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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss the issues related to the UE location verification in NTN.
2. Discussions
In RAN #96 meeting, network verified UE location related objectives have been discussed and updated as summarized in [1]. 
	· 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].
· 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.


Furthermore, a new study item has been created to study the accuracy of network verified UE location as summarized in [2].
	· The objective of this RAN led SI is:
· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for NTN and for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing).


In following sections, we discuss evaluation methodology, assumptions and positioning methods for evaluating RAT dependent positioning accuracy in NTN.
2.1	Methodology and evaluation assumptions
In NR-NTN, due to the wide coverage of satellites and the relatively sparse deployment, the UE can only be covered by one satellite in many cases. In addition, single UE served by multiple satellite is not supported in NR Rel-17 and introducing multiple satellites only for positioning in this study would be too complex for this work item with limited TU. Therefore, single satellite based positioning should be prioritized in this study. For example, as is shown in Figure 1, positioning is based on measurements performed on signals between one single satellite and UE at different time instances (instance 1 to instance n). Initial position of a satellite at time instance 1 can be randomly selected, positions of satellites in later time instances can be calculated based on the satellite movement and the measurement time gap between 2 consecutive time instances.
Proposal 1:
· For studying RAT dependent positioning in NTN, only single satellite based positioning is assumed.


Figure 1. RAT dependent positioning based on single satellite in NTN
In order to evaluate the RAT dependent positioning in NTN, assumptions on how to generate the channels in the moving satellite scenario should be discussed first. Moreover, simulation assumptions should be aligned among companies to ensure that simulation results are comparable. The evaluation assumptions provided in Table 1 below can be assumed considering both the simulation complexity and the positioning accuracy required.
Specifically, following aspects should be considered in the evaluation:
· Focus on RMa and Suburban scenarios considering Urban scenario is already covered by TN.
· Measurement time gap should not be too small, e.g. values from 30s to 120s are preferred. 
· Based on some initial positioning simulation results in our evaluation, it is found that the satellite height difference should be large enough in order to improve the positioning accuracy. And to have large enough satellite height difference at different time instances, the measurement time gap should be large enough.
· The distance between target UE and initial satellite in axis should be no more than 10km. 
· This is to ensure that the UE can be measured in multiple directions, which will aid in positioning evaluation.
· Earth moving cell should be used.
· In this cell mode, the antenna direction of satellite does not change as satellite moves, i.e. the antenna directions will not be adjusted by the moving satellite, which will also aid in positioning evaluation.
· Same spot beam is assumed for the all the measurement time instances, which would simplify the modeling.
· Single satellite gateway should be assumed during all measurement time. Similar to the same spot beam assumption, this is also to simplify the modeling.
· Only propagation delay, calculated based on positions of the gateway and the satellite, is considered on feed link. 
· Due to movement of satellite, the change of propagation delay in feed link may have an impact on positioning. To model this effect in the evaluation and for simplicity, it would be enough to only consider propagation delay on feed link.
Table 1. Evaluation assumption for RAT dependent positioning study in NTN
	Parameter
	Value

	Scenarios and channel model
	RMa, suburban

	Carrier frequency
	2GHz, S-band

	Satellite altitude
	600km, set 1 and set 2

	Frequency band
	5MHz

	SCS
	15kHz

	Number of measurements
	4

	Measurement time
	initial measurement time and satellite position are random, remaining measurement time and satellite positions are determined based on a measurement time gap and the satellite speed

	Measurement time gap
	30s, 60s, 80s, 100s, 120s

	User selection
	The distance between satellite and UE in x axis is no more than 10km.

	Cell mode
	Earth moving cell

	Beam selection
	Beam selection is only performed for the first measurement, same beam is assumed for the following measurements.

	Satellite gateway
	[bookmark: _Hlk111018731]Satellite gateway is assumed not changed during all measurement time.

	Feed link
	Only propagation delay is considered on feed link, which is based on positions of the gateway and the satellite

	Antenna pattern sat. side
	Bessel function and circular polarization according to section 6.4.1 of 38.811 v15.4.0 

	Antenna directional gain sat. side
	TR 38.901, 3 sectors，8dBi

	Antenna pattern UE side
	(M,N,P, Mg, Ng; Mp, Np) = (1,1,2,1,1,1,1)

	Antenna directional gain UE side
	Omni directional，0dBi

	Indoor/outdoor, UE altitude
	Outdoor, 1.5m

	UE speed
	3km/h



According to above, we have following proposal.
Proposal 2:
· RAN1 should prioritize the discussions on the assumptions for moving satellite channel generation to evaluate the accuracy of the RAT dependent positioning in NTN, and assumptions provided in Table 1 can be starting point.
2.2	Positioning methods
Multiple positioning methods including network based and UE based methods have been specified for UE positioning in terrestrial network. 
Considering the limited TU, selecting one method from existing TN positioning method is preferred. Among these existing positioning methods, the positioning method based on angle may achieve a low accuracy since minor angle measurement error will introduce a huge positioning error on the ground. Hence, the methods that depend on angle, e.g., AOA or AOD method,  should be avoided. Furthermore, considering the uplink coverage is normally worse than downlink coverage, it is not desirable to select positioning method based on UL signal measurement for NTN network. Therefore, we propose to use DL-TDOA based method for RAT dependent positioning in NTN.
According to above, we have following proposal.
Proposal 3:
· Existing positioning method for TN can be selected for NTN positioning study.
· RAN1 should discuss and decide which TN positioning method should be used for NTN positioning study, TDOA based method in downlink can be a starting point.
3. Conclusion
In this contribution, we discuss the evaluation methodology, assumptions and positioning methods for RAT dependent positioning study in NTN. According to the discussions, we have following proposals: 
Proposal 1: 
· For studying RAT dependent positioning in NTN, only single satellite based positioning is assumed. 
Proposal 2: 
· RAN1 should prioritize the discussions on the assumptions for moving satellite channel generation to evaluate the accuracy of the RAT dependent positioning in NTN, and assumptions provided in Table 1 can be starting point.
Proposal 3: 
· Existing positioning method for TN can be selected for NTN positioning study.
· RAN1 should discuss and decide which TN positioning method should be used for NTN positioning study, TDOA based method in downlink can be a starting point. 
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