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1 Introduction
At the RAN#86 meeting, upon successful completion of the “Study Item on NR support non-terrestrial network” [1], the corresponding work item was approved [2]. The following justification has been given on NTN-network based UE location:
· Study activity on NTN scenarios addressing
· […]

· NTN-network based location of UE (for regulatory services): identify possible solutions 

The WID objectives for RAN2 NTN-network based UE location are recalled hereafter:
The following control plane procedures enhancements should be specified (see TR 38.821)
· […]

· Identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3]

In RAN2#111-e meeting, discussions on Rel-17 NR NTN took place. The following agreement on reference scenarios related to positioning method was reached:

· […]

· In Rel-17, only UEs with GNSS capabilities are supported
In this document, we discuss:

· Proposition of use case of positioning for NTN to be consider for Rel-17
· Analyse the need to introduce network based UE positioning in Rel-17
· Proposition of a method to be down selected
2 Discussion
In the justifications for the WI [2], regulatory services were listed as application of LCS within NTN. However, the list is not exhaustive. Among usages of positioning for NTN, we recommend to align with SA2 in [3] which considered 2 following use cases:
1. Mandatory registration of UE accessing over satellite and charging and operation aspects of NTN such as personalizing services, routing traffic, defining roaming and billing policies
2. Regulatory service use cases such as Public Warning System (PWS), lawful interception (LI) and emergency services (EMS). 

For mandatory registration of UE accessing over satellite and charging and operation aspects of NTN, it is essential to determine the country in which the UE is located so that, the services can be provided by the relevant service provider as mentioned in [4], draft CR agreed for [5]. 
For regulatory services, the accuracy shall be comparable to the information provided for terrestrial network. The feature of being able to locate the UE is essential for NTN to comply with the national regulations in order to obtain a license to operate. For this purpose, [6] emphasized the importance of extending the LCS capabilities onto NTN as extracted bellow.
“SA3-LI thanks SA2 for a timely consideration of the LI aspects in designing candidate solutions to the key issues of the study.

In principle, SA3-LI have no objections to the approaches emulating terrestrial cellular networks topologies (cells, tracking areas) to support network access and mobility for a satellite UE.

However, SA3-LI want to emphasize the fundamental LI requirements to be met by any of those approaches:

-
The logical location information (Cell ID) shall be reliable, i.e. network-provided or network-verified.

-
The logical location shall unambiguously map to the geographical area of the UE physical location. Granularity of such geographical areas needs to be able to provide network location accuracy comparable with terrestrial networks.

-
Any solution shall support the ability to enforce the use of a Core Network of PLMN in the country where the UE is physically located. The enforcement needs to also include cross-border service continuity scenarios.

Furthermore, SA3-LI would like to point out that any solution addressing extraterritorial (e.g. international maritime zone and aeronautical) use cases should provide means to notify the HPLMN on roaming in and out of those areas, including the cases when the serving PLMN has not changed.

SA3-LI would also like to emphasize the importance of extending the LCS capabilities onto the non-terrestrial networks.”

Observation 1: The UE location is essential for NTN to operate. This requires to be able to determine the position of the UE with sufficient accuracy through trusted means.

Unfortunately, the GNSS position reported by the UE cannot be trusted by the network operators because the UE GNSS location may be intentionally manipulated by the user or may be subject to impairments, such as spoofing or jamming [7]. And hence, the network shall have the capability to verify the reported GNSS location or determine the UE position in an independent manner.
Observation 2: The GNSS position reported by the UE cannot be trusted by the network operators because the UE GNSS location may be intentionally manipulated by the user or may be subject to impairments, such as spoofing or jamming.
For all these reasons, it is therefore mandatory to identify potential issues associated to the use of the existing Location Services (LCS) application protocols to locate UE in the context of NTN and specify adaptations if any [RAN2/3] to be addressed as part of the Rel-17 WI NR-NTN-solutions.
Proposal 1: RAN2 to provide a mean to verify the reported GNSS location or determine the UE position in an independent manner.
The table 4.3.1-1 from V16.0.1 of TS 38.305 [8] lists all the different possible positioning methods for Rel-16.
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Method UE-based UE-assisted, NG-RAN node
LMF-based assisted

A-GNSS Yes Yes No Yes (UE-based and UE-assisted)
OTDOA Notel, Note 2 No Yes No Yes (UE-assisted)
E-CID Note4 No Yes Yes Yes for E-UTRA (UE-assisted)
Sensor Yes Yes No No
WLAN Yes Yes No Yes
Bluetooth No Yes No No
TBS Notes Yes Yes No Yes (MBS)
DL-TDOA Yes Yes No No
DL-AoD Yes Yes No No
Multi-RTT No Yes Yes No
NR E-CID No Yes FFS No
UL-TDOA No No Yes No
UL-AcA No No Yes No
NOTE 1: This includes TBS positioning based on PRS signals.
NOTE 2: In this version of the specification only OTDOA based on LTE signals is supported.
NOTE 3: Void
NOTE 4: This includes Cell-ID for NR method.
NOTE 5: In this version of the specification only for TBS positioning based on MBS signals.
NOTE 6: Void

Sensor, WLAN, Bluetooth, and TBS positioning methods based on MBS signals are also supported in standalone mode,
as described in the corresponding clauses.




Figure 1: Table of supported UE positioning methods from TS 38.305 [8]
The listed methods were analysed and classified into 3 categories in as extracted bellow.

 “1.
Positioning methods from previous releases based on LTE signals, e.g. up to Rel-15: OTDOA, E-CID;

2.
Positioning methods (RAT-independent techniques) based on external systems/sensors and network assistance: A-GNSS, Sensor, WLAN, Bluetooth, TBS

3.
Positioning methods based on NR signals for Rel-16: DL-TDOA, DL-AoD, Multi-RTT, NR E-CID, UL-TDOA, UL-AoA;”
Among network based UE location methods, the Multi-RTT method as specified in Rel-16 and extracted from [8] is an efficient method in both verification of the reported GNSS location and determination the UE position in an independent manner.  
“4.3.11
Multi-RTT positioning

The Multi-RTT positioning method makes use of the UE Rx-Tx measurements and DL PRS RSRP of downlink signals received from multiple TRPs, measured by the UE and the measured gNB Rx-Tx measurements and UL SRS-RSRP at multiple TRPs of uplink signals transmitted from UE.
The UE measures the UE Rx-Tx measurements (and optionally DL PRS RSRP of the received signals) using assistance data received from the positioning server, and the TRPs measure the gNB Rx-Tx measurements (and optionally UL SRS-RSRP of the received signals) using assistance data received from the positioning server. The measurements are used to determine the RTT at the positioning server which are used to estimate the location of the UE.

The operation of the Multi-RTT positioning method is described in clause 8.10.”
Indeed, the RTT measurement of the UE is also served for UE synchronisation and verified by the network in a closed loop. So the network shall be able to detect if this measurement is falsified. In the Multi-RTT positioning method, the UE position is estimated based on several RTT measurements.
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Figure 2: UE position is estimated based on several RTT measurements
Hence, in a NTN system with LEO, the network shall use the RTT measurements to determine the UE position and to verify the GNSS location reported by the UE or to detect if the UE position is being manipulated by a third party. This solution can highly increase the robustness of existing UE positioning method.
Proposal 2: RAN2 to consider the use of Multi-RTT for UE Positioning in NTN system with LEO. FFS for GEO scenario.
3 Summary

The following observations and proposals are described in this document:

Observation 1: The UE location is essential for NTN to operate. This requires to be able to determine the position of the UE with sufficient accuracy through trusted means.

Observation 2: The GNSS position reported by the UE cannot be trusted by the network operators because the UE GNSS location may be intentionally manipulated by the user or may be subject to impairments, such as spoofing or jamming.
Proposal 1: RAN2 to provide a mean to verify the reported GNSS location or determine the UE position in an independent manner.
Proposal 2: Proposal 3: RAN2 to consider the use of Multi-RTT for UE Positioning in NTN system with LEO. FFS for GEO scenario. 
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