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Introduction
With the proliferation of UAV (Uncrewed Aerial Vehicles) and UAM (Urban Air Mobility) vehicles and use cases, new system enablers are required to provide reliable and safe communication for UAV/UAM on top of the mechanisms defined for Release 17. In particular, mechanisms are required to support the following communication needs:
-	support of Broadcast Remote Identification for UAV identification, to satisfy North American regulations;
-	support of C2 (Command and Control) communications for direct C2 between a UAV controller and the UAV;
-	support aviation applications such as Detect And Avoid (DAA) to provide tactical deconfliction mechanisms to be deployed in order to complement existing strategical deconfliction solutions based on flight planning and monitoring (i.e. UTM – UAV Traffic Management).
Description
In order to address the scenarios identified in the study item, in normative phase a new feature called A2X (Aircraft-to-anything) was added. A2X enables the support of Broadcast Remote Identification, Direct C2 communications, Direct Detect And Avoid, and Ground-based Detect And Avoid for an area. A2X is based on concepts and mechanisms defined in previous releases for Cellular V2X (Vehicle-to-Anything).
A2X provides two modes of operation over, namely A2X communication over PC5 reference point over both LTE and NR (for Broadcast Remote Identification, Direct C2, and Direct Detect And Avoid) and A2X communication over Uu reference point (i.e. cellular communication with the mobile network) for NR connected to 5G core network (for Detect And Avoid). The two operation modes may be used by a device independently for different A2X services. A2X communication over Uu may use Multicast Broadcast System. 
A2X service is based on configuration information provided to the device to indicate how A2X application should use the communication resources. A2X supports both devices that utilize cellular connectivity to the mobile network, and devices that do not utilize cellular connectivity to the mobile network (i.e. either devices that may or may not be capable of cellular connectivity to the network), with specific QoS levels defined for A2X over PC5 so that separate radio resource pools can be allocated to different services. For devices that do not utilize cellular connectivity to the mobile network, configuration of the A2X device may take pace over a transport outside the scope of 3GPP.
A2X can be supported by both devices with a subscription to a mobile operator (i.e. provisioned with an UICC) and devices without subscription to a mobile operator. The latter would use PC5 over a spectrum that does not belong to the mobile operator.
Authorization and configuration of A2X services may be based on A2X Policies configured in the device, in case of devices without a subscription with a mobile operator, and may be authorized by the mobile operator via the authentication/authorization procedures defined in Release 17 for devices with a subscription with a mobile operator. A2X Policies also configure the device on how to use the A2X transport based on either PC5 or cellular connectivity with the MNO. A2X Policies may be defined with input from an application function in the aviation domain, e.g. the UTM or an external UAV operator, via Network Exposure Function (NEF) services.
For Broadcast Remote ID, A2X provides transport of BRID messages defined by standards outside 3GPP via broadcast PC5 messages or via Multicast Broadcast Service, using broadcast only, with frequency defined via A2X Policy.
For Direct C2, a UAV that supports Direct C2 Communication may establish direct NR PC5 communication with a UAV controller based on application layer information (e.g. information regarding the identity of the serving UAV controller). The UAV that is engaged in Direct C2 Communication may or may not be capable of connection with the mobile network. The UAV is authorized by the USS for establishing Direct C2 Communication with the UAV controller either via pre-configuration information (e.g. when the UAV is not connected to a mobile network) or via the UUAA procedure (i.e. when the UAV is connected to a mobile network). 
For Direct Detect And Avoid, the detection and deconfliction of potential collisions between UAVs is locally performed between UAVs using direct UAV to UAV communication over PC5. The UTM may be informed of the potential collision situation. DAA communications leverage broadcast PC5 to advertise DAA information, defined in standards and regulations outside of 3GPP, to other devices and to ground receivers. In case of a potential conflict is detected between two UAVs, the two devices can use unicast PC5 communications to exchange DAA information for flight deconfliction, based on application layer mechanisms defined outside of 3GPP. 


For Ground-based DAA for an Area, a network-assisted DAA mechanism applicable for a specific area is defined (e.g. for a stadium or arena where UAVs are used). It is based on a ground-based entity, Area Airspace Manager (AAM), that is able to detect UAVs in the specific area and provide local steering policies (according to A2X mechanisms) to the individual UAVs in order to avoid the UAVs crashing into each other, structures, etc. The policy may e.g. include allowed flying zones and positions allowed for the specific UAV. The policy may also apply to a specific outdoor area, e.g. an event, where specific measures to avoid collision between drones are established locally. The AAM is one or more UEs using PC5, and they may also have a direct connection to the UTM.
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