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1. Introduction
This contribution adds a new feature in UASAPP for enabling dynamic C2 mode switching between direct and network-assisted C2 communications.
2. Reason for Change
In TR 23.755,  Solution #9 provided a mechanism for supporting dynamic C2 mode switching between direct and network-assisted.
According the the evaluation of solutions related to Key Issue #6 in TR 23.755:

Solution#6, solution#7 and solution#9 are selected as the basis for normative work, based on the following combined UAE Client assisted/UAE Server controlled principles:

1)
The UAE Client executes the policy for handling of C2 communication link selection and usage of multiple C2 communication links and notifies the UAE Server about the applicable and active C2 communication links.

2)
The UAE Server uses information about applicable C2 communication links from UAE Client and location, QoS information from the 3GPP network when making a decision about C2 switching.

3)
The UAE Client notifies the UAE Server when detecting a C2 switching condition based on policy. The UAE Server confirms the C2 switching based on the reported C2 switching condition and informs the UAE Client to apply the C2 switch. The UAE Client may also trigger an immediate/autonomous C2 switch in case of emergency situations.

4)
The UAE Server sends command for C2 switching based on relative location of UAV and UAV Controller and QoS information if available and/or in response to a command from USS/UTM (for switch to USS/UTM navigated).

5)
For cases where UAE Server cannot fully determine C2 switching conditions (e.g. unknown location for UAV Controller not connected via a PLMN, or direct link QoS) the UAE Server relies on UAE Client assistance as above.
This contribution aims to add a new feature on supporting C2 mode switching, and structures this based on the studied solutions and the overall evaluation of KI #6. This contribution focuses on Solution #9. 
3. Proposal

It is proposed to agree the following changes to 3GPP TR 23.255 v0.3.0.
* * * Change * * * *

6.x 
Support for C2 mode selection and switching
6.x.1
General
This feature introduces the UAS application enablement services for supporting the selection and re-selection of C2 communication modes. In particular, the UAE layer provides support for the following operations:
· Support the 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.).

· Support the 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.).

· Support the selection of the communication mode between: utilizing more than one C2 communication links, or, switch among applicable C2 communication links, or selecting a mode as the primary one.
6.x.2
Procedures
Below, different procedures are provided based on the support functionality of the UAE layer. Such support functionality may be in form of delivery policies to the UAV/UAV-C via the UAE layer; or by assisting the dynamic switching of C2 modes. 
6.x.2.1    Procedure for initiating C2 mode selection / switching 
6.x.2.1.1 General

This procedure initiates the capability at the UAE server, based on an  application request from UAS application specific server (which can be the UTM/USS) to manage the C2 operation modes (direct, network-assisted) of C2 communication for a UAS.
6.x.2.1.2 Procedure

Figure 6.x.2.1.2-1 illustrates the procedure where the UAE server receives an application request for managing the operation mode for C2 communications for a UAS.
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Figure 6.x.2.1.2-1 C2 operation mode management request / response
1.
The UAS application specific server sends to the UAE server a C2 mode management request for managing the operation modes for the C2 communication for a UAS (consisting a UAV and a UAV-C). 
2.  The UAE server sends to the UAS application specific server a C2 QoS management response with a positive or negative acknowledgement of the request. 
3.  Upon positive acknowledgement from UAE server as in step 2, the UAS application specific server may optionally send to the UAE server UAS related context information for supporting the C2 operation mode management. 
6.x.2.2    Procedure for dynamic C2 mode switching
6.x.2.2.1 General

This procedure provides a mechanism for for supporting dynamic switching between direct and network assisted C2 communications, 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. 

6.x.2.2.2 Procedure

Figure 6.x.2.2.2-1 illustrates the procedure where the UAE server supports the dynamic C2 mode switching for network-assisted C2 communications.

Pre-conditions: 

1. UAE server has activated the dynamic C2 mode switching capability, as described in 6.x.2.1
2. UAE server has subscribed for using SEAL/LMS services and has configured the location event reporting, based on 3GPP TS 23.434.   
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Figure 6.x.2.1.2-1: UAE-assisted dynamic C2 mode switching 
1a.  A trigger event is sent from the UAE client of the UAV and/or the UAV-C to the UAE server, denoting an application QoS attribute change (experienced or expected) e.g. based on the experienced packet delay or packet loss for the Uu or direct link (e.g. packet loss > X%). 
1b. Additionally, the UAE server receives a location report for the UAV/UAV-C by the SEAL LMS. The report can be either periodical or event-based (e.g. UAV moving towards an area covered by a different cell or different operator), as in 3GPP TS 23.434 SEAL / LMS procedures (UAE server acting as a VAL server). 
2.   The UAE server determines the switching of the C2 mode from direct to network assisted or vice versa. This is done by calculating the relative actual or expected UAV-to-UAV-C location, as well as other factors like QoS fuflifment/unfulfillment, augmented location, mobility/speed, direction, topography, weather conditions.
3.
Optionally, the UAE server sends a C2 mode switching confirmation request message to the UAS application specific server, which includes the UAS identifier as well as the cause for switching and the switching option (direct to network-assisted or network-assisted to direct).

4.
Conditional on Step 3, the UAE server receives from the UAS application specific server a response indicating a positive or negative result for the requested change.

5. The UAE server sends to the involved UAE clients, a C2 operation mode switching notification message which provides an instruction to the UAV and UAV-C to switch to network-assisted mode or to direct mode. The UAV and UAV-C act based on the new policies.
6.x.3
Information flows

6.x.3.1
C2 operation mode management request 

Table 6.x.3.1-1 describes the information flow C2 operation mode management request from the UAS application specific server to the UAE server.

Table 6.x.3.1-1: C2 operation mode management request

	Information element
	Status
	Description

	UAS AS ID
	M 
	Identity of the UAE client of the UAS application specific server which requests the C2 operation mode management. This ID can be the UTM/USS identifier, when the UAS application specific server is the UTM/USS.

	UAS ID
	M
	The identification of the UAS for which the C2 QoS management request applies. This could be in form of identifier for the UAS, e.g group ID; or individual identifiers for the UAV and UAV-C, e.g. CAA ID, GPSI

	C2 operation mode management requirement
	M
	Identification of the type of the C2 mode switching to be supported by the UAE server. This can be either from direct to network-assisted C2, or from network-assisted to direct C2. 

	UAV/UAV-C IP address
	O
	The IP address for the UAV and/or UAV-C. 

	C2 end-to-end QoS requirements
	O
	The application QoS requirements / KPIs (latency, error rate, ..) for the end-to-end C2 session (UAV-to-UAV-C).

	C2 service area
	O
	The area where the C2 requirement applies. This can be geographical area, or topological area.

	Time validity
	O
	 The time of validity of the requirement.


6.x.3.2
C2 operation mode management response

Table 6.x.3.2-1 describes the information flow C2 operation mode management response from the UAE server to the UAS application specific server.

Table 6.x.3.2-1: C2 operation mode management response
	Information element
	Status
	Description

	Result
	M
	The positive or negative result of the C2 operation mode management request.


6.x.3.3
UAS context information
Table 6.x.3.3-1 describes the information flow UAS context information from the UAS application specific server to the UAE server.

Table 6.x.3.3-1: UAS context information
	Information element
	Status
	Description

	UAS AS ID
	M 
	Identity of the UAE client of the UAS application specific server which requests the C2 operation mode management. This ID can be the UTM/USS identifier, when the UAS application specific server is the UTM/USS.

	UAS ID
	M
	The identification of the UAS. This could be in form of identifiers for the UAV and UAV-C, e.g. CAA ID, GPSI.

	UAV expected trajectory
	M
	The UAV expected flight route / path. This information may be provided by the UTM to the UAE server to support the C2 operation mode switching trigger at the UAE server.

	C2 assistance information
	O
	Assistance information which may be provided by the UTM for supporting the C2 operation mode switching. Such information can be parameters including: the UAV allowed speed /velocity, 3D Maps for the C2 service area, real-time weather information.


6.x.3.4
C2-related trigger event report 
Table 6.x.3.4-1 describes the information flow C2-related trigger event report from the UAE client (of the UAV or the UAV-C) to the UAE server.

Table 6.x.3.4-1: C2-related trigger event report
	Information element
	Status
	Description

	UAE client ID
	M
	The identifier of the UAE client which indicates the QoS downgrade

	Application QoS-related event 
	M
	The report including the expected or actual application QoS / QoE parameters which were change (i.e. latency, throughput, reliability, jitter). The event configuration (thresholds, policies) may be provided by the UAE server in advance,

	UE mobility-related event
	O
	Such event may be the change of actual / expected UAV or UAV-C mobility / location (UAV/UAV-C moving outside a C2 service area). The event configuration (thresholds, policies) may be provided by the UAE server in advance.


6.x.3.5
C2 mode switching confirmation request 
Table 6.x.3.5-1 describes the information flow C2 mode switching confirmation request from the UAE server to the UAS application specific server.

Table 6.x.3.5-1: C2 mode switching confirmation request
	Information element
	Status
	Description

	UAE server ID
	M
	The identifier of the UAE server which requests the C2 mode switching confirmation from UTM/USS

	UAS ID
	M
	The identification of the UAS. This could be in form of identifier for the UAS, e.g group ID; or individual identifiers for the UAV and UAV-C, e.g. CAA ID, GPSI.

	C2 operation mode switching type
	M
	The type of the C2 mode switching to be applied (direct to network-assisted, or network-assisted to direct).


6.x.3.6
C2 mode switching confirmation response

Table 6.x.3.6-1 describes the information flow C2 mode switching confirmation response from the UAS application specific server (UTM/USS) to the UAE server.

Table 6.x.3.6-1: C2 mode switching confirmation response
	Information element
	Status
	Description

	Result
	M
	The positive or negative result of the C2 mode switching confirmation response.


6.x.3.7
C2 operation mode switching notification
Table 6.x.3.7-1 describes the information flow C2 operation mode switching notification from the UAE server to the UAE client(s) of the affected UAS.

Table 6.x.3.7-1: C2 operation mode switching notification
	Information element
	Status
	Description

	UAE server ID
	M
	The identifier of the UAE server which instructs the UAS to apply the C2 mode switching.

	C2 operation mode switching requirement
	M
	The type of the C2 mode switching to be applied (direct to network-assisted, or network-assisted to direct).

	Time Validity
	O
	Time validity for the C2 switching requirement

	Geographical Area
	O
	Area for which the C2 switching applies


* * * End of Change * * * *

UAE server
UAS application specific server
1. C2 operation mode management request
2. C2 operation mode management response
3. UAS context infomation
UAE client



UAE client #1 (UAV)
UAE server
2. C2 mode switching trigger
3. C2 mode switching confirmation request
UAE client #2 (UAV-C)
5. C2 operation mode switching notification
UAS application specific server
1a. C2-related trigger event report
3. C2 mode switching confirmation response
SEAL/LMS
1b. Location Event Report



