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	*** 1st Change ***


4.2
C2 Communication
When using 3GPP network as the transport network for supporting UAS services, the following C2 communication  are considered to provision UAS services by guaranteeing QoS for the C2 communication:
Direct C2 communication: the UAV controller and UAV establish a direct C2 link to communicate with each other and both are registered to the 5G network using the radio resource configured and scheduled provided by the 5G network for direct C2 communication. 

Network-Assisted C2 communication: the UAV controller and UAV register and establish respective unicast C2 communication links to the 5G network and communicate with each other via 5G network. Also, both the UAV controller and UAV may be registered to the 5G network via different NG-RAN nodes. The 5G network needs to support mechanism to handle the reliable routing of C2 communication.  

UTM-Navigated C2 communication: the UAV has provided pre-scheduled flight plan, e.g. array of 4D polygons, for autonomous flying, however the UTM still maintain a C2 communication link with the UAV in order to regularly monitor the flight status of the UAV, verify the flight status with up-to-date dynamic restrictions, provide routes updates, and navigate the UAV whenever necessary.
In general, Direct C2 communication and Network-Assisted C2 communication are used by a  human-operator using a UAV controller. UTM-Navigated C2 communication is used by the UTM to provide cleared  flying routes and routes updates. In order to ensure the service availability and reliability of the C2 communication for UAS operation, especially when the UAV is flying beyond line of sight (BLOS) of the operator, redundant C2 communication links can be established for any C2 communication links from UAV controller or UTM to a UAV.

For reliability and service availability consideration, it is possobile to activate more than one links for C2 communication  with another as a backup link for C2 communication or switch among the applicable links for C2 communication.
-
For example, Direct C2 communication can be used at first and then switch to the Network-Assisted C2 communication when the UAV is flying BLOS. 

-
For example, UTM-navigated C2 communication can be utilized whenever needed, e.g. for air traffic control, the UAV is approaching a No Drone Zone, and detected potential security threats, etc. 
There are three control modes considered in the C2 communication for the UAV operation that are with different requirements on message intervals, sizes, and end to end latencies, etc., including steer to waypoints, direct stick steering, and automatic flight by UTM
· Steer to waypoints: the control message contains waypoints sent from the UAV controller or UTM to the UAV. The control mode is used in both of direct C2 communication and network-assisted C2 communication.
· Direct stick steering: the control message contains frequent direction instructions sending from the UAV controller to the UAV while video traffic is provided as feedback from the UAV to the UAV controller. The control mode is used in both of direct C2 communication and network-assisted C2 communication.
· Automatic flight by UTM: the control message contains waypoints, altitudes and speeds from the UTM to the UAV. The control mode is used in UTM-Navigated C2 communication.
	*** End of Change ***


