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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 location information are provided.

2. [bookmark: DocumentFor]Discussion
Following observations and recommendations have been made in TR38.882 [2], 
	Some further observations:
a)	At least some of the information the UE supplies to the network will have to be considered as trusted, to avoid extreme conclusions (at least RRC measurements cannot be faked); 
…
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


According to these, two possible directions can be considered for network verified UE location.
Option 1: Based on Rel-17 UE-specific TA report
Although UE reported GNSS-based location may not be reliable, at least some of the information reported by UE will be considered as trusted. Thus, the UE-specific TA report supported in Rel-17, which is a kind of location information, could be considered as baseline. Meanwhile, some enhancements are needed in order to achieve verification of the UE location.
Option 2: Based on NR RAT-dependent positioning methods
It has been general understanding during the RAN study phase that any network-based positioning technique (RAT-dependent) can be used to verify the UE location. Existing 3GPP defined RAT dependent positioning methods can be considered as baseline for the verification of UE location. Meanwhile, when these positioning methods are applied to NTN scenario, enhancements and modifications would be necessary. 
In order to meet the requirement of this topic, both of the options should be analyzed and discussed sufficiently during this meeting. We discuss the details of each below in order to decide which option(s) is taken in this agenda.
Proposal 1:
For NW verified UE location for NR NTN, study the following two options.
· Option 1: Based on Rel-17 UE-specific TA report
· Option 2: Based on NR RAT-dependent positioning methods

2.1. Solutions based on Rel-17 UE specific TA report
As mentioned in TR38.882, at least some of the information the UE supplies to the network will have to be considered as trusted, therefore, some information reported by UE may be applied to verify the UE location. The UE-specific TA report, which has been supported in Rel-17 NTN as specified in TS38.321[3], could be considered as a baseline since the reported information would be generated from trusted UE location information.
	5.4.8 Timing Advance Reporting
The Timing Advance reporting procedure is used in a non-terrestrial network to provide the gNB with an estimate of the UE's Timing Advance value (i.e., T_TA as defined in the UE's TA formula, see TS 38.211 [8] clause 4.3.1).
RRC controls Timing Advance reporting by configuring the following parameters:
-	ta-Report;
-	offsetThresholdTA;
-	timingAdvanceSR.


It can be observed that when only UE-specific TA is reported, the effective verification of UE location may not be achieved since one UE-specific TA could lead to a wide mapping range, as shown by red arc curve in Figure 1. Thus, in addition to UE specific TA report, additional information reporting is needed for the purpose of verification.
According to the spatial positioning mechanism, the additional reported values could be, e.g., distance between UE and a reference point (e.g., another satellite), which can be applied as assistance information in addition to UE specific TA to reduce the mapping range and achieve the verification of UE location. Mathematically, with two reference points and corresponding assistance information in addition to a serving satellite, a specific location on earth could be determined accurately, and the verification of UE can be achieved. However, as illustrated in Figure1, considering the relatively loose accuracy requirement of the verification, whether one reference point and corresponding assistance information is sufficient for verification or not can be further discussed. 
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Figure 1 Illustration of UE location verification based on UE-specific TA report
The applied reference point could be the reference location of serving cell indicated in NTN-SIB (which is supported in Rel-17 NTN), or position reference unit (PRU), etc., which should be known by both UE and gNB. When the reference point is, e.g., the reference location of serving cell, the distance between UE and the reference point could be calculated by UE with the reference location and UE GNSS location. It is noted that although the reference point could be another satellite or cell center of neighbor cell, it should not be applied since scenario of single satellite in view by UE is prioritized according to previous discussion.
Proposal 2: 
Support report of information in addition to UE specific TA for the verification of UE location.
· Study the details of the additional information  (e.g., distance between UE and a reference point).
· Study the choice of the reference point, e.g., the reference location of serving cell indicated in NTN-SIB, etc.

2.2. Solutions based on NR RAT-dependent positioning methods
When considering solutions based on positioning methods for verification of UE location, it has been mentioned that existing 3GPP defined RAT dependent positioning methods shall be considered as baseline.
Considering some characteristics of NTN scenario, e.g. wide beams and small range of RSRP, the angle-based positioning methods and RSRP related methods may have restrictions as illustrated in Figure 2. Thus, the time-based RAT dependent positioning methods, i.e. DL-TDOA, UL-TDOA, multi-RTT should be mainly considered.
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Figure 2 Examples on insufficiency of RSRP-related and angle-based positioning methods
Proposal 3: 
The time-based RAT dependent positioning methods, i.e. DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN.
· Angle-based methods and RSRP-based methods are deprioritized.

2.2.1 Verification with single satellite
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. As discussed in previous meeting, the scenario of single satellite in view by the UE at a time is considered with higher priority. 
Compared to multi-satellite positioning methods, the main difference could be that, in multi-satellite 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 3. 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 satellite 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)
V_satellite
Service link propagation delay (t1)
Reference propagation delay (t0)
t0
t1
Service link propagation delay (t2)
t2

Figure 3 Example of DL TDOA positioning of single satellite
Proposal 4:
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.

2.2.2 Details of measured/reported information
To apply the time-based RAT dependent positioning methods in NTN scenario, 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) 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. Thus, additional information needs to be reported to gNB/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 4. 
As shown in Figure 4, 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. Similar analysis can be applied to UL-TDOA and multi-RTT methods. 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 4 is small for the sake of simplicity.
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Figure 4 Example of DL-TDOA in NTN with single satellite
Proposal 5:
For time-based RAT dependent positioning methods applied to NTN, study what additional information should be reported by UE to let LMF obtain the required results for positioning.

2.2.3 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 5).
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Figure 5 Example of DL TDOA method: satellite position at difference times
Proposal 6:
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

3. Conclusion 
Proposal 1:
For NW verified UE location for NR NTN, study the following options.
· Option 1: Based on Rel-17 UE-specific TA report
Option 2: Based on NR RAT-dependent positioning methods 
Proposal 2: 
Support report of information in addition to UE specific TA for the verification of UE location.
· The additional information can be propagation delay/distance between UE and a reference point.
· The choice of the reference point can be discussed, e.g. satellite, the reference location of serving cell which indicated in NTN-SIB, etc.
Proposal 3: 
The time-based RAT dependent positioning methods, i.e. DL-TDOA, UL-TDOA, multi-RTT are prioritized for verification of UE location in NTN.
· Angle-based methods and RSRP-based methods are deprioritized.
Proposal 4:
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 5:
For time-based RAT dependent positioning methods applied to NTN, study what additional information should be reported by UE to let LMF obtain the required results for positioning.
Proposal 6:
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.
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