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1	Introduction
RAN agreed the SI – “Study on solutions evaluation for NR to support Non Terrestrial Network” in [1]. 
It has been identified in TR 38.811 that the UE positioning information is beneficial for uplink timing advance and random access in NTN in terms of Doppler compensation and delay compensation [2]. RAN3 also has raised the issue of positioning for country identification for NTN UEs [3]. In this contribution we have analysed additional NTN specific aspects where UE positioning information would be useful and share our views on the usefulness of having a local LCS client or LMF function at RAN.
2	Usefulness of UE positioning information for NTN use cases
In this section we highlight potential NTN use cases where the UE positioning information would be useful.
2.1 Delay compensation
In the random-access procedure, the gNB estimates the uplink transmission timing correction for the UE based on the random-access preamble transmitted and sends the correction data to the UE by random access response message; the UE adjusts its UL transmission time based on the received correction data.
In NTN, the timing advance (TA) correction for one UE could be divided into satellite specific common delay and UE specific differential delay, where the satellite specific common delay is known by predictable satellite motion and can be broadcasted to the UE; whereas the UE specific differential delay can be estimated based on the random-access preamble, and/or based on the UE positioning information. 
Observation 1: The UE specific differential delay in NTN can be estimated based on the random-access preamble and/or based on the UE positioning information.
In GEO scenarios, for a one beam footprint diameter of 1000 km and minimum elevation angle of 10, the UE specific differential delay could be up to 3.22ms which corresponds to 966 km. However, the maximum link distance that could be supported by the existing TA mechanism could vary between 300 km to 18.75 km depending on the sub-carrier spacing. Therefore, the existing TA mechanism during the initial access procedure should be revisited if the random-access preamble is used to support UE specific differential delay in NTN.
Observation 2: The existing TA mechanism during the initial access procedure should be revisited if the random-access preamble is used to support UE specific differential delay in NTN.
The UE positioning information can be derived at the UE by e.g. GNSS positioning method, or at the network based on UE measurements. Furthermore, the network can benefit from faster access to location information by having a local LCS client or LMF at the RAN.
As not all UEs support GNSS, it is proposed to study the mechanism of UE positioning information-based ToA in this SI for NTN. The ToA of one UE might be changed due to the relative motion of this UE and its serving satellite, where the speed of the UE is up to 1000 km/h, and the orbital speed of the serving satellite is up to [27000] km/h. Therefore, the UE positioning information-based ToA adjustment due to the relative motion of UE and satellite also can be studied.
Proposal 1: Study UE positioning based ToA and ToA change due to relative motion of UE and satellite.
2.2  Doppler compensation
The Doppler shift depends on the frequency band and the relative velocity of the transmitter and the receiver. Compared to terrestrial networks, the impact of Doppler shift and Doppler shift variation in LEO based NTN will be higher due to the satellite orbital motion. 
For example, in the LEO scenario with the earth fixed UE, the maximum Doppler shift can be ±24 ppm and the maximal Doppler variation rate can be ±0.27 ppm/s; as a result, the fast Doppler compensation appears to be a key issue for NTN [2]. 
Observation 3: Fast Doppler compensation appears to be a key issue for NTN.
The Doppler shift can be derived based on UE and satellite’s position and velocity. Consequently, it is possible for UE to adjust its frequency offset if it knows the position and velocity of satellite. Therefore, it is proposed to study UE positioning for the Doppler pre-compensation in NTN. 
Proposal 2: Study the use of UE positioning techniques in NTN for Doppler pre-compensation.

2.3  Mobility trigger
For GEO scenarios, large propagation delay and its impact on measurement configuration and reporting was identified as a key issue to address for NTN. 
Whereas for LEO scenarios, the impact of relative motion of UE and its serving satellite, UE and/or satellite velocity, large and varying propagation delay on validity of measurements and dynamic neighbour cell change were identified as some of the key issues to address for NTN.
In RAN2#105, it was agreed that ‘UE location and satellite ephemeris information would be beneficial’ to be considered as an additional input for accuracy of mobility triggers in case of NTN.
Further, large distance between satellite and the UE results in large path loss, thus operating at very low signal levels. 
Combination of above issues in NTN may increase the probability of HO and/or RL failures. The actual impact on the radio performance depends on UE location relative to satellite orbit; and both are time varying. 
One of the key aids to avoid long HO times to a new cell (NTN or TN) while reducing the risk of HO failure would be to use the UE location information as an additional trigger for HO preparation and execution.
Observation 4: One of the key aids to avoid long HO times to a new cell (NTN or TN) while reducing the risk of HO failure would be to use the UE location information as an additional trigger for HO preparation and execution.
Proposal 3: Study the use of UE positioning information to optimize HO preparation/execution time and reduce the risk of HO and/or RL failures.

2.4  Other potential use cases
In [3], country identification is one more use case identified where UE positioning information would be useful to identify right policies and charging rules.
Observation 5: UE positioning information is also useful in NTN for country identification to apply right policies and charging rules.
RAN1 specific further details related to the above aspects could be found in [4]
Considering the above listed NTN specific aspects where UE location information would be useful and given that NTN use cases and requirements are applicable for UEs with and without GNSS support; we see it beneficial to have local LCS client or LMF functionality at RAN.
Proposal 4: RAN2 to discuss and agree on the usefulness of having local LCS client or LMF function at RAN to support NTN scenarios and use cases.


3 Conclusion
In this contribution we have analysed NTN specific aspects where UE positioning information would be beneficial with the following observations and proposals:
Observation 1: The UE-specific differential delay in NTN can be estimated based on the random-access preamble and/or based on the UE positioning information.
Observation 2: The existing TA mechanism during the initial access procedure should be revisited if the random-access preamble is used to support UE specific differential delay in NTN.
Observation 3: Fast Doppler compensation appears to be a key issue for NTN.
Observation 4: One of the key aids to avoid long HO times to a new cell (NTN or TN) while reducing the risk of HO failure would be to use the UE location information as an additional trigger for HO preparation and execution.
Observation 5: UE positioning information is also useful in NTN for country identification to apply right policies and charging rules.
Proposal 1: Study UE positioning based ToA and ToA change due to relative motion of UE and satellite.
Proposal 2: Study the use of UE positioning techniques in NTN for Doppler pre-compensation.
Proposal 3: Study the use of UE positioning information to optimize HO preparation/execution time and reduce the risk of HO and/or RL failures.
Proposal 4: RAN2 to discuss and agree on the usefulness of having local LCS client or LMF function at RAN to support NTN scenarios and use cases.
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