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Introduction
This paper addresses the request for papers focused on delivering DAA using the same framework for delivery of BRID over the PC5 interface, with a view to identify differences in functionality and required behaviour which may identify in gaps in the framework. 
[1] - “Contributions analysing the gap for supporting DAA using the same framework as BRID can be submitted.”  
To do this we analyse the functionality of BRID compared to DAA as specified by SA2 in various contributions and analyse how DAA can be supported through communication over the PC5 interface.
As part of establishing comparison with the delivery of BRID we also consider agreements already made in RAN2#121 [2], for BRID in NR PC5. 

RAN2#121 - Agreements:
-	PC5-U is used to support BRID for UAV
-	Support both in-coverage and out-of-coverage scenarios
-	Mode 2 will be supported.  FFS whether further mode 1 will be supported.  
-	FFS whether separate pools are needed 
-	FFS whether current configurations can support UAV requirements 

Overview BRID DAA 
The SA2 work item [3] on the introduction of architectural enhancements in support of UAV in Release 18 advances support of UAV-to-UAV communications through 3GPP cellular technologies, namely LTE and NR. The WID includes objectives supporting the introduction of specific functionality over the PC5 interface amongst others. Included in this specific functionality are UAV requirements to Broadcast Remote IDentity (BRID), a regulatory requirement to enable the identification of the UAV for the purposes of identification and tracking. In addition the WI also includes functionality for the support of Detect And Avoid (DAA), to enable UAVs to detect other UAVs and provide signalling to enable mitigating manoeuvres or actions necessary to avoid collisions between UAVs when operating in-coverage, out-of-coverage and inter-PLMN scenarios.
In support of these functions RAN has adopted as a part of its own Release-18 work item [4] the following objective to support the introduction of BRID and DAA, also over the PC5 interface. 

3. Specify the support for UAV identification broadcast (BRID) in NR PC5. Support of DAA using the same framework as BRID without DAA specific enhancements can be considered [RAN2]. Note:. UAV use of NR PC5 is to be used only in designated bands as defined in regulation for BRID/DAA use.

It is noted that the SA2 WI [3] includes support for BRID and DAA functionality via the cellular network. We assume these options to be supportable either entirely by existing Uu functionality or to be outside the scope of the RAN WI [4] for these functionalities in this Release, and so are considered out of scope in this document.
Assumption: 	RAN WI only supports functionality for BRID delivery and DAA delivery over PC5 broadcast mode communication.
SA2 Stage 2 for BRID and DAA – Solution#5 [5]
SA2 completed their study [6] and started a Work Item [3] to implement the conclusions captured in clause 8 for the delivery of BRID and DAA. This conclusion identifies a common solution relating to BRID and DAA transmission over the PC5 interface, referenced as Solution #5: U2X for support of Broadcast Remote ID and direct DAA via PC5, within the TR. 
In their recent meeting S2#155 SA2 agreed related CRs [7], [8], [9] capturing solution #5 in the stage 2 specification [10]. The conclusion [6] identifies a number of objectives which are useful for understanding on how the BRID and DAA should be supported, and are captured on the cover of the CR [7]. 
	For BRID delivery,
· a mechanism based on PC5 leveraging U2X (UAV-to-everything) 
· applicable to both UAV UE that registers to the MNO network, and to UAVs that operate out of coverage
And for DAA the procedure is more involved, but has a number of common aspects.
· a mechanism for DAA leveraging U2X (UAV-to-everything)
· The detection and resolution of collisions is locally performed between UAVs using direct UAV to UAV communication over PC5.
· The USS can (optionally) be informed of the collision situation.
· Both unicast and broadcast mode direct communication over PC5 is supported for DAA.
Additionally, may support network-assisted (ground based) DAA solution #7. It is applicable for a specific area, such as a stadium or arena where drones are used.



These objectives are implemented as follows [10]. From these a number of common proposals can be captured in relation to BRID and DAA to aid RAN2 progress.
[image: ]
In addition the CRs [7] and [8] clarified the changes, reflected the following.

	
[7 - S2-2303301] - “Architectural enhancements for Rel. 18 UAS features”
· U2X is renamed to A2X (Aircraft-to-everything) to align to terminology adopted in ICAO, ACJA, RTCA, and EUROCAE. PC5-U is assumed for broadcast and unicast application layer exchange, to re-use V2X PC5 mechanisms
[8 - S2-2303290] – “Architectural enhancements for support of Detect And Avoid”
· difference from the TR is that PC5-U is assumed for broadcast and unicast application layer exchange, to re-use V2X PC5 mechanisms.



Proposal: From the above CRs and TS, RAN2 confirms the following in regard to support of BRID and DAA for its WI on UAV in release 18.
· Terminology is updated to,
· U2X is updated to A2X (Aircraft-to-everything), to align with industry norms 
· DAA delivery over the PC5 interface is referred to as Direct Detect And Avoid (DDAA) 
· A2X is based on V2X mechanisms
· For transmission of A2X messages for BRID and DDAA, 
· PC5-U is used for both BRID and DDAA application layer message exchange (aligned with RAN2#121 agreement on BRID)
· PC5 broadcast mode can be utilised for delivery of both BRID and DDAA. 
· For DDAA this includes the advertisement and deconfliction (resolution) steps, deconfliction is supported using PC5 broadcast mode direct communication (see below for details)
· for LTE PC5 network scheduled mode is not supported,
· for NR PC5 mode 2 resource selection is supported.
· For DDAA the triggering of the deconfliction messages is based on the application layer in the UAV receiving DAA broadcast advertising messages
· supported for scenarios for BRID and DDAA 
· both when a UAV registers with a network and when operating out-of-coverage. (Note. also UAVs with UICC and without UICC).
· support for inter-PLMN operation is currently only possible in the case that the sidelink carrier is the same across the PLMNs. - as indicated in (the RAN2 Reply LS to SA2 from R2#121) [11]
 
DDAA Procedure
DDAA may be considered as a 2 step process consisting of a first step comprising an announcing and detection step. And a second step which follows a UAV receiving a first DAA message type in the first step  and determines, at its A2X application layer, that a collision may be likely and triggers a second DAA message type intended for direct communication to the originating UAV of the first message to engage in a DAA collision avoidance step.
This is illustrated in the following figure, which has been modified from the agreed SA2 stage 2 CR [8] to capture the transmission of DAA messages over the PC5 interface only using broadcast mode, in order to demonstrate alignment with the framework for BRID delivery currently being addressed in RAN2, i.e. via PC5 broadcast mode.
FFS. RAN2 may wish to consider whether to support the use of unicast communication mode for the deconfliction message exchange. Since the establishment of unicast link is supported in the existing V2X procedures the impact may be considered as minimal. 
Proposal: FFS RAN2 may consider whether to support the use of unicast for deconfliction message exchange, assuming minimal impact to existing V2X mechanisms in order to support.



Figure 4-1: DDAA procedure based on PC5 Broadcast Mode Communication.
1.	UAV1 receives broadcast messages (DAA message type 1) from UAV2 in PC5-U messages, that may include application layer DAA payload, e.g. CAA-level UAV ID, velocity, heading direction, position.
2.	UAV1 passes the DAA payload to the upper layer. The A2X 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 A2X application layer in the UAV1 detects a potential collision situation, it initiates a collision avoidance/conflict resolution procedure with UAV2.
3.	UAV1 A2X layer indicates broadcast communication mode to the AS for transmission of the DDAA deconfliction message based on the input received from the A2X application layer and A2X Policy. 
DAA deconfliction messages in steps 4 and 5 are exchanged using broadcast mode over the PC5 interface as defined in TS 23.287 [12] clause 6.3.1. 
[Ed. Note whether RAN supports selection between broadcast or unicast communication modes over PC5 is FFS]
4.	UAV1 sends to UAV2 a DDAA deconfliction message (DAA message type 2), e.g. deconfliction request message which may include collision detection alert, 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:	The deconflicting specific parameters are application layer content and out of scope of this specification.
5.	UAV2 replies to provide agreement with the DAA deconflicting policy, its updated trajectory and other info, e.g. message deconfliction status response (FFS. whether this is considered to be another DAA message type), conflict resolved alert, CAA-level UAV IDs of participating UAVs from the receiving UAV. 
Subsequent messages may be exchanged between UAVs until traffic conflict resolution is reached (e.g. for mutual position/trajectory monitoring) based on application layer mechanisms.
NOTE:	While it is assumed that multiple UAVs in the area can be involved for DDAA, the procedure shows only two UAVs for simplicity.

From this procedure it is clear that for DDAA there is potential for a greater level of message exchange compared to BRID. Including for DDAA deconfliction message exchange directed between two (or more) UAVs to avoid collisions.
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4.1 DAA Messaging
There are (at least) two types of DAA message content sent by 2 UAVs involved in DAA deconfliction.
First DAA message type, e.g. DAA message type 1, sent by a UAV for the purpose of announcing itself along with its location and trajectory. The specific contents of the message are defined outside of 3GPP, and may differ across countries and regions based on regulatory requirements. However 3GPP can simply consider this data as non-IP data. 
The second DAA message type e.g. DAA message type 2, is also sent over the PC5 using broadcast mode. However, in this case the A2X application layer has determined that the message is a different DAA message to that received and is a DAA deconfliction message providing specific information to the originator of DAA message type 1. This is intended to be a direct broadcast mode communication, meaning that the message has a specific intended recipient with whom the collision resolution is required. 
Observation: DAA message type 2 is intended as a direct broadcast mode communication between the originator and recipient of the DAA message type 1 message.
Whilst the originating UAV may be identified from the source Layer 2-ID received with the DAA message type 1, when the DAA message type 2 is sent the destination layer 2-ID should be the layer 2-ID used for the broadcast DAA service. It is assumed that the A2X application layer will manage the connection orientated aspect to address the originator of the first DAA message type 1 potentially through use of the unique CAA-level UAV ID included within the DAA message data, or other identities contained within the DAA message data. The specifics on this message format and DAA negotiation are outside the scope of 3GPP.
[bookmark: _Hlk131738704]Proposal: The different DAA message types are transparent to the RAN. For transmission over the PC5 interface the same destination layer 2-ID for the broadcast DAA service can be used. 
Distinction between the types of messages exchanged and the connection orientated nature of some of these message (e.g. direct between 2 UAVs) for the purposes of conflict resolution are managed by the application layer.
This DAA message is a Non-IP data type and is signalled as such to the AS as one part of the information submitted with the DAA message from the A2X layer for transmission when using PC5-U to transmit the application data packets via the configured PC5 QoS flow to the Access Stratum.

Through different A2X service identifiers (see Annex for more details) derived for each of the BRID and DAA services, the UAV establishes distinct mappings to the respective A2X services and to individual PC5 QoS flows associated with specific destination Layer-2 IDs.
In this way BRID messages and DAA messages can be handled in the same way when delivered to the AS from the A2X service level (even if some parameters relating to the AS configurations may or may not vary between them).

4.2 Other thoughts regarding RAN Support for DDAA A2X service delivery
Autonomous resource selection, NR mode 2, is supported for both BRID and DAA in order to support required coverage scenarios. FFS if network scheduled resource selection is used, however assumed that the requirement should apply equally to both BRID and DAA transmission. 
Resource pool availability to utilise the same selection criteria for PC5 broadcast mode communication for both A2X services. 
· FFS the use of signalled or preconfigured resource pools, assume this can be considered equally applicable to both services. 
· FFS if special handling beyond current release-17 specifications for resource pools is needed (e.g. for regulatory performance requirements for A2X services) should be the same for both services. FFS if the QoS requirements for BRID and DAA are the same and can be met with current QoS profiles.
Destination layer-2 ID to be the same for all UAVs to support PC5 broadcast mode transmission for each A2X service. Signalled by upper layers based on A2X service identifier. FFS if the destination layer-2 ID will be the same for both BRID and DAA, however the destination layer-2 ID will be the same for each message transmitted by each A2X service using the PC5 broadcast mode communication.
QoS of the transmission - determined and signalled by the A2X service [13], AS acts according to the indicated PC5 QoS flow configuration and QoS parameters received from the upper layer. Reliability for message is expected to be the same for both A2X services when transmitted using PC5 broadcast mode. RRC and MAC will handle according to indicated configuration. 

Summary
· Terminology is updated to,
· U2X is updated to A2X (Aircraft-to-everything), to align with industry norms 
· DAA delivery over the PC5 interface is referred to as Direct Detect And Avoid (DDAA) 
· A2X is based on V2X mechanisms
· For transmission of A2X messages for BRID and DDAA, 
· PC5-U is used for both BRID and DDAA application layer message exchange (aligned with RAN2#121 agreement on BRID)
· PC5 broadcast mode can be utilised for delivery of both BRID and DDAA. 
· For DDAA this includes the advertisement and deconfliction (resolution) steps, deconfliction is supported using PC5 broadcast mode direct communication 
· for LTE PC5 network scheduled mode is not supported,
· for NR PC5 mode 2 resource selection is supported.
· For DDAA the triggering of the deconfliction messages is based on the application layer in the UAV receiving DAA broadcast advertising messages
· supported for scenarios for BRID and DDAA 
· both when a UAV registers with a network and when operating out-of-coverage. (Note. also UAVs with UICC and without UICC).
· support for inter-PLMN operation is currently only possible in the case that the sidelink carrier is the same across the PLMNs. - as indicated in (the RAN2 Reply LS to SA2 from R2#121) [11]
The different DAA message types are transparent to the RAN. For transmission over the PC5 interface the same destination layer 2-ID for the DDAA service broadcast mode communication can be used.

Autonomous resource selection, NR mode 2, is supported for both BRID and DAA in order to support required coverage scenarios. FFS if network scheduled resource selection is used, however assumed that the requirement should apply equally to both BRID and DAA transmission. 
Resource pool availability to utilise the same selection criteria for PC5 broadcast mode communication for both A2X services. 
· FFS the use of signalled or preconfigured resource pools, assume this can be considered equally applicable to both services. 
· FFS if special handling beyond current release-17 specifications for resource pools is needed (e.g. for regulatory performance requirements for A2X services) should be the same for both services. FFS if the QoS requirements for BRID and DAA are the same and can be met with current QoS profiles.
Destination layer-2 ID to be the same for all UAVs to support PC5 broadcast mode transmission for each A2X service. Signalled by upper layers based on A2X service identifier. FFS if the destination layer-2 ID will be the same for both BRID and DAA, however the destination layer-2 ID will be the same for each message transmitted by each A2X service using the PC5 broadcast mode communication.
QoS of the transmission - determined and signalled by the A2X service [13], AS acts according to the indicated PC5 QoS flow configuration and QoS parameters received from the upper layer. Reliability for message is expected to be the same for both A2X services when transmitted using PC5 broadcast mode. RRC and MAC will handle according to indicated configuration. 

Conclusion
Proposal 1: RAN2 captures the above points from clause 5 Summary as relevant to delivering BRID and DDAA over PC5 via broadcast mode communication in release 18.
Proposal 2: RAN WI only supports functionality for BRID delivery and DAA delivery over PC5 broadcast mode communication.
Proposal 3: FFS RAN2 may consider whether to support the use of unicast for deconfliction message exchange, assuming minimal impact to existing V2X mechanisms in order to support.

Different behaviours relating to DDAA for the different DAA messages when compared to BRID message transmission can be handled by the upper layers. Radio aspects can be configured based on the configuration parameters submitted from the upper layer to support transmission over the PC5 broadcast mode communication reusing existing V2X mechanisms.
Proposal 4: From the above considerations it is proposed that RAN supports DDAA service for UAVs delivered via the PC5 broadcast mode communication using the same framework used for PC5 broadcast mode communication used to deliver BRID.
 
Proposal 5: On the conclusion of the assessment of the functional frame work and confirmation of the scope of support for BRID and DAA in RAN2, RAN2 send an LS to SA2 confirming the scope of support of BRID and DAA delivery over the PC5 interface in Release18. (note SA2 may use this information to confirm the RAN scope is acceptable for the support of these features and assist SA2 in prioritisation of their work at any time they have a need to do so).
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Annex
– Upper layer derived support for A2X service delivery over PC5 broadcast mode
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8.1 PC5-U Transmission
As captured in [10], the following figure depicts the protocol stacks for two UAVs exchanging A2X services using PC5-U. This reuses the V2X functionality in the RAN. 
The A2X application layer passes the data packet to the A2X layer, and includes the related A2X configuration information as determined from the A2X Policy relating to the A2X service. Differences regarding the A2X service requirements are passed along with configuration information to the Access Stratum along with the A2X packets when submitted for transmission.
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8.1 
8.2 Upper layer configuration
[13 - TS 24.587] captures higher layer stage 3 for V2X communication over PC5. We examine the existing V2X message transmission and reception over PC5 broadcast mode communication as a framework and basis for A2X message handling.
As captured above the expectation for the handling of BRID messages will be different at the A2X application layer compared to the DDAA messages. In particular when analysing the DDAA message type 1 message for potential collision detection and triggering the transmission of the DAA message type 2 message for conflict resolution based on the deconfliction policy of the A2X application in the UAV. However, it is assumed that each service supports distinct A2X service identifier. Through use of these A2X service identifiers delivery to and from the respective A2X service entity in the upper layers to the lower Access Stratum for transmission and reception of the specific A2X message PDUs will be supported.
The upper layers of a UE authorised to transmit the A2X message using the PC5 broadcast mode in a geographic area requests transmission of an A2X message with an A2X service identifier for the A2X service requesting the transmission of the A2X message.
The request is passed to the lower layers and may include not only the A2X message and the A2X service identifier but also the type of data (non-IP data and the V2X message family reference e.g. ETSI ITS, IEEE, etc.), the communication mode (broadcast mode) and optionally the V2X application requirements.
The A2X service layer derives the destination layer-2 ID and the PC5 QoS parameters based on the V2X service identifier and (for the PC5 QoS parameters), if available the V2X application requirements as provided by the upper layers.
The destination layer-2 ID has an associated context which contains a PC5 QoS Rule for the PC5 QoS flow fulfilling the PC5 QoS parameters. The PC5 QoS Flow is identified by the PC5 QoS Flow Indicator (PQFI) which points to the corresponding PC5 QoS Rule. The PQFI, PC5 QoS parameters, the source layer-2 ID and the destination layer-2 IDs are passed to the lower layers along with the A2X message mapped to the PC5 QoS flow with the indicated PQFI. The PC5 QoS Rules map V2X messages with the same V2X service identifier and with the same PC5 QoS parameters to the same PC5 QoS Flow, and apply PQFI to V2X messages. 
The UE includes the A2X message in a PDU for submission to the lower layers with the following parameters. The PDU type indicating the type of data e.g. non-IP data with a A2X message family indication, a source layer-2 ID, destination layer-2 ID associated with the A2X service identifier, the PC5 communication mode (e.g. broadcast) and the PQFI for the PC5 QoS rule. For EUTRA PC5 transmission also the Tx profile as determined by the A2X service identifier.  
This PDU containing the A2X message is then submitted on the PC5 QoS flow identified by the PQFI to the lower layers along with a request for radio resources for transmission over the PC5 interface using the identified communication mode. 

This PC5 QoS flow is subsequently mapped in the Access Stratum to the SLRB used to transmit the A2X message using the PC5 broadcast mode communication.

A UAV receiving a PDU over the PC5 interface uses the destination layer-2 ID for the received PDU to check whether it has a corresponding configured destination layer-2 ID. If the receiving UAV does have a configuration with the corresponding destination layer-2 ID, it processes the PDU and delivers the SDU to the correct upper layer entity. 
The use of different A2X service identifiers for each of the BRID and DAA services provides for distinct mappings to the respective A2X services and to individual PC5 QoS flows associated with the specific destination Layer-2 IDs.
In this way BRID messages and DAA messages can be handled in the same way when delivered to the AS from the A2X service level (even if some parameters relating to the AS configurations may or may not vary between them). 
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8.3 QoS Handling for V2X communication TS 23.273 v18.0.0 [12]
TS 23.273 v18.0.0
[bookmark: _Toc131157935][bookmark: _Toc131157940]5.4	QoS handling for V2X communication
[bookmark: _Toc131157936]5.4.1	QoS handling for V2X communication over PC5 reference point
[bookmark: _Toc131157937]5.4.1.1	QoS model
5.4.1.1.3	Handling of PC5 QoS Flows based on PC5 QoS Rules
…
In addition, the V2X layer also provides the communication mode (e.g. broadcast, groupcast, unicast) and radio frequencies to the AS layer for the PC5 operation. The radio frequencies are determined based on the V2X service type. The V2X layer ensures that V2X service types associated with different radio frequencies are classified into distinct PC5 QoS Flows.
Figure 5.4.1.1.3-1 illustrated an example of the classification and marking of user plane traffic using the PC5 QoS Rules, and the mapping of PC5 QoS Flows to radio resources at access stratum layer.


Figure 5.4.1.1.3-1: Handling of PC5 QoS Flows based on PC5 QoS Rules
As illustrated in Figure 5.4.1.1.3-1, for a given pair of source and destination Layer-2 IDs, there can be multiple radio bearers, each corresponding to a different PC5 QoS level. The AS layer can determine the mapping of multiple PC5 QoS Flows to the same radio bearer based on the information provided. For broadcast and groupcast mode communication, the L2 link goes to all UEs in proximity identified by the destination Layer-2 ID.
…
[bookmark: _Toc131157942]5.4.1.2	QoS handling for broadcast mode V2X communication over PC5 reference point
When PC5 broadcast is used for the transmission of V2X service data, the following principles are followed for both network scheduled operation mode and UE autonomous resources selection mode:
-	PC5 QoS parameters defined in clause 5.4.2 are applied.
-	The V2X layer determines the PC5 QoS parameters based on the V2X Application Requirements (if available) or the mapping of the V2X service type to PC5 QoS parameters, as defined in clause 5.4.1.1.2.
-	The V2X layer assigns a PC5 QoS Flow Identifier (PFI) and derives the PC5 QoS Rule for the PC5 QoS Flow, and associates the PC5 QoS parameters to the PFI.
-	The V2X layer provides the PFI and the associated PC5 QoS parameters to AS layer for Per-flow QoS model operations.
-	The V2X layer determines the PFI based on the PC5 QoS Rule for the V2X service data from the V2X application layer, and passes the V2X service data along with PFI to the AS layer for transmission.
When the autonomous resources selection mode is used, following additional principle applies:
-	The UE can use the PC5 QoS parameters for PC5 QoS handling.
…
[bookmark: _Toc131157959]5.4.4	Standardized PQI to QoS characteristics mapping
The one-to-one mapping of standardized PQI values to PC5 QoS characteristics is specified in table 5.4.4-1.
…
Table 5.4.4-1: Standardized PQI to QoS characteristics mapping
NOTE 1:	For Standardized PQI to QoS characteristics mapping, the table will be extended/updated to support service requirements for other identified V2X services.
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4. UAV1 DDAA deconfliction request message
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1. Application Layer: UAV1 receives DDAA Broadcast message from UAV2
2. Application client in the UAV1 senses collision, and determines need for collision avoidance
3. UAV1 App. Layer indicates Broadcast communication mode for direct communication
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5.9 Control and user plane stacks for A2X

5.9.1 User plane for NR PC5 reference point supporting A2X services

Figure 5.9.1-1 depicts a user plane for NR PCS5 reference point, i.e. PCS User Plane Protocol stack.

Legend:

- PC5-U: The SDAP/PDCP/RLC/MAC/PHY functionality is specified in TS 38.300 [15]

- For PDCP SDU type "Non-IP", a "Non-IP Type" header included in the SDU by upper layer to indicate the
type of non-IP messages carried will be specified in stage 3 specification.

Figure 5.9.1-1: User Plane for NR PC5 reference point

The Non-IP PDCP SDU contains a Non-IP Type header, which indicates the A2X message family used by the
application layer.

NOTE:  The Non-IP Type header and allowed values are defined in Stage 3

The packets from A2X application layer are handled by the A2X layer before transmitting them to the AS layer, e.g
A2X layer maps the IP/Non IP packets to PC5 QoS Flow and marks the corresponding PFL
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421.2 A2X UAV communication over PC5 reference point

4.2.1.241 General

This clause describes the support of an Aircraft-to-everything (A2X) mechanism based on PC5 reference point.

as defined in TS 23.287 [X] to support Broadcast Remote ID (BRID) and Direct
Detect And Avoid (DDAA). as defined in TS 23.285 [Y] . For LTE PC5

A2X supports the following communication modes:

- mvﬂ PCS may be used between two or more UAVS for DDAA deconfliction

by the information received by UAV via DAA messages received in
broadcast.

Groupcast mode for NR based PC5 is not supported. PC5 Relay communications are not supported in this release.
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