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Abstract of the contribution: This contribution updates Solution #5 with additional support for broadcast mode DAA deconfliction.

Discussion

In solution #5, U2X for support of Broadcast Remote ID and direct DAA via PC5 it is proposed that “broadcast communication mode is used for DAA to advertise UAV information and unicast over PC5 may be used between two UAVs for DAA deconfliction”. 

However, in addition to unicast over PC5, broadcast over PC5 may also be used between two or more UAVs for DAA deconfliction for the following reasons:
· Broadcast provides better scalability and is better suited for deconflicting multiple UAVs in a DAA situation

· Broadcast can be used to avoid the additional delay and overhead required to establish a unicast link which may not be well suited when stringent deconfliction timing is needed.

Proposal

It is proposed to adopt the following update to Solution #5 in TR 23.700-58.

* * * * Start of Change * * * *
6.5
Solution #5: U2X for support of Broadcast Remote ID and direct DAA via PC5

6.5.1
Introduction

This solution applies to KI#2 and KI#3.
6.5.2
Functional Description

The high-level points of the proposed UAV-to-everything (U2X) solution are:

-
U2X leverages V2X mechanisms as defined in TS 23.287 [9] to support BRID and direct DAA, with the differences described in this solution:

-
both LTE PC5 and NR PC5 are supported, and the RAT selection is based on the U2XP.

-
Communications modes:

-
Broadcast communication mode is used for BRID.

-
Broadcast communication mode is used for DAA to advertise UAV information. Broadcast over PC5 or unicast over PC5 may be used between two or more UAVs for DAA deconfliction.

Editor's note:
Unicast over Uu via the U2X AS is FFS due to lack of requirements.

-
When NR PC5 is selected, connection-less groupcast communications may be used for DAA. Application layer managed groupcast are not considered in this release due to lack of clear requirements.

-
U2X is supported by an U2X Application Server which interfaces with the operator network via NEF, as in the case of the V2X Application Server.

Editor's note:
Whether the same set of services is required or not is FFS.

NOTE 1:
Multiple deployment scenarios need to be allowed where the U2X AS and the USS serving a UAV are the same or different entities.

-
a U2X Policy (U2XP) is defined to provide configuration parameters to the UE for U2X communication over the PC5 reference point or over the Uu reference point:

-
the configuration parameters may be pre-configured in the ME, or configured in the UICC, or preconfigured in the ME and configured in the UICC, or provided/updated by the U2X Application Server via PCF and/or V1 reference point, or provided/updated by the PCF to the UE.

-
the UE shall consider them in the following priority order: provided/updated by the PCF, provided/updated by the U2X Application Server via V1 reference point, configured in the UICC, pre-configured in the ME.
-
deconflicting policy which indicates the communication mode (unicast or broadcast) for deconflicting, frequency of communication for deconflicting, etc.
NOTE 2:
A scenario where the U2X Application Server provides the U2XP to the UAVC via means of communication outside the scope of 3GPP (e.g. Internet connection) over U2X1, and the UAVC provides the U2XP to the UAV is also considered. In such case, the UE considers the parameters as being pre-configured in the ME.
-
Similar to V2X, Tx Profiles or NR Tx Profiles are determined based on U2XP mapping ofU2X service types.

-
Both UAVs with UICC and UAVs without UICC (i.e. with no subscription to an MNO) are supported:

-
UAVs with no UICC can only perform U2X communications when authorized for "not served by E-UTRA" and "not served by NR".

-
U2X communications parameters from U2X Application Server or PCF may be delivered via UAV-C UE:

-
The transmission method between the UAV and UAV-C UE is out of the scope of the specification.

-
In addition to existing parameters for V2X, the radio parameters per PC5 RAT (i.e. LTE PC5, NR PC5) can be configured with Geographical Area, Altitude Limitation, and Validity timer:

-
This additional information may be needed to enable policing the use of PC5 depending on the specific location of the UAV.

-
The definition of DAA/UAV service type is out of scope of 3GPP.

-
The use of PC5-based communications for BRID and DAA for UAV with UICC is subjected to successful UUAA authentication/authorization of the UAV as defined in TS 23.256 [5] and authorization via U2XP. However, no specific authorization of the use of PC5 for either BRID or DAA is required by the USS. For UAVs without UICC, the use of PC5-based communications for BRID and DAA is authorized only by U2XP.

Editor's note:
Whether U2X services will be identified by more than one, and which ones, of e.g. ITS-AID (ITS Application Identifier), PSID (Provider Service Identifier) or AID (Application Identifier) is FFS.
The functional architecture is as follows:
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Figure 6.5.2-1: Non-roaming 5G System architecture for U2X communication over PC5 and Uu reference points
The reference points of TS 23.287 [9] apply, with the following differences:

U2X1:
The reference point between the U2X applications in the UE and in the U2X Application Server. This reference point is out of scope of this specification.

U2X5:
The reference point between the U2X applications in the UEs. This reference point is not specified in this release of the specification.

N1:
In addition to the relevant functions defined in TS 23.501 [2] for N1, in the case of U2X Service it is also used to convey the U2X policy and parameters (including service authorization) from AMF to UE and to convey the UE's U2X Capability and PC5 Capability for U2X information from UE to AMF.

N2:
In addition to the relevant functions defined in TS 23.501 [2] for N2, in the case of U2X Service it is also used to convey the U2X policy and parameters (including service authorization) from AMF to NG-RAN.

Use or U2X for BRID:

-
the content of the messages for BRID are defined according to the regional regulations for BRID (e.g. message set of ASTM F3411.19 [12] or ASD-STAN prEN 4709-002 P1 [13]) and optionally according to regional mean of compliance documents.

Editor's note:
References to means of compliance will be listed as example when available.

Use of U2X for DAA:

-
the content of the messages for DAA are defined according to the regional regulations for DAA and is out of scope of this specification.

6.5.3
Procedures

Editor's note:
This clause describes high-level procedures and information flows for the solution.
6.5.3.x Broadcast over PC5 for DAA deconfliction
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Figure 6.5.3.x-1: Broadcast over PC5 for DAA deconfliction
Pre-requisite: the UAV are provisioned with a the U2X Policy which includes a DAA deconflicting policy (e.g., unicast or broadcast communication for deconflicting, communication frequency).

1. UAV1 receives broadcast messages from UAV2, that may include application layer DAA payload, e.g., CAA-level UAV ID, UAV2’s USS address, velocity, heading direction, position.
NOTE 1:
The USS address is not needed if the conflict is resolved locally between UAVs, but may be helpful if it requires the coordination of the USSes of the UAVs involved in the conflict. The interaction between the USSes for DAA deconfliction is out of scope of this study.
NOTE 2:
The exact content of DAA payload is out of scope of this study.
2. UAV1’s passes the DAA payload to the upper layer. The application layer detects a conflict, based on the broadcast messages received from UAV2, e.g. by comparing it with its own trajectory and location. If the application layer in the UAV1 detects a collision, it initiates a collision avoidance/conflict resolution procedure with UAV2.

3. Optionally, UAV1 may inform its own USS about the detected collision by including peer UAV 2s’ ID(s).

4. . UAV1 selects a communication mode (broadcast or unicast) for DAA deconfliction based on the input received from the application layer and DAA policy. If broadcast deconfliction method is selected then the following messages are exchanges between the UAVs.

5. UAV1 broadcasts a message (e.g., PC5-S message), e.g. deconfliction request message and may include DAA capability, which is part of U2X capability and indicates whether the UAV is able to engage in communication for deconflicting protocol, DAA deconflicting policy (broadcast based, deconflicting message frequency), collision detection alert, its CAA-level UAV IDs and the one(s) from other detected conflicting UAV(s), and deconflicting specific parameters (e.g., trajectory correction information to avoid collision). 
NOTE 3:
The deconflicting specific parameters are application layer content and is out of scope of this study.
6. UAV2 broadcasts a message (e.g., PC5-S message),   to provide agreed DAA deconflicting policy, its updated trajectory and other info, e.g. message deconfliction status response, conflict resolved alert, CAA-level UAV IDs of participating UAVs from the receiving UAV. Subsequent broadcast messages can be exchanged between UAVs until traffic conflict resolution is reached (e.g., for mutual position/trajectory monitoring) based on agreed message frequency.
6.5.4
Impacts on services, entities and interfaces
The following impacts have been identified:

-
UE: In addition to the functions defined in TS 23.501 [2], the UE may support the following functions:

-
Report the U2X Capability(includingDAA Capability) and PC5 Capability for U2X to 5GC over N1 reference point.

-
Indicate U2X Policy Provisioning Request in UE Policy Container for UE triggered U2X Policy provisioning.

-
Receive the U2X parameters from 5GC over N1 reference point.

-
Procedures for U2X communication over PC5 reference point.

-
Configuration of parameters for U2X communication. These parameters can be pre-configured in the UE, or, if in coverage, provisioned or updated by signalling over the N1 reference point from the PCF in the HPLMN or over U2X1 reference point from the U2X Application Server.

-
AMF: In addition to the functions defined in TS 23.501 [2], the AMF performs the following functions:

-
Obtain from UDM the subscription information related to U2X and store them as part of the UE context data.

-
Select a PCF supporting U2X Policy/Parameter provisioning and report the PC5 Capability for U2X to the selected PCF.

-
Obtain from PCF the PC5 QoS information related to U2X and store it as part of the UE context data.

-
Provision the NG-RAN with indication about the UE authorization status about U2X communication over PC5 reference point.

-
Provision the NG-RAN with PC5 QoS parameters related to U2X communication.

-
PCF: In addition to the functions defined in TS 23.501 [2], the PCF includes the functions described in TS 23.287 [9] to provision the UE and AMF with necessary parameters in order to use U2X communication.

-
UDM: Subscription management for U2X communication over PC5 reference point. The UE subscription data types are extended according to table 6.5.4-1.

Table 6.5.4-1

	U2X Subscription data
	NR U2X Services Authorization
	Indicates whether the UE is authorized to use the NR sidelink for U2X services as UAV UE, UAV-C UE, or Authority UE.

	
	LTE U2X Services Authorization
	Indicates whether the UE is authorized to use the LTE sidelink for U2X services as UAV UE, UAV-C UE, or Authority UE.

	
	NR UE-PC5-AMBR
	AMBR of UE's NR sidelink (i.e. PC5) communication for U2X services.

	
	LTE UE-PC5-AMBR
	AMBR of UE's LTE sidelink (i.e. PC5) communication for U2X services.


-
U2X Application Server: implements a subset of the V2X AS functionality specified in TS 23.287 [9]:

-
includes AF functionality, and may support at least the following capabilities:

Editor's note:
Whether any uplink data from the UE or downlink data to the UE is required for U2X service handling is FFS.

-
For U2X service parameters provisioning, the U2X AS provides the 5GC and the UAV UE (possibly via the UAVC) with parameters for U2X communications over PC5 and Uu reference points.

-
UDR: In addition to the functions defined in TS 23.501 [2], the UDR stores U2X service parameters.

-
NRF: In addition to the functions defined in TS 23.501 [2], the NRF performs PCF discovery by considering U2X capability.

-
NEF: for U2X AS, the NEF supports U2X service parameters.
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U2X Application Server
U2X Application
U2X Application
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U2X Application
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UAV1
UAV2
USS
5. UAV1 BC DAA deconfliction request message
6. UAV2 BC DAA deconfliction response message
1. Application Layer: UAV1 receives Broadcast message from UAV2
2. Application client in the UAV1 senses collision
3. Optional: UAV1 and UAV2 may inform USS about the detected collision
4. UAV Layer selects communication mode for direct communication



