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Abstract of the contribution: this paper proposes to update solution #14 in TR 23.754.
Discussion
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]This pCR is proposed to update solution#14 with following aspects:
· To delete the FFS of “whether there are other cases is FFS”, the following new cases for tracking are added:
· UAV tracking based on flight path report generated by UE or UFES.
· UAV tracking for UAV unknown to UTM.
· To delete FFS of “what information is included in UE trajectory and the trigger for UAVF to report to the UTM is FFS”, the following description is added:
· The trajectory includes a number of waypoints defined as 3D locations and time stamps per way point.
· When UFES decides that the UAV location deviate the way point, it sends Flight route tracking response (deviation from trajectory notify, way point, UE location, deviation distance) to the UTM.
· Rename the UAVF to UFES to align with solution #5.
Proposal
It is proposed to update solution #14.
First change
[bookmark: _Toc43132083][bookmark: _Toc43192995][bookmark: _Toc44584025][bookmark: _Toc44584174]6.14	Solution #14: UAV and UAVC tracking and flight route analysis
[bookmark: _Toc43132084][bookmark: _Toc43192996][bookmark: _Toc44584026][bookmark: _Toc44584175]6.14.1	Introduction
This solution addresses KI#4: UAV and UAV Controller tracking:
-	What information is required for the 3GPP system to track the UAV and the UAV Controller.
[bookmark: _Toc25971120][bookmark: _Toc25971364][bookmark: _Toc26360288][bookmark: _Toc26360357][bookmark: _Toc30640002][bookmark: _Toc31274606][bookmark: _Toc43132085][bookmark: _Toc43192997][bookmark: _Toc44584027][bookmark: _Toc44584176]6.14.2	Functional Description
In this solution, UAVF is responsible to detect, identify and report the problematic UAV and UAVC to UTM. UTM provides GPSI/MSISDN of UAV/UAVC to UAVF for problematic UAV and UAVC report. The following cases for tracking are supported by UAVF:
-	Whether UAV flies according to the pre-defined flight route: in this case, UTM also provides UE trajectory to UAVF. The UFESUAVF requests obtains periodic UE location information of GPSI/MSISDN from GMLCby invoking UE positioning procedures defined in TS 23.273 or TS 23.271, compares the location with the trajectory provided by UTM, if the UAVF detects that the UE location deviate the trajectory, it notifies the UTM. The trajectory includes a number of waypoints defined as 3D locations and time stamps per way point.
-	UE or UFES reports the flight path information to UTM based on CAA-level UAV ID and/ or flight path information report configuration provided by UTM. The flight path information includes a number of waypoints defined as 3D locations and can consist also time stamps per waypoint if configured.
-	UFES identifies and provides the information of the UAV which is unknown to UTM based on the reference information (such as location information) provided by UTM.

Editor's note:	Whether there are other cases is FFS.
Editor's note:	What information is included in UE trajectory and the trigger for UAVF to report to the UTM is FFS.
[bookmark: _Toc43132086][bookmark: _Toc43192998][bookmark: _Toc44584028][bookmark: _Toc44584177]6.14.3	Procedures
[bookmark: _Toc43132087][bookmark: _Toc43192999][bookmark: _Toc44584029][bookmark: _Toc44584178]6.14.3.1	UAV and UAV Controller tracking based on UE trajectory




Figure 6.14.3.1-1: UAV and UAV Controller tracking and flight analyses
1.	The UTM sends Flight route tracking request (GPSI/MSISDNCAA-level UAV ID, UE trajectory) to UAVFUFES. The UTM obtains UAV GPSICAA-level UAV ID during UAV authentication and authorization procedure which is described in the solutions for KI#2 and KI#3.
2.	The UAVF requests periodic UE locations from GMLC by invoking the Deferred 5GC-MT-LR for periodic events in clause 6.3.1 in TS 23.273 [8] (if GPSI is received in step 1) or the Instigation and Reporting of Periodic and Triggered Location in clause 9.1.19.1 in TS 23.271 [13] (if MSISDN is received in step 1). The UFES invokes UE positioning procedure defined in TS 23.273 or TS 23.271 to obtain UE locations based on the timestamp of the way point included in the UE trajectory.
3.	The UAVF UFES analyses compares the UE location with the way point included in the UE trajectory.
4.	[Conditional] When UAVF UFES decides that the UAV location deviate the way pointUE trajectory, it sends Flight route tracking response (deviation from trajectory notify, way point, UE location, deviation distance) to the UTM.
5.	Based on notification, the UTM may perform flight control, e.g. sends warnings or updates flight route.
6.14.3.x	UAV tracking based on flight path report generated by UE


Figure 6.14.3.x-1: UAV tracking based on flight path report generated by UE
0.	During UAV bootstrapping, the UTM sends flight path information report configuration to UAV. The configuration is the same as the FlightPathInfoReportConfig IE defined in clause 6.3.6 in TS 36.331 and includes the maximum number of way points UE can include in the flight path information report and indication of whether time stamp of each way point can be reported in the flight path information. This step is out of scope of 3GPP.
1.	The UTM sends Flight Path Request (CAA-level UAV ID) to UFES to request flight path information of the UAV.
2.	The UFES obtains UE ID mapped to the CAA-level UAV ID based on local storage or from HSS/UDM. In EPS, the UFES sends Subscriber Information Request (UE ID) to HSS to get serving MME of the UE. In 5GS, the UFES invokes Nudm_UECM_Get_Request (UE ID) to UDM to get serving AMF of the UE.
3.	The HSS/UDM returns the MME/AMF ID to the UFES.
4.	The UFES sends Flight Path Request (UE ID) to MME/AMF.
5.	The MME/AMF sends S1-MME/N2 message to E-UTRAN/NG-RAN. The message includes UE ID, flight path request indication.
6.	The E-UTRAN/NG-RAN sends UEInformationRequest (FlightPathReq) to UE. The detail of the message and parameter is described in clause 6.2.2 in TS 36.331.
7.	The UE sends UEInformationResponse (FlightPathInfoReport) to UE. The report includes a number of waypoints defined as 3D locations and can consist also time stamps per waypoint if configured as described in clause 23.17.5 in TS 36.300.
8.	The E-UTRAN/NG-RAN sends S1-MME/N2 message to MME/AMF. The message includes UE ID and flight path information report.
9.	The MME/AMF sends Flight Path Response (UE ID, flight path information report) to UFES.
10.	The UFES converts the UE ID to CAA-level UAV ID and sends Flight Path Notify (CAA-level UAV ID, flight path information report) to UTM. Based on the report, the UTM may decide whether to send warning to UAV.
6.14.3.y	UAV tracking based on flight path report generated by UFES


Figure 6.14.3.y-1: UAV tracking based on flight path report generated by UFES
1.	The UTM sends Flight path report configuration message to UFES. The message including the CAA-level UAV ID and flight path information report configuration. The configuration is the same as the FlightPathInfoReportConfig IE defined in clause 6.3.6 in TS 36.331 and includes the maximum number of way points UE can include in the flight path information report and indication of whether time stamp of each way point can be reported in the flight path information.
2.	The UFES invokes UE positioning procedure defined in TS 23.273 or TS 23.271 to obtain UE locations. The UFES stores UE location and also time stamps per UE location locally or in the UDM. When does the UFES invoke the positioning procedure is implementation dependent.
3.	The UTM sends Flight Path report Request (CAA-level UAV ID) to UFES to request flight path information of the UAV.
4.	The UFES sends Flight Path report Response (CAA-level UAV ID, flight path information report) to UTM. The flight path information report includes a number of waypoints defined as 3D locations and can consist also time stamps per waypoint if requested by the configuration. In the UFES stores the flight path information in UDM is step 3, the UFES obtains the information from UDM.
5.	Based on the flight path information report, the UTM may perform flight control, e.g. sends warnings or updates flight route. The step is out of 3GPP scope.
6.14.3.z	UAV tracking for UAV unknown to UTM


Figure 6.14.3.z-1: UAV tracking for UAV unknown to UTM
1.	The TPAE/UTM sends UAV Query (location) to UFES to request remote identification information of an un-identified UAV in certain location.
2.	The UFES invokes Nnrf_NFDiscovery_Request (location, NF type=AMF) to NRF to obtain the identifier of the AMF whose service area covers the location.
3.	The NRF invokes Nnrf_NFDiscovery_Response (AMF ID) to UFES.
4.	The UFES sends UAV Request (location) to the AMF.
5.	The AMF maps the location to cell(s) and determines the UAVs in the cell(s).
6.	The AMF sends UAV Response (3GPP UAV ID(s)) to UFES. If there are multiple UAVs in the cell(s), multiple 3GPP UAV IDs are included in the message.
7.	[Conditional] If multiple 3GPP UAV IDs are received, the UFES interacts with 3GPP LCS functions to obtain the exact location of each UAV. The UAV has smallest straight line distance with the location provided by UFES is the one requested by UFES.
8.	UFES queries the latest stored UAV remote identification and tracking information from UDM using the 3GPP UAV ID.
9.	UFES (directly or via USS) sends to the TPAE the UAV remote identification and tracking information including the CAA-level UAV ID of the UAV in the queried location.

[bookmark: _Toc43193000][bookmark: _Toc44584030][bookmark: _Toc44584179][bookmark: _Toc43132088]6.14.4	Impacts on services, entities and interfaces
UFESUAVF:
-	Acts as LCS Client to collect UE locations from 3GPP system.
-	Receives UE trajectory or flight path information report configuration or CAA-level UAV ID from UTM.
-	Notify UTM when problematic UAV and UAVC is detected, e.g. when UAV deviates from trajectory is detected.
-	Sends flight path information report generated by UFES or UE to UTM. If the report is gernerated by UE, the UFES supports to request and receive flight path information report from MME/AMF.
MME/AMF:
-	Receive Flight path request from UFES.
-	Request flight path information report from E-UTRAN/NG-RAN and provide the report to UFES.
NG-RAN:
-	UE Information procedure is enhanced to support flight path information report transmission.
NOTE 1:	This function is already supported by E-UTRAN.
UTM:
-	Provide UE trajectory or flight path information report configuration to UFES/UAVUAVF.
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