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Introduction
The Release-18 IoT NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #96e meeting [2].

In the NR NTN work item, one of the RAN1 objectives is network verified UE location. 

	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.



The RAN level study item “FS_NR_NTN_netw_verif_UE_loc” is described in [3], whose objective is to study detailed regulatory requirements (e.g., accuracy, privacy, reliability, latency) for network-verified UE location for NTN and for potential use cases/services (i.e., emergency call, lawful intercept, public warning, charging/billing). In RAN #96 meeting, the RAN level study has concluded there exists a need for a solution of network-verified UE location for NTN. 

In this contribution, we provide our views on network verified UE location.
Discussion
In NR NTN, a radio cell generally has much larger coverage than a typical terrestrial network cell. This may introduce the ambiguity of associating a UE with a corresponding core network. When an NTN cell covers the areas of more than one country, the improper association between a UE and a core network may lead to a sequence of issues, e.g., emergency call, lawful intercept, public warning and charging/billing. 

To address these issues, it is required that UE in an NTN cell reports its location information to network to facilitate the association of the UE with a proper core network. UE’s location information can be acquired via GNSS measurement. It is assumed in Release 17 NR NTN that UE has the GNSS capability, which is used for the UE to achieve the uplink time and frequency synchronization. This assumption is also made for Release 18 NR NTN UE. In summary, UE is able to acquire its location via GNSS measurement. 

However, the location information reported by a UE may be intentionally or unintentionally faked by the UE. For example, a malicious UE reports a tampered location in order to get a charging from a neighbor country. Therefore, it is necessary for a network to verify UE reported location information. 

RAN working group level study on the solutions for network to verify UE reported location information is to be conducted. It is assumed that UE reports its location information only after NAS security is established and may depend on user consent following regional regulation and policy. Subsequently, it is natural to assume that UE is in RRC connected state in the procedure of network verifying UE’s reported location information. 

It is mentioned [4] that existing 3GPP defined RAT dependent positioning methods shall be considered as baseline for network to verify UE’s reported location information. 3GPP has designed several positioning methods [5], including DL TDOA (Time Difference Of Arrival), UL TDOA, UL AoA (Angle Of Arrival), DL AoD (Angle of Departure), multiple RTT, enhanced CID (Cell ID), etc.

In some methods, the measurement is performed at UE, e.g., DL TDOA, DL AoD. In some methods, the measurement is performed at RAN, e.g., UL TDOA, UL AoA. In other methods, the measurement is performed at both RAN and UE, e.g., multi-cell RTT, E-CID.

For the methods with UE measurements, there are two types of positioning schemes: LMF based and UE based. In LMF based schemes, the measurements are provided by UE to LMF to be used in the computation of a position estimate. In UE based schemes, UE computes its own position. In the context of network verifying UE location, the study shall be focused on LMF based schemes. 

Proposal 1: For network verifying UE location, RAN1 to examine the LMF based schemes.

The DL TDOA positioning method makes use of DL RSTD (Reference Signal Time Difference) and optionally DL PRS-RSRP of DL PRS received from multiple gNBs. In LMF based schemes, UE reports its measured DL RSTD and DL PRS-RSRP to LMF and gNB reports its geographical coordinates to LMF. 

The UL TDOA positioning method makes use of UL RTOA (Relative Time Of Arrival) and optionally UL SRS-RSRP at multiple gNBs of uplink signals transmitted from UE. These measured values are reported to LMF for its calculation of UE location.  

In LMF based DL AoD positioning method, UE reports to LMF the DL PRS-RSRP measurements and their associated DL PRS receive beam indices received from multiple gNBs. In UL AoA positioning method, gNBs report to LMF the UL SRS-RSRP measurement and its associated beam information to LMF. 

In NTN, each satellite beam may have much larger coverage than a typical terrestrial cell. The beam information reported in DL AoD or UL AoA positioning methods may not have fine enough granularity for LMF to calculate/verify the UE location information in the order of a few kilometers (i.e., the reliability requirement). Hence, it is necessary to further examine whether and how DL AoD or UL AoA positioning method can be used in NTN. 

In the multi-RTT positioning method, UE measures the Rx-Tx time difference and gNB measures Rx-Tx time difference. These measurements are reported to LMF for its location calculation.  


ECID method uses additional UE and/or gNB radio resource related measurements to improve the UE location estimate, such as downlink measurements for RRM (e.g., SSB-RSRP, SSB-RSRQ, CSI-RSRP, CSI-RSRQ). In LMF based schemes, UE reports the downlink measurements to LMF. 

In NTN, the satellite signal strength may be flatly distributed over a wide range of areas. The RSRP/RSRQ measurement may not be good parameters to estimate UE location. Hence, it is necessary to further examine whether and how ECID positioning method can be used in NTN. 

Based on the discussions above, we think for network verifying UE location, RAN1 at least examines DL TDOA, UL TDOA and multi-RTT positioning methods. 

Proposal 2: For network verifying UE location, RAN1 to examine at least the following methods:
· Downlink TDOA
· Uplink TDOA
· Multi-RTT

In NR terrestrial network positioning network-based methods, it is generally assumed that at least 3 gNBs are involved in the positioning procedure. For example, the RTT between UE and 3 gNBs are calculated. Based on the geographic locations of these 3 gNBs, the UE location is estimated.

However, in NR NTN deployment, a UE may likely be covered by only a single satellite. It is mentioned [4] that the scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.  

On the other hand, in NGSO scenario, satellite moves, which creates a series of virtual gNB locations. This facilitates the application of NR positioning schemes. 

Proposal 3: In NGSO scenario, RAN1 to treat different satellite locations of the same NGSO satellite at different time instances as different gNB locations in terrestrial network positioning methods. 

In terrestrial network positioning procedure, the location of gNB is fixed. The geographical coordinates information of gNB is reported to LMF. In NGSO, the serving satellite keeps moving. Instead of a fixed geographical coordinates report, gNB should report satellite ephemeris information to LMF. 

Proposal 4: For network verifying UE location in NGSO scenario, gNB reports satellite ephemeris information to LMF.

In terrestrial network with multi-RTT positioning method, UE measures Rx-Tx time difference and gNB measures Rx-Tx time difference. The RTT is determined by adding the UE measured Rx-Tx time difference and gNB measured Rx-Tx time difference. This is based on an assumption that distance between gNB and UE does not have a significant change during the whole multi-RTT positioning procedure. However, in NTN, a satellite speed is up to 7.8 km/s. In other words, the distance between UE and satellite may have significant change during the whole multi-RTT positioning procedure. This distance change affects the accuracy of the UE location estimation, which need to be examined.

Proposal 5: In NGSO scenario with multi-RTT positioning method, consider that the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission. 
Conclusion
In this contribution, we provided our views on network verified UE location for NR NTN. Our proposals are as follows:

Proposal 1: For network verifying UE location, RAN1 to examine the LMF based schemes.

Proposal 2: For network verifying UE location, RAN1 to examine at least the following methods:
· Downlink TDOA
· Uplink TDOA
· Multi-RTT

Proposal 3: In NGSO scenario, RAN1 to treat different satellite locations of the same NGSO satellite at different time instances as different gNB locations in terrestrial network positioning methods. 

Proposal 4: For network verifying UE location in NGSO scenario, gNB reports satellite ephemeris information to LMF.

Proposal 5: In NGSO scenario with multi-RTT positioning method, consider that the distance between satellite and UE at the time of downlink transmission is different from the distance between satellite and UE at the time of uplink transmission. 
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