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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
This document introduces UE positioning in legacy satellite communication systems.
1. UE positioning in NTN
In legacy satellite communication, the objective of UE network positioning is to determine the geographical position of the UE based on time and frequency measurements on the User Link. UE positioning will be provided with a maximum location error (typically < 10km) and a maximum location determination time (typical values < 30 seconds for 90% of the users with 90% cofindence).
Use cases
There are two use cases on which UE positioning is used:
· Geo-location for access control
· Required to manage access requests
· To access the network, information used for geo-location are carried in the access request sent by the UE to the satellite, and propagated to the home gateway. UE geo-location is estimated by the network. On the basis of this geo-location, the network grants or not the access to satellite services based on the UE location, service provider and requested service. The network returns the access decision notification to the UE via the satellite.
· Geo-location data to user service
· Information used for geo-location data is sent to the gateway and processed to estimate SE geo-location in the same way as for Access Control. Geo-location information is then provided to the UE by the Gateway. 


Service architecture
The geo-location service is supported by the network on the basis of information provided by the UE, the satellite and Satellite Control System:
· DTOA (Differential Time of Arrival) and DFOA (Differential Frequency of Arrival) are measured on the user link bursts between the UE and the satellite. These measurements will be part of the PRACH procedure.
· Propagation delays and frequency shifts (along with tie and beam information) are sent to the network by the satellite to estimate the position of the UE.
· Updated satellite ephemeris are also regularly sent to the network by the Satellite Control System.
· The network geo-location algorithm returns a location along with an error probability which if too large, will trigger the network to request additional measurements from the UE.
For UEs with no GNSS system, the NTN could be able to perform UE location with an accuracy location error of 10 km (3 sigma). This accuracy could be considered sufficient for NR cell selection and reselection procedures.
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[bookmark: _Ref12000007]Figure 1 Legacy satellite communication systems geo-location architecture

Observation 1: legacy satellite communication systems provide geo-location procedures as part of the access and registration process. This process is based on propagation delay measurements, frequency shifts, beam information and satellite ephemeris. The maximum error that can be achieved for UE location without GNSS is 10 km.
Proposal 1: RAN2 is kindly asked to consider the UE location mechanisms supported in legacy satellite communication systems as a baseline solution for NTN UE network positioning with a maximum distance accuracy of 10 (TBC) km in less than 30 (TBC) seconds. The exact NTN UE location mechanism would be implementation dependent.

1. Conclusions
Observation 1: legacy satellite communication systems provide geo-location procedures as part of the access and registration process. This process is based on propagation delay measurements, frequency shifts, beam information and satellite ephemeris. The maximum error that can be achieved for UE location without GNSS is 10 km.

Proposal 1: RAN2 is kindly asked to consider the UE location mechanisms supported in legacy satellite communication systems as a baseline solution for NTN UE network positioning with a maximum distance accuracy of 10 (TBC) km in less than 30 (TBC) seconds. The exact NTN UE location mechanism would be implementation dependent.
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