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1. Introduction
This paper provides a contribution on introducing a new KI on assisting the C2 mode switching by the application enabler layer.

2. Reason for Change
According to TS 22.125 (Stage 1 requirements for UAS), the configuration of the C2-mode is defined as “the user plane link to deliver messages with information of command and control for UAV operation from a UAV controller or a UTM to a UAV”. 

The configuration of the C2 mode may need to be adapted for a UAS while flight is ongoing, due to possible change of radio conditions, traffic situation, interference from other UAVs, unpredictable events etc. Also, the UTM may need to take the control of the UAV on-demand, if the UAV behaviour is problematic. 

SA1 (TS 22.125) provides requirements related to the switching of C2 mode while the flight is operating:

4.2
C2 Communication
…

For reliability and service availability consideration, it is possible to activate more than one C2 communication with one 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. 

6.5
C2 communication
The 3GPP system shall support C2 communication with required QoS for pre-defined C2 communication models (e.g. using direct ProSe Communication between UAV and the UAV controller, UTM-navigated C2 communication based on flight plan between UTM and the UAV).

The 3GPP system shall support C2 communication with required QoS when switching between the C2 communication models.
7.4
Other requirements 
The 5G system shall support a mechanism to switch between C2 communication modes for UAS operation, e.g. from indirect C2 communication to direct C2 communication, and ensure the disconnect time is below the latency requirements.
Some examples to better capture the need for dynamic adaptation:

1) the UAV is controlled by a UAV-C using direct C2 when the flight starts, however as the UAV gets far (towards BLOS), the direct communication link is getting worse, and a change to network-assisted mode may be needed before the direct link drops in order to ensure that the UAV does not experience any service disruption (which may lead to loss of connectivity). 

2) The network-assisted mode (in-direct) is used to facilitate the C2 communication in BLOS; however when the PC5 is again feasible / available we may need to switch to direct fast and without any loss of data. The feasibility of PC5 may be e.g. when the UAV returns towards the UAV-C or when the expected QoS over PC5 is better than Uu (due to possible congestions/ QoS degradation in one or both of the Uu links) 

A similar issue is being discussed as part of the V2X scenario, where the switching between direct and in-direct mode of operation was performed by the application of the V2X UE. But comparing to V2X, UAS use case is much different, and the proposed solutions may differ significantly. In particular:
·    In V2X, the application of the UE decides the mode switching based on some triggering from middleware, while the UAV is not trusted to do that.

· V2X switching is either between direct V2V or indirect V2V. In UAS, different types of UEs are included, aerial vehicles and UAV controllers. Also, one switching in UAS should be towards UTM navigated. 

· In V2X, the direct and indirect V2V communications involve UEs in close proximity. In UAS the UAV-C may be very far from the UAVs. This requires enhanced mechanisms for monitoring of the real-time situation by UTM / 3gpp network in both ends. It is also high probable that UAV and UAV-C are connected to different cells or even different network operators (some coordination may be needed on top of the network)

Currently, there is no mechanism in 3GPP for enabling the dynamic switching between direct and in-direct C2 modes, while an UAV flight session is ongoing. Furthermore, C2 is an application layer protocol; hence the mechanism for switching C2 communication models has no foreseen impact or dependency with SA2. The mapping of C2 application session to different communication models, can be performed over 3gpp interfaces (Uu, PC5) or interfaces out of 3gpp scope.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.755 v0.8.0.
* * * Change * * * *

5.x
Key Issue x – Support for C2 mode switching 

The C2 communication models specified in TS 22.125 include the Direct C2 communication, Network-Assisted C2 communication and UTM-Navigated C2 communication. For reliability and service availability considerations, the switching of C2 modes may be required to ensure undisrupted C2 communication between a UAV-C and a UAV while a UAV flight is ongoing. In particular, the configuration of the C2 mode may need to be adapted for a UAS while flight is ongoing, due to possible change of radio conditions, traffic situation, unpredictable events etc. 
C2 is an application layer protocol; hence the mechanism for switching C2 communication models has no foreseen impact on SA2. The mapping of C2 application session to different communication models, can be performed over 3gpp (Uu, PC5) or non-3gpp interfaces, subject to the existing network capabilities.
Two scenarios may need to be investigated further, with the respect to the impact on the application layer functional model for UAS:

· How to enable switching from direct C2 to in-direct C2 for one or more UAS while the flight is operating, when a UAV is moving towards BLOS or has poor direct link (PC5) conditions? 
· How to enable switching from in-direct C2 to direct C2 for one or more UAS while the flight is operating, when the direct C2 link becomes available/feasible again? 
It is therefore required to further study:

· Whether and how the UAE capabilities need to be enhanced to assist the dynamic C2 mode switching.
* * * End of Change * * * *
