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Introduction
The Release-18 NR NTN enhancement work item was approved in RAN #94e meeting [1] and updated in RAN #97e meeting [2].

In the NR NTN work item, one of the RAN1 objectives is network verified UE location. In RAN1 #110bis-e meeting [3], [4], the following agreements were made on network verified UE location. 

Agreement
Deprioritize the discussion on UE location verification during initial access.

Agreement
For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement between TX and RX measurements should be provided.
· How this is characterised is also reported by companies

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. 

In NR terrestrial network positioning methods, it is generally assumed that at least three gNBs are involved in the positioning procedure. For example, a UE’s location is estimated based on the RTT between UE and three gNBs. 

According to [5], in NTN network verified UE location, the scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority. It is agreed that 3GPP defined RAT dependent positioning methods are considered as starting point for the study on network verified UE location in case of NGSO scenario. 

In NGSO scenario, satellite moves and hence creates a series of virtual gNB locations. This facilitates the application of NR positioning schemes. However, this assumption does not apply to GSO scenario. In GSO scenario, the satellite has static location, and multiple virtual gNB locations are infeasible. Hence, the RAT dependent positioning methods are not applicable to a single GSO scenario. 

Observation 1: RAT dependent positioning methods are not applicable to a single GSO scenario. 

It should be mentioned that supporting RAT dependent positioning methods are optional UE features. In other words, it is possible that some UEs do not support the RAT dependent positioning methods. The current solution developed in RAN1 seems not suitable for a UE not supporting RAT dependent positioning features. For those UEs, whether and how network verifies UE location in NTN is unclear. 

Observation 2: Supporting RAT dependent positioning methods are optional UE features, and it is unclear whether/how network verifies UE location in NTN if a UE does not support RAT dependent positioning methods.

Although it is mentioned [5] that the targeted accuracy of network verified UE location is 5-10 km, the usage of the current RAT dependent positioning methods in NTN does not prevent a much higher positioning accuracy (i.e., less than 5-10 km). For example, a larger time gap between two RTT measurements between UE and gNB can provide a higher positioning accuracy. More numbers of RTT measurements between UE and gNB can provide a higher positioning accuracy. If RAT dependent positioning methods are applied, how to restrict network from getting UE location with accuracy less than 5-10 km is unclear. This raises a serious UE privacy concern. Overall, we think any RAT dependent, especially new, positioning methods introduce unnecessary privacy concern for the UE without justifiable performance benefit. This raises a serious UE privacy concern. 

Overall, we think any RAT dependent positioning methods introduce unnecessary privacy concern for the UE without justifiable performance benefit. 

Observation 3: Any RAT dependent positioning methods introduce unnecessary privacy concern for the UE without justifiable performance benefit.

Based on the above observations, we have the following proposal. 

Proposal 1: For network verifying UE location in NTN, examine carefully on applicable scenarios, UE supporting capabilities and privacy concern before starting the specification work.

If the above issues can be addressed, then we could further check the possible enhancement for network verified UE location in NTN. 

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

It is mentioned [5] 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 [6], 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. Furthermore, it was agreed that multi-RTT and DL/UL-TDOA shall be considered as starting point for the study on network verified UE location in case of NGSO based NTN deployment. 

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. There are two types of positioning schemes: LMF based and UE based. In LMF based schemes, UE reports its measured DL RSTD and DL PRS-RSRP to LMF and gNB reports its geographical coordinates to LMF for its position computation. 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 3: For network verified UE location with DL TDOA positioning method, the LMF based scheme is used. 

If a single satellite is used in the DL TDOA positioning method, then multiple DL PRS are transmitted by the same satellite at different locations and at different time instances. The time differences between multiple DL PRS transmission instances need to be reported from gNB to LMF. This information, together with the UE reported DL RSTD, is used by LMF to calculate UE location. 

Proposal 4: For network verified UE location with DL TDOA positioning method, the time differences between multiple DL PRS transmission instances need to be reported from gNB 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. 

If a single satellite is used in the UL TDOA positioning method, then multiple UL SRS are transmitted by a UE at different time instances. The time differences between multiple UL SRS transmission instances need to be reported from UE to LMF. This information, together with the gNB reported UL RTOA, is used by LMF to calculate UE location. 

Proposal 5: For network verified UE location with UL TDOA positioning method, the time differences between multiple UL SRS transmission instances need to be reported from UE 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 assumes 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 significantly change during the whole multi-RTT positioning procedure. This distance change affects the accuracy of UE location estimation, which needs to be taken into account in evaluation of time-based positioning methods. One way to mitigate the impact of satellite movement in multi-RTT positioning method for NTN is to restrict the time gap between UE receiving DL PRS and transmitting UL SRS. 

Proposal 6: In NGSO scenario with multi-RTT positioning method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

In the discussions of multi-RTT positioning method in RAN1 #110 meeting, there is a proposal that RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and timing error of the UL reference signal. 

However, this method is different from the legacy multi-RTT positioning method. It is based on the one-way transmission and is not strictly speaking as a multi-RTT positioning method. Furthermore, UE reported TA is obtained based on UE’s GNSS measurement. Since the motivation of the network verified UE location is that UE reported location based on GNSS measurement could be erroneous, UE reported TA is likely to be faked and untrusted. Hence, we do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 

The UE reported TA is mainly for the scheduling purpose to determine UE specific . It is possible that UE can intentionally report a larger TA value than the actual TA value. This only results in a larger UE specific  than it is needed. It reduces scheduling efficiency but does not break the system. Also, the TA reporting is an optional UE feature, and not all UEs support this feature. Hence, a universal solution is needed for network to verify UE location, without relying on UE reported TA. 

Proposal 7: In NGSO scenario with multi-RTT positioning method, do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 

Conclusion
In this contribution, we provided our views on network verified UE location for NR NTN. Our observations and proposals are as follows:

Observation 1: RAT dependent positioning methods are not applicable to a single GSO scenario. 

Observation 2: RAT dependent positioning methods for a single NGSO scenario may not meet the latency requirement.

Observation 3: Any RAT dependent positioning methods introduce unnecessary privacy concern for the UE without justifiable performance benefit.

Proposal 1: For network verifying UE location in NTN, examine carefully on applicable scenarios, UE supporting capabilities and privacy concern before starting the specification work.

Proposal 2: For network verifying UE location in NGSO scenario, gNB reports satellite ephemeris information to LMF.

Proposal 3: For network verified UE location with DL TDOA positioning method, the LMF based scheme is used. 

Proposal 4: For network verified UE location with DL TDOA positioning method, the time differences between multiple DL PRS transmission instances need to be reported from gNB to LMF. 

Proposal 5: For network verified UE location with UL TDOA positioning method, the time differences between multiple UL SRS transmission instances need to be reported from UE to LMF. 

Proposal 6: In NGSO scenario with multi-RTT positioning method, restrict the time gap between UE receiving PRS and UE transmitting SRS. 

Proposal 7: In NGSO scenario with multi-RTT positioning method, do not support the scheme that RTT is obtained as the sum of UE reported total TA and the timing error of the uplink reference signal. 
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