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1. Introduction
The Rel-18 NR NTN WID has been updated as follows regarding network verified UE location [1]. 
	4.1.3 Network verified UE location
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.


Considering RAN SI FS_NR_NTN_netw_verif_UE_loc study item, the motivation of network verified UE location is that relying only on the GNSS based location information reported by the UE is not considered reliable as mentioned by SA3-LI. The UE reported location information (e.g. GNSS information), could be erroneous due to intentional (e.g. maliciously tampering by user or by 3rd party) or unintentional (e.g. interference) causes, hence it cannot be considered trusted by network operators. The target services include services which subject to national regulations or other operational constraints, e.g. Public Warning System (PWS), Lawful interception (LI), Emergency services (EMS), Charging and Tariff notifications. The UE location information is considered verified if the reported UE location is consistent with the network-based assessment to be within 5-10 km (similar to terrestrial network macro cell size). Such verification should enable country identification, selection of an appropriate core network, and the support of all the regulatory service.
In this contribution, our views on solutions for network to verify UE reported GNSS location information are provided.

2. [bookmark: DocumentFor]Discussion
2.1. UE location verification based on RAT-dependent positioning methods
Considering solutions based on positioning methods for verification of UE location, following agreement has been made on RAN1#110 meeting [2]:
	Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment: 
· Multi-RTT 
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study


As the time-based RAT-dependent positioning methods are considered as starting point for the study on verification of UE location, details on solutions of applying time-based RAT-dependent positioning methods to NTN scenarios need to be further discussed. One key issue is whether multiple satellite scenario is further studied or not.
In practical case, it’s not easy for UE to always have multiple satellites in the view, thus, it is important to support network verified UE location via a single satellite which is also beneficial with low cost. However, it can be observed from companies’ evaluation results in last meeting that the performance of verification via single satellite is much worse than that of multiple satellites case if time gap between two measurements is small, and may not always satisfy the requirement on verification of 5-10km. Meanwhile, to provide accurate positioning, the time duration of the verification procedure via single satellite is also relative long, e.g., tens of or over 100 seconds. Thus, for some cases that single satellite cannot meet the requirement on verification, or higher accuracy is required (e.g., on boundaries), and less time duration of the verification is required (e.g., some emergency services), verification via multiple satellites becomes important. Thus, we think both single satellite and multiple satellite scenario can be considered for UE location verification.
Proposal 1: 
[bookmark: _Hlk115339042]Consider both single satellite and multiple satellites scenario for verification of UE location in NTN.

2.1.1 Information report on RAT-dependent positioning method applied in NTN
To apply the time-based RAT dependent positioning methods in NTN scenario, for both single satellite and multi satellite cases, some enhancements should be considered. 
In NTN, the reference signals (e.g. PRS, SRS) are transmitted between gNB and UE, and the measurements (e.g. RSTD, RTOA, Rx-Tx time difference) indicate the propagation delay between UE and gNB via satellite. However, the UE location should be derived by the information related to propagation delay between UE and satellite, instead of between UE and gNB. Thus, additional information needs to be reported to LMF to obtain the measurements corresponding to the propagation delay between satellite and UE. An example of applying DL-TDOA method in NTN with single satellite is illustrated in Figure 1. 
As shown in Figure 1, the DL-PRS is transmitted from gNB to UE via satellite. The transmission timing information and geographical coordinates information of TRP/gNB is reported to LMF. The propagation delay between gNB and time/freq. synchronization reference point, between reference point and satellite, and between satellite and UE can be represented as Ta, Tb, and Tc, respectively. Meanwhile, the transmission timing at each measurement time can be represented as T1, T2, etc. The reference point and location of the satellite are different among these measurements, and propagation delay between TRP/gNB and reference point at each measurement time can be represented as Ta1, Ta2, etc. It can be observed that the reported RSTD measurement result which is the difference of ToA between the first and the second measurements, is composed of (T2-T1), (Ta2-Ta1), (Tb2-Tb1), and (Tc2-Tc1). But it is not what LMF requires for UE location estimation. The required measurement result at LMF to estimate UE location is corresponding to the part between UE and satellite, i.e., (Tc2-Tc1). Hence, to obtain the required result at LMF, some other assistance information needs to be reported. Note that for single satellite case, the time interval between two measurements should be large enough to ensure the accuracy of UE location estimation, while the interval in Figure 1 is small for the sake of simplicity.
Similar analysis can be applied to UL-TDOA and multi-RTT methods.
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Figure 1 Example of DL-TDOA in NTN with single satellite
Proposal 2:
For time-based RAT dependent positioning methods applied to NTN, study what additional information should be reported by UE and/or gNB to let LMF obtain the required results for positioning, for both single satellite and multiple satellite scenarios.

2.1.2 Verification with single satellite
For positioning methods via single satellite, compared to multiple satellites case, the main difference could be that, in multiple satellites case, multiple satellites/TRPs are required, and the measurements e.g. RSTD refers to the difference of PRS reception time between different satellites/TRPs and UE. While in single satellite case, only one satellite is available. Therefore, we believe that RSTD should be calculated based on measurements that are performed at different timing. 
Taking DL-TDOA method as an example, the DL RSTD could refer to difference among multiple times of measurements of TOA of the DL PRS, as shown in Figure 2. Meanwhile, in single satellite case, the position of the satellite at multiple measurement timing should be known by LMF, similar as positions of multiple TRPs in multiple satellites scenario. Similar analysis is also applicable to UL-TDOA and multi-RTT methods for single satellite case. 
e.g. RSTD in single satellite positioning refers to the distance corresponding to the time difference experienced on service links between two different measurement timing.
RSTD_single(t1,t0) = service link propagation delay(t1)- reference propagation delay(t0)
RSTD_single(t2,t0) = service link propagation delay(t2)- reference propagation delay(t0)
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Figure 2 Example of DL TDOA positioning of single satellite

Proposal 3:
For time-based RAT dependent positioning methods in single satellite scenario,
· Multiple times of measurements are performed and reported with location information of the single satellite for each measurement.

2.1.3 Consideration of satellite movement
In TN, the locations of TRPs are fixed and the geographical coordinates of the TRPs are reported by gNB to LMF and indicated to UE by LMF. Similarly, in NTN, the location of satellite should be reported by gNB to LMF and indicated to UE by LMF, as the UE location is derived by the information related to propagation delay between satellite and UE. 
However, considering the high moving speed of satellite in LEO/MEO, the location of satellite variants a lot during verification procedure. Thus, which position of satellite should be applied for deriving UE location needs to be determined in order to eliminate/reduce the inaccuracy due to satellite movement.
An example of DL TDOA method considering the varying position of satellite is illustrated in Figure 5. It can be observed that, for each measurement, the applied location of satellite cannot be the satellite location at estimation timing, because the calculated propagation delay is corresponding to the measurements (e.g. RSTD, RTOA), and at that time the satellite should be at the timing of satellite receiving the reference signals (e.g., t1’ in Figure 3).
[image: ]
Figure 3 Example of DL TDOA method: satellite position at difference times
Proposal 4:
For time-based RAT-dependent positioning methods, study impact on the movement of satellite.
· E.g., when the UE location is derived by gNB/LMF from propagation delays, determine the applied location of the satellite (i.e., a reference location of satellite) in order to eliminate/reduce the inaccuracy due to satellite movement.

2.2. Method for RTT estimation in NTN
The method for RTT estimation in NTN has been discussed during last meeting, and following updated proposal was made:
	Updated proposal 6-1
Down select one of the following methods for RTT determination:
· Option1: The multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements of downlink signals (i.e. PRS) received from the satellite, measured by the UE and reported to the gNB and the measured gNB Rx-Tx time difference measurements, of uplink signals transmitted from UE (i.e. UL-SRS).
· Option 2: RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and the timing error of the UL reference signal, i.e., RTT=Te+TA


For multi-RTT positioning method, the accuracy of both options should be identified firstly for better comparison. Option 1 is traditional method, which can be considered as baseline. Option 2 may save signaling overhead and reduce latency as it doesn’t need the information transmission which is related to UE/gNB Rx-Tx time difference. Thus, if option 2 could have the same performance or outperforms option1, option 2 can be additionally considered on top of option 1, which means that a hybrid method is possible. However, as there’s no clear conclusion whether UE reported specific TA can be trusted, such hybrid method should be deprioritized.
Proposal 5:
For multi-RTT positioning method, using UE/gNB Rx-Tx time difference measurements is baseline.

2.3. UE location verification during Initial access
Following FL recommendations were made in previous meeting according to discussions:
	FL Recommendation: 
RAN1 to discuss whether a positioning method could be identified for UE Location verification during Initial access.


In our understanding, the use case or necessity of applying UE location verification during initial access should be firstly clarified/discussed. Otherwise, UE location verification in RRC connected state should be assumed.
Considering UE location verification during initial access, most of the measurement results in traditional positioning methods cannot be acquired. Moreover, positioning methods applied in single satellite case will cost relative long time and not suitable for verification during initial access. On the other hand, how to apply positioning methods via multiple satellites during initial access is not clear, since UE may not be able to acquire information of multiple satellites before initial access. Thus, we suggest deprioritizing the discussion on UE location verification during initial access 
Proposal 6:
Deprioritize the discussion on UE location verification during initial access.

3. Conclusion 
Proposal 1:
Consider both single and multiple satellites scenario for verification of UE location in NTN. 
Proposal 2: 
For time-based RAT dependent positioning methods applied to NTN, study what additional information should be reported by UE and/or gNB to let LMF obtain the required results for positioning.
Proposal 3: 
For time-based RAT dependent positioning methods in single satellite scenario,
· Multiple times of measurements are performed and reported with location information of the single satellite for each measurement.
Proposal 4:
For time-based RAT-dependent positioning methods, study impact on the movement of satellite.
· E.g., when the UE location is derived by gNB/LMF from propagation delays, determine the applied location of the satellite (i.e., a reference location of satellite) in order to eliminate/reduce the inaccuracy due to satellite movement.
Proposal 5:
For multi-RTT positioning method, consider applying UE/gNB Rx-Tx time difference measurements as baseline
Proposal 6:
Deprioritize the discussion on UE location verification during initial access.
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