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1. Introduction
This contribution provides a solution to KI #1.
2. Reason for Change
This contribution provides a solution for enhancing C2 operation by enabling the UAE layer to monitor the PC5 feasibility and act based on this.
In TS 23.255, in clause 7.4. the C2 Communication mode selection and switching capability was added at UAE layer; however, for direct C2 communication mode, the usage of PC5 is not considered in the specification (e.g. direct wireless communication over a technology outside the scope of 3GPP is assumed).

In Release 18, and in the TR 23.700-58, PC5/ProSE enhancements are investigated for supporting C2 communications. In SA2, it is assumed that the application layer will provide the C2 information to lower layers and may also trigger switching from PC5 to Uu based communication upon monitoring the communication status.

However, the trigger events and criteria for capturing whether a switching is needed, are not within SA2 scope, and could be part of the UAE defined capabilities at application layer. In particular, enhancements to C2 mode switching can be proposed for monitoring the PC5 connection and for configuring a PC5 feasibility report to notify the UAS Application Server on expected C2 mode switching requirement.
This contribution provides a solution to KI #1 for providing the PC5 feasibility at UAE layer.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.700-55 v0.6.0.
* * * Change * * * *
7.x
Solution #x: Support for C2 direct mode feasibility reporting
7.x.1
Architecture enhancements

None.

7.x.2
Solution description

7.x.2.1
General

This solution aims to address Key Issue #1 "Direct communication between UAVs" and in particular enhancements related to C2 communication monitoring over PC5. This solution addresses also Key Issue #3 since the outcome of such solution can trigger some coordination between PC5 and Uu for C2 mode switching.
The network-assisted mode (in-direct) is used to facilitate the C2 communication in BLOS; however when the PC5 is feasible / available UAVs needs to switch to direct fast and without any loss of data. The feasibility/availability of PC5 can 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/ resource starvation in one or both Uu links).
The PC5 availability / feasibility indication for a C2 communication, will provide the awareness to the UAE server to switch to direct C2 communication if it is possible.  The PC5 availability / feasibility can be captured at the UAV/UAV-C, e.g. the UAV-C can periodically broadcast signals in different frequencies, and upon reception of an ACK from the UAV to understand (based on the received signal) whether direct C2 is possible. The UAE server based on this indication can perform the procedure specified in TS 23.255 for C2 mode switching if possible.
NOTE: This solution will not be considered for normative work unless SA2 provides the required functionality that aligns with this solution.
7.x.2.2
Procedure

Figure 7.x.2.2-1 illustrates the procedure where the UAE server supports C2 direct mode feasibility checking.
Pre-conditions:

-
The UAV has performed the UAS UE registration procedure.

- 
The UAV and UAV-C are both connected to 3GPP network and operate in network-based C2 mode.
-
UAE Server has performed the C2 mode switching/selection capability initiation as in clause 7.4.2.1 of TS 23.255.

[image: image1.emf] 

UAS specific 

client

UAE client

UAE server

UAS specific 

server

UAV

 

UAS specific 

client

UAE client

1. C2 direct mode feasibility request 

UAV-C

2. C2 direct mode feasibility response 

3. PC5 Discovery

4. C2 direct mode feasibility report 

5. Dynamic UAE assisted C2 mode switching (based on 7.4.2.4 of TS 23.255)

0. C2 communication over network


Figure 7.x.2.2-1: Support for C2 direct mode feasibility reporting 
1.
The UAE server sends a C2 direct mode feasibility request including the ProSE codes for direct C2 operation, the UAV and UAV-C IDs and addresses, and the time and area for which the monitoring of feasibility will apply. Also, the request can include configuration of the expected reporting and periodicity/frequency of reporting required.

2.
The UAE client of the UAV sends a feasibility response for the C2 communication.

3.
The UAE client performs PC5 discovery between UAV and UAV-C UEs, as specified in ProSe Direct Discovery Models A, B defined in section 5.3 of 3GPP TS 23.303. The PC5 discovery information can be exchanged between UAE clients, based on the configured ProSe announcements (e.g., based on codes received in step 1).
4.  When the UAE clients are aware of the PC5 discovery, one or more clients sends a PC5 feasibility report to the UAE server, to notify on the PC5 possibility. This PC5 feasibility report message can include the UE identifiers, the UAS identification, a PC5 availability/feasibility notification indication, PC5 capabilities/ configuration. The PC5 feasibility report can also include a preference/priority of the C2 operation mode, e.g., based on application requirements at the UAV-C and/or UAV.
5. 
The UAE server triggers a dynamic C2 mode switching operation as in 7.4.2.4 of TS 23.255. 
7.x.3
Solution evaluation

This solution addresses Key Issue #1 and Key Issue #3 and provides an enhancement of C2 related functionality specified in Release 17, by allowing the PC5 feasibility monitoring. This solution is dependent on SA2 Release 18 support for PC5 / ProSE for C2 communication (TR 23.700-58). 
NOTE 1: This solution will be considered feasible only if the SA2 provided concluded solution (as in TR 23.700-58) works in the same manner as required by this solution.
NOTE 2: The enhancements to procedures in 7.4.2 of TS 23.255 to fulfill the objectives of this solution will be considered during normative work (if concluded).
* * * Second Change * * * *
Table 7.2-1 Mapping of solutions to key issues

	
	KI #1
	KI #2
	KI #3
	KI #4

	Sol #1
	
	X
	
	

	Sol #2
	
	X
	
	

	Sol #x
	X
	
	X
	


* * * Third Change * * * *
9.2.1
General

This clause compares and evaluates all proposed solutions against each of the key issues listed in clause 4.

All the key issues, solutions and architecture enhancements specified in this technical report are listed in Table 9.2.1-1.

Table 9.2.1-1 provides a mapping of the key issues to the related solutions. It also indicates whether the solution requires enhancement to the Release-17 architecture and lists the dependencies on other working groups.

Table 9.2.1-1 Key issue and solutions

	Key issues
(evaluation clause reference)
	Solution
	Architectural enhancement


(clause reference)
	Enhancements required
	Dependency on other working groups

	KI #1 Direct communication between UAVs
	Solution #x: Support for C2 direct mode feasibility reporting
	7.x
	None
	SA2

	KI #2: Support for multi-USS deployments
	Solution #1:
Change of USS during flight
NOTE
	7.3
	None
	None

	
	Solution #2: Support for USS re-mapping for a UAS
	7.4
	None
	None

	KI 3: Coordination between Uu and PC5 for direct UAV-to-UAV or UAV-to-UAV-C communication
	Solution #x: Support for C2 direct mode feasibility reporting
	7.x
	None
	SA2

	KI 4: Support of detect and avoid services and applications
	
	
	
	

	NOTE:
Change of DN/EDN to avoid disruption while in flight due to change of USS is not covered by this solution.


* * * End of Changes * * * *
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