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1.	Introduction
RAN5 has been working on the definition of NTN test cases for IoT NTN ([1]) and NR NTN ([2]).
RAN5 required some clarifications to RAN4 to understand how ephemeris information should be defined for each type of test cases (RF TRX, demod and RRM tests) as per LS in R5-233672 [3].
RAN4 provided feedback to LS in R5-233672 [3] as per R4-2314001 [4], R4-2317006 [5] and R4-2316967 [6].
Taking such feedback into account, this document pretends to define a way forward on ephemeris definition required in test specifications [7-10].
[bookmark: OLE_LINK53]2. 	Discussion
2.1 Types of satellites
According to the feedback provided by RAN4 in [4-6], all RF TRx, demod and RRM test cases might require ephemeris information for both GSO and NGSO satellites, as test cases execution will depend on the type of satellite supported by the UE (refer to [11-12] for further details).
In the case of RRM UL timing accuracy test, to enable the whole range of one-way delay coverage from UE to satellite in case of NGSO satellites (refer to [6]), both LEO-600 and LEO-1200 are required.
In the case of GSO satellites, considering the feedback of satellite industry indicating that pure GEO satellites do not exist in reality and, considering that inclination different from zero will be a worse case, GSO satellites with inclination different from zero is proposed for the testing. An inclination equal to 7 degrees is proposed considering actual deployment intentions from satellites operators.
[bookmark: Prop1]Proposal 1: Define ephemeris files for GSO (7 degrees inclination), LEO-600 and LEO-1200 satellites.
2.2 UE location
Ephemeris information shall be defined such satellite is visible for the UE while performing the tests.
At the same time, UE location shall be such that enables to achieve the 4 scenarios required for the ephemeris values in all RF, demod and RRM test cases according to [4] and [18]:
· Zero Doppler, required for most all RF and demod test cases
· Maximum Doppler (24 ppm for LEO-600 and 0.93 ppm for GSO), required for frequency error test case.
· Maximum one-way delay (6.67 ms for a LEO-1200 satellite and 128.79 ms for GSO), required for RRM UL timing accuracy test case.
· Constant non-zero Doppler and constant non-zero delay for a 30º elevation angle
[bookmark: Obs1]Observation 1: GSO maximum Doppler was taken from TR 38.821 [17] Table 4.2-2, which considered a UE motion on the earth at 1200 km/h (aircraft). As, in case of frequency error test case, UE is in a fixed position, maximum achievable Doppler will be much lower than 0.93 ppm.
[bookmark: Obs2]Observation 2: Absolute zero Doppler would require a really small granularity to define the ephemeris, which might not be practical.
[bookmark: Prop1b]Proposal 2: Define ephemeris ensuring that, at least one point of the satellite orbit results in an absolute Doppler equal or lower than 50 Hz for a carrier frequency below 2 GHz (0.025ppm). The minimum achievable Doppler should be used for zero Doppler conditions.
In the case of IoT NTN, 36.508 [13] already defined UE location in a common section for all type of test cases:
[image: A screenshot of a test

Description automatically generated]
 If ephemeris is calculated based on this UE location, it can be seen that for NGSO the requested conditions can somehow be achieved considering proposal 2 for zero Doppler conditions:

	LEO-600km
	Achievable values
	Requested

	Zero Dopler conditions
	0.0036 ppm
	< 0.025 ppm

	Maximum Doppler with a minimum elevation angle of 10º
	22.647 ppm
	24 ppm

	30º minimum elevation angle included in the file



	LEO-1200km
	Achievable values
	Requested

	Zero Dopler conditions
	0.0128 ppm
	< 0.025 ppm

	Maximum one-way-delay with a minimum elevation angle of 30º
	6.67 ms
	6.67 ms

	30º minimum elevation angle included in the file



However, for a GSO satellite with 7º inclination:

	GSO (7º inclination)
	Achievable values
	Requested

	Zero Dopler conditions
	-0.0000021 ppm
	< 0.025 ppm

	Maximum Doppler with a minimum elevation angle of 10º
	0.092 ppm
	0.93 ppm

	Maximum one-way-delay with a minimum elevation angle of 30º
	123.1281 ms
	128.79 ms

	30º minimum elevation angle not included in the file



If UE latitude is changed to 55º:
	GSO (7º inclination)
	Achievable values
	Requested

	Zero Dopler conditions
	0.0000048 ppm
	< 0.025 ppm

	Maximum Doppler with a minimum elevation angle of 10º
	0.17 ppm
	0.93 ppm

	Maximum one-way-delay with a minimum elevation angle of 30º
	128.77 ms
	128.79 ms

	30º minimum elevation angle included in the file



If UE Latitude is changed to 75º:
	GSO (7º inclination)
	Achievable values
	Requested

	Zero Dopler conditions
	-0.0000083 ppm
	< 0.025 ppm

	Maximum Doppler with a minimum elevation angle of 10º
	-0.1639 ppm
	0.93 ppm

	Maximum one-way-delay with a minimum elevation angle of 30º
	--
	128.79 ms

	30º minimum elevation angle not included in the file



[bookmark: Prop2]Proposal 3: Use UE location in section 4.13 in TS 36.508 ([13]) to calculate ephemeris files for IoT NTN RF/RRM test cases for NGSO satellites (all scenarios) and, for GSO satellites, use same location with UE Latitude=55º for GSO zero Doppler conditions.
For NR NTN, section 4.5C defined UE location in a common section for all type of test cases. However, 5.6 included a placeholder to define UE location different to the one used for signalling test cases. Hence 2 options are possible for the UE location for NR NTN RF test cases:
Option 1: Leverage the location defined in section 4.5C (same as for IoT NTN)
Option 2: Define and test a different UE location compared to IoT NTN RF.

[bookmark: Prop3]Proposal 4: Leverage UE location for IoT NTN (Proposal 3) to calculate ephemeris files for IoT NTN RF/RRM test cases.
2.2 Ephemeris granularity
The definition of ServingSatelliteInfo-r17 in IoT NTN ([15]) and of NTN-Config-r17 in NR NTN ([16]) tie the signalling of the ephemeris information to the epochTime-r17 value. EpochTime-r17 is defined through 2 parameters:
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For GSO satellites:
If ephemeris granularity is defined as a submultiple of the possible values of System Frame Numbers (1024) multiplied by 10ms, the epoch time for each ephemeris information in the full orbit will be exactly the same independently on the absolute time, i.e 2n*10ms, where n can be any positive integer between 0 and 8. The higher the n value, the simpler the ephemeris file for GSO satellite will be. On the other hand, it is important that one of the inputs in the GSO ephemeris file is close to zero Doppler conditions. 
The criterion for the zero Doppler conditions proposed is to select the highest granularity that allows the definition of an input to the ephemeris file with an absolute Doppler lower than 50 Hz for a 2 GHz carrier frequency.
For NGSO satellites, as only the satellite visibility window is to be defined in the ephemeris file, even a submultiple of possible values of subframe multiplied by 1ms can be used (1ms, 2ms, 5ms)
[bookmark: Prop4]Proposal 5: Use 2.56s as ephemeris granularity for GSO satellites.
[bookmark: Prop5]Proposal 6: Use 0.64ms as ephemeris granularity for NGSO satellites.
2.3 Ephemeris file content
To enable the configuration/testing of both ephemeris formats, ephemeris file shall contain at least the parameters associated to both possible ephemeris formats (state vector and orbital parameters):
· EphemerisInfo-positionX
· EphemerisInfo-positionY
· EphemerisInfo-positionZ
· EphemerisInfo-velocityVX
· EphemerisInfo-velocityVY
· EphemerisInfo-velocityVZ

· EphemerisInfo-semiMajorAxis
· EphemerisInfo-eccentricity
· EphemerisInfo-periapsis
· EphemerisInfo-longitude
· EphemerisInfo-inclination
· EphemerisInfo-meanAnomaly
If the ephemeris files also include the following additional information (even when it will not be signalled to the UE explicitly):
· Elevation angle
· One-way delay
· Doppler effect [ppm]
And they also contain:
· In the case of GSO satellites, the full orbit.
· In the case of NGSO satellite, the whole satellite visibility window.
ephemeris configuration per test case can be done easily according to the appropriate elevation angle, Doppler and delay required.
[bookmark: Prop6]Proposal 7: Ephemeris files shall contain ephemeris information in both ephemeris formats (StateVector and Orbital parameters). 
[bookmark: Prop7]Proposal 8: Ephemeris files shall include the full orbit for GSO satellites and the satellite visibility window for NGSO satellite including all possible elevation angles. 
[bookmark: Prop8]Proposal 9: Even when not explicitly signalled, ephemeris files shall include additional information as elevation angle, one-way delay and Doppler effect in [ppm] to enable the selection of required ephemeris configuration per test case.
3. 	Conclusion
This document pretends to define the way forward on ephemeris definition required in [7-10].
The following proposals are made:
Proposal 1: Define ephemeris files for GSO (7 degrees inclination), LEO-600 and LEO-1200 satellites.
Observation 1: GSO maximum Doppler was taken from TR 38.821 [17] Table 4.2-2, which considered a UE motion on the earth at 1200 km/h (aircraft). As, in case of frequency error test case, UE is in a fixed position, maximum achievable Doppler will be much lower than 0.93 ppm.
Observation 2: Absolute zero Doppler would require a really small granularity to define the ephemeris, which might not be practical.
Proposal 2: Define ephemeris ensuring that, at least one point of the satellite orbit results in an absolute Doppler equal or lower than 50 Hz for a carrier frequency below 2 GHz (0.025ppm). The minimum achievable Doppler should be used for zero Doppler conditions.
Proposal 3: Use UE location in section 4.13 in TS 36.508 ([13]) to calculate ephemeris files for IoT NTN RF/RRM test cases for NGSO satellites (all scenarios) and, for GSO satellites, use same location with UE Latitude=55º for GSO zero Doppler conditions.
Proposal 4: Leverage UE location for IoT NTN (Proposal 3) to calculate ephemeris files for IoT NTN RF/RRM test cases
Proposal 5: Use 2.56s as ephemeris granularity for GSO satellites.
Proposal 6: Use 0.64ms as ephemeris granularity for NGSO satellites.
Proposal 7: Ephemeris files shall contain ephemeris information in both ephemeris formats (StateVector and Orbital parameters). 
Proposal 8: Ephemeris files shall include the full orbit for GSO satellites and the satellite visibility window for NGSO satellite including all possible elevation angles. 
Proposal 9: Even when not explicitly signalled, ephemeris files shall include additional information as elevation angle, one-way delay and Doppler effect in [ppm] to enable the selection of required ephemeris configuration per test case.
A CR to TS 36.508 [13] implementing proposals in this document for IoT NTN has been submitted as per R5-237112[14]. Similarly for TS 38.508-1 [15], CR implementing these proposals can be found in R5-237113 [16]
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4.13  UE Position Requirements for NTN testing

Clauses 4.14 and 8.1.58 define the test environment which applies to all test cases executed for eMTC and
NB-IOT NTN UES, unless otherwise specified.

- UE's positioning engine (e.g, standalone GNSS receiver) shall be enabled to allow it to acquire the
position. UE position during the test is stationary. Below position shall be used to pre-configure UE
position:

- Latitude: 25.08439333
- Longitude: 12156076999

- Altitude: 0




