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1. Introduction 
For Rel-18 NR NTN enhancements [1], one objective is to consider how to verify UE location as described below.
	4.1.3	Network verified UE location

[bookmark: _Hlk89953816]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].

[bookmark: _Hlk86407450][bookmark: _Hlk102684345]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.




In this paper, we provide our views on this topic.
2. Discussion 
As the outcome of the RAN SI on network verified UE location, the following recommendation is made [2]:
	[bookmark: _Toc105678674]5	Recommendations
In this study, we have identified the need to define a network based solution which aims at verifying the reported UE location information.
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



After a UE reports its location coordinates to network, network still needs to verify UE reported location information for enabling country discrimination and selection of an appropriate core network, as this UE could be malicious and fake the location coordinates. Since the requirement is “the verification should be performed independently from the location information reported by UE”, RAN WG needs to consider solutions for this “network based assessment”. After deriving the assessment result, network compare it with the location information reported by UE, to achieve this verification. So, the key part is “network based assessment”.
Observation 1: the key part of network verified UE location is “network based assessment”.
From the RAT dependent positioning methods perspective, there are three solution directions, i.e., UE based, UE-assisted-LMF-based, and NG-RAN node assisted. And current RAT dependent positioning methods are categorized as the following based on those solution directions in below Table.
Table 1 Relation of existing RAT dependent positioning methods with the kind of solution direction (i.e., UE based, UE-assisted-LMF-based, and NG-RAN node assisted)
	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted

	DL-TDOA
	Yes
	Yes
	No

	DL-AoD
	Yes
	Yes
	No

	Multi-RTT
	No
	Yes
	Yes

	NR E-CID 
	No
	Yes
	Yes

	UL-TDOA
	No
	No
	Yes

	UL-AoA
	No
	No
	Yes



At first, RAN2 needs to discuss which solution direction/category of RAT dependent positioning methods can be considered as “network based assessment”. UE based positioning methods may not be considered as “network based assessment” because they are based on UE calculation results. For UE assisted/LMF based positioning methods (DL TDOA, DL-AoD, Multi-RTT), since the report from UE is needed, it is not very clear whether they can be considered as network assessment, or whether the information from UE can be trusted. For NG-RAN assisted positioning methods (i.e., NR-ECID, UL-TDOA, UL-AoA), they are based on the measurement from the NG-RAN, or the RRM measurement reports to NG-RAN, and they could be considered as network based assessment.
Proposal 1: RAN2 to confirm NG-RAN assisted positioning methods (NR-ECID, UL-TDOA, UL-AoA) can be considered as network based assessment.
Proposal 2: RAN2 to discuss whether UE assisted/LMF based positioning methods (DL TDOA, DL-AoD, Multi-RTT) can be considered as network based assessment, or whether the information from UE can be trusted.
In the following sections, we analyse whether these RAT dependent positioning methods can be applied in NTN scenarios.
NR E-CID:
NR Enhanced Cell ID (NR E-CID) positioning refers to techniques which use UE and/or NR radio resource related measurements (cell/beam level measurements) to improve the UE location estimate.
NR E-CID measurements may include the following UE measurements (as defined in TS 38.215):
· SS Reference signal received power (SS-RSRP);
· SS Reference Signal Received Quality (SS-RSRQ);
· CSI Reference signal received power (CSI-RSRP);
· CSI Reference Signal Received Quality (CSI-RSRQ).;
In TN scenario, a SS Reference signal or a CSI Reference signal may represent a beam with a direction. The evaluation of SS-RSRP or CSI-RSRP may show the direction information of UE. But in NTN scenario, the beams generated by satellites are in a from-top-to-ground manner. In this case whether the accuracy of NR E-CID measurements can meet the requirement needs to be evaluated by RAN1 first.
Observation 2: in NTN scenario, the beams generated by satellites are in a from-top-to-ground manner, which are common for all UEs in a NTN cell.
Proposal 3: For NTN positioning, RAN2 sends a LS to RAN1 and asks whether the accuracy of NR E-CID measurements can meet the requirements.

UL-AoA and DL-AoD:
In the UL-AoA (Angle of Arrival) positioning method, the UE position is estimated based on UL AoA (and optionally UL SRS-RSRP) of uplink radio signals taken at different TRPs, along with other configuration information. 
In the DL-AoD (Angle-of-Departure) positioning method, the UE position is estimated based on DL PRS-RSRP measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the spatial information of the downlink radio signals and geographical coordinates of the TRPs.
But in NTN scenario, as all the PHY signals are relayed by the same satellite, the AOA/AOD information is common for all UEs in a NTN cell. Whether the UL-AoA and DL-AoD positioning methods can still be feasible needs to be evaluated by RAN1 first.
[bookmark: _Hlk110859211]Observation 3: in NTN scenario, as all the PHY signals are relayed by the satellite, the AOA/AOD information is common for all UEs in a NTN cell.
Proposal 4: send a LS to RAN1 and ask whether the UL-AoA and DL-AoD positioning methods can still be feasible in NTN scenario.

DL-TDOA/ UL-TDOA:
In the DL-TDOA positioning method, the UE position is estimated based on DL RSTD (and optionally DL PRS-RSRP) measurements taken at the UE of downlink radio signals from multiple NR TRPs, along with knowledge of the geographical coordinates of the TRPs and their relative downlink timing. 
In the UL-TDOA positioning method, the UE position is estimated based on UL-RTOA (and optionally UL SRS-RSRP) measurements taken at different TRPs of uplink radio signals from UE, along with other configuration information. 
[bookmark: _Hlk110857281]Both solutions are based on the measurements on reference signal time difference from/to different TRPs. But in NTN scenario, there is no multiple TRPs. Whether “single satellite (or HAPS) in view by the UE at a time” can be considered as a TRP needs to be evaluated by RAN1 first.
Observation 4: in NTN scenario, there is no multiple TRPs to apply DL-TDOA/ UL-TDOA positioning methods.
[bookmark: _Hlk110853094]Proposal 5: send a LS to RAN1 and ask whether “single satellite (or HAPS) in view by the UE at a time” can be considered as a TRP when applying DL-TDOA/ UL-TDOA positioning methods.

Multi-RTT:
[bookmark: _Hlk110980440]In the Multi-RTT positioning method, the UE position is estimated based on measurements performed at both, UE and TRPs. The measurements performed at the UE and TRPs are UE/gNB Rx-Tx time difference measurements (and optionally DL PRS-RSRP and UL SRS-RSRP) of DL-PRS and UL-SRS, which are used by an LMF to determine the RTTs. In NTN scenario, the RTT includes the service link RTT and feeder link RTT, RAN1 needs to evaluate whether Multi-RTT positioning method can be applied in NTN first.
Proposal 6: send a LS to RAN1 and ask whether Multi-RTT positioning method can be applied in NTN.

TA based solution:
In Rel-17 NTN, the TA reporting has been specified. TA reporting can be enabled during Random Access due to RRC connection establishment, RRC connection reestablishment, RRC connection resume and reconfiguration with sync. It could also be triggered based on a condition, i.e., “if the variation between current information about Timing Advance and the last reported information about Timing Advance is equal to or larger than offsetThresholdTA”. Based on this mechanism, UE can report TA value directly to network instead of the Multi-RTT mechanism. As the movement of satellite, the TA value of a UE keeps changing, if network assigns a small value of offsetThresholdTA to UE, the UE can report TA value along with the movement of satellites frequently. Since the TA value is reported to RAN, RAN needs to transfer the TA value to LMF, or RAN2 needs to consider reporting TA value in LPP message. In this case LMF can estimate UE location based on these TA values (i.e., RTT values).
Observation 5: LMF can take advantage of TA value reported by UE to estimate UE location.
Proposal 7: RAN2 to consider reusing TA reporting for the purpose of network verified UE location.
Proposal 8: the potential enhancements could be RAN transfers the TA value to LMF, or RAN2 needs to consider reporting TA value in LPP message.

3. Conclusion
In this paper, we discuss the network verified UE location, and we have the following observations:
Observation 1: the key part of network verified UE location is “network based assessment”.
Observation 2: in NTN scenario, the beams generated by satellites are in a from-top-to-ground manner, which are common for all UEs in a NTN cell.
Observation 3: in NTN scenario, as all the PHY signals are relayed by the satellite, the AOA/AOD information is common for all UEs in a NTN cell.
Observation 4: in NTN scenario, there is no multiple TRPs to apply DL-TDOA/ UL-TDOA positioning methods.
Observation 5: LMF can take advantage of TA value reported by UE to estimate UE location.

And we propose:
Proposal 1: RAN2 to confirm NG-RAN assisted positioning methods (NR-ECID, UL-TDOA, UL-AoA) can be considered as network based assessment.
Proposal 2: RAN2 to discuss whether UE assisted/LMF based positioning methods (DL TDOA, DL-AoD, Multi-RTT) can be considered as network based assessment, or whether the information from UE can be trusted.
Proposal 3: For NTN positioning, RAN2 sends a LS to RAN1 and asks whether the accuracy of NR E-CID measurements can meet the requirements.
Proposal 4: send a LS to RAN1 and ask whether the UL-AoA and DL-AoD positioning methods can still be feasible in NTN scenario.
Proposal 5: send a LS to RAN1 and ask whether “single satellite (or HAPS) in view by the UE at a time” can be considered as a TRP when applying DL-TDOA/ UL-TDOA positioning methods.
Proposal 6: send a LS to RAN1 and ask whether Multi-RTT positioning method can be applied in NTN.
Proposal 7: RAN2 to consider reusing TA reporting for the purpose of network verified UE location.
Proposal 8: the potential enhancements could be RAN transfers the TA value to LMF, or RAN2 needs to consider reporting TA value in LPP message.
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