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1	Introduction
One of the WID [1] objectives is:
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 SI FS_NR_NTN_netw_verif_UE_loc [2] was concluded at RAN#96 and is documented in the TR [3] where the following observation were made: 
The RAN can also request radio measurements (intra-RAT neighbours, inter-RAT neighbours, WLAN, etc.) from the UE; these may be used to drive NNSF and to learn from the environment.
Some further observations:
a)	At least some of the information the UE supplies to the network will have to be considered as trusted, to avoid extreme conclusions (at least RRC measurements cannot be faked); 
b)	Core networks connecting to the same shared RAN will always require some degree of common coordination / configuration: this is typically the case for network sharing (especially MOCN). For NTN, this may include e.g. specific timer settings/behaviour for UE connection attempts;
c)	Due to mere traffic load considerations, it may not be desirable to cover whole portions of a continent, including multiple countries, with a single cell. Therefore, in real deployments the served cell information may typically be more granular than in the extreme case envisaged so far.
The above has been deemed sufficient to mitigate the issue in Rel-17.

and the TR [3] make following recommendations: 
[bookmark: _Toc105678674]5	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

In this contribution we discuss the options for the network to verify the UE reported location information, taking the observations and recommendations from the TR into account.

2	Discussions

According to the TR, the UE provided existing measurements of intra-RAT neighbours, inter-RAT neighbours, etc. can be trusted to avoid extreme conclusions. These measurements can be used to pinpoint the location within the required location accuracy.

[bookmark: _Toc106366952][bookmark: _Toc106702292][bookmark: _Toc106702347][bookmark: _Toc106723910][bookmark: _Toc106723985][bookmark: _Toc108803279][bookmark: _Toc110265431][bookmark: _Toc110794401][bookmark: _Toc110956100][bookmark: _Toc110956132][bookmark: _Toc110956171][bookmark: _Toc111019644]Existing RRM measurements for intra-RAT neighbours, inter-RAT neighbours, etc. can be trusted in locating the UE within the required location accuracy. They may, however, not be available on all location on earth. 

Further, it is sufficient to verify the UE location once when the UE fist goes into the RRC-CONNECTED mode.

There exist several methods to locate users for example E-CID, DL-TDOA, DL-AoD, Multi-RTT, UL-AoA and UL-TDOA. 

From these methods, the ones based on the timing advance or received frequency doppler are not useful as the UE must autonomously pre-compensate to be received with accurate timing advance and frequency doppler at the NTN payload (satellite or HAPS). Further, any methods that are based on (connection to, or measurement of/from) multiple NTN payloads (satellites or HAPSs) are to be treated with lower priority. 

[bookmark: _Toc106723911][bookmark: _Toc106723986][bookmark: _Toc110956101][bookmark: _Toc110956133][bookmark: _Toc110956172][bookmark: _Toc111019645][bookmark: _Toc108803280][bookmark: _Toc110265432][bookmark: _Toc110794402][bookmark: _Toc101486499][bookmark: _Toc101486574][bookmark: _Toc101486578][bookmark: _Toc101486775][bookmark: _Toc101527285][bookmark: _Toc101824996][bookmark: _Toc106365499][bookmark: _Toc106366953][bookmark: _Toc106702293][bookmark: _Toc106702348]Methods based on the received timing advance or received frequency doppler are infeasible as the UE pre-compensate these quantities and all UEs are received at the NTN payload, and the gNB with the same timing and frequency (with small errors allowed according to the RAN4 spec). 
[bookmark: _Toc106723912][bookmark: _Toc106723987][bookmark: _Toc108803281][bookmark: _Toc110265433][bookmark: _Toc110794403][bookmark: _Toc110956102][bookmark: _Toc110956134][bookmark: _Toc110956173][bookmark: _Toc111019646]Methods DL-TDOA, UL-TDOA and Multi-RTT are to be treated with lower priority as they require multiple NTN payloads (satellites or HAPSs).

Part of the E-CID method is to use the received timing advance from several satellites (as TA towards the same satellite will be the same for all cells, and it would require the UE to decode the SIB to read ephemeris and Common TA for each satellite) that is to be treated with lower prio. However, we may base the E-CID method on for example the relative received power from cells in the same satellite, which may enable a higher enough accuracy location verification in the network.

The methods based on the angle of arrival or angle of departure at the satellite (UL-AoA resp. DL-AoD) has the potential to locate the UE using only one satellite. 
Given that we target an accuracy of 5-10 km, the height of the UE can be sufficiently well approximated to the level of the earth surface. The UE position can then be obtained from the intersection of the earth surface and the ray that originates at the satellite position with direction given by UL-AoA or DL-AoD.
The accuracy will depend on the antenna panels of the TRP, more antenna elements – higher resolution. An 1 degree error gives a position error of approx. r*sin( where r is the distance from the satellite to the UE. Hence, to achieve the 5-10 km accuracy that is required, an angular resolution of approximately arcsin(10/r) is needed. 

	
	h = 600 km
	h = 1200 km
	h = 10 000 km
	h = 35 786 km

	Required angular resolution at nadir
	0.95 degrees
	0.47 degrees
	0.057 degrees
	0.016 degrees

	Maximum UE-satellite distance at a minimum elevation angle of 10 degrees
	1931.6 km
	3130.9 km
	14014.7 km
	40581.2 km

	Required angular resolution at a minimum elevation angle of 10 degrees
	0.30 degrees
	0.18 degrees
	0.041 degrees
	0.014 degrees



A resolution of 1 degree is approximately achievable by an 8x8 antenna array and shall be feasible for at least 600 km LEO or lower orbits.
[bookmark: _Toc106366954][bookmark: _Toc106702294][bookmark: _Toc106702349][bookmark: _Toc106723913][bookmark: _Toc106723988][bookmark: _Toc108803282][bookmark: _Toc110265434][bookmark: _Toc110794404][bookmark: _Toc110956103][bookmark: _Toc110956135][bookmark: _Toc110956174][bookmark: _Toc111019647]Using the angle of arrival method UEs may be located to within the required location accuracy depending on the antenna arrays at the satellite. 

Another potential method of location verification is to instruct the UEs to make (early) measurements in IDLE mode and to deliver them when security is enabled (similar as for early SCell measurements. 
[bookmark: _Toc110956104][bookmark: _Toc110956136][bookmark: _Toc110956175][bookmark: _Toc111019648]For fast NW verified UE location, the UEs can be required to make IDLE mode measurements. 

Thus, there are existing methods that may fulfil all the requirements in the TR and the WID but they are not available for all locations on earth and accuracy possible needs to be studied. Therefore, we propose:

[bookmark: _Toc110956105][bookmark: _Toc110956137][bookmark: _Toc110956176][bookmark: _Toc111019649][bookmark: _Toc106723914][bookmark: _Toc106723989][bookmark: _Toc108803283][bookmark: _Toc110265435][bookmark: _Toc110794405][bookmark: _Toc79020553][bookmark: _Toc79020575][bookmark: _Toc79094205][bookmark: _Toc79096038][bookmark: _Toc79096519][bookmark: _Toc79096534][bookmark: _Toc79097405][bookmark: _Toc85363635][bookmark: _Toc85760148][bookmark: _Toc85762136][bookmark: _Toc94865701][bookmark: _Toc94872823][bookmark: _Toc95122400][bookmark: _Toc95126446][bookmark: _Toc95136158][bookmark: _Toc95136430][bookmark: _Toc95136578][bookmark: _Toc95136666][bookmark: _Toc95207109][bookmark: _Toc101486500][bookmark: _Toc101486575][bookmark: _Toc101486579][bookmark: _Toc101486776]RAN2 to investigate the achievable accuracy of the angle of arrival method, and of the E-CID based on measurements on the same satellite as well as hybrid combinations. 
[bookmark: _Toc110956106][bookmark: _Toc110956138][bookmark: _Toc110956177][bookmark: _Toc111019650]The UE can be provided an IDLE mode measurement configuration for NW location verification, measurements are delivered to the NW after security have been enabled. 

3	Conclusions
In this contribution we make the following observations:
Observation 1	Existing RRM measurements for intra-RAT neighbours, inter-RAT neighbours, etc. can be trusted in locating the UE within the required location accuracy. They may, however, not be available on all location on earth.
Observation 2	Methods based on the received timing advance or received frequency doppler are infeasible as the UE pre-compensate these quantities and all UEs are received at the NTN payload, and the gNB with the same timing and frequency (with small errors allowed according to the RAN4 spec).
Observation 3	Methods DL-TDOA, UL-TDOA and Multi-RTT are to be treated with lower priority as they require multiple NTN payloads (satellites or HAPSs).
Observation 4	Using the angle of arrival method UEs may be located to within the required location accuracy depending on the antenna arrays at the satellite.
Observation 5	For fast NW verified UE location, the UEs can be required to make IDLE mode measurements.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to investigate the achievable accuracy of the angle of arrival method, and of the E-CID based on measurements on the same satellite as well as hybrid combinations.
Proposal 2	The UE can be provided an IDLE mode measurement configuration for NW location verification, measurements are delivered to the NW after security have been enabled.
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