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1	Introduction 
The service link between a LEO NTN cell and a connected UE can experience a significant Doppler shift, depending on the velocity LEO NTN cell relative to the UE location. It is essential to compensate the frequency offsets due to the Doppler shifts for signals transmitted through the service link to be received successfully by the receiver. For UL transmission, the UE is required to estimate the frequency Doppler shift of the service link, and autonomously pre-compensate for it in the uplink transmissions [1]. In this paper, we discuss how RAN5 should design test cases to verify the frequency pre-compensation capability of a NR UE supporting satellite access operation.

2	Discussion 
2.1	Requirements
The core requirement of frequency pre-compensation of a NR UE supporting satellite access operation is defined in [1] and [2]. Clause 16.14.2.2 in [1] says:

“The UE shall compute the frequency Doppler shift of the service link, and autonomously pre-compensate for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have a valid GNSS position and/or valid ephemeris and Common TA, it shall not transmit until both are regained.

In connected mode, the UE shall be able to continuously update the Timing Advance and frequency pre-compensation.”

Clause 6.4.1 in [2] says:

“The NTN satellite UE basic measurement interval of modulated carrier frequency is 1 UL slot. The NTN satellite UE pre-compensates the uplink modulated carrier frequency by the estimated Doppler shift according to 3GPP TS 38.300 [9] clause 16.14.2. The mean value of basic measurements of NTN UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to ideally pre-compensated reference uplink carrier frequency. 

[NOTE:	The ideally pre-compensated reference uplink carrier frequency consists of the UL carrier frequency signalled to the UE by SAN and UL pre-compensated Doppler frequency shift. For the test case, the location of the UE is explicitly provided to the UE from the test equipment.]

Requirement will be verified for at least two cases of which one has zero Doppler conditions.”

Observation 1: Unlike the frequency error test in 6.4.1 of 38.521-1 for terrestrial networks, frequency error tests in 6.4.1 of 38.521-5 needs to verify the UE capabilities to estimate the potentially large frequency offsets and pre-compensate the UL transmission with the estimated frequency offsets.

Observation 2: UE performing frequency pre-compensation in a NR NTN network requires GNSS position and ephemeris in order to estimate the frequency offset.

Observation 3: To test the UE frequency pre-compensation function, the location of the UE can be explicitly provided to the UE from the test equipment. Therefore it is not necessary to incorporate GNSS setup in the test environment.

Proposal 1: For all NTN tests, ephemeris information and common TA shall be specified and transmitted by the test equipment. The UE location shall be explicitly provided to the UE from the test equipment, thus no need to include GNSS setup in the tests.

Proposal 2: For the frequency error test in 6.4.1 of 38.521-5, the UE location and the ephemeris information should be carefully selected, so that the resulting Doppler frequency is intended for the frequency error tests.

In addition to the frequency error test in 6.4.1, other Tx tests in section 6 include Tx power tests (6.2), output power dynamics tests (6.3), and output RF spectrum emission tests (6.5). Tx power and output power dynamics should not be impacted by frequency pre-compensation. Frequency pre-compensation of large Doppler shift may shift the emissions mask, impacting the test procedure of some spectrum emission tests. To keep the spectrum emission tests simple, the tests can be configured with zero Doppler shift as non-zero Doppler shift only shifts the emission mask and should not change the shape of the emission mask.

Proposal 3: Only the frequency error test in 6.4.1 of 38.521-5 needs to be designed with non-zero Doppler shift. Other Tx tests in 38.521-5 can be specified with zero Doppler shift for simplicity.

2.2	Selection of specific Doppler shifts for testing
Maximum Doppler shifts assuming fixed UE can be up to 24 ppm when the satellite altitude is 600 km and 21 ppm when the satellite altitude is 1200 km [3]. To verify that UE modulated carrier frequency is within ± 0.1 PPM compared to ideally pre-compensated reference uplink carrier frequency, the UE location and the ephemeris information need to be specified such that ideally pre-compensated UL carrier frequency is known beforehand. As described above, the frequency error requirement should be verified for at least two cases of which one has zero Doppler conditions. In addition to the zero Doppler case, the other case can be selected to have the maximum Doppler, i.e., 24 ppm and a medium Doppler, e.g., 10 ppm, in order to test UE’s capability to 1) correctly calculate different frequency offsets based on UE location and ephemeris information and 2) pre-compensate UL signals with different frequency offsets.

Proposal 4: To verify UE frequency pre-compensation, we can test 3 values of Doppler shifts: 0 ppm (low), 10 ppm (medium), and 24 ppm (high) in 6.4.1 of 38.521-5.

Ephemeris information and UE locations need to be decided carefully in order for UE to estimate the expected Doppler shifts. Note that ephemeris information sent to UE can be expressed in one of two forms as described in [4]:

“The IE EphemerisInfo provides satellite ephemeris. Ephemeris may be expressed either in format of position and velocity state vector in ECEF or in format of orbital parameters in ECI.”

Position and velocity state vector in ECEF includes the following parameters:
1. positionX-r17
2. positionY-r17
3. positionZ-r17
4. velocityVX-r17
5. velocityVY-r17
6. velocityVZ-r17
Orbital parameters in ECI includes the following parameters:
1. semiMajorAxis-r17
2. eccentricity-r17
3. periapsis-r17
4. longitude-r17
5. inclination-r17
6. meanAnomaly-r17
For UE supporting capability uplinkPreCompensation-r17, the UE capability does not distinguish which ephemeris format that the UE should support in [5]. Therefore it is assumed that the UE needs to estimate the frequency offsets based on either form of ephemeris information. With that in mind, both forms of ephemeris information should be used in testing.
Proposal 5: The frequency error tests in 6.4.1 of 38.521-5 should include different test scenarios where both forms of ephemeris information are used for testing respectively. 


Summary
In this contribution, we evaluate the requirements on UL frequency offset pre-compensation for UE supporting satellite access operation as described in [1] and [2]. Based on the evaluation, we have the following observations regarding how to design the frequency error tests in 6.4.1 of 38.521-5:

Observation 1: Unlike the frequency error test in 6.4.1 of 38.521-1 for terrestrial networks, frequency error tests in 6.4.1 of 38.521-5 needs to verify the UE capabilities to estimate the potentially large frequency offsets and pre-compensate the UL transmission with the estimated frequency offsets.

Observation 2: UE performing frequency pre-compensation in a NR NTN network requires GNSS position and ephemeris in order to estimate the frequency offset.

Observation 3: To test the UE frequency pre-compensation function, the location of the UE can be explicitly provided to the UE from the test equipment. Therefore it is not necessary to incorporate GNSS setup in the test environment.

With these observations, ephemeris information formats in [4], and the maximum Doppler values in [3], we make the following proposals to be considered in NTN UE Tx test definitions, in particular the frequency error tests to be added in 6.4.1 of 38.521-5.

Proposal 1: For all NTN tests, ephemeris information and common TA shall be specified and transmitted by the test equipment. The UE location shall be explicitly provided to the UE from the test equipment, thus no need to include GNSS setup in the tests.

Proposal 2: For the frequency error test in 6.4.1 of 38.521-5, the UE location and the ephemeris information should be carefully selected, so that the resulting Doppler frequency is intended for the frequency error tests.

Proposal 3: Only the frequency error test in 6.4.1 of 38.521-5 needs to be designed with non-zero Doppler shift. Other Tx tests in 38.521-5 can be specified with zero Doppler shift for simplicity.

Proposal 4: To verify UE frequency pre-compensation, we can test 3 values of Doppler shifts: 0 ppm (low), 10 ppm (medium), and 24 ppm (high) in 6.4.1 of 38.521-5.

Proposal 5: The frequency error tests in 6.4.1 of 38.521-5 should include different test scenarios where both forms of ephemeris information are used for testing respectively.

4 References
3GPP TS 38.300, V17.4.0 (2023-03) 
3GPP TS 38.101-5, V18.1.0 (2023-3)
3GPP TR 38.821 V16.2.0 (2023-03)
3GPP TS 38 331 V17.4.0 (2023-03)
3GPP TS 38.306 V17.4.0 (2023-03)

2

1


