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1 Introduction
In RAN#96e [1], the revised WID on NR NTN enhancements was endorsed. For procedural reasons, the objective on Network verified UE location for NR NTN was moved to a separate SID in [2]. The objective of the study phase is mentioned below:
	· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing) (at RAN plenary, from RAN#95 to RAN#96).
· Including further clarification on network (*) verified UE location and its relationship to network-based positioning
(*) This refers to Non-Terrestrial Network. However Terrestrial Network assistance information may be used if available



The outcome of the study phase was a new TR 38.882. The following recommendation were made in Section 5 of TR 38.882 [3]:
	In this study, we have identified the need to define a network based solution which aims at verifying the reported UE location information.
The verification should be performed independently from the location information reported by UE.
The UE location information for the study is considered verified if the reported UE location is consistent with the network-based assessment to within 5-10 km (similar to terrestrial network macro cell size), enabling country discrimination and selection of an appropriate core network in order to support all the regulatory services (i.e., emergency call, lawful intercept, public warning, charging/billing).
The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
The study in [RAN2, RAN1, RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:
· The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.
· Multiple satellite (or HAPS) in view by the UE may be considered if time allows
· Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning
· Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded
· [bookmark: _Hlk110526138]When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.
· Solutions using existing NG-RAN architecture and procedures shall be considered
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].
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.



In the following section we discuss some major potential solutions and their relative merits.

2 Discussion
2.1 Potential solutions for network verified UE location for NR NTN 
There are several existing 3GPP defined RAT dependent positioning methods that can be considered for network verified UE location for NR NTN. We discuss these below:
· Physical Cell Identity: This is the simplest method for network-based UE location verification. In cellular, the network assumes the UE is within the cell where it connects to send the UE location report. If the reported UE location is consistent with the geographical are covered by the cell as identified by the Physical Cell Identity, then it is considered to be verified. The accuracy of the PCI method for the verification depends on the cell size. Typically cell sizes of a few hundred meters to a few km can be deployed. This method is not suitable for very large cells of several hundred km in NTN. 
· [image: ]OTDOA: The difference of each neighbour cell ToA and reference cell ToA defines a hyperbola within which the UE may be located. If at least 3 neighbour cells are used, plus a reference cell, the point at which the hyperbols intersect determines the UE location. The measurements for OTDOA in connected UE are based on Reference Signal Time Difference (RSTD) intra-frequency or inter-frequency measurements using Positioning Reference Signals (PRS). 


     Figure 1: OTDA Method for Positioning

· [image: ]UTDOA: This method illustrated in Figure 2 requires a Timing of Arrival (ToA) of a reference serving cell and the ToAs of several cells measured at the eNBs. The difference of each neighbour cell ToA and reference cell ToA defines a hyperbola within which the UE may be located. If at least 3 neighbour cells are used, plus a reference cell, the point at which the hyperbols intersect determines the UE location. The measurements for UTDOA are based on request of Sounding Reference Signals (SRS) transmitted by the connected UE. 
                         

       Figure 2: UTDA Method for Positioning
Since the recommendations in TR 38.888 do not preclude different solutions or positioning methods for NGSO, GSO or HAPS, we further consider multiple RTT method.
· Multiple RTT:  
[image: ]This method illustrated in Figure 3 requires RTT between UE and a single satellite to be determined at different times. The RTTs could be determined in two ways: 
1. UE using its location and the satellite ephemeris to calculate the UE-specific TA at time t0, t1, t2, t3 and reporting these to the network.  
2. gNB configures UE with SRS resources and requesting UE to transmit SRS at t0, t1, t2, and t3.

                     Figure 3: Multi-RTT Method for Positioning
2.2 Analysis
In LTE and NR, OTDOA method and UTDOA method can meet the FCC 911 regulatory requirements for positioning accuracy for emergency services within 50 m for 67% of UEs and 150 m for 95% of UEs. For network-based UE location verification, a much coarser accuracy within 5-10 km should be sufficient as recommended in TR 38.888. However, OTDOA and UTDOA methods are not suitable for scenarios where a single satellite is in coverage of a UE as could be expected in GEO and for some LEO and MEO constellations with discontinuous coverage or with large cell diameters of several hundred km.
Multiple-RTT method can be used in multi-satellite or single satellite for LEO and MEO satellite constellations. It can be used for GEO with some compromise where the UE location may be verified within a contour delimited by the UE-specific RTT to GEO satellite. This method can be extended to multiple satellites if there were some potential benefits for lower processing delay and higher accuracy for example for GEO satellites. The multiple-satellite scenario should be first discussed as it is unclear whether there would be enough satellites in visibility of the UE.
The UE can calculate ahead the satellite position using its own GNSS position and satellite ephemeris with an accuracy of a few meters. The multiple-RTT method with a single satellite using prediction of the satellite position by the UE can be expected to be the most accurate and simplest method compared to the other potential solutions as it does not rely on measurements and are not sensitive to very low SNR conditions. It is sufficient if the UE can decode SIB19 with the satellite ephemeris. The UE is assumed to have a valid GNSS. The network can verify that the reported GNSS position and the reported UE-specific TA reports are consistent with the satellite trajectory over the verification period. It is very unlikely that the UE-specific TA reports can be faked in a way consistent with a faked UE GNSS report and a valid satellite trajectory over the verification period that could be in the order of a few seconds.  Note that the multiple-RTT method with UE transmission of SRS to multiple satellites over a verification period is similar in principle to UTDOA.
We summarize benefits and drawbacks of each potential solution in Table 1 below:
Table 1: Relative Merits of Different Methods
	Method
	Single satellite
	Multi satellites
	Accuracy

	OTDOA
	No
	Yes
	Depend on SNR

	UTDOA
	No
	Yes
	Depend on SNR

	Multiple RTT- UE-specific TA reports
	Yes
	Yes
	Best, does not depend on SNR

	Multiple RTT - SRS
	Yes
	Same as UTDOA
	Depend on SNR



Observation 1: Multiple-RTT method, using prediction of the satellite position by the UE, is expected to be an accurate and the simplest method compared to the other potential solutions, as it does not rely on measurements and are not sensitive to very low SNR conditions. 
Observation 2: Network can verify that the reported GNSS position and the reported UE-specific TA reports are consistent with the satellite trajectory over the verification period. 
Observation 3: Multiple-RTT method with UE-specific TA reports in multiple satellite scenarios can be de-prioritized as it is unclear whether there would be a sufficient number of satellites in visibility of the UE.
Observation 4: Multiple-RTT method with UE transmission of SRS in multiple satellite scenarios is similar to UTDOA.
Observation 5: UE-specific TA report is supported in Release 17 and does not require any additional signalling.
Proposal 1: Multiple-RTT method with UE using its location and the satellite ephemeris to calculate and report the UE-specific TA to the network at different times over a verification period of a few seconds is the baseline for network-based UE location verification.

3 Conclusion
In this contribution, the following proposals were made as follows
Observation 1: The multiple-RTT method with a single satellite using prediction of the satellite position by the UE can be expected to be the most accurate and simplest method compared to the other potential solutions as it does not rely on measurements and are not sensitive to very low SNR conditions. 
Observation 2: The network can verify that the reported GNSS position and the reported UE-specific TA reports are consistent with the satellite trajectory over the verification period. 
Observation 3: The multiple-RTT method with UE-specific TA reports in multiple satellite scenarios can be de-prioritized as it is unclear whether there would be a sufficient number of satellites in visibility of the UE.
Observation 4: The multiple-RTT method with UE transmission of SRS in multiple satellite scenarios is similar to UTDOA.
Observation 5: UE-specific TA report is supported in Release 17 and does not require any additional signalling.
Proposal 1: Multi-RTT method with UE using its location and the satellite ephemeris to calculate and report the UE-specific TA to the network at different times over a verification period of a few seconds is the baseline for network-based UE location verification.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]5 References
[1] RP-221796, NR NTN (Non-Terrestrial Networks) enhancements WID, June 2022.
[2] RP-221797, Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR, June 2022.
[3] RP-221875, TR 38.882, Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR, RP#96, June 2022.

image1.wmf
t

0

t

3

t

1

t

2

t

2

-

t

0

t

3

-

t

0

t

1

-

t

0

Serving 

satellite #0

Neighbour 

satellite #3

Neighbour 

satellite #1

Neighbour 

Satellite #2

P

RS#3

P

RS#0

P

RS#1

P

RS#2


image2.wmf
t

0

t

3

t

1

t

2

t

1

-

t

0

Serving 

Satellite #0

Neighbour 

Satellite #3

Neighbour 

Satellite #1

Neighbour 

Satellite #2

t

2

-

t

0

t

3

-

t

0

SRS#3

SRS#0

SRS#2

SRS#1


image3.emf
t

0

t

3

t

1

t

2

Serving Satellite trajectory from t

0

to t

3

RTT@t

0

RTT@t

1

RTT@t

3

RTT@t

2


