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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

This paper proposes a solution for dynamic switching between indirect and direct C2 communication models, with the  assistance of UAE/SEAL layer, assuming that PC5 is not feasible (hence the monitoring of direct C2 link is not available at the 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 v1.0.0.
* * * 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 (when the direct C2 mode is not feasible); and one for the direct C2 to network-assisted C2 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 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 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 established a UAE session with the respective UAE clients
Pre-condition 3: UAE server has subscribed for using SEAL/LMS services and has configured the location event reporting, based on TS 23.434. UAE server has also subscribed to NEF for receiving monitoring information on possible QoS downgrade of the one or more involved Uu links (UAV-C to UTM/USS or Application Server to UTM/USS). 
 
[image: image1.emf]UAS

client

UAE-C 5GC UAE-S

UAV-C

1. QoS monitoring event (QNC) for UAV session

UTM/USS

UAS

client

UAE-C

UAV

SEAL /LMS

6. C2 switching mode trigger (indirect to direct)

Switch to C2 direct mode (out of 3GPP R17 scope)

2. Request/Receive supplementary location reports 

for UAV and UAV-C

3. Trigger C2 mode switching 

(based on relative location 

calculation, speed/mobility, 

direction, topography)

4. C2 mode switching request 

(indirect to direct)

5. C2 mode switching response 

  
Figure 8.x.1.1-1: UAE assisted indirect to direct C2 mode switching
1. 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])
2. 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. Here to note that LMS service is used for receiving UE location reporting, since LMS can provide augmented / supplementary UE location information (from SEAL/LM clients as well as from 5GC / LMF); however, location reporting from 5GC/LMF may also be possible as alternative.
3.  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 / speed, direction, topography, weather conditions, it decides to trigger the switching to direct C2 mode.

4. The UAE-S sends a C2 mode switching request message to the UTM/USS, which includes the UAS identifier as well as the cause for switching and the switching option (indirect to direct).

5. The UAE-S receives from the UTM a response indicating a positive or negative result for the requested change.

6. The UAE-S sends 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. 
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 established a UAE session with the respective UAE clients. 
Pre-condition 3: UAE server has subscribed 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.
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Figure 8.x.1.2-1: UAE assisted direct to indirect C2 mode switching
1. 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. Here to note that LMS service is used for receiving UE location reporting, since LMS can provide augmented / supplementary UE location information (from SEAL/LM clients as well as from 5GC / LMF); however, location reporting from 5GC/LMF may also be possible as alternative.
2. 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 / speed, direction, topography, weather conditions, it decides to trigger the switching to indirect C2 mode.
3. The UAE-S sends a C2 mode switching request message to the UTM/USS, which includes the UAS identifier as well as the cause for switching and the switching option (direct to indirect).
4. The UAE-S receives from the UTM a response indicating a positive or negative result for the requested change.

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 

The solution evaluation is FFS.
* * * End of Change * * * *
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