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1. Introduction
This paper provides a solution to KI #6 on assisting dynamic C2 mode switching. This solution provides a mechanism to allow the UAE server to trigger the C2 mode adaptation from in-direct to direct C2 or vice versa, based on the relative location of the UAV-to-UAV-C as well as the network situation.
2. Reason for Change

In TR 23.755, the following KI related to the C2 mode adaptation has been proposed.

5.6
Key issue#6: Switching and selecting C2 communication modes
The C2 communication mode specified in 3GPP TS 22.125 [3] 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 operation 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.
The following scenarios need to be investigated further, with respect to the impact on the application layer functional model for UAS:

-
Switch between the Network-Assisted C2 communication and Direct C2 communication (e.g. when the direct link becomes feasible/available, or when a UAV is moving towards BLOS or has poor direct link conditions, etc.).
-
Switch between the Network-Assisted/Direct C2 communication and UTM-navigated C2 communication (e.g. for air traffic control, the UAV is approaching a No Drone Zone, and detected potential security threats, etc.).

It is for further study whether and how the UAS application layer need to assist the dynamic C2 mode switching based on the above scenarios.
This paper proposes a solution for dynamic switching between indirect and direct C2 communication models, with the  assistance of UAE/SEAL layer. In particular, we propose a new capability at the UAE server for managing the C2 mode of operation for a UAS, which comprises two procedures based on the switching scenario:
· Switching from direct mode to indirect mode (initial C2 mode is “direct”)

· Switching from indirect mode to direct mode or UTM-navigated (initial C2 mode is “indirect”)

3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.755 v0.9.0.
* * * Change * * * *

8.x
Solution #x: Support for dynamic C2 mode switching
8.x.1
Solution description

This solution addresses Key Issue #6, and more specifically on supporting the switching of C2 communication model, between the UAV and the UAV controller.
This solution proposes a new capability at the UAE server for supporting such switching which may be required while the UAV flight is ongoing, due to possible change of network conditions, expected location/mobility of the UAV, unpredictable events etc. 
Two variants of this solution are presented, one for network-assisted to direct C2 mode or UTM navigated (when the direct C2 mode is not feasible); and one for the direct C2 to network-assisted C2 model. In both variants, the UTM/USS initially provides an application requirement to UAE-S to manage the C2 communication model. Based on the solution variant, different trigger event is expected, i. e. for direct to network assisted, the trigger event is the location reporting from the UAV; whereas for network-assisted to direct/UTM-navigated model, the trigger event may be the expected QoS downgrade for one of the Uu links.
8.x.1.1 Procedure for indirect to direct / UTM-navigated C2 mode switching

Pre-condition 1: UAV(s) and UAV-C are both connected to 5GS for network-assisted C2 communication, via different PDU sessions. 
Pre-condition 2: UAE server has subscribed for using SEAL services, based on TS 23.434.
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Figure 8.x.1.1-1: UAE assisted indirect to direct C2 mode switching
1. The UTM/USS sends an application requirement to the UAE-S. The application requirement message will provide to the UAE server the capability to manage C2 communication and may include necessary information for the UAS such as UAS identification, PLMN ID(s), geographical area where the requirement applies, time of validity for the requirement. UTM may also provide additional support information, e.g. weather info, dynamic reroute info (UAVs’ updated /expected trajectories).
2. The UAE-S establishes application sessions with the UAE clients at the UAV and the UAV-C for enabling the configuration the UAE clients based on the C2 communication model.
3a. The UAE-S, acting as Application Function (AF), subscribes to NEF to receive monitoring information on possible QoS downgrade of one or more Uu links (UAV-C to UTM/USS or Application Server to UTM/USS). 
3b. (Trigger Event) The UAE-S receives a QoS downgrade indication for the Uu link involving the UAV (as supported in 5GS with QoS notification control (QNC) [TS23.501, 5.7.2.4])
3c. The UAE server requests from SEAL server to provide location information for the UAV and the UAV-C and receives a report (UAE-S acts as VAL server as in TS23.434). This may be processed/augmented location with additional information mobility/position information.
4a/4b.  The UAE-S calculates the relative actual or expected UAV-to-UAV-C location. Then by taking into account the relative location (or the expected location) as well as other factors like mobility, weather conditions, it decides to trigger the switching to direct C2 mode or to request UTM-navigated C2 communication (if the relative location is farther than the allowable communication range).

5a. (Option 1) The UAE-S sends to the involved UAE clients, a C2 swtching mode trigger message which provides an instruction to the UAV and UAV-C to switch to direct mode. Following the C2 direct mode is established; however, this procedure is out of 3GPP R17 scope. 
5b. (Option 2) The UAE-S, if the switching to direct mode is not possible, requests from UTM to initiate UTM-navigated C2.
8.x.1.2 Procedure for direct to indirect C2 mode switching

Pre-condition 1: UAV(s) and UAV-C are both connected to 5GS. 
Pre-condition 2: UAE server has subscribed for using SEAL services, based on TS 23.434.
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Figure 8.x.1.2-1: UAE assisted direct to indirect C2 mode switching
1. The UTM/USS sends an application requirement to the UAE-S. The application requirement message will provide to the UAE server the capability to manage C2 communication and may include necessary information for the UAS such as UAS identification, PLMN ID(s), geographical area where the requirement applies, time of validity for the requirement. UTM may also provide additional support information, like weather info, dynamic reroute info (UAVs’ updated /expected trajectories).

2. The UAE-S establishes application sessions with the UAE clients at the UAV and the UAV-C for enabling the configuration the UAE clients based on the C2 communication model.
3a. The UAE-S subscribes to LMS to receive location reports for the UAV and the UAV-C. this subscription may be for receiving UAV/UAV-C coordinates or processed/augmented location with additional information mobility/position information. 
3b. The UAE-S receives a location report for the UAV/UAV-C. The report can be either periodical or event-based (e.g. UAV moving towards an area covered by a different cell or different operator), based on the type of subscription in 3a.

4a/4b. The UAE-S calculates the relative actual or expected UAV-to-UAV-C location. Then by considering the relative location (or the expected location) as well as other factors like mobility, weather conditions, it decides to trigger the switching to indirect C2 mode.
5. The UAE-S sends to the involved UAE clients, a C2 swtching mode trigger message which provides an instruction to the UAV and UAV-C to switch to indirect mode. Following the UAV and UAV-C trigger PDU session establishment or PDU session modification for network-assisted C2 communication.

8.x.2
Solution evaluation 

This is a viable solution for ensuring C2 service continuity by dynamically switching the communication model. The C2 service disruption may be 1) due to network QoS downgrade which may affect the C2 application end-to-end requirements or 2) this may be due to the UAV moving far / BVLOS from the UAV-C; hence network-assisted C2 is required.
* * * End of Change * * * *
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