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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP TSG RAN #95e meeting, the NR NTN enhancements were discussed, and the network verified UE location was raised to be a study item in the Release 18 [1]. As for the network verified the UE location aspect, the researching points were listed as follow:
· 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]
In 3GPP TSG RAN meeting #96, the new SID is discussed, which is “study on requirement and use cases for network verified UE location for Non-terrestrial networks (NTN) in NR” [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 document 3GPP TR 38.882, the topic of UE location verification for Non-terrestrial networks is specially studied. The framework of the technical report was constructed, and the recommendations were listed. The study in [RAN2, RAN1, and 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 document, the topic for Non-terrestrial Networks will be discussed primarily focused on the UE location verification issue.

Discussion of the Use cases
Compared with the NR terrestrial cell, the coverage of the NTN scenarios is obviously huge, especially for GEO satellite. The footprint of single beam generally has hundreds kilometers in GEO scenarios. In order to provide favorable services, it is essential to distinguish the location of the UEs in the NTN networks. Reporting the UE’s location to network is one of the most convenient methods to resolve the location problem for the network. The requirements of network to figure out clearly the UEs’ location information include the following aspects.
1) Requirements of the RAN operation and management
· The malicious UE may fake its GNSS measurements, and attempt to access the target network, or avoid the legal supervision. 
· It is necessary to distinguish the UE location between two different country borders based on the verification of UE location for the network.
· It is significant for the network to operate and manage the UE in the aspects such as handover, Paging, Random access, and others based on the verified location information of UE.
As described above, the valid UE location information is essential for the NTN application scenarios. The verification of UE location relates to the security, operation and management of networks.
2) Regulatory requirement
A 5G system with satellite access shall be able to determine a UE’s location in order to provide service (e.g. route traffic, support emergency calls) in accordance with the governing national or regional regulatory requirements applicable to that UE. (Sec. 6.3.2.3 of TS 22.261).
So, it is important to distinguish the borders between two different countries or network operators because of the requirement of conforming the local regulatory principles. The verification of UE location is necessary before collecting the UE’s location information to networks. 
3) Requirement of regulatory support of service in NTN
As described in TR 38.882, the non-terrestrial network is equivalent to the 3GPP defined terrestrial network, which has to support some services subject to national regulations or other operational constrains. Such as:
-	Public Warning System (PWS)
-	Lawful interception (LI)
-	Emergency services (EMS)
-	Charging and Tariff notifications
All above services are relating with the UE location due to obeying the local policy or legislation. Because the location information reported by UE may be erroneous due to intentional or unintentional reasons, the network needs to verify the validation of the UE location.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Observation 1: The UE location verification is essential in NTN scenarios due to the requirements of RAN operation, regulatory supervision and regulatory support of services in NTN networks.

Solutions of verified the UE location
0. Analysis
In NTN scenarios, the UE with GNSS capability is the prerequisite. So the UE can get own location information by fixing the position based on the GNSS. In generally, the UE should report the location information to network after the UE accessed the network successfully. The network will store the UE location and use this information when the handover or paging actions are happened. Considering the unstable of GNSS signals or wireless channel of the satellite links, the UE location information with erroneous data will be transmitted to network. And in the NTN networks, sometimes, the signals of GNSS would be unstable, in this situation, the UE location would be verified by network without GNSS position fix. Hence, the network based positioning method should be a solution to verify the UE location by network. The networks based positioning means that the network configures the positioning reference signals, collects the measurements of signals, and calculates the location information. Such as the RAT-dependent positioning solutions are utilized in NR networks which can calculate the UE location information by collecting the measurement to network. So when there is no location reported from UE, the network positioning would be one basic solution to verify the UE location.
So, the verification should be performed independently from the location information reported by UE.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 2: The verification should be independent from the UE reported location information and GNSS position.
According to the 3GPP TR 38.882, 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).
Observation 3: The error range of 5-10km is reasonable to evaluate the precision of the methods to verify the UE location by the NTN networks.

0. Network verified the UE location based on NR positioning solution
The RAT dependent positioning methods were discussed widely in 3GPP NR technology. In this section, the RAT dependent NR positioning methods are introduced firstly. And then the analysis of NR positioning methods applied in NTN scenarios will be done. Finally, the major aspects which influenced the application of NR positioning methods employing in NTN scenarios are listed. 
Introduction of NR positioning solutions
According to TS 38.305, the RAT-dependent based positioning solutions in NR are including the following aspects [3].
-	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.
1) [bookmark: OLE_LINK9][bookmark: OLE_LINK10]NR E-CID
In E-CID, the cell ID is utilized to position the UE location. The RRM measurement is introduced in NR to enhance the accuracy of the positioning by the UE measuring the SSS-RSRP, SS-RSRQ, CSI-RSRP or CSI-RSRQ.
2) NR DL-TDOA
In the NR DL-TDOA method, UE measures the DL PRS of the neighbour TPs to get DL PRS RSTD. Then, according to the location information of the neighbour TPs, the position is fixed by network or UE. It is worth noting that at least 4 TPs should be measured by UE to calculate the positioning location.
3) NR UL-TDOA
In the NR UL-TDOA method, the UE transmits the reference signals, such as SRS-Pos, and the RPs measure the signals. The measurement results can be collected to the network, and the location of UE is fixed by the networks. The same to the DL-TDOA method, at least 4 RPs should be involved in the signal measuring to position the UE location.
4) NR Multi-RTT
In the NR Multi-RTT method, the UE and TRPs should measure the signal of each other. The measurement results should be collected to the network. According to the RTT measurement results and the location information of the TRPs, the UE location can be fixed by the network.
5) NR DL-AoD
In the NR DL-AoD method, the UE measures the DL PRS of the neighbour TPs to get the angle of the downlink signals. Then UE reports the results of the angle measurement to the network. The network calculates the location of UE by the measurements.
6) NR UL-AoA 
In the NR UL-AoA method, the RPs measure the signals SRS-Pos from the UE, and get the azimuth angle and zenith angle. The RPs collects the UL-AoA measurement to the network. The network determines the UE location according to the angles measured and the RPs’ location.
As descripted above, the RAT-dependent based positioning solutions in NR determine the UE location always based on the signal measurements. The measurement parameter in E-CID is the power strength of the downlink signal. The measurement parameter in both TDOA and Multi-RTT is the transmitting time or time difference. The parameters in AoD and AoA are the angles of the reference signals.
Analysis of NR positioning solution in NTN scenarios
In the NTN scenarios, especially in satellites networks, the signal degradation caused by long distance is serious, and the transmission delay of signal is large. The influence of the weak signal and long delay on the RAT dependent based positioning solutions in NTN scenarios can be analyzed in the following.
1) Influence on NR E-CID method
As descripted in the TR 38.821, the satellite beam diameter for GEO is almost 250km, 90km for LEO-1200 and 50km for LEO-600 [4]. So, the cell coverage becomes very huge even for just one beam one cell scenarios in the satellite comparing with the NR cells which generally hundred meters. The signal strength at the edge of the cell is just 3dB less than at the center of the cell. So if the NR E-CID method is applied in NTN satellite scenarios, it is difficult to position an accuracy location of the UE because of the large scale coverage of the satellite beam. And the RRM measurement cannot improve the accuracy of the location in satellite scenarios. The network cannot distinguish the exact location of UE based on the NR E-CID method in the NTN cells.
2) Influence on NR TDOA and multi-RTT method
In the NR TDOA and multi-RTT method, the transmitting time or time difference should be measured to calculate the UE’s location. As shown in TR 38.821, the CNR of both UL and DL is very low [4]. The low CNR will result in week accuracy of time measurement in these time based techniques, which affect the location calculating accuracy for the UE. Furthermore, in order to fix the UE’s location, it needs multi TRPs or satellites to involve. In the NR networks at terrestrial, the base stations can be deployed intensively, and the cells will be overlapping to each other. However, in the NTN scenarios, the overlapping deployment of multi satellites no matter GEO or LEO is unusual. So it will be a risk point to involve multi satellites to apply NR time based positioning techniques. In the end, the long distance of satellite communication introduces large delay of the signals transmission. The long and different transmission delays will also affect the cooperation of the deploying PRS in multi satellites.
3) Influence on NR AoD or AoA method
As described in TS 38.305, the DL-AoD positioning method makes use of the measured DL-PRS-RSRP of downlink signals received from multiple TPs, at the UE, and the UL-AoA positioning method makes use of the measured azimuth and zenith of arrival at multiple RPs of uplink signals transmitted from the UE [3]. But in the satellite scenarios, the fixed beam and moving beam are supported in 3GPP. For the fixed beam, the beam coverage in earth is unchanged for a while, so the angle between beam and satellite is time-varying. It makes uneasy to measure the angle of signals. For the moving beam, the coverage of beam is always dozens kilometers, the receiver cannot exactly distinguish the angle of signals both for the satellite or the UE. So the accuracy of measuring angles is week. Furthermore, it is difficult to catch multi measurement of angles simultaneously from different satellites because of the less overlapping areas in satellite scenarios.
Observation 4: According to the analysis above, the following aspects should be considered when applied the NR positioning methods into the NTN scenarios.
· The NR E-CID method cannot be straightly applied in NTN scenarios because of the large coverage of satellite beams.
· The low CNR, less overlapping coverage, and long various transmission delays should be considered seriously when employing the NR TDOA or multi-RTT positioning method.
· For the NR AoD or AoA method, the specific method of measuring angles of signals should be discussed firstly in NTN satellite scenarios.

Discussion of the major issue affecting the RAT position in NTN
As discussed above, there are serious problems when the RAT-dependent NR positioning solutions were employed directly in NTN scenarios. The characteristics of the RAT-dependent NR positioning method applied in NTN scenarios can be summarized in the following table.
Table-1 Summary of the RAT-dependent NR positioning method for NTN scenarios
	NR positioning method
	Parameter to measure
	Positioning method
	Problem in NTN scenarios
	positioning level in NTN

	E-CID
	CID or SNR
	Network based
	Huge coverage or big beam size
	Beam level or NTN cell level, hundreds kilometers

	NR DL-TDOA
	Time difference
	UE based or network based
	Less overlapping coverage, time synchronizing between the satellites, low SNR
	NR cell level, or few kilometers under the perfect conditions， which should be simulated in the NTN parameters.

	NR UL-TDOA
	Time difference
	Network based
	Less overlapping coverage, time synchronizing between the satellites, low SNR
	

	NR Multi-RTT
	RTT time
	Network based
	Less overlapping coverage, low SNR
	

	NR DL-AoD
	angle
	UE based or network based
	Method of angle measuring, less overlapping coverage
	Beam level or NTN cell level, hundreds kilometers

	NR UL-AoA
	angle
	Network based
	Method of angle measuring, less overlapping coverage
	



From the table, the different method of RAT dependent position can achieve the different positioning precision level in NTN scenarios. The E-CID method can just only distinguish the beam level or NTN cell level accuracy of the UE location. The NR DL-AoD and UL-AoA methods also just achieve the beam level of NTN cell level accuracy of UE location because of the uneasy angles measuring. The time based methods can obtain optimum positioning results under the perfect conditions in NTN networks. As shown in table, the major issues of applied the RAT-dependent positioning solutions in NTN scenarios can be summarized as the less overlapping coverage, the lower SNR, the frequency band, and the UE types.
1) The problem of less overlapping coverage in NTN
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the NR cells, the RAT-dependent positioning solutions are applied in the overlapping areas of multi-cells, especially in TDOA, Multi-RTT, AoD and AoA methods. However, in NTN scenarios, the overlapping areas are very rare especially for fourfold overlapping. According to the TR 38.821, even in LEO satellites constellation scenarios, the fourfold overlapping area is very small between multi-satellites footprints. Hence, it is difficulty to receive signals simultaneously from more than 4 different satellites even in the overlapping areas. Furthermore, it is impossible to calculate the positioning location for the TDOA, Multi-RTT, AoD and AoA methods when the UEs measure the signals less than 4 satellites in the overlapping areas.
2) The problem of lower SNR in NTN
In the NTN scenarios, the distances between the UEs and gNBs are always long, so the power received at UE or gNB is week. The long distance results in the huge degradation of the satellite links. The lower SNR will affect the accuracy of the positioning calculation, even resulting in an error location calculated. In order to improve the performance of position in the lower SNR, the more resources of the band and time will be utilized in RAT-dependent positioning to carry more PRS or SRS signals. The positioning signals will occupy most resource, and the service traffic load will be reduced greatly. So the efficiency of the NTN network is very week when applied the RAT-dependent positioning solutions in lower SNR conditions. 
3) The problem of working frequency band and UE types in NTN
In the 3GPP, the RAT-dependent positioning solutions were discussed in Sub 6GHz band. But in NTN scenarios, the S band with 2GHz and Ka band with 20GHz or 30GHz had been discussed in TR 38.821 [4]. For the sub 6GHz band, it is easy to deploy gNBs to overlap the UE. And the UE’s antennas always have no direction, so it is convenient to receive signals from multi-gNBs. But for the Ka band, the beams always have exact direction. Hence, it is difficult to measure multi signals simultaneously. Meanwhile, the UE types also affect the application of RAT-dependent positioning solution in NTN scenarios. For the handset UE type, always working in sub 6GHz, it is possible to measure multi signals at the same time. But for the VAST UE type, which has direct antennas, it is impossible to measure multi direct signals simultaneously. Therefore, the UE types affect the application of RAT-dependent positioning solutions in NTN scenarios.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7]Observation 5: The major issues that affect the application of RAT dependent positioning methods applied in NTN networks have been summarized as following:
· The lower SNR will be an inevitable issue in NTN scenarios.
· The less overlapping coverage makes it difficult to measure signals from multi satellites simultaneously in the NTN scenarios.
· The frequency band and UE types will affect the application of RAT-dependent positioning solutions in NTN scenarios.
Proposal 1: Considering the issues analyzed above, to realize the RAT-dependent positioning solutions in NTN, the following conditions should be treated as the base line.
· For frequency band and terminal types, the S band (or low band) and handheld terminal should be prior as the baseline.
· Considering the less overlapping coverage problem, the single LEO satellite with multi-time measurements should be one typical positioning scenario discussed firstly.
· In order to verify the precision of the RAT dependent positioning solutions in NTN scenarios, the simulations should be implemented according to the NTN parameters.
The single satellite positioning scenario
As discussed above, the overlapping coverage is rare in NTN due to the consideration of the cost of satellites deploying or the gradually constructing of the mega LEO constellation. So the terminals may not receive signals from multi different satellites simultaneously. To overcome the less overlapping coverage problems in NTN networks, the single satellite with multiple measurements based position method was proposed which means that the terminals can measure multi-location information from a single satellite at different time. 


Figure1 illustration of the single satellite with multi time measurements
The single satellite in view is the typical scenario in NTN especially in the LEO system. As shown in figure, the Satellite A is a LEO satellite. The UE on the earth can continuously observe the Satellite A for a few minutes at each circle. In order to fix the position, the UE0 or Satellite A should measure the angles or distance or RTT between UE and satellite at different time spot, such as T0, T1, or Tn etc.. In this scenario, at least 4 different measurements should be collected to calculate the UE0’s position similarly to the principle of GNSS. The prerequisite for the positioning of the single satellite in view scenario is summarized as following:
· The exact position of satellite A can be acquired at each time, such as T0, T1, or Tn.
· The UE is almost stationary or moving at low velocity during the time T0 to Tn.
· The angles or distance or RTT between satellite and UE can be measured exactly at each time shot.
In the single satellite scenario, the multiple measures could be collected at separated time shots. However, as described in last session, the RAT dependent positioning solutions discussed in NR system almost collect the measurements from multi TRPs simultaneously. So the RAT dependent positioning methods, such as E-CID, UL/DL-TDOA, Multi-RTT or AoA/AoD, cannot be directly implemented in this situation, and the modification should be done to adapt to the single satellite scenario. Therefore, how the RAT dependent solutions applied in NTN single satellite scenario should be discussed seriously.
Observation 6: The existed RAT dependent positioning solutions in NR can be not directly applied in single satellite scenario without any adaptations.
Proposal 2: In order to apply the RAT dependent positioning solutions in NTN single satellite scenario, the following aspects should be studied firstly.
· Which RAT dependent positioning solution can be adapted to the single satellite scenario should be analyzed carefully.
· How adaptive alterative could be done for the proper RAT dependent positioning solutions in single satellite scenario should be studied.
Discussion of simulating parameters
As discussed in above, the UE location verification is necessary in the NTN scenarios. In order to analyze the precision of the RAT dependent positioning method employed in single LEO satellite scenarios with multi separated measurements, the simulating parameters of the satellites and the reference signals, etc., should be discussed firstly. As described in 3GPP TR 38.821, the LEO satellite with 600km and 1200km orbit altitudes were considered. The frequency band of sub 6GHz should be prior discussed in satellite positioning scenarios. As shown in TR 38.821, there are two sets of satellites parameters considered in system level simulation and link budget which shown in following tables.
Table-2 Set-1 satellite parameters for UE location verification in NTN
	Satellite orbit
	LEO-1200
	LEO-600

	Satellite altitude
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [5]
	Section 6.4.1 in [5]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	2 m
	2 m

	Satellite EIRP density
	
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	30 dBi
	30 dBi

	3dB beamwidth
	
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	90 km
	50 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 
(i.e. 2 GHz)
	2 m
	2 m

	G/T
	
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	30 dBi
	30 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [5].
NOTE 2: This beam size refers to the Nadir pointing of the satellite 
NOTE 3: All these satellite parameters are applied per beam.
NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.
NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.




Table-3 Set-2 satellite parameters for UE location verification in NTN
	Satellite orbit
	LEO-1200
	LEO-600

	Satellite altitude
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [5]
	Section 6.4.1 in [5]

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band
(i.e. 2 GHz)
	1 m
	1 m

	Satellite EIRP density
	
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	24 dBi
	24 dBi

	3dB beamwidth
	
	8.8320 deg
	8.8320 deg

	Satellite beam diameter (Note 2)
	
	190 km
	90 km

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band
(i.e. 2 GHz)
	1 m
	1 m

	G/T
	
	-4.9 dB K-1
	-4.9 dB K-1

	Satellite Rx max Gain
	
	24 dBi
	24 dBi

	NOTE 1:	This value is equivalent to the antenna diameter in Sec. 6.4.1 of [5].
NOTE 2:	This beam size refers to the Nadir pointing of the satellite 
NOTE 3:	All these satellite parameters are applied per beam.
NOTE 4:	The EIRP density values are considered identical for all frequency re-use factor options.



In this situation, the UE with handheld type is considered, and the characteristic can be also referred to the TR 38.821 as following.
Table-4 UE characteristics for UE location verification in NTN
	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	(1, 1, 2) with omni-directional antenna element


	Polarisation
	Linear: +/-45°X-pol

	Rx Antenna gain 
	0/-6 dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	0/-6 dBi per element



Meanwhile, as considered in TR 38.821, the bandwidth can be up to 30MHz in the S band. The PRS or SRS utilized in RAT dependent positioning solutions can be reused as same as in NR. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK11]Proposal 3: The parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.
Conclusion
In this contribution, we analzyed the requirement, potential influences, typical scenarios and simulating parameters about the RAT dependent positioning solutions applied in NTN networks for the subject of UE location verification. A few of observations and proposals are made as follows:
Observation 1: The UE location verification is essential in NTN scenarios due to the requirements of RAN operation, regulatory supervision and regulatory support of services in NTN networks.
Observation 2: The verification should be independent from the UE reported location information and GNSS position.
Observation 3: The error range of 5-10km is reasonable to evaluate the precision of the methods to verify the UE location by the NTN networks.
Observation 4: According to the analysis above, the following aspects should be considered when applied the NR positioning methods into the NTN scenarios.
· The NR E-CID method cannot be straightly applied in NTN scenarios because of the large coverage of satellite beams.
· The low CNR, less overlapping coverage, and long various transmission delays should be considered seriously when employing the NR TDOA or multi-RTT positioning method.
· For the NR AoD or AoA method, the specific methods of measuring angles of signals should be discussed firstly in NTN satellite scenarios.
Observation 5: The major issues that affect the application of RAT dependent positioning methods applied in NTN networks have been summarized as following:
· The lower SNR will be an inevitable issue in NTN scenarios.
· The less overlapping coverage makes it difficult to measure signals from multi satellites simultaneously in the NTN scenarios.
· The frequency band and UE types will affect the application of RAT-dependent positioning solutions in NTN scenarios.
Observation 6: The existed RAT dependent positioning solutions in NR can be not directly applied in single satellite scenario without any adaptations.

Proposal 1: Considering the issues analyzed above, to realize the RAT-dependent positioning solutions in NTN, the following conditions should be treated as the base line.
· For frequency band and terminal types, the S band (or low band) and handheld terminal should be prior as the baseline.
· Considering the less overlapping coverage problem, the single LEO satellite with multi-time measurements should be one typical positioning scenario discussed firstly.
· In order to verify the precision of the RAT dependent positioning solutions in NTN scenarios, the simulations should be implemented according to the NTN parameters.
Proposal 2: In order to apply the RAT dependent positioning solutions in NTN single satellite scenario, the following aspects should be studied firstly.
· Which RAT dependent positioning solution can be adapted to the single satellite scenario should be analyzed carefully.
· How adaptive alterative could be done for the proper RAT dependent positioning solutions in single satellite scenario should be studied.
Proposal 3: The parameters of the satellites and UE described in TR 38.821 should be treated as the baseline in analyzing the precision of RAT dependent positioning methods in NTN scenarios.
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