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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 a task 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.




Furthermore the following agreements were made in RAN1#110 [3]
Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
- Multi-RTT
- DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study
In this contribution we describe why just using Multi-RTT/DL/UL-TDOA methods do not solve the problem sufficiently and discuss some direction for further studies
The problem
Positioning methods like multi-RTT, DL/UL-TDOA rely on triangulation and require at least 3 reference points. In general, one of the problems with triangulation methods is the general dillusion of precision, which requires a relative large separation of the measurement point. With the approach of using only a single satellite, the measurement samples that are available will be located on a single line which is described by the sattelites path during the fly-over. This reduction of the “space” when limiting to a single satellite monitoring will reduce the general accuracy. On top of this, the current main assumed methods of multi-RTT and DL/UL-TDOA will be solely based on a rough estimation of the round trip time between the UE and the satellite. Such estimation is relying on the propagation delay or round-trip delay being mapped into a distance travelled for the radio signal. Using distance as the general metric for determining the UE’s position within the network will cause the problem of “mirror images”, where two geographical points or areas will show the same physical characteristics when being observed from the satellite’s viewpoint. These two points or areas will be seen as symmetrical around the orbital plane during the fly-over.
This can be problematic when being used for determining or validating 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 is true. In other words a malicious UE can copy its location to the mirrorpoint on the other side of the orbital plane, since it already knows the expected flight path of the satellite from the serving satellite ephemeris information. 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 the approximate 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 buttom of the map.
Observation 1: Methods like multi-RTT, UL/DL-TDOA alone cannot distinguish between the mirror positions on either side of the orbital plane.
In the agreement from RAN1#110 it is mentioned that other methods for determining the UE’s position are not precluded, and in this connection it may tempting to use the UE reported location to differentiating between the two mirror points, but if a UE is deliberately reporting a falsified GNSS location, it would be relative simple for the UE to calculate the expected mirrorpoint and report this as the UE location. Hence, the UE reported location cannot be used for the UE location verification.
Proposal 1: the UE reported location cannot be used in the network based UE location estimation.
That means that some other information is required. This other information can be based on input from he UE, like measurements or network based measurements like angle of arrival at the satellite.
Proposal 2: RAN1 to consider other measurement approaches than current standardized methods (e.g., Multi-RTT and DL/UL-TDOA) to solve the network verified UE position problem..
Considerations
In the example below we show how UE measurements can be used to differentiate between the two mirror points for two different cases. The orbital plane is right in the middle of the 7 cells in the vertical direction. The cells have a 50 km diameter and a LEO satellite at 600 km is used. The two cases are as follows:
Case a: UE is 16.7 km away from the orbital plane
Case b: UE is 5.5km away from the orbital plane 
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a)                                b)
Figure 2 Illustration of the two setups (a and b) with one serving cell, a UE (red triangle) and movement due to satellite movement (red dashed line with arrow) for Earth moving cells. 
Figure 3 shows the ideal RSRP traces (no fading, no measurement errors) over time of the different cells for setup a and b. Looking at setup a) it can be seen that the cells on the right side (6,2,10) are stronger then the cells on the left side (7,3,11) whereas the difference is smaller for case b, as the UE is closer to the middle.
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a)                                b)
Figure 3 RSRP traces for setup a and b versus time.
Observation 2: UE neighboring cells measurements can be a good indicator of the UE location relative to the orbital line.
In general the following cases may be considered:
1. UE on or very close to the orbital line. The two mirror points are very close together (the distance between the points is less that 10 km apart, i.e. the UE position less that 5 km away from the orbital line), so no differentiation is needed, as the required accuracy is already reached.
2. UE is very far away from the orbital line, as in the situation where is associated to a cell which is not having coverage area intersecting with the orbital line. In that case the serving cell association may be used assiste do the differentiation for verification purposes.
3. UE is in between case 1 and case 2. This is the case where additional extra information is needed for validation purposes, so further studies should focus on this situation.

In particular the worst point to consider when neighboring cells are used is when the UE is 5.5 km away from the orbital line, as the neighboring cells are far away while the two mirrorpoint are separates by more than 10 km. This is like setup b) above. It should be noted that any inaccuracy in the specific positioning method should also be accounted when considering the minimum needed separation from the orbital line. That is, if e.g. Multi-RTT based method will determine the UE position with an accuract relative to the orbital plane of +/- 1 km, the associated mirror point/area algorithm need to take this into account and further increase the requirements of the separation algorithm (by reducing from 5.5 km to 4.5 km in this example)
Proposal 3: RAN1 to consider to combine UE neighbor measurements to solve the ambiguity between mirror points.

Conclusion
In this contribution, we made the following observation and proposals:
Observation 1: Methods like multi-RTT, UL/DL-TDOA alone cannot distinguish between the mirror positions on either side of the orbital plane.
Observation 2: UE neighboring cells measurements can be a good indicator of the UE location relative to the orbital line.
Proposal 1: the UE reported location cannot be used in the network based UE location estimation.
Proposal 2: RAN1 to consider other measurement approaches than current standardized methods (e.g., Multi-RTT and DL/UL-TDOA) to solve the network verified UE position problem..
Proposal 3: RAN1 to consider to combine UE neighbor measurements to solve the ambiguity between mirror points.
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