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1	Introduction
In RAN#94e a new work item on NR NTN (Non-Terrestrial Networks) enhancements was approved [1]. This Wi was further revised during RAN#96 [2]. Among the objectives of the work item, there is to specify enhancing features to Rel-15, 16 & 17’s NR radio interface & NG-RAN and, in particular for Network verified UE positioning, the objective description is as follows:
	4.1.3	Network verified UE location


[bookmark: _Hlk89953816]Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].

[bookmark: _Hlk86407450][bookmark: _Hlk102684345]RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.




At RAN2#119 the following decisions have been made [2]:

Agreements:
1. The UE location information is considered verified if the reported GNSS position is consistent with the network based assessment to within 5-10 km (similar to terrestrial network macro cell size) (it is assumed that there is no RAN2 spec impact due to this)
1. RAN2 should consider, as starting point, the re-use of the LCS framework of the LMF network for the network verification procedure. Send an LS to SA2 indicating RAN2 assumption on this
1. The network verification of the UE reported location may combine one or several 3GPP defined RAT dependent positioning methods (e.g. Multi RTT, DL/UL-TDOA, DL-AoA, NR E-CID, etc.).


In this paper we outline our further views regarding Rel-18 Network verified UE position.
2	Discussion
As to verify the position of the UE, it is needed for the network to provide an assessment on where the UE is located. This is also discussed in the RAN2#119 post-meeting email discussion, leading to the proposal that the network shall be able to compute a possible UE location with uncertainty area independently from the location reported by the UE. Hereby, it is possible for the network to implement a method to verify the consistency of the reported location.
Observation 1: Ensuring the validity of the UEs reported location should be done by verifying based on a network based position estimate.
Positioning methods like multi-RTT, DL/UL-TDOA rely on triangulation and require at least 3 reference points. The problem when using one satellite is that the three points are on a single orbit, i.e. on a single line. This will lead to two potential position points or areas.
This can be problematic when being used for determining for example the location of a UE in a country as can be seen in the examples in Figure 1. In the Figures an area of south Denmark and the Northern part of Germany can be seen with different orbits (yellow lines). The real location of the UE is the blue star (in Denmark). The green and red stars are the points which also are found when using any of the above-mentioned positioning methods and the network does not know which one the one is true. In other words, a malicious UE can copy its location to the mirror-point on the other side of the orbital plane. In the examples below 3 of those are in another country (Germany, the green points), while one (the red point) is still in the same country (Denmark).
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Figure 1 examples of the real location (blue star) and mirror points (green and red points) in case of multi-RTT and UL/DL-TDOA. Country boarder is marked with yellow thin line 4-5 grid lines from the bottom of the map.
In general, the following cases can be differentiated:
1. UE on or very close to the orbital line. The two mirror points are very close together (the distance is less than 10 km apart), so no differentiation is needed, as the required accuracy is already reached.
2. The UE is further away, and more information is needed

Using the UE reported location to differentiate between the two mirror points would be the easiest solution, but it is relatively simple for a UE to calculate the mirror point together with a fake GNSS based location and as the intended usage for the verification procedure is to ensure consistency of the reported location, this should not be used.
Proposal 1: The UE reported location cannot be used in the network-based UE location estimation.
That means that other information is required, e.g. it can be based on input from the UE, like measurements or network based measurements like angle of arrival at the satellite. As of the above, to ensure the validity can be calculated with enough accuracy the network should be able to control the verification procedure in terms of i.e., number of required network and/or UE measurements in case the UE is placed further away from the orbital line. Through this control, the network should be able to ensure the requirement(s) for the uncertainty area to be calculated with enough precision to verify the results, by triggering more measurements if required.
Observation 2: The precision of the network position estimate is based on the quality and/or quantity of the measurements obtained.
Observation 3: The network should have the ability to at least partially control/configure the measurement procedure used for the UE position verification procedure.
Although the methods of calculation should be discussed in RAN1, it should be up to RAN2 to determine i.e. which entity should trigger more measurements/information e.g. whether it to be RAN or AMF. As the network based UE verification can involve multiple RAN units, the logical place would be the AMF.
Proposal 2: The AMF should be responsible for triggering of more measurements /information to be used for network verified UE location.
Also the procedures required should be discussed by RAN2 i.e. whether the network should be able to request a new set of measurements, or whether the measurement procedure should be periodically repeated until stopped by the network. 
Proposal 3: RAN2 to discuss the request procedures for more measurements/information to be used for network verified UE location.
4	Conclusion
The following observations and proposals have been made in this paper:
Observation 1: Ensuring the validity of the UEs reported location should be done by verifying based on a network based position estimate.
Proposal 1: the UE reported location cannot be used in the network-based UE location estimation.
Observation 2: The precision of the network position estimate is based on the quality and/or quantity of the measurements obtained.
Observation 3: The network should have the ability to at least partially control/configure the measurement procedure used for the UE position verification procedure.
Proposal 2: The AMF should be responsible for triggering of more measurements /information to be used for network verified UE location.
Proposal 3: RAN2 to discuss the request procedures for more measurements/information to be used for network verified UE location.
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