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1. Introduction
This contribution provides the evaluation of Solution #9 on support form dynamic C2 mode switching, and resolves an EN.
2. Reason for Change
Firstly, this contribution provides a solution evaluation which is missing. Secondly, the contribution addresses an Editor’ Note: “Whether the confirmation/permission from UTM/USS (as in Steps 4-5) is needed for switching the C2 mode is FFS. “
Considering the UTM services, the actual services related to the C2 communication and in particular the switching of C2 modes are not particularly defined in existing UAS standards and regional regulations (as provided in Annex B and C). Hence, it is not specifically mentioned whether the switching of C2 mode requires the validation / confirmation from UTM.
However, related to C2, the following UTM support is defined:

- FAA [https://www.faa.gov/uas/research_development/traffic_management/media/UTM_ConOps_v2.pdf] has published the UTM Concept of Operations which reflects collaborative efforts across the FAA, as well as ongoing inter-agency efforts with NASA. In [1] Appendix D, a UTM service is identified:
· Communication/C2:  A service that provides infrastructure and quality of service assurance for radio frequency (RF) Command and Control (C2) capabilities to UAS Operators.
Observation 1: The UTM/USS service which validates/confirms the switching a C2 mode is not specified in UAS standards and regulations. The UTM is expected to play some role in this process (e.g. for validation/ QoS assurance, mentioned in the above FAA document); however this is not based on an actual capability of the UTM.

Observation 2: The list of UTM services may differ for different regions based on regional regulations.

Proposal: Due to the lack of a specific UTM/USS service related to C2 mode switching, but at the same time to ensure being in-line with the regulations, we propose the following changes:

·   Addition of a Pre-condition that the UAS is pre-authorized by the UTM/USS to use and switch between direct and in-direct communication (via 3GPP or non-3GPP technologies) for a C2 application session. Using this pre-condition, this solution is restricted only for scenarios when the regional regulation allows for switching between C2 modes.
·  Convert steps 4,5 in clause 8.9.1.1 and steps 3,.4 in clause 8.9.1.2 as optional.

·  Removal of ENs in clauses 8.9.1.1 and 8.9.1.2.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.755 v1.0.0.
* * * Change * * * *

8.9
Solution #9: Support for dynamic C2 mode switching between direct and network-assisted
8.9.1
Solution description
This solution addresses Key Issue #6, and more specifically on supporting the switching of C2 communication mode from direct to network-assisted and vice versa, 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; and one for the direct C2 to network-assisted C2 mode. 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.
8.9.1.1
Procedure for network-assisted to direct C2 mode switching

Pre-conditions:

1.
UAV(s) and UAV-C are both connected to 5GS for network-assisted C2 communication, via different PDU sessions.

2.
UAE server has established a UAE session with the respective UAE clients.

3.
UAE server has subscribed for using SEAL/LMS services and has configured the location event reporting, based on 3GPP TS 23.434 [11]. 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).

4. The UAS is pre-authorized by the UTM/USS to use and switch between direct and network-assisted communication for a C2 application session. 
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Figure 8.9.1.1-1: UAE assisted network-assisted 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) as specified in clause 5.7.2.4 of 3GPP TS 23.501 [12].
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 specified in 3GPP TS 23.434 [11]). 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.
Optionally, 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 (network-assisted to direct).

5.
Conditional on step 4, 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 switching 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. 


8.9.1.2
Procedure for direct to network-assisted C2 mode switching

Pre-conditions:

1.
UAV(s) and UAV-C are both connected to 5GS.

2.
UAE server has established a UAE session with the respective UAE clients.

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.
4. The UAS is pre-authorized by the UTM/USS to use and switch between direct and network-assisted communication for a C2 application session.
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Figure 8.9.1.2-1: UAE assisted direct to network-assisted 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 network-assisted C2 mode.

3.
Optionally, 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 network-assisted).

4.
Conditional on Step 3, 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 switching mode trigger message which provides an instruction to the UAV and UAV-C to switch to network-assisted mode. Following the UAV and UAV-C trigger PDU session establishment or PDU session modification for network-assisted C2 communication.


8.9.2
Solution evaluation 

This solution provides a viable solution for dynamic switching between direct and network-assisted C2 modes (and vice versa). This proposed capability is technically feasible, since it doesn’t require any SA2 enhancements for direct C2 communication (PC5 is out of scope of SA2 R17 UAS work); and is triggered based on either network QoS monitoring or location reporting from SEAL services. For supporting this capability, enhancement is needed mainly over U1-AE, SEAL-S and optionally Us reference points.

* * * End of Change * * * *
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