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Abstract: This contribution proposes a solution for Key Issue #4 – UAV and UAV Controller Tracking in TR 23.754.
1. Introduction
We propose to include this solution for Key Issue #4 - UAV and UAV Controller tracking in TR 23.754.
The Key issue#4 is about what information is required for the 3GPP system to track the UAV and the UAC?
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NEXT CHANGE (All text is new)
[bookmark: _Toc25934676][bookmark: _Toc26337056][bookmark: _Toc26337097]6.X	Solution #X: UAV and UAV Controller Tracking
6.X.1	Introduction
This solution is for the Key Issue #4: UAV and UAV Controller Tracking.
The solution proposes the different tracking information from UAV and UAV Controller. The proposed tracking information is required by the 3GPP system to handle the specific scenarios to make the UAV and UAV Controller behave as expected. 
[bookmark: _Hlk42170886]The solution focuses on the scenarios that C2 communication mode needs to be changed between "Network-Assisted C2 communication" mode and "UTM-Navigated C2 communication" mode.
6.X.2	Functional Description
The solution works under the following assumptions:
-	UAV and UAV Controller are authorised by UTM and registered to 5GC. 
-	UAV and UAV Controller are initially activated in "Network-Assisted C2 communication" mode.
Editor’s Note: it is FFS where such communication modes are defined, and which entity or standards forum defines them.
[bookmark: _Hlk42171042]In a live network, UTM is always monitoring the tracking information from UAV and UAV Controller. The tracking information reporting procedure is configured by the network and triggered periodically or based on certain events.
The proposed tracking information include the following: 
-	Triggered periodically: Speed, Orientation, Altitude, C2 communication Quality, Cell ID, TAC ID, Measurement Report, RRC status, Current Location, Destination location, UAV ID, UAV Controller ID.
-	Triggered by event: C2 communication Mode Change Request, UAV ID, UAV Controller ID.
Speed: UAV current speed
Orientation: UAV current orientation
Altitude: UAV current Altitude 
C2 communication Quality: The C2 communication link end-to-end quality between UAV and UAV Controller including radio link quality, core network link quality and communication modules performance of UAV and UAV Controller.
Cell ID: Current serving cell of UAV and UAV Controller 
TAC ID: Current tracking area code identifier (TAC ID) of UAV and UAV Controller
Measurement Report: radio link quality (e.g., RSRP/RSRQ/SNR) of UAV and UAV Controller
RRC status: Current RRC status of UAV and UAV Controller
Current Location: UAV current GPS location 
Destination Location: UAV destination GPS location
C2 communication mode change request: UAV and UAV Controller report this request with cause code. 
Editor’s Note: it is FFS whether the cause code is required.
UAV ID: Tracking current UAV
UAV Controller ID: Tracking current UAV Controller
Editor’s Note: it is FFS if the proposed tracking information are sent in additional to the mandatory remote identification information, as identified by the FAA NPRM, or if this list is meant to replicate the application layer information defined for remote identification).
Editor’s Note: it is FFS if it is necessary to provide such tracking information from the UAV to the USS in addition to the information the UAV provides to the USS via networked remote identification in both standard and limited remote identification. 
In below example scenarios, UTM manages the UAV and UAV Controller operation based on the tracking information and activates "UTM-Navigated C2 communication" mode:
1. 	Scenario #1: In designated areas, the route is fixed due to specific reasons (e.g. government policy, air traffic control, public safety). UAV Controller is not allowed to control UAV and "UTM-Navigated C2 communication" mode is needed when UAV is present in the designated areas. In scenario#1, UTM monitors the tracking information: Speed, Orientation, Altitude, Cell ID, TAC ID, Current Location, Destination Location.
2.	Scenario #2: UAV Controller is experiencing no service, unsatisfactory RF conditions, or unsatisfactory C2 communication quality. UAV Controller is not a reliable controller and "UTM-Navigated C2 communication" mode is needed. In scenario#2, UTM monitors the tracking information: C2 communication Quality, Measurement Report, RRC status, Cell ID, TAC ID.
3.	Scenario#3: UAV or UAV Controller may initiate C2 Communication Mode Change Request with a cause code. UAV or UAV Controller may trigger this request due to issues in UAV or UAV Controller side (e.g. UAV Controller is low on power and not able to control UAC anymore in a short time, or UAV finds associated UAV Controller lost). In scenario#3, UTM monitors the tracking information: C2 communication Mode Change Request.
NOTE: the scenarios above are introduced by this paper and do not reflect any scenarios described in any regulatory requirements.
Editor’s Note: it is FFS whether the details about such scenarios are in the scope of SA2.
6.X.3	Procedures
The procedure in Figure 6.X.3-1 shows that UTM monitors the tracking information and makes the decision based on the tracking information when to change to "UTM-Navigated C2 communication" mode.


Figure 6.X.3-1: Procedure for UAV and UAV Controller Tracking Information 
Pre-Conditions:
-	UAV and UAV Controller are authorised by UTM and registered to 5GC. 
-	UAV and UAV Controller are initially activated in "Network-Assisted C2 communication" mode.
Procedures:
1.   UAV and/or UAV Controller send required tracking information by NAS UL Information message to AMF.
	The required tracking information includes at least one of the information below: 
-	Triggered periodically: Speed, Orientation, Altitude, C2 communication Quality, Cell ID, TAC ID, Measurement Report, RRC status, Current Location, Destination location, UAV ID, UAV Controller ID
-	Triggered by event: C2 communication Mode Change Request, UAV ID, UAV Controller ID.
2.	AMF sends Tracking Information message to UTM.
3.	UTM determines to change to "UTM-Navigated C2 communication" mode based on tracking information from UAV and/or UAV Controller.
      UTM handles tracking information in the following scenarios: 
a)	Scenario #1: In designed areas, the route is fixed due to specific reasons (e.g. government policy, air traffic control, public safety). UAV Controller is not allowed to control UAV in the designated areas. UTM maintains the designed area information (e.g. area location, control policy). UTM notices UAV is or will be passing a designed area based on tracking information: Speed, Orientation, Altitude, Cell ID, TAC ID, Current Location, Destination Location. UTM will trigger "Control Mode Change Request" to make UAV behave as expected in this area.
b)	Scenario #2: UAV Controller is experiencing no service, unsatisfactory RF conditions, or unsatisfactory C2 communication quality. UTM notices UAV Controller is not reliable based on the tracking information: C2 communication Quality, Measurement Report, RRC status, Cell ID, TAC ID. For example, C2 communication Quality drops below a threshold for safe control of the UAV or Measurement Report shows RSRP/RSRQ of UAV Controller is not acceptable, or periodic tracking information report indicates that UAV Controller has no service. UTM will trigger "Control Mode Change Request" to make UAV is under control of UTM.
c)	Scenario #3: UAV or UAV Controller may initiate C2 communication Mode Change Request with a cause code. UTM may receive C2 communication Mode Change Request with a cause code: 
-	Cause code #1 (UAV Controller initiated): C2 control release (e.g. UAV Controller is low on power and not able to control UAC anymore in a short time).
-	Cause code #2 (UAV Controller initiated): C2 control suspend (e.g. UAC Controller finds a specific area part of a route that is always the same path and requests UTM to navigate to pass this specific area).
- 	Cause code #3 (UAV initiated): Associated UAV Controller lost (e.g. UAV cannot receive any C2 command from UAV Controller).
UTM will trigger "Control Mode Change Request" to handle UAV or UAV Controller request.
4.  UTM sends a C2-command to the UAV and takes control of the UAV. UAV now operates in "UTM-Navigated C2-Communciation". UTM also sends a C2-command to UAC to disconnect from the UAV. 
5.   UTM and UAV are in "UTM-Navigated C2 communication" mode.
Editor’s Note: it is FFS how the 5GC (e.g., AMF/SMF) behaves to change from the "Network-Assisted C2 communication" mode to "UTM-Navigated C2 communication" mode.
	 
6.X.4	Impacts on existing entities and interfaces
The solution has impacts in the following entities:
1.	UAV/ UAV Controller <-> AMF
-	Tracking Information message and procedure should be defined.

6.X.5 	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
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