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Introduction
[bookmark: _Hlk86407450][bookmark: _Hlk102684345]In RAN#96 meeting, the RAN level study item on the network verified location was approved [1]. It is decided to study and evaluate, if needed, solutions for network to verify UE reported location information. 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 [2].
Further, it is recommended that [3]:
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 present the discussion on the network verified location.

Discussion
The accurate UE location information is necessary to be known at the network. When a UE attaches to the mobile network, the RAN selects the appropriate core network for the UE taking into account, among other things [3]:
-	UE identifiers;
-	UE's selected PLMN;
-	UE location information (including the serving cell as known to the serving RAN node).
In NR NTN, the UE is assumed to have GNSS capability. The UE may send GNSS measurements to the RAN over RRC, but this has at least the following drawbacks [3]:
-	In principle, just as a malicious UE could fake its selected PLMN, it could also fake its GNSS measurements;
-	Sending GNSS measurements over RRC before AS security is set up raises security and privacy issues.
Thus it is necessary to support the network verified location in Rel-18. The UE location information 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).
One issue is which node should be responsible for the location verification. In the legacy TN system, the AMF or the UE is responsible for the location calculation. However, in NTN, the UE’s location should be known to the gNB either to perform the time compensation. In order to save the latency, the gNB could also be considered to perform the location verification
Proposal 1: Both the gNB and the AMF could be responsible for the location verification.

In order or verify the network verified location, the network-based positioning technique (RAT-based) can be used to verify the UE location. The network-based positioning techniques used in terrestrial networks, such as DL-TDOA/UL-TDOA/multi-RTT, can be extended to NTN networks to verify the UE location report.
[bookmark: _Ref110962836]Proposal 2: The RAT-dependent positioning including DL-TDOA, UL-TDOA and multi-RTT should be considered for UE location verification. 

Considering that in the initial phase of deployment, it is hard for the UE to have multiple satellites in view, and then the scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority. The target UE can measure the TDOA at different time instants with single satellite in view as illustrated in the figure below:
[image: ]
Figure 1: Network-based positioning with single satellite 
In the following, the preliminary simulation result using DL-TDOA is provided on the positioning accuracy in single satellite scenario. Detailed simulation assumption can be found in the appendix. The measurement period is the time interval to perform a TDOA measurement while the observation times is the number of TDOA parameter used to perform the positioning.
· LEO 600KM
	Measurement period/s
	Observation times
	Positioning error/m
	Required time/s

	15
	5
	2.29e+5
	60

	
	6
	6.66e+4
	75

	
	7
	2.83e+4
	90

	
	8
	1.39e+4
	105

	
	9
	8.53e+3
	120

	30
	5
	1.01e+4
	120

	
	6
	6.70e+3
	150

	
	7
	2.34e+3
	180

	
	8
	1.76e+3
	210

	
	9
	1.15e+3
	240

	60
	5
	1.37e+3
	240

	
	6
	7.60e+2
	300

	
	7
	4.34e+2
	360

	
	8
	3.07e+2
	420

	
	9
	2.39e+2
	480



It can be observed that the measurement interval and observation times have significant impact on the positioning accuracy. The positioning accuracy is improved with the increase of the measurement interval and observation times. At least 120s is required to achieve the requirement.


· LEO 1200KM
	Measurement period/s
	Observation times
	Positioning error/m
	Required time/s

	15
	6
	1.64e+5
	75

	
	7
	9.43e+4
	90

	
	8
	5.01e+4
	105

	
	9
	3.99e+4
	120

	
	10
	2.10e+4
	135

	
	11
	1.93e+4
	150

	
	12
	1.20e+4
	165

	
	13
	1.00e+4
	180

	30
	5
	4.00e+4
	120

	
	6
	1.65e+4
	150

	
	7
	1.08e+4
	180

	
	8
	6.44e+3
	210

	60
	5
	5.40e+3
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	6
	2.70e+3
	300

	
	7
	1.46e+3
	360

	
	8
	8.98e+2
	420



Similarly, it can be observed that the measurement interval and observation times have significant impact on the positioning accuracy. The positioning accuracy is improved with the increase of the measurement interval and observation times. At least 180s is required to achieve the requirement.

Observation:
· The measurement interval, observation times and the satellite orbit have significant impact on the positioning accuracy
· The positioning accuracy is improved with the increase of the measurement interval 
· The positioning accuracy is improved with the increase of observation times
· The positioning accuracy is improved with the decrease of the orbit height

Conclusions
In this contribution, we present the discussion on the network verified location and some preliminary simulation results are provided. Based on our analysis, we have the following observations and proposals:
Observation:
· The measurement interval, observation times and the satellite orbit have significant impact on the positioning accuracy
· The positioning accuracy is improved with the increase of the measurement interval 
· The positioning accuracy is improved with the increase of observation times
· The positioning accuracy is improved with the decrease of the orbit height

Proposal 1: Both the gNB and the AMF could be responsible for the location verification.
Proposal 2: The RAT-dependent positioning including DL-TDOA, UL-TDOA and multi-RTT should be considered for UE location verification. 

Appendix

	Parameter
	Value

	Antenna model
	TR 38.811

	Satellite number
	1

	Satellite altitude
	LEO 600km, LEO 1200km

	Frequency
	2GHz

	BW
	50MHz (79RBs)

	SCS
	15kHz (76RBs)

	Tx antenna number
	1

	Rx antenna number
	2

	PRS comb size
	2

	PRS symbol number
	2

	PRS resource symbol offset
	3

	PRS resource bandwidth
	128 RBs

	Channel type
	NTN-TDL-C 

	Move speed of UE
	3km/h

	Delay spread
	100ns

	TOA measurement algorithm
	Correlation detection

	Position estimation algorithm
	Taylor
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