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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.
For this reason, the purpose of this TDoc is 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.
Discussion with respect to UE NTN GNSS acquisition
[bookmark: _Toc493127338]2.1	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



2.2	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:
· [bookmark: _GoBack]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.




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.
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