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As an outcome of the Rel-18 highlights from RAN#96 [1], WID of NR NTN enhancement [2] was revised. In the WID, the detailed objectives for network verified UE location are as follows: 

 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.

And recommendations in [3] are as follows:

TR 38.882 Section 5
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.

This contribution provides our views on the requirement of network-verified UE location for NR NTN, and some discussion on the potential solution for positioning verification.

Discussion
Network verified UE location and its relationship to positioning
As pointed in [3], apart from the fact that the UE reported location information estimated via GNSS cannot be directly regarded as reliable or trusted, corresponding GNSS measurements are vulnerable to spoofing and their transmission raises security and privacy issues. However, as RRC measurements generally achieve a higher level of reliability, some mechanisms, especially RAT-dependent positioning methods, are suitable to be employed for the verification of UE reported location using single or multiple satellites, with NTN specific constraints taken into account. 
Observation 1: RAT-dependent positioning methods with NTN specific constraints taken into account should be considered with higher priority in the verification of UE reported location.
In terrestrial network, RAT-dependent positioning methods, including NR E-CID, multi-RTT, DL-AoD, UL-AOA, DL-TDOA, UL-TDOA, are introduced to determine the position of UEs which can achieve the accuracy of meters or even centimeters [4]. To reach such a high accuracy, multiple radio measurements, such as RSRP, RSRQ, DL RSTD/UL RTOA and Rx-Tx time difference, are generally required to be performed and reported to LMF. Whereas in NTN, the accuracy of verifying UE reported location is typically assumed to be up to 5-10 km, which seems not require UE to report so many measurements and such high accuracy as that for positioning in terrestrial network. For the location verification required by the services such as country discrimination and selection of core network, measurements concerning latitude and longitude would be sufficient as the altitude is less important. 
Observation 2: Under the accuracy requirement of 5-10 km, verification of UE reported location does not need to report many measurement quantities with very high accuracy as that in terrestrial network.
Regarding the latency of the positioning verification, the UE location verification will be taken just after UE is attached to a network or periodically with the core network when necessary, and there is no need to do the verification for every data transfer for emergency call, lawful intercept, public warning, charging/billing. There is no direct relationship between the delay requirements of regulatory services and the delay of UE location verification.
Observation 3: The delay of UE location verification may not impact the delay of the regulatory services, e.g., emergency call, lawful intercept, public warning, charging/billing, considering the UE location verification could be performed when the UE initially attaches to the core network and/or performed periodically by the core network.
Considerations on network based solutions for positioning verification
As discussed in [5], the major challenge in NTN based UE location verification is the difficulty to have multiple available satellites for UE positioning. Even without considering the waste of resources for verifying UE reported location using multiple satellites, several other issues still severely limit the multi-satellite based operation. As pointed out in [5], the uplink synchronization for different satellites cannot be guaranteed and, if supported, it needs extra standard work in 3GPP. 
In addition, different frequency are usually deployed for different satellites to avoid intra-frequency interference considering the timing on the different satellites is difficult to be aligned for a given UE. Therefore, inter-frequency measurement would be needed if the UE location verification is based on multiple satellite assumption. This would introduce extra-complexity on UE.
Observation 4: Verification of UE reported location based on multiple satellites is challenging considering the following limitations:
· the number of available satellites for a given NTN UE is limited and cannot be guaranteed in NTN scenario;
· and the timing and UL synchronization among multiple satellites cannot be assumed by existing NTN speciation;
· extra inter-frequency measurements may be needed to support multi-satellite based location verification.
Aligning with the view of observation 4, the WID also gives high priority of single-satellite based UE location verification.
Although RAT-dependent positioning methods can be applied to verify the UE reported location in general. Some NTN specific issues may limit the usage and performance of some of the RAT-dependent positioning methods. We will provide our analysis on the utilization of each typical RAT-dependent positioning mechanism used by TN, including cell-ID based, RSRP/RSRQ based and angle-based positioning.
Cell-ID based positioning
Due to the large cell coverage of satellites, solely utilizing cell ID is not a viable solution even under such a low requirement for accuracy. A cell served by a satellite varies from tens of kilometers to hundreds of kilometers. Therefore, the Cell-ID based positioning cannot be utilized to achieve the 5~10km accuracy for UE location verification.
Observation 5: Cell ID information is not sufficient for verification of UE reported location with 5~10km accuracy due to the large cell coverage of satellites. 
Signal-quality/strength based positioning
Methods like RRM based NR E-CID, which relies on signal level and quality, are also not applicable. As being susceptible to the change of channel, measurements such as RSRP and RSRQ are less correlated with geographical positions and would not be sensible to the movement of UEs. 
Observation 6: Due to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ, are not applicable to verify UE reported geographical location. 
Angle-based positioning
Angle-based positioning methods standardized in [6] for TN are employed to estimate the UE location via angle-of-arrival (AoA) measurements at multiple TRPs, where the antenna configuration at TRPs plays a key factor. Specifically, the estimation of AoA relies on a linear array of equally spaced antenna elements since AoA is a function of the phase rotation from the received signals at any two adjacent elements. However, based on the description in [7], reflector antenna, which is not applicable for AoA based positioning, is the common assumption for satellites in 3GPP. Therefore angle-based positioning methods are not appropriate for discussion at this moment.
Observation 7: Since reflector antenna is common assumption for satellites in 3GPP NTN, angle-based positioning methods are not appropriate for discussion at this moment. 
Positioning based on time-related measurements
Positioning method based on Time-related measurements include DL-TDOA, UL-TDOA and RTT-based approach. For UL-TDOA, which relies on the transmission of SRS, is not directly feasible for verification. The reason is that the UE itself autonomously updates TA via an open loop mechanism, and these values can’t be known by the network through UL detection. 
Observation 8: UL-TDOA-dependent positioning methods are not suitable in verification of UE reported location due to the open loop TA pre-compensation which can’t be known by the network through UL detection.
Time-related measurements like RTT-based approach and DL-TDOA positioning can be potentially used even with NTN specific constraints. Depending on the number of satellites employed for verification, these two methods can be applied for both multi-satellite based and single-satellite based UE location verification. As for the single-satellite based RTT-based positioning, the UE measures the time interval of DL reception and UL transmission (Rx-Tx) from the same satellite at different time instants, which corresponds to different locations of the same satellite. The corresponding Tx-Rx at the satellite can also be measured by the gNB at different time instants. More details are discussed in Section 2.3. For single-satellite based DL-TDOA approach, UE needs to report the time differences of DL receptions from the same satellite at different time instants. For both RTT-based and DL-TDOA based UE location verification, gNB and UE should be aligned on the measured reference signals. 
Observation 9: RTT-based and DL-TDOA based solutions can better fit the NTN constraints and they are applicable for single-satellite scenario.
Proposal 1: Further study RTT-based positioning and DL-TDOA positioning methods for verification of the UE reported location. 
In principle, the current LCS and positioning reference signal (PRS) can be applied for UE location verification directly. However, due to relaxed requirement of measurement accuracy, other uplink and downlink signals, including reference signals of SSB, SRS, CSI-RS or even data could be applied for measurements to reduce the overhead of PRS and SRS. 
Proposal 2: To reduce the overhead, time-related measurements can be performed via other downlink and uplink signals than PRS and SRS, considering the relaxed requirement of measurement accuracy for network verification of UE reported location.

Single-satellite based RTT-based method and evaluations 
According to [3], single-satellite based methods are prioritized in the verification of UE reported location, and if time allows, multi-satellite based methods can be considered. 
For single-satellite based method, a practical challenge lies in appropriate configurations to ensure that relevant measurements performed at different time instants can be differentiated from each other. An exemplary method is the RTT-based positioning that needs a larger time interval between time instants when Rx-Tx measurements are taken. Otherwise, the measured RTTs at different time instants almost remain unchanged and it thus would be challenging to determine the position of UE. On the other hand, a large time interval brings distinguishable RTTs, however would cause larger delay for UE location verification. 
In the following, simulation results are provided to evaluate the performance of the single-satellite based RTT-based positioning with different values of time intervals. The UE is assumed to locate at (1N, 1) and the satellite operates at the altitude of 600 km and 90 inclination with its  location at (0N, 0). Assuming the timing error limit as 4000Tc, which is expected to be achievable by existing reference signals, from the actual RTT, the estimated region of the UE location under the time interval of 1 s and 6 s are shown in Figures 1 and 2, respectively. UEs with the same RTT value from a single measurement correspond to the area between two parallel lines with the same color assuming the measurement error of [-4000Tc, 4000Tc]. After consecutive of three measurements, network could determine the UE position within the intersection of three areas enclosed by three pairs of parallel lines, i.e., the estimated region of the UE location. In Figure 1, network cannot obtain UE location because the contour of estimated region is not closed. The reason is that with such a short time interval, the satellite almost remains unchanged with respect to the UE location and hence the differences in measured RTTs are negligible. In Figure 2, the estimated region of the UE location can be easily obtained with the max error of 3.4 km and 4 km in EW axis and NS axis, respectively. Assuming measurement error of [-4000Tc, 4000Tc] and measurement interval of 6s, the maximum verification error is around 7km, which can meet the requirement of 5~10km. Note that as the principle of RTT-based approach and DL-TDOA based positioning are the same (i.e., based on differential delay), the results should be similar.
[image: ]
Figure 1 Estimated region of UE location under the time interval of 1s.
[image: ]Figure 2 Estimated region of UE location under the time interval of 6s.
Observation 10: The performance of single-satellite based UE location verification is largely impacted by the time interval of measurements.
Observation 11: For single satellite based RTT-based approach and DL-TDOA solution, the accuracy of 5~10km UE location verification can be achieved with much larger error of measurements compared to that in TN positioning.
The evaluation here assumes that the UE achieves [-4000Tc, 4000Tc] measurement error. This is expected to be achievable by existing reference signals. Some further simulation/evaluation may be needed to confirm it.
Proposal 3: Further evaluate the achievable measurement accuracy based on PSS, SSS, and SRS to confirm they are applicable for the UE location verification.
Conclusion
In this contribution, network-verified UE location in NTN is discussed. The observations and proposals are summarized as the following:
Observation 1: RAT-dependent positioning methods with NTN specific constraints taken into account should be considered with higher priority in the verification of UE reported location.
Observation 2: Under the accuracy requirement of 5-10 km, verification of UE reported location does not need to report many measurement quantities with very high accuracy as that in terrestrial network.
Observation 3: The delay of UE location verification may not impact the delay of the regulatory services, e.g., emergency call, lawful intercept, public warning, charging/billing, considering the UE location verification could be performed when the UE initially attaches to the core network and/or performed periodically by the core network.
Observation 4: Verification of UE reported location based on multiple satellites is challenging considering the following limitations:
· the number of available satellites for a given NTN UE is limited and cannot be guaranteed in NTN scenario;
· and the timing and UL synchronization among multiple satellites cannot be assumed by existing NTN speciation;
· extra inter-frequency measurements may be needed to support multi-satellite based location verification.
Observation 5: Cell ID information is not sufficient for verification of UE reported location with 5~10km accuracy due to the large cell coverage of satellites. 
Observation 6:  Due to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ, are not applicable to verify UE reported geographical location. 
Observation 7: Since reflector antenna is common assumption for satellites in 3GPP NTN, angle-based positioning methods are not appropriate for discussion at this moment. 
Observation 8: UL-TDOA-dependent positioning methods are not suitable in verification of UE reported location due to the open loop TA pre-compensation which can’t be known by the network through UL detection.
Observation 9: RTT-based and DL-TDOA based solutions can better fit the NTN constraints and they are applicable for single-satellite scenario.
Observation 10: The performance of single-satellite based UE location verification is largely impacted by the time interval of measurements.
Observation 11: For single satellite based RTT-based approach and DL-TDOA solution, the accuracy of 5~10km UE location verification can be achieved with much larger error of measurements compared to that in TN positioning.
Proposal 1: Further study RTT-based positioning and DL-TDOA positioning methods for verification of the UE reported location. 
Proposal 2: To reduce the overhead, time-related measurements can be performed via the other downlink and uplink signals than PRS and SRS, considering the relaxed requirement of measurement accuracy for network verification of UE reported location.
Proposal 3: Further evaluate the achievable measurement accuracy based on PSS, SSS, and SRS to confirm they are applicable for the UE location verification.
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