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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 was written in the FL Summary from RAN1 #110-bis-e [2]:
	FL Recommendation: 
For the evaluation of Multi-RTT positioning method for Network verified UE location with single satellite, RAN1 will revisit/update the observation 1 in RAN1#111 in order to conclude on the feasibility of the method. 
Companies are encouraged to provide:
· Further evaluation results taking into account satellite movement between TX and RX measurements and timing measurement errors.
· Details on RTT measurement/determination in NTN: How RTT is determined? Whether TA report of an SRS transmission would be required for RTT measurement?
· Inputs on the impact of measurement geometry on location accuracy: 
· Check whether position error depends on the relative geometry between the UE and the satellite positions ( used as anchor points for the positioning): 
· Check whether there is a positioning estimation handicap zone: close to the orbit plane the estimation accuracy may be remarkably impacted.
· Technique (s) to resolve ambiguity of the mirror image position 
· Inputs on the applicability of the method in case of Earth Fixed cell/Earth moving cell




	FL Recommendation:
Companies are encouraged to provide inputs on Network verified UE location based on TA reporting to RAN1#111:
· Whether  TA report (or any information the UE supplies to the network which is derived by the UE based on its GNSS ) could be used as standalone method or combined with other techniques for  Network verified UE location procedure.
· If TA/UE specific TA report is used as part of the method for Network verified UE location procedure, is it needed to verify the integrity/trustworthy of this reported TA itself? And how?




	FL Recommendation:
On the evaluation of the uplink angle-based positioning: Different defects may affect the angle estimation such as satellite beam pointing error, phase noise and defects due to all transformations (or operations) applied on the signals, from antenna elements on board to the receiving base station on the ground.  Companies are encouraged to evaluate the accuracy of AoA methods by considering these aspects and provide inputs to next RAN1 meeting



	RAN1 to further study the appropriate NR E-CID measurements that combined could be used to verify the location of the UE. These may include (but not limited to):
· UE reported measurements: 
· FFS: UE specific Timing Advance 
· FFS: Doppler calculated on the service link,  
· SS-RSRP, SS-RSRQ, CSI-RSRP and CSI-RSRQ. 
· For a VSAT UE beam pointing in respect to satellite beam line of sight.
· gNB measurements: 
· UL Angle of Arrival (azimuth and elevation)
· RTT calculation:
· UE Rx-Tx time difference measurements of downlink signals
· gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE



In this contribution we repeat why only using Multi-RTT/DL/UL-TDOA methods will not solve the problem sufficiently and discuss some alternatives.
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.
Observation 1: Methods like multi-RTT, UL/DL-TDOA alone cannot distinguish between the mirror positions on either side of the orbital plane and other input is required.
Considerations
UL AoA
UL AoA is one of the methods which can indicate in which of the mirror points the UE is located. In order to do the AoA requires a certain accuracy. As the required accuracy is 5-10 km and the mirrorpoints are located on different sides of the orbital plane, the minimum angle between the two mirror points can be calculated by setting distance d in Figure 2 to the required accuracy.
[image: ]
[bookmark: _Ref117684090]Figure 2 Illustration of angle between mirror points

The numbers can be seen in Table 1 for different heights. Also the maximum error if 100% accuracy is required for the 5 and 10 km cases. 
[bookmark: _Ref117684134]Table 1 Maximum accuracy error and required angular resolution (θ) for different LEO heights for d=5 and 10 km
	Satellite height
	Θ (5 km)
	Θ (10 km)
	Maximum error (1/2 θ) for 10 km
	Maximum error (1/2 θ) for 10 km

	600 km
	0.478 degrees
	0.955 degrees
	0.239 degrees
	0.477 degrees

	1500 km
	0.191 degrees
	0.382 degrees
	0.086 degrees
	0.191 degrees



Proposal 1: RAN1 to set the required uplink AoA accuracy to the values in Table 1.
RSRP measurements, past cells
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 

[image: ] [image: ]
a)                                b)
Figure 3 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 4 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 separated 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 2: RAN1 to consider to combine UE neighbor measurements to solve the ambiguity between mirror points.
One counter argument for using the RSRP measurements as proposed above is that this creates extra overhead for the reporting. However the signalling can be compressed as what matters is the relationship between cells on the line pendicular to the orbital line
Proposal 3: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.
Uncompensated Mode
Due to UE precompensation in both time and frequeny the network cannot directly use any UL signals from the UE, since the signal transmitted by the UE is precompensated to be aligned at the reception point in the network side. Therefore, if the network is expected to apply methods which are based on the uplink timing or the uplink frequency extra information, such methods will only be applicable if they are receiving additional input related to the applied pre-compensation by the UE. However, such information is potentially also subject to tampering (either deliberate or by malicious behavior), and would hence not be trustworthy. 
One option to circumvent this potential tampering of the UL signals would be to force the UEs to send their signal uncompensated such that the network can use the received directly to validate the UE’s position (by comparing the physical properties of the received signal (delay and frequency offset) to the expected properties that would be observed if the UE is actually at the position that has been reported to the network. At the same time such a scheme would be simple to test when it comes to the test requirements as any related accuracy would come automatically from the transmission requirements which are defined by RAN4.
Proposal 4: RAN1 to study how to uncompensated uplink signalling can be used for position verification.

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 and other input is required.
Observation 2: UE neighboring cells measurements can be a good indicator of the UE location relative to the orbital line.
Proposal 1: RAN1 to set the required uplink AoA accuracy to the values in Table 1.
Proposal 2: RAN1 to consider to combine UE neighbor measurements to solve the ambiguity between mirror points.
Proposal 3: RAN1 to study how to reduce the signalling overhead for the reporting of neigbor signal level relationships.
Proposal 4: RAN1 to study how to uncompensated uplink signalling can be used for position verification.
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