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In RAN#96 [1], the RAN SI FS_NR_NTN_netw_verif_UE_loc has been finished concluded. 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 [2]:
· 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, the solutions for position verification based on existing network positioning methods are evaluated in NTN. 
Application of legacy positioning methods in NTN
In legacy TN, the RAT dependent network based positioning methods may require multiple BS/TRP to work as anchor nodes for positioning. For example, in multi-RTT methods, network should collect the RTTs between target UE and different BSs to estimate the UE position as shown in Figure 1. 
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[bookmark: _Ref19958]Figure 1 Illustration of multi-RTT method
However, in NTN, the scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority as recommended in [2]. The legacy methods in TN, which utilize multiple BSs for positioning, are hard to be directly adopted in NTN. But thanks to the mobility of satellite, multiple RTTs can be obtained by only one satellite as shown in Figure 2 if the processing time of positioning is allowed to be long. And the ambiguity in the direction perpendicular to the orbit plane can be resolved by AOA at satellite. For the single satellite based positioning, although multiple RTTs can be obtained by setting the satellite position at different time as anchor nodes, the performance cannot be as good as in legacy TN since the anchor nodes are not well spread in space. In SI [2], 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. The performance should be evaluated to see whether the accuracy requirements can be satisfied.
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[bookmark: _Ref11153]Figure 2 Illustration of positioning by single satellite
Observation 1: Single satellite based verification solution should be considered in Rel-18 since multiple available satellite cannot be guaranteed at the same time. 
Observation 2: The performance of single-satellite based RAT-dependent positioning method is not as good as in legacy TN scenario.
Proposal 1: The performance of single-satellite based RAT-dependent positioning method should be evaluated to justify whether regulatory requirements are satisfied. 
TA report based verification method
In Rel-17 NTN, TA report has been supported to accommodate the update of Koffset. In fact, the RTT between satellite and UE is equal to the UE specific TA for service link. That is, network is able to obtain the RTT based on TA report from UE and perform positioning using the multi-RTT method. To further improve the performance, defining higher TA report granularity may be considered. In Rel-17, the TA is reported with a granularity of slot, which may lead to significant quantization error. With such large error, the positioning accuracy may not be good enough. Hence, more accurate TA report may be supported for better location verification performance.
Observation 3: TA report supported in Rel-17 NTN can be used for RTT estimation
Proposal 2: TA report based location verification method can be investigated as alternative to legacy multi-RTT positioning method.
Proposal 3: TA report with higher granularity can be investigated to improve the location verification performance.
Evaluation of single-satellite based multi-RTT method
In the evaluation, only one serving satellite is considered to measure the RTTs at different time instant. In order to simplify the expression, the center of nadir beam is assumed as the origin and the orbit of satellite is within the y-z plane. The detailed parameters for evaluation are listed in Table 1.
[bookmark: _Ref29483]Table 1 Parameters for evaluation
	Parameter
	Value

	Orbit
	LEO-600

	Number of measurements
	3

	Period of measurement
	[10 s, 30 s, 60 s, 90s, 120 s]

	UE location
	Nadir point is set as origin
UE is located at x = 20km, y = 5km, z=0

	Max RTT measurement error
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1
T1=[10 ns, 30ns, 50 ns, 100 ns]

	Monte Carlo simulation times
	1000


For the scenarios listed in Table 1, the evaluated average positioning error is illustrated in Figure 3. From the figure, it can be observed that the average positioning error can be smaller than 10km if the period of measurement is long enough. However, if larger RTT measurement error is assumed, the average positioning error can be as increased and longer time is needed for positioning. In Table 2, the probability that positioning error is smaller than 10km (i.e., accuracy requirement is satisfied) is evaluated with different assumption of measurement error and measurement period. From the table, if the RTT can be accurate, e.g., 1ns, the positioning can be performed within 30*(3-1)=60s with 100% probability meeting the accuracy requirements. While if the measurement error is larger, longer time will be needed to ensure positioning result is accurate enough. For example, when measurement error is increased to 30ns, the 180s positioning time is needed to ensure the accuracy requirement is satisfied with over 95% probability.
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[bookmark: _Ref30917]Figure 3 Evaluation of average positioning error of single-satellite based multi-RTT method
[bookmark: _Ref14375]Table 2 Probability for positioning error smaller than 10km
	Measurement 
period
Measurement 
error (T1)
	10s
	30s
	60s
	90s
	120s

	1ns
	52.0%
	100%
	100%
	100%
	100%

	10ns
	6.3%
	50.3%
	97.0%
	100%
	100%

	30ns
	2.0%
	19.2%
	64.7%
	95.1%
	99.9%

	50ns
	1.1%
	11.7%
	45.3%
	81.3%
	97.5%

	100ns
	0.5%
	5.9%
	23.4%
	51.5%
	77.9%


Observation 4: The single-satellite based multi-RTT method can meet the accuracy requirement with 97% probability when RTT measurement error is 30ns and measurement period is 90s for LEO-600.
Observation 5: The required time for one verification is long and the multiple verifications are not expected.
Proposal 4: Single-satellite based multi-RTT positioning method can be used for UE location verification for LEO where the RTTs are measured based on same satellite at different time instance. 
Procedure w.r.t location verification
For multi-RTT based verification method, since LMF is involved in positioning, the verification should be performed after initial access. Then, the detailed procedure can be firstly, the network should configure the positioning resources. Compared to legacy multi-RTT positioning, network can also configure the period of RTT measurement. After triggering of measurement, UE and network periodically measure the DL-PRS and UL-SRS according to the configured positioning resources. Then, UE may report the Rx-Tx time difference every time after measurement or in one shot after all the measurements. After the measurements, network determine the RTTs and calculate UE position. Finally, UE location is verified based on calculated UE position. If UE location verification is failed, CN or BS will release the connection with the UE.
However, since the single-satellite positioning will cost long time, location verification is not expected to be performed too frequently, e.g., every time when UE accesses the network. In order to reduce the frequency of location verification, a reliability flag can be assigned to the UE which has been verified. If the UE has passed location verification, network can assign a flag indicating the UE is reliable. Otherwise, network can assign a flag indicating the UE is not reliable. The flag will be valid for a period of time. 
When a UE is trying to access a network, the access will be directly rejected by network if it is assigned with an unreliable flag. If the UE is assigned with a reliable flag, the access will directly be accepted by network without verification. With this method, location verification can be performed only once when the reliability flag is valid.
Proposal 5: UE can be assigned with reliability flag based on verification result to reduce the frequency of location verification. 
Proposal 6: Network will reject access from UE assigned with unreliable flag and accept access from UE assigned with reliable flag without location verification. 
Conclusions
In this contribution, analysis on improved GNSS operation for IoT-NTN is conducted with following proposals and observations:
Observation 1: Single satellite based verification solution should be considered in Rel-18 since multiple available satellite cannot be guaranteed at the same time. 
Observation 2: The performance of single-satellite based RAT-dependent positioning method is not as good as in legacy TN scenario.
Observation 3: TA report supported in Rel-17 NTN can be used for RTT estimation
Observation 4: The single-satellite based multi-RTT method can meet the accuracy requirement with 97% probability when RTT measurement error is 30ns and measurement period is 90s for LEO-600.
Observation 5: The required time for one verification is long and the multiple verifications are not expected.
Proposal 1: The performance of single-satellite based RAT-dependent positioning method should be evaluated to see whether regulatory requirements are satisfied. 
Proposal 2: TA report based location verification method can be investigated as alternative to legacy multi-RTT positioning method.
Proposal 3: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 4: Single-satellite based multi-RTT positioning method can be used for UE location verification, where the RTTs are measured based on same satellite at different time instance. 
Proposal 5: UE can be assigned with reliability flag based on verification result to reduce the frequency of location verification. 
Proposal 6: Network will reject access from UE assigned with unreliable flag and accept access from UE assigned with reliable flag without location verification.
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