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Introduction
In this paper we present our view on how to achieve the goal of the RAN task provided in RP-232682.
Discussion
WF RP-232682 approved in RAN#101 is reproduced below.
	· RAN tasks RAN4 to discuss and conclude in Oct meeting on 
· The condition for testing the frequency error requirements to verify NGSO UE pre-compensation functionality for Doppler shift, which will be implemented in the RAN5 NTN specifications
· For example, setting an artificial fixed Doppler shift, which is randomly selected out of a range of Doppler shift values decided by RAN4, as the condition in a test
· The condition for RRM uplink timing test cases to verify NGSO UE delay pre-compensation functionality, which can be implemented in RAN5 NTN specifications
· For example, setting an artificial fixed delay, which is randomly selected out of a range of delay values decided by RAN4, as the condition in a test
· Note: For all the other NTN RRM test cases (except NGSO scenario in UE timing TCs), zero doppler shift and zero timing shift are assumed to be configured for RAN5 conformance testing 
· Further discuss TE-emulated channel model with delay and Doppler shifts matching the satellite propagator model in future release i.e. Rel-19
· No changes to the RAN4 core requirements



Our understanding of the idea behind such a simplification is that the conformance test does not have to repeatedly verify UE performance/behavior on whether/how to pre-compensate time and frequency offsets in multiple test cases. We acknowledge that such oversimplified test methods are not desirable and too far from the reality and recognize that there is a desire to come up with another test approach for GSO. However, given that the agreed WF is an outcome of quite intensive discussions in RAN plenary factoring in multiple different aspects and the test methods can be further enhanced in a future release, we do not want to challenge it and repeat the open-ended discussion again in RAN4. Instead, we discuss and propose how to enable the simplified test method for different test cases and what changes to make in RRM specification.

According to the content of the WF, it is agreed to simplify the testing method for NTN. Although the WF differentiates RF and RRM aspects and only mentions NGSO, it should be clear to companies that we will eventually need the following two sets of test configurations for the entire test cases.
· Test configuration #A: for uplink timing accuracy test case
· NGSO: a fixed Doppler shift, a fixed delay
· GSO: a fixed Doppler shift, a fixed delay
· Test configuration #B: for the rest of the test cases
· NGSO: NO Doppler shift, NO delay
· GSO: NO Doppler shift, NO delay

As to the discussion on whether Doppler shift can be a non-zero value in GSO test cases, in order to address concerns from satellite vendors about GEO-only test mode, we are open to a non-zero Doppler shift as long as the range of the value is properly limited, for which the analysis provided in TR38.321 can be a reference.

Another discussion point is, how the artificial test mode can be made known to DUT (Device Under Test) so that the UE does not fail the test due to a malfunction not because of the UE design/performance but because of the adopted test mode. It should be a common understanding that it is too late to consider introducing a new test specific signaling in RAN5. With this understanding, RAN4 has to rely on ephemeris information, e.g. reserve specific satellite trajectories which are not expected to be seen in reality, and the information should also be such that DUT can tell whether the test mode is corresponding to Test configuration #A or Test configuration #B. To that end, we propose the following approach:

· Test configuration #A: a fixed Doppler shift and a fixed delay
· Use satellite trajectories at 35,786km and 600km altitudes crashing to DUT location for GSO and NGSO, respectively, i.e. the velocity vector of the satellite is such that it is pointing to the DUT location on the ground.
· No satellite position update at all during entire test duration of test iteration.
· Velocity vector in ephemeris information in format of PTV is used to program the artificial Doppler value per test iteration. Note that the Doppler shift can change test run-by-run by changing the velocity vector. DUT can derive the Doppler shift in the test iteration based on the velocity vector and the testing carrier frequency. The range of Doppler shifts for GSO and NGSO shall not be larger than those corresponding to [0.93]ppm and 24ppm at a given testing frequency, respectively.
· Position vector is used to set the value of the fixed delay per test iteration. Based on the programmed DUT location and the position vector of the satellite at the given altitude, the distance and propagation delay between the satellite and DUT can be automatically set. Note that the distance and the propagation delay can change test run-by-run by changing the position of the satellite position vector at the given altitude because the relative distance is dependent on the relative elevation angle. DUT can derive the fixed delay based on the position vector of the satellite and the programmed DUT location per test iteration.
· Test configuration #B: zero doppler shift and zero delay
· Use satellite placed at the same position as DUT, i.e. the position vector in the ephemeris of the satellite is the same as the programmed DUT position vector

As explained above, without any test specific explicit signaling from TE to DUT, DUT can tell whether it is under a test mode and which set of test modes should be expected. Besides, the DUT can autonomously derive the expected constant Doppler shift and fixed delay based on the provided ephemeris information and the programmed DUT location per test iteration. The proposed approach also provides the flexibility in terms of configurable ranges of Doppler shift and propagation delay. It should be also noted that the satellite location as well as velocity vector in ephemeris should remain constant during the entire test duration but can change every test iteration. In other words, DUT should not expect the satellite to move according to the velocity vector if the test mode is recognized by the DUT based on the proposed artificial ephemeris configuration. And ephemeris format to realize Test configuration #A test mode should be based on the format of PVT only not orbital parameters unless the feasibility is verified.

Proposal 1: RAN4 to consider the following two sets of test configurations and adopt the configuration details. The test configuration #A is a test mode to be used for uplink timing accuracy test case, and the test configuration #B is for the rest of the test cases. The same principle can be adopted for RF and Demod tests if applicable and suitable.
· Test configuration #A: a fixed Doppler shift and a fixed delay
· Use satellite trajectories at 35,786km and 600km altitudes crashing to DUT location for GSO and NGSO, respectively, i.e. the velocity vector of the satellite is such that it is pointing to the DUT location on the ground.
· No satellite position update at all during entire test duration of test iteration.
· Velocity vector in ephemeris information in format of PTV is used to program the artificial Doppler value per test iteration. Note that the Doppler shift can change test run-by-run by changing the velocity vector. DUT can derive the Doppler shift in the test iteration based on the velocity vector and the testing carrier frequency. The range of Doppler shifts for GSO and NGSO shall not be larger than those corresponding to [0.93]ppm and 24ppm at a given testing frequency, respectively.
· Position vector is used to set the value of the fixed delay per test iteration. Based on the programmed DUT location and the position vector of the satellite at the given altitude, the distance and propagation delay between the satellite and DUT can be automatically set. Note that the distance and the propagation delay can change test run-by-run by changing the position of the satellite position vector at the given altitude because the relative distance is dependent on the relative elevation angle. DUT can derive the fixed delay based on the position vector of the satellite and the programmed DUT location per test iteration.
· The ephemeris is defined based on the format of PVT.
· Test configuration #B: zero doppler shift and zero delay
· Use satellite placed at the same position as DUT, i.e. the position vector in the ephemeris of the satellite is the same as the programmed DUT position vector

Proposal 2: For uplink timing test, RAN4 to make the following changes to NTN specific Annex in TS38.133:
·  Update ‘A.14.3.1’ to ‘A.14.3’ in Table A.3.36.3-1 and remove the row of ‘timing A.14.3.2’ in Table A.3.36.3-2.

Proposal 3: In the tables below in TS38.133, RAN4 to fill in the fields of ephemerisInfo with B.5 as reference:
· Table A.3.36.2-1, Table A.3.36.5.1-1, Table A.3.36.5.1-2, Table A.3.36.5.2-1, and Table A.3.36.5.2-2.

Proposal 4: In B.5 ‘High level test procedure for SAN RRM tests’ of in TS38.133, RAN4 to make the following changes:
· Update ‘A set of ephemeris information are pre-defined for each satellite corresponding to different epoch times in [TS TBD]’ to ‘A set of ephemeris information are pre-defined for each satellite corresponding to the test purposes.’
· Remove the following bullets:
· A motion trajectory is generated for each satellite based on the ephemeris using Eckstein-Hechler model. 
· UE location is determined for the test. The ephemeris and the the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
· Test equipment adjusts the time and frequency of transmission based on the satellite motion trajectory and UE location during test time to emulate the position and velocity change of the satellite relative to the UE.
· Add the following bullets:
· For test cases on UE uplink timing (A.14.3), velocity vectors in ephemeris are set such that the satellite crashes to UE and the value of Doppler shift is not larger than [0.93] ppm and 24ppm for GEO and LEO, respectively. The ephemeris information in system information does not change during entire test time within a test iteration. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
· For the rest test cases, the ephemeris information is such that the satellite is at the same location as the UE under test without a relative Doppler shift due to satellite motion.
· Test equipment adjusts the frequency of transmission based on the satellite ephemeris information and the UE location under test during entire test time.
· Test equipment adjusts the time of reception based on the satellite ephemeris information and the UE location under test during entire test time.

Conclusion
In this paper we proposed the following.
Proposal 1: RAN4 to consider the following two sets of test configurations and adopt the configuration details. The test configuration #A is a test mode to be used for uplink timing accuracy test case, and the test configuration #B is for the rest of the test cases. The same principle can be adopted for RF and Demod tests if applicable and suitable.
· Test configuration #A: a fixed Doppler shift and a fixed delay
· Use satellite trajectories at 35,786km and 600km altitudes crashing to DUT location for GSO and NGSO, respectively, i.e. the velocity vector of the satellite is such that it is pointing to the DUT location on the ground.
· No satellite position update at all during entire test duration of test iteration.
· Velocity vector in ephemeris information in format of PTV is used to program the artificial Doppler value per test iteration. Note that the Doppler shift can change test run-by-run by changing the velocity vector. DUT can derive the Doppler shift in the test iteration based on the velocity vector and the testing carrier frequency. The range of Doppler shifts for GSO and NGSO shall not be larger than those corresponding to [0.93]ppm and 24ppm at a given testing frequency, respectively.
· Position vector is used to set the value of the fixed delay per test iteration. Based on the programmed DUT location and the position vector of the satellite at the given altitude, the distance and propagation delay between the satellite and DUT can be automatically set. Note that the distance and the propagation delay can change test run-by-run by changing the position of the satellite position vector at the given altitude because the relative distance is dependent on the relative elevation angle. DUT can derive the fixed delay based on the position vector of the satellite and the programmed DUT location per test iteration.
· The ephemeris is defined based on the format of PVT.
· Test configuration #B: zero doppler shift and zero delay
· Use satellite placed at the same position as DUT, i.e. the position vector in the ephemeris of the satellite is the same as the programmed DUT position vector

Proposal 2: For uplink timing test, RAN4 to make the following changes to NTN specific Annex in TS38.133:
·  Update ‘A.14.3.1’ to ‘A.14.3’ in Table A.3.36.3-1 and remove the row of ‘timing A.14.3.2’ in Table A.3.36.3-2.

Proposal 3: In the tables below in TS38.133, RAN4 to fill in the fields of ephemerisInfo with B.5 as reference:
· Table A.3.36.2-1, Table A.3.36.5.1-1, Table A.3.36.5.1-2, Table A.3.36.5.2-1, and Table A.3.36.5.2-2.

Proposal 4: In B.5 ‘High level test procedure for SAN RRM tests’ of in TS38.133, RAN4 to make the following changes:
· Update ‘A set of ephemeris information are pre-defined for each satellite corresponding to different epoch times in [TS TBD]’ to ‘A set of ephemeris information are pre-defined for each satellite corresponding to the test purposes.’
· Remove the following bullets:
· A motion trajectory is generated for each satellite based on the ephemeris using Eckstein-Hechler model. 
· UE location is determined for the test. The ephemeris and the the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
· Test equipment adjusts the time and frequency of transmission based on the satellite motion trajectory and UE location during test time to emulate the position and velocity change of the satellite relative to the UE.
· Add the following bullets:
· For test cases on UE uplink timing (A.14.3), velocity vectors in ephemeris are set such that the satellite crashes to UE and the value of Doppler shift is not larger than [0.93] ppm and 24ppm for GEO and LEO, respectively. The ephemeris information in system information does not change during entire test time within a test iteration. The ephemeris and the UE location should be designed such that elevation angle relative to the UE position shall not be smaller than 30 deg during entire test time.
· For the rest test cases, the ephemeris information is such that the satellite is at the same location as the UE under test without a relative Doppler shift due to satellite motion.
· Test equipment adjusts the frequency of transmission based on the satellite ephemeris information and the UE location under test during entire test time.
· Test equipment adjusts the time of reception based on the satellite ephemeris information and the UE location under test during entire test time.
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