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Introduction

The following Satellite 5G NR NTN (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);

The question remaining now in RAN4#106 is how to test the NTN UE defined in Rel-17 with respect to time and frequency synchronization, more precisely how to test that the NTN UE is correctly performing timing advance and Doppler frequency pre-compensation in UL (please see for instance requirements from TS 38.101-5 and TS 38.133). 
Before commercial phase, the NTN UE/smartphone has to be tested against the requirements defined by 3GPP in order to verify compliancy with 3GPP specifications. In order to make the test if the UE is pre-compensating correctly in UL the timing advance and/or Doppler shift, and therefore if the pre-compensation is in the limits of the requirements defined by timing error requirement and frequency error requirement, the UE has first to acquire the GNSS position.
One of the proposals at RAN#98-e meeting was to declare Rel-17 WI NR_NTN_solutions completed on the basis that this remaining activity can be carried out as part of the on-going NTN related RAN5 work item given that RAN4 already specified the requirements. On the other hand, some other companies proposed to continue discussion for at least one meeting in RAN4, which was done at RAN4#106.


For these reasons, the purpose of this TDoc is :
1/ to indicate a potential way forward and give more details with respect to the potential NTN UE RRM test methodology to follow with respect to UE GNSS acquisition (please also see R4-2302497, “On the acquisition method of GNSS position for UE transmit timing test cases”, THALES, RAN4#106);
2/ to indicate a potential way forward and give more details with respect to the potential NTN UE RRM test methodology to follow (please also see R4-2302517, “RRM test cases methodology and configuration for SAN NTN assistance information parameters”, THALES, RAN4#106). In order to explain potential methodology, we would like first to recall current agreements in RAN1 with respect to ephemeris data format:
	RAN1 Agreement:
Modify bit allocations for orbital parameters ephemeris format as follows:
· Orbital parameters are indicated in 21 bytes payload:
· Semi-major axis α (m) is 33 bits 
· Range: from 6500 km to 43000 km
· The quantization step is 4.249 m
· Eccentricity e is 20 bits 
· Range: ≤ 0.015
· The quantization step is 1.431 
· Argument of periapsis ω (rad) is 28 bits 
· Range: from 0 to 2π
· The quantization step is 2.341  rad
· Longitude of ascending node (Ω rad) is 28 bits 
· Range: from 0 to 2π
· The quantization step is 2.341   rad
· Inclination i (rad) is 27 bits 
· Range: from - π/2  to + π/2
· The quantization step is 2.341   rad
· Mean anomaly M (rad) at epoch time to is 28 bits 
· Range: from 0 to 2π
· The quantization step is 2.341   rad

RAN1 Agreement: 
For ephemeris set 2, RAN1 agree on orbital parameters α , e, ω , Ω , I, and M in Earth Centered Inertial (ECI) Frame
· The ECI and ECEF coincide at Epoch time (e.g. x,y,z axis in ECEF are aligned with x,y,z axis in ECI)




This contribution therefore provides material for discussion with respect to RRM test cases methodology for SAN NTN assistance information parameters.


General aspects
The NTN synchronization mechanisms in Rel-17 were explained many times in the past [R4-2119505, On the NTN UL Timing Accuracy, THALES, RAN4#101-e] and further represented in the figure below:
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Figure 1. System Architecture Overview

The NTN working hypothesis in Rel-17 are as follow:
· UE (User Equipment) with GNSS
· Ephemeris data send through satellite to UE (broadcast)
· Transparent satellite with Earth Fixed Cells
· Considered constellation types:
· LEO@600km (worst case)
· LEO@1200km
· GEO



[bookmark: _Toc493127338]Discussion with respect to UE NTN GNSS acquisition
3.1	Methodologies for GNSS acquisition
As explained in Figure 2, NTN UE under test requires two essential information in order to synchronise and pre-compensate UL transmission:
· Ephemeris data (see also THALES contribution R4-2302517 from RAN4#106 AI 6.1.5.2 Configuration of NTN assistance information parameters for RRM test cases);
· GNSS information from UE GNSS module (considered in this RAN4#106 contribution from AI 6.1.5.1 Acquisition method of GNSS position for UE transmit timing test cases).
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Figure 2. Required UE information (GNSS and Ephemeris data)

One of the essential NTN work assumptions in Rel-17 was that the NTN UE uses its own GNSS to synchronise with the Radio Access Network/Satellite Access Node (SAN). Therefore, it can be naturally assumed that each compatible NTN UE has an integrated GNSS module.
The following proposals are therefore made with respect to UE GNSS acquisition method and UE position acquisition:
Proposal 1: NTN UE under test to use its own GNSS module/receiver in order to perform GNSS position acquisition from real GNSS transmitted signals.
Proposal 2: If NTN UE under test is indoor, UE can use an external GNSS antenna connected as external reference in order to perform GNSS position acquisition (from real GNSS transmitted signals).
Proposal 3: If NTN UE under test is indoor and if no external GNSS antenna can be used, a GNSS repeater can be used to repeat GNSS signal (from outdoor to indoor) in order to allow the UE to acquire GNSS position using its own GNSS module (from real GNSS transmitted signals).
Another alternative is also possible, since the GNSS constellation can be emulated and therefore GNSS signals can be reproduced and transmitted. In this case we can also propose another alternative.
Proposal 4: A GNSS emulator can alternatively be used to reproduce GNSS signals and to generate transmitted RF GNSS signals to allow NTN UE (using its own GNSS receiver module) to acquire GNSS position.
Proposal 5: An IoT-type fixed device could be configured only once with a fixed position (and related geographical coordinates) using e.g. an external GNSS module or other kind of pre-configuration methodology which is used only during the installation phase of the device, before the device becomes operational.


Discussion with respect to UE NTN terminal parameters
4.1	The purpose of the test
The purpose of the test is to generate (on a Testing Equipment) the ephemeris data adapted to UE location, as represented in Figure 3.
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Figure 3. Purpose of Test
As explained in Figure 3, the UE (User Equipment, e.g. Smartphone) uses its own GNSS to localise and it can be (of course) in different region across the globe. RRM test would require at least an (hypothetical) testing constellation type e.g. LEO@600km available (worst case). Such hypothetical testing constellation will be used to derive required ephemeris data values (values to be broadcasted by Testing Equipment on SIB19 – System Information Block19):
1/ The exact ephemeris values/data are to be broadcasted on relevant System Information Block (values to be broadcasted by Testing Equipment on SIB19 – System Information Block 19). The Testing Equipment (replacing SAN) has to be configured with these values.
2/ Since the test would be available for different regions (depending on UE location), Testing Equipment will have to be able to select relevant satellites from a list. A propagator/interpolator can be also used on Testing Equipment if data provided to the Testing Equipment has higher timing granularity, however this is a detail.
2.3	Proposed Methodology
Step 0: Condition prior to test process, UE (Smartphone) performs (SAN test equipment) data acquisition (ephemeris data send by Testing Equipment). Moreover, UE uses its GNSS to localise.
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Figure 4. UE data acquisition
Step 1: Testing UE behaviour: UE performs UpLink (UL, UE->SAN) timing and frequency pre-compensation. UE pre-compensates UL transmission (based on own GNSS and transmitted ephemeris data by Testing Equipment)
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Figure 5. Testing Equipment receiving pre-compensated UE UL transmission
Step 2: Measurement and Validation process by Testing Equipment
· Testing Equipment measures UL Doppler shift error & UL Timing error
· If measured values < requirements thresholds => test OK

Proposal 6: RAN4 RRM to consider a hypothetical testing constellation for the Testing Equipment used to test UE.
Different constellations may exist such as Rider type (see for instance “Optimized Polar Orbit Constellations for Redundant Earth Coverage”, L. Rider, 1985), Walker type or even more elaborated. The following approach could be used in order to qualify NTN UE terminals:
· Two satellites of same orbital plane can be sufficient to verify UE proper timing advance and Doppler pre-compensation;
· A LEO constellation type @600km can be considered (Rider type, Walker type or other). 
The satellite constellation operator requests testing evidence for UE test certification prior to authorisation of any access to its constellation.
Proposal 7: The satellite constellation, used for NTN UE testing, can implement only a few number of satellites (maximum 3-4), at a given (pre-configured or GNSS emulated) NTN UE location.
Proposal 8: Testing Equipment emulating SAN behaviour to consider several type of constellations such as e.g. Rider type, Walker type or other.
Proposal 9: Testing Equipment to emulate SAN ephemeris data on SIB19, with values representative to UE location.
Proposal 10: Testing Equipment can use satellite ECEF information and/or Orbital information to generate SIB19.
Proposal 11: If required, Testing Equipment to consider a propagator orbit in order to generate SIB19.
4.2	Constellation Example
A first important condition is that the testing constellation should have global coverage in any point of the Earth. Therefore, a UE sees at least 1 beam in any point of the Earth, and there is also a potential overlap between 2 beams in order to test HandOver (HO) for instance. Such constellation will have different characteristics as the one given below as example (with more than 800 satellites, for a given minimal elevation angle of 30 deg.):
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Figure 6. Example of Rider-type constellation definition

The main assumptions are the following: 
· Constellation type: Rider;
· The inclination of the orbit is 90 degrees, and therefore all satellites pass above the poles.
Note: In practice, such configuration could generate some problems with respect to collision risk e.g. when many satellites cross at the same time a pole. A real constellation would have to modify its inclination to avoid the potential collision risk. However, the goal here is to define a theoretical constellation for testing the user equipment and therefore such (theoretical) constellation can still be used for such purpose.
· Minimum altitude = 600 km;
· This altitude is the most sizing parameter with respect to the number of handovers and it has been retained as a minimum acceptable altitude for NTN communication constellation.
· Minimum elevation angle = 30 degrees;
· This is a typical minimum elevation for the NTN user equipment.

The data required by the Test Equipment to implement SIB19 is based on 2 potential information: ECEF information and/or Orbital information. The ECEF example below (for one single satellite) was generated by taking into account Rider-type constellation as test constellation.

Example for Satellite-Sat0101 (satellite 1 from Layer 1):
       Time (UTCG)             x (km)          y (km)          z (km)       x (km/sec)    y (km/sec)    z (km/sec)
------------------------    ------------    ------------    ------------    ----------    ----------    ----------
24 Jan 2023 11:00:00.000    -1475.707482    -4407.803392     5204.608792     -1.789619     -5.345371     -5.034441
24 Jan 2023 11:01:00.000    -1600.387312    -4711.630588     4892.207441     -1.704167     -5.017112     -5.389409
24 Jan 2023 11:02:00.000    -1720.927517    -4994.638488     4559.209454     -1.608613     -4.668618     -5.721686
24 Jan 2023 11:03:00.000    -1836.635715    -5255.680264     4207.016782     -1.503185     -4.301438     -6.029875
24 Jan 2023 11:04:00.000    -1946.830169    -5493.707157     3837.112190     -1.388170     -3.917195     -6.312677
24 Jan 2023 11:05:00.000    -2050.843521    -5707.772769     3451.053008     -1.263907     -3.517582     -6.568903
24 Jan 2023 11:06:00.000    -2148.026501    -5897.036881     3050.464581     -1.130791     -3.104352     -6.797473
24 Jan 2023 11:07:00.000    -2237.751592    -6060.768807     2637.033422     -0.989268     -2.679315     -6.997424
24 Jan 2023 11:08:00.000    -2319.416628    -6198.350244     2212.500113     -0.839836     -2.244321     -7.167916
24 Jan 2023 11:09:00.000    -2392.448319    -6309.277627     1778.651980     -0.683043     -1.801261     -7.308231
24 Jan 2023 11:10:00.000    -2456.305656    -6393.163975     1337.315560     -0.519483     -1.352053     -7.417777
24 Jan 2023 11:11:00.000    -2510.483212    -6449.740214      890.348921     -0.349797     -0.898638     -7.496094
24 Jan 2023 11:12:00.000    -2554.514293    -6478.855980      439.633832     -0.174667     -0.442964     -7.542851
24 Jan 2023 11:13:00.000    -2587.973931    -6480.479896      -12.932154      0.005183      0.013012     -7.557852
24 Jan 2023 11:14:00.000    -2610.481710    -6454.699327     -465.443696      0.188995      0.467343     -7.541034
24 Jan 2023 11:15:00.000    -2621.704393    -6401.719612     -915.995677      0.375975      0.918093     -7.492468
24 Jan 2023 11:16:00.000    -2621.358347    -6321.862780    -1362.691233      0.565299      1.363349     -7.412358
24 Jan 2023 11:17:00.000    -2609.211741    -6215.565759    -1803.649736      0.756118      1.801228     -7.301040
24 Jan 2023 11:18:00.000    -2585.086521    -6083.378079    -2237.014711      0.947559      2.229885     -7.158985
24 Jan 2023 11:19:00.000    -2548.860120    -5925.959093    -2660.961651      1.138732      2.647523     -6.986790
24 Jan 2023 11:20:00.000    -2500.466925    -5744.074721    -3073.705703      1.328732      3.052397     -6.785180
24 Jan 2023 11:21:00.000    -2439.899465    -5538.593739    -3473.509175      1.516642      3.442826     -6.555004
24 Jan 2023 11:22:00.000    -2367.209328    -5310.483620    -3858.688859      1.701542      3.817194     -6.297230
24 Jan 2023 11:23:00.000    -2282.507782    -5060.805966    -4227.623114      1.882510      4.173964     -6.012945
24 Jan 2023 11:24:00.000    -2185.966118    -4790.711529    -4578.758693      2.058628      4.511678     -5.703345
24 Jan 2023 11:25:00.000    -2077.815681    -4501.434868    -4910.617285      2.228983      4.828968     -5.369733
24 Jan 2023 11:26:00.000    -1958.347618    -4194.288648    -5221.801733      2.392678      5.124559     -5.013513


Conclusions
Proposal 1: NTN UE under test to use its own GNSS module/receiver in order to perform GNSS position acquisition from real GNSS transmitted signals.
Proposal 2: If NTN UE under test is indoor, UE can use an external GNSS antenna connected as external reference in order to perform GNSS position acquisition (from real GNSS transmitted signals).
Proposal 3: If NTN UE under test is indoor and if no external GNSS antenna can be used, a GNSS repeater can be used to repeat GNSS signal (from outdoor to indoor) in order to allow the UE to acquire GNSS position using its own GNSS module (from real GNSS transmitted signals).
Proposal 4: A GNSS emulator can alternatively be used to reproduce GNSS signals and to generate transmitted RF GNSS signals to allow NTN UE (using its own GNSS receiver module) to acquire GNSS position.
Proposal 5: An IoT-type fixed device could be configured only once with a fixed position (and related geographical coordinates) using e.g. an external GNSS module or other kind of pre-configuration methodology which is used only during the installation phase of the device, before the device becomes operational.
Proposal 6: RAN4 RRM to consider a hypothetical testing constellation for the Testing Equipment used to test UE.
Proposal 7: The satellite constellation, used for NTN UE testing, can implement only a few number of satellites (maximum 3-4), at a given (pre-configured or GNSS emulated) NTN UE location.
Proposal 8: Testing Equipment emulating SAN behaviour to consider several type of constellations such as e.g. Rider type, Walker type or other.
Proposal 9: Testing Equipment to emulate SAN ephemeris data on SIB19, with values representative to UE location.
Proposal 10: Testing Equipment can use satellite ECEF information and/or Orbital information to generate SIB19.
Proposal 11: If required, Testing Equipment to consider a propagator orbit in order to generate SIB19.
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