defined in clause 5.2.
Table 5.4-1: Satellite ephemeris files generated for IoT NTN
	Satellite Type
	Satellite parameters
	UE location
	Applicable to Serving cell / Neighbour cell
	File can be found in attachment
	Comments

	GSO
	7º inclination
Satellite longitude: 121.56076999
Satellite altitude: 35786 km
	Longitude: 121.56076999
Latitude: 55.0 
Altitude: 0
	Serving cell
	“ReportFile2_GSO-Inc7deg-Lat55-Long121.56076999-Step2.56sec-v2.zip”
	Added in RAN5#102

	GSO
	7º inclination
Satellite longitude: 101.56076999
Satellite altitude: 35786 km
	Longitude: 121.56076999
Latitude: 55.0 
Altitude: 0
	Neighbour cell
	“ReportFile2_GSO-SATLong101.56076999-UELong121.56076999_Lat55-Inc7_v2.zip”
	Added in RAN5#102

	GSO
	7º inclination
Satellite longitude: 141.56076999
Satellite altitude: 35786 km

	Longitude: 121.56076999
Latitude: 55.0 
Altitude: 0
	Neighbour cell
	“ReportFile2_GSO-SATLong141.56076999-UELong121.56076999_Lat55-Inc7_v2.zip”
	Added in RAN5#102

	NGSO
	Satellite altitude 600 km
	Longitude: 121.56076999
Latitude: 25.08439333 
Altitude: 0
	Serving cell
	“ReportFile-NGSO-LEO600km-MinElev0-Lat25.08439333-Long121.56076999-Step0.640sec.zip”
	Added in RAN5#102

	NGSO
	Satellite altitude 1200 km
	Longitude: 121.56076999
Latitude: 25.08439333 
Altitude: 0
	Serving cell
	“ReportFile-NGSO-LEO1200km-MinElev0-Lat25.08439333-Long121.56076999-Step0.640sec.zip”
	Added in RAN5#102



Annex A: Derivation documents
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