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1. Introduction
This contribution proposes a solution to the key issue #12 on tracking a UAV’s location deviation. The solution fetches UAV’s location periodically and processes it confirm the UAV’s location adherence to the flight path.
2. Reason for Change
Propose solution to tracking UAV location deviation.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.755 v1.0.0.
* * * First Change * * * *

8.Z
Solution #Z: Monitor UAV location deviation
8.Z.1
Solution description

8.Z.1.1
General

This solution addresses the key issue identified in Key Issue #12: Track UAV location deviation. Since the UAVs are highly mobile, it is more beneficial for USS/UTM system to only be informed of any deviations from the trajectory while, UAV’s trajectory is monitored by 3GPP network. Upon receiving deviation report from the 3GPP network, the USS/UTM can apply additional corrective mechanisms like re-confirm location from UAV, revoke UAV’s authorization to fly, steer UAV to safe zone etc. Such a mechanism reduces the overhead on USS/UTM and 3GPP systems of regular tracking of multiple UAV’s location, at the same time receive timely notifications of any location deviations from the 3GPP network.

USS/UTM requests the UAE server to monitor the trajectory of the UAV. The UAE server in turn subscribes for UAV’s location information from NEF as specified in clause 4.4.2 of 3GPP TS 29.522 [17]. Also, the UAE server obtains the location information periodically from the Location Management Server as specified in clause 9.4.3 of 3GPP TS 23.434 [11]. UAE server, upon receiving the UAV’s periodic location information from NEF and SEAL LMS server, compares if the current location of UAV received from NEF and SEAL are aligned and is in the flight path requested by USS/UTM server. If the current location information received from NEF and LMS are not in the flight path, then the UAE server notifies the USS/UTM that the UAV has deviated from the predetermined trajectory, along with current location information of the UAV.

SEAL being an enabler layer, the above-mentioned functionality of UAE can be provided as a SEAL Location Management Server’s service to USS/UTM.

8.Z.1.2
Monitoring of UAV location deviation

This procedure illustrated below shows how the UAE server tracks the trajectory of the UAV based on request from the USS/UTM server. 
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Figure 8.Z.1.2-1: UAE layer and network assisted UAV flight path tracking

1.
USS/UTM server sends Track UAV Trajectory Request to UAE server including UAV Identifier, predetermined trajectory information, deviation threshold, On track notification interval and notification URI where the USS/UTM intends to receive the notifications from UAE server regarding tracking of UAV location deviation.

-
UAV identifier is 3GPP UAV ID, as per 3GPP TR 23.754 [15]. 

-
“Trajectory” is the location information, which the USS/UTM wishes to track the UAV’s location adherence. This parameter can include an area of interest information, ordered sequence of locations to be followed by UAV, and other relevant parameters.

-
“deviation threshold” represents the acceptable deviation from the pre-scheduled flight path. Value of 0 or absence of deviation threshold indicates zero tolerance to UAV’s path deviation. 

-
“OnTrack_Notify_Interval” represents the periodic interval in which the UAE server needs to notify UAV’s on track confirmation to USS/UTM. Absence of this parameter indicates that USS/UTM does not wish to receive periodic notifications of UAV’s on track confirmation.

NOTE:
The “OnTrack_Notify_Interval” will be ignored if UAV is going away from pre-determined flight path, and UAE server sends notification immediatately.

2.
UAE server, upon receiving the request from USS/UTM, sends a provisional response, indicating that the UAE server accepts USS/UTM’s request and will track the location of the UAV to monitor the flight path.

3.
UAE server processes the trajectory information in the request, and then subscribes to UE location monitoring (LOCATION_REPORTING) as specified in clause 4.4.2 of 3GPP TS 29.522 [17] with appropriate parameters.

-
Location Type set to “CURRENT_LOCATION”

-
MonitoringType to “LOCATION_REPORTING”

-
Accuracy level is determined by the UAE server, based on the details of the flight path information requested by USS/UTM.

4.
UAE server shall subscribe for Location information change event using using SS_LocationInfoEvent API, as specified in 3GPP TS 23.434 [11]. Either SEAL server or UAE server maintains a mapping between VAL UE ID of UAV and the 3GPP UAV ID as specified in 3GPP TS 23.754 [15], or it is also possible that VAL UE ID is same as 3GPP UAV ID in the SEAL Location Management Procedures defined in 3GPP TS 23.434 [11]. 

Based on the trajectory information processed by the UAE server, the UAE server may determine to additionally include the positioning methods to be used in the SS_LocationInfoEvent API invocation to SEAL LMS. If the request from UAE server includes positioning methods information (Like non-3GPP positioning technologies such as, GNSS, Network-based Assisted GNSS etc), then the SEAL Location Management Server and Location Management Client on the UAV shall consider the positioning methods in the request for location reporting. 

5. and 6. The UAE server receives the UAV location information from the core network and Location Management Client on the UE, through notifications from NEF and SEAL servers as specified in 3GPP TS 29.522 [17] and 3GPP TS 23.434 [11] respectively. 

7a and 7b. UAE server processes the location information received from Location Management Server and the core network, and validates the information. If the location information is matching, then the UAE server shall check if the UAV’s current location is within the flight path received in step 1. The UAE server will continue with step 8, step 9 and step 10 as applicable.

8.
If the location information received from Location management client and the core network do not match, then the UAE server may consider the UAV as deviated from it’s specified flight path and may notify (“Notify Mismatch Location” message) the USS/UTM of the same, including 3GPP UAV ID and the location information from LMS and core network in the notification message.

9.
If the UAV’s current location is not in the trajectory information received in Track UAV Trajectory request message and If the UAV’s current location’s deviation from the flight path exceeds the “deviation threshold” received in Track UAV Flight Path request message, then the UAE server considers the UAV as deviated from it’s specified flight path and shall notify the USS/UTM of UAV’s flight path deviation with UAV’s current location, deviation value and UAV’s ID in “Notify UAV Flight Path” message. USS/UTM may use this information for any corrective actions. 

10.
When the UAV’s current location is in flight path or within the deviation threshold, and the USS/UTM had requested for “OnTrack_Notify_Interval”, then the UAE server shall notify (“Notify UAV On Track” message) the USS/UTM periodically (periodicity = “OnTrack_Notify_Interval”), indicating the USS/UTM that the UAV is within the flight path or within the deviation threshold.

In another alternative, the SEAL server can expose the Track UAV Flight Path service offering the service described above as new SEAL service. In such a case, UAS server or USS/UTM directly consumes the Track UAV Flight Path service from SEAL. SEAL LMS fetches the UAV’s current location from the location management client of the UAV. Adding such a functionality in SEAL, will also enable other verticals like V2XAPP, to track the respective vertical specific UE path.

8.Z.2
Solution evaluation

This solution proposes a viable technical solution to address key issue #12, where the existing capabilities of SEAL and 3GPP core network enable the USS/UTM to monitor the UAV’s location deviation. SEAL can be enhanced to support the tracking of UAV location deviation by UAE-S.
* * *End of Change * * * *
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