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1	Introduction
During RAN#95-e, the Rel-18 work item “NR NTN (Non-Terrestrial Networks) enhancements” was revised in [1]. The objectives include the following, where RAN Plenary input is needed:
“4.1.3	Network verified UE location

Have a 1-TU 6-month study phase focusing on the following (to derive clear & limited scope):

· Study detailed regulatory requirement (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). [RAN]
· Including further clarification on network verified UE location and its relationship to network-based positioning [RAN]
· [bookmark: _Hlk89953816]Study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3]

[bookmark: _Hlk86407450]Note: RAN WG studies on solutions (if any) will start only after RAN study is concluded

RAN to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.

In this contribution we provide further input to the requirement discussions and propose some directions.

2	Accuracy Requirements
2.1	Emergency calls
Looking at emergency calls, FCC has the following description [1]:
“97. Pursuant to 47 CFR § 9.10(a), the Commission’s 911 service requirements are only applicable to Commercial Mobile Radio Service (CMRS) “[providers], excluding mobile satellite service operators, to the extent that they: (1) Offer real-time, two way switched voice service that is interconnected with the public switched network; and (2) Utilize an in-network switching facility that enables the provider to reuse frequencies and accomplish seamless hand-offs of subscriber calls. These requirements are applicable to entities that offer voice service to consumers by purchasing airtime or capacity at wholesale rates from CMRS licensees.”
where ITU defines mobile-satellite service as [2]
“ITU 1.25: mobile-satellite service: A radiocommunication service: – between mobile earth stations and one or more space stations, or between space stations used by this service; or – between mobile earth stations by means of one or more space stations. This service may also include feeder links necessary for its operation”
However, it is somewhat unclear how an NTN operator should be understood. If a terrestrial service operator uses NTN to fill the gaps in its terrestrial coverage, are there different emergency call requirements for the different parts of the network?
Observation 1: It is not fully clear what the emergency call requirements are for NTN.
To be able to access the NTN network, a UE is assumed to have access to GNSS (at least when outdoors) and thereby have knowledge of its own location. Given the nature of emergency calls/services it is not likely the user would tamper with location information, so it is quite straightforward to get rather accurate location information for emergency calls.
Observation 2: There are no general location accuracy requirements for NTN. For emergency calls, GNSS-based location (and hybrid methods based on GNSS) can be used. 

2.2	Lawful interception and national regulations
ETSI has defined requirements related to Lawful Interception (LI) [3], which include
4.4 Location information 
An LEA may request location information relating to locations, in a number of forms: 
a) the current geographic, physical or logical location of the target identity, when telecommunications activity (involving communication or a service) is taking place; 
b) the current geographic, physical or logical location of the target identity, irrespective of whether telecommunications activity (involving communication or a service) is taking place or not; 
c) the current geographic, physical or logical location of an identity temporarily associated with a target service because of successful telecommunication or an unsuccessful attempt to establish telecommunication; 
d) the current geographic, physical or logical location of an identity permanently associated with a target service. 
NOTE: This information is expected to be made available from normal network operation.
Observation 3: LI requirements include the location of the NTN user in the case of NTN service.
In case of lawful interception, a user may maliciously tamper with the UE reported location information (for example determined with its GNSS receiver which is non-3GPP-defined) and therefore a network verification of the UE position is required.
Observation 4: Network verification of the UE location is required at least for lawful interception.
Every country may have different charging rates, and national regulations may differ. For that reason it is important to verify whether a UE is in the country it is claiming it is.
Observation 5: Network verification of the UE location is required for connecting to the network residing in the country corresponding to the UE’s location.
Proposal 1: Network verification is required for lawful interception, charging and national regulations.

2.3	Accuracy
3GPP has included a Table on accuracy requirements in [4]:
[image: ]
From the list it seems attractive to support 500 m to 1 km and thereby provide information for emergency services in rural and suburban areas, in case the UE location reporting fails for any reason.
Observation 6: 500 m to 1 km is an attractive value for location accuracy for location verification.
Observation 7: 500 m to 1 km accuracy satisfies the use cases mentioned in the previous subsection (lawful interception, charging and country regulations)
Proposal 2: In Rel-18, RAN WGs should investigate network-based (i.e., non-GNSS) methods which can verify the UE location within 500 m to 1 km. Existing methods can be studied first to see if the requirements can be met. 
2	NTN network-based positioning methods
3GPP has studied and specified different positioning methods for terrestrial networks. In [5], section 4.3.1 the following list can be found:
-    network-assisted GNSS methods;
-	observed time difference of arrival (OTDOA) positioning based on LTE signals;
-	enhanced cell ID methods based on LTE signals;
-	WLAN positioning;
-	Bluetooth positioning;
-	terrestrial beacon system (TBS) positioning;
-	sensor based methods:
    -		barometric Pressure Sensor; 
    -		motion sensor.
-	NR enhanced cell ID methods (NR E-CID) based on NR signals;
-	Multi-Round Trip Time Positioning (Multi-RTT based on NR signals);
-	Downlink Angle-of-Departure (DL-AoD) based on NR signals;
-	Downlink Time Difference of Arrival (DL-TDOA) based on NR signals;
-	Uplink Time Difference of Arrival (UL-TDOA) based on NR signals;
-	Uplink Angle-of-Arrival (UL-AoA), including A-AoA and Z-AoA based on NR signals.

Of these methods, GNSS based methods are not useful as they are not network based. DL-TDOA and UL-TDOA based methods could be applied but require some modifications due to the moving network nodes and long delays.
Observation 8: UL-TDOA and DL-TDOA based methods can be applied but require modifications for NTN.
On top of this, methods like Multi-RTT and potentially angle of arrival methods can potentially be used.  
Observation 9: Other relevant methods, like Multi-RTT and angle of arrival methods should be studied.
Proposal 3:The RAN WGs should study how DL-TDOA, UL-TDOA, multi-RTT and angle of arrival methods can be used for network verification of the user location. 

3	Conclusion
This document has made the following observations:
Observation 1: It is not fully clear what the emergency call requirements are for NTN.
Observation 2: There are no general location accuracy requirements for NTN. For emergency calls, GNSS-based location can be used. 
Observation 3: LI requirements include the location of the NTN user in the case of NTN service.
Observation 4: Network verification of the UE location is required at least for lawful interception.
Observation 5: Network verification of the UE location is required for connecting to the network residing in the country corresponding to the UE’s location.
Observation 6: 500 m to 1 km is an attractive value for location accuracy for location verification.
Observation 7: 500 m to 1 km accuracy meets the use cases mentioned in the previous subsection (lawful interception, charging and country regulations)
Observation 8: UL-TDOA and DL-TDOA based methods can be applied but require modifications for NTN.
Observation 9: Other relevant methods, like Multi-RTT and angle of arrival methods should be studied.

We propose the following:
Proposal 1: Network verification is required for lawful interception, charging and national regulations.
Proposal 2: In Rel-18, RAN WGs should investigate network-based (i.e., non-GNSS) methods which can verify the UE location within 500 m to 1 km. Existing methods can be studied first to see if the requirements can be met. 
Proposal 3:The different RAN groups should study how DL-TDOA, UL-TDOA, multi RTT and angle of arrival methods can be used for network verification of the user location. 
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