[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #110	R1-2207141
Toulouse, France, 22 – 26 August, 2022

Agenda item:		9.12.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Network verified UE positioning for NR over NTN
Document for:		Discussion and Decision
Introduction
In June 2022 RAN#96 has opened and closed a Study on requirements and use cases for network verified UE Location for Non-Terrestrial networks (NTN) [1].
It has the following recommendations:
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
-	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
 

Network Verified UE Location Considerations
The recommendations from [1] contain several statements which deserve some more clarifications. First of all the statement:
The verification should be performed independently from the location information reported by UE.
The term location information refers here to the GNSS based location which can be reported by the UE as part of the UEInformationResponse called coarseLocationInfo-r17 in 38.331 which is defined as:
coarseLocationInfo
Parameter type Ellipsoid-Point defined in TS 37.355. The first/leftmost bit of the first octet contains the most significant bit. The least significant bits of degreesLatitude and degreesLongitude are set to 0 to meet the accuracy requirement corresponds to a granularity of approximately 2 km.
It is up to UE implementation how many LSBs are set to 0 to meet the accuracy requirement.
Proposal 1: The verification method should be performed independently from the location information, reported by the UE and referred to as coarseLocationInfo.
As the purpose of the verification is to ensure the user is connected to the correct PLMN, for lawful intercept and emergency calls the relevant location is the 2D location, since the network does not have any relevant use for the UE’s elevation.
Proposal 2: The verified UE location refers to the 2D location.
Another statement is:
The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
The question is which latency would be seen as insignificant. As the goal is verification of the UE location, the natural startpoint for assessment of any potential location deviations is the time when the network receives the coarseLocationInfo from the UE as mentioned above. At the same time the amount of time that a cell is visible during a fly-over may be rather short (with a 50 km cell radius on average less than 5 seconds [2]), so adding a delay may lead to an additional handover, while at the same time the setup of a call in NTN already is significantly slower compared to regular terrestrial networks. Therefore the additional delay should be kept as low as possible. Also the fact that the UE position verification may lead to adaptations of the network in order to route emergency call to the correct country, indicates that the additional delay for UE position validation should be kept as small as possible.

Proposal 3: The extra latency introduced by the UE position verification should be kept as short as possible and preferably be below 1 s.

Network Verified UE Location Method
Positioning methods in 3GPP have tradionally been designed to work with terrestrial networks, where the network nodes are stationary in nature. That is, the network nodes are non-moving objects, and each node’s transmission timing follows the same time reference (synchronized to a global clock). The fact that the NTN Nodes are moving relatively fast makes that traditional methods without enhancements very challenging.

Observation 1: Tradional positioning methods without enhancements taking the satellite movement of the transmission nodes into account will likely not work.

On top of this there is the requirement from [1] that the network verified UE location needs to work with a single satellite. As most positioning methods require multiple reference points, several positions in time of the single satellite can be considered and methods like UL and DL-TDOA can be considered. However 2 or more reference points on a straight line during a fly-over will not solve the problem, as it leads to anbiguity with respect to the validation of the UE’s location since the network will not be able to resolve the possible locations on each side of the orbit.

Observation 2: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification.
Proposal 4: RAN1 should study methods combining several inputs beyond the traditional methods to verify the UE position
Conclusion
This document contains the following observations and proposals:
Observation 1: Tradional positioning methods without enhancements taking the satellite movement of the transmission nodes into account will likely not work.
Observation 2: Traditional terrestrial methods relying on triangulation, even where multiple positions of the same satellite are taken into account do not solve the problem of position verification.
Proposal 1: The verification method should be performed independently from the location information, reported by the UE and referred to as coarseLocationInfo.
Proposal 2: The verified UE location refers to the 2D location.
Proposal 3: The extra latency introduced by the UE position verification should be kept as short as possible and preferably be below 1 s.
Proposal 4: RAN1 should study methods combining several inputs beyond the traditional methods to verify the UE position
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