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1 Introduction
Network verified UE location for the NTN Enhancements in Rel-18 NR is one of its main objectives:
	Objectives on Network verified UE location for the NTN Enhancements in NR [1]:

· 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.


Subsequently, a new SID for UE location verification in captured in RP-221820, as follows:
	· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for NTN and for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing). 
· The SI is concluded in RAN#96, the TR 38.882 v1.0.0 is endorsed in RP-221875


Hence, in this contribution, we focus on the investigation of potential network based solutions which aim at verifying the reported UE location information based on Recommendations in TR 38.882 to progress the study. 
2 Recommendations in TR 38.882
Recommendations are listed in the TR 38.882 as follows:
1) The verification should be performed independently from the location information reported by UE
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 (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). 
3) The solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
4) 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

3 
Potential solutions

From our perspective, the recommendations of TR 38.882 should be the baseline of further RAN discussion, thus, in this section, the potential solutions based on the recommendations of TR 38.882 will be listed and insights into the pros and cons of each of them will be provided as well.
1) Reusing existing 3GPP defined RAT dependent positioning methods
2) RAN-based positioning method

3) Reporting the TN cell information or Virtual Cell detected by UE 

3.1 Reusing current 3GPP defined RAT dependent positioning methods
According to the recommendation, it indicates when considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline.
Proposal 1: existing 3GPP defined RAT dependent positioning methods, e.g., UL/DL TDOA, UL/DL AOA, multi-RTT can be considered as baseline.
On top of this, the recommendation 3) also demands that the solution should not impact significantly the latency of the targeted services nor infringe privacy requirements that apply to the UE location.
However, the current LMF-based positioning architecture and procedure which involving CN network and positioning server (LMF) will cost much longer latency than that of RAN-based positioning architecture and procedure. Figure 1 shows the architecture in 5GS applicable to positioning of a UE with NR access. The AMF receives a request for some location service associated with a particular target UE from another GMLC and then sends a location services request to an LMF. The LMF processes the location services request which may include transferring assistance data to the UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the UE. The LMF then returns the result of the location service back to the AMF. A gNB may control multiple TRPs/TPs.
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Figure 1: UE Positioning Overall Architecture applicable to NG-RAN 
On top of the above architecture, figure 2 shows the overall sequence of events applicable to the UE, NG-RAN and LMF for any location service.
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Figure 2: CN-based UE Positioning procedure applicable to Location Verification [3]
Obviously, considering the existing long RTT latency in NTN system, the current LMF-based architecture and procedure which involving CN network and positioning server (LMF) is not feasible in the NTN scenarios. We tend to support that positioning functions for UE location verification are only located in the related UE and gNB, without the involvement of LMF and AMF.

However, this means the architecture, signalling flow/parameter and measurement procedure for all needs to be re-consideration, as the preferred architecture for UE location verification shown in figure 3.

Observation 1: in addition to the existing long RTT latency in NTN system, the current LMF-based architecture and procedure which involving CN network and positioning server (LMF) will cost more additional long latency.

3.2 RAN-based positioning method
As illustrated above, considering the existing long RTT latency in NTN system, the current LMF-based architecture and procedure which involving CN network and positioning server (LMF) is not feasible in the NTN scenarios and the preferred architecture for UE location verification shown in figure 3.
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Figure 3: UE Positioning Overall Architecture applicable to NG-RAN 

The example signalling-flow of exemplary RTT based method for UE location verification as follows:
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Figure 4: RAN-based UE Positioning procedure (e.g. RTT-based) applicable to Location Verification 

Hence, current NAS signaling for positioning needs to be adapted into AS signaling for the UE location verification in NTN scenario.
Observation 2: current NAS signaling for positioning needs to be adapted into AS signaling for the UE location verification in NTN scenario.
Proposal 2: it is propose that RAN2 start to perform the normative work of signalling framework/flow design of RAN based positioning method for the UE location verification in NTN scenario.
3.3 Reporting the TN cell information or Virtual Cell detected by UE 

As recommended in [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 (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).
Considering the significant signalling overhead, latency and power consumption, in our understanding, it is feasible and reasonable to limit the network based assessment in the granularity of 5-10 km, which is similar to TN macro cell size.
Consequently, two alternatives can be utilized as follows:

Alternative a) Reporting the TN cell information detected by UE: 

· When the location assessment is initiated, the gNB can command the UE to report the detected TN cell information, e.g. PCI, beam information or corresponding measurement results. Then the gNB can check whether the reported TN cell’s position align with the UE reported location (e.g. GNSS location) for assessment;
Alternative b) Reporting Virtual Cell detected by UE

· When the location assessment is initiated, the gNB can command the UE to report the detected virtual cell information, e.g. CSI-RS allocated for this virtual cell or corresponding measurement results, which configured to the UE in advance. Then the gNB can check whether the reported virtual cell’s position align with the UE reported location (e.g. GNSS location) for assessment;

Observation 3: Considering the significant signalling overhead, latency and power consumption, in our understanding, it is feasible and reasonable to limit the network based assessment in the granularity of 5-10 km, which is similar to TN macro cell size.

Proposal 3: it is proposed to limit the network based assessment in the granularity of 5-10 km, which is similar to TN macro cell size and study the solutions of reporting the TN cell information or Virtual Cell detected by UE.
4 Handling on the Verification Result
From our perspective, the gNB should maintain the verification result for served UE. If a given UE is regarded as malicious, the reported location information is always “fake”, it is reasonable for the gNB to trigger the UE release procedure and recall the resource allocated to the UE. Furthermore, the gNB can distribute and share the UE’s credit status according the maintained verification result for the UE to neighbour gNBs or CN.

Proposal 4: If a given UE is regarded as malicious, as the reported location information is always “fake”, it is reasonable for the gNB to trigger the UE release procedure and recall the resource allocated to the UE. 

Proposal 5: the gNB can distribute and share the UE’s credit status according the maintained verification result for the UE to neighbour gNBs or CN.
5 Conclusions
Observation 1: in addition to the existing long RTT latency in NTN system, the current LMF-based architecture and procedure which involving CN network and positioning server (LMF) will cost more additional long latency.

Observation 2: current NAS signaling for positioning needs to be adapted into AS signaling for the UE location verification in NTN scenario.
Observation 3: Considering the significant signalling overhead, latency and power consumption, in our understanding, it is feasible and reasonable to limit the network based assessment in the granularity of 5-10 km, which is similar to TN macro cell size.
Proposal 1: existing 3GPP defined RAT dependent positioning methods, e.g., UL/DL TDOA, UL/DL AOA, multi-RTT can be considered as baseline.

Proposal 2: it is propose that RAN2 start to perform the normative work of signalling framework/flow design of RAN based positioning method for the UE location verification in NTN scenario.
Proposal 3: it is proposed to limit the network based assessment in the granularity of 5-10 km, which is similar to TN macro cell size and study the solutions of reporting the TN cell information or Virtual Cell detected by UE.

.Proposal 4: If a given UE is regarded as malicious, as the reported location information is always “fake”, it is reasonable for the gNB to trigger the UE release procedure and recall the resource allocated to the UE. 

Proposal 5: the gNB can distribute and share the UE’s credit status according the maintained verification result for the UE to neighbour gNBs or CN.
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