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6	Aircraft-to-Everything (A2X) services
6.1	Architecture model and concepts 
6.1.1	General concept 
A2X leverages what is defined for V2X in TS 23.287 [11] clause 4.1 with the following differences:
-	V2X is replaced by A2X.
6.1.1.1 			General considerations
A2X leverages both LTE PC5 as defined in TS 23.285 [12] and NR PC5. For LTE PC5 in EPS, the network scheduled operation mode defined in TS 23.285 [12] is not supported and the A2X uses only the UE autonomous resources selection mode.
Groupcast mode for NR based PC5 is not supported. PC5 Relay communications are not supported in this Release.
Subscription to A2X services is based on user's profile stored in the UDM containing the subscription information to give the user permission to use A2X services, as described in clause 5.5 of TS 23.287 [11] with the following differences:
-	The distinction between Vehicle UE and Pedestrian UE is not applicable to A2X.
Both UAV UEs that utilize Uu connectivity and that do not utilize Uu connectivity (i.e. either UAV UEs that are Uu capable and do not use Uu) are supported. A UAV without utilizing Uu capabilities may use A2X and be configured via A2X1 over a transport outside the scope of 3GPP.
NOTE 1:	UAV UEs without utilizing Uu capabilities are part of the 3GPP ecosystem since they use A2X1 for configuration by a A2X Application Server and implement PC5 connectivity specified by 3GPP.
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 A2X communications when authorized for "not served by E-UTRA" and "not served by NR".
In this version of the specification, it is assumed all UAV UEs requiring DAA and BRID support A2X capability.
Editor's note:	Whether A2X communication over PC5 between the UAV UEs served by different PLMNs and with subscriptions to different PLMNs is supported depends on the RAN WG2 feedback.
NOTE 2:	It is assumed that any security of A2X solution is addressed by SA WG3.
NOTE 3:	The A2X application layer schemes developed in other SDOs are outside the scope of this specification.

6.1.2	Architectual reference model
6.1.2.1			PC5 and Uu based A2X architecture reference model 
6.1.2.1.1		Non-roaming 5G System architecture for A2X communication over PC5 and Uu reference points 
Figure 6.1.2.1.1-1 shows the high level view of the non-roaming 5G System architecture for A2X communication over PC5 and Uu reference points.



Figure 6.1.2.1.1-16.1.2.1.1-1: 5G System non-roaming architecture for UAVs and for A2X communication over PC5 and Uu reference points


6.1.2.1.2	Roaming 5G System architecture for A2X communication over PC5 and Uu reference points 
Figure 6.1.2.1.2-1 and Figure 6.1.2.1.2-2 show the high level view of the roaming 5G System architectures for A2X communication over PC5 and Uu reference points. In these figures, UE A uses a subscription of HPLMN.Figure 6.1.2.1.2-1 and Figure 6.1.2.1.2-2 show the high level view of the roaming 5G System architectures for A2X communication over PC5 and Uu reference points. In these figures, UE A uses a subscription of HPLMN.



Figure 6.1.2.1.2-16.1.2.1.2-1: Roaming 5G System architecture for UAVs and for A2X communication over PC5 and and Uu reference points - local breakout scenario in service-based interface representation





Figure 6.1.2.1.2-2: 6.1.2.1.2-2: Roaming 5G System architecture for UAVs and for A2X communication over PC5 and Uu reference points - Home routed scenario
6.1.2.1.3		Inter-PLMN 5G System architecture for A2X communicationover PC5 reference point 
In the case of inter-PLMN A2X communication over PC5 reference point, the PC5 parameters need to be configured in a consistent way among the UEs within a certain region. The architecture for the Inter-PLMN PC5 case is similar to the one defined in clauses 6.1.2.1.1 6.1.2.1.1 and  6.1.2.1.26.1.2.1.2.

6.1.2.2	AF-based service parameter provisioning for A2X communication
The 5G System provides NEF services to enable communication between NFs in the PLMN and A2X Application Server. Figure 6.1.2.2-16.1.2.2-1 shows the high level view of AF-based service parameter provisioning for A2X communications. The A2X Application Server may provide A2X service parameters to the PLMN via NEF. The NEF stores the A2X service parameters in the UDR.



Figure  6.1.2.2-16.1.2.2-1: 5G System architecture for AF-based service parameter provisioning for A2X communications

6.1.2.3			MBS for Uu based A2X architecture model
Move 4.2.4B from S2-2305582.
6.1.2.4			Reference points 
See clause 4.2.6.
6.1.2.5			Service-based interfaces 
See clause 4.2.5.
6.1.3	Functional entities
See clause 4.3.
6.2	High level functionality and features 
6.2.1	Authorization and Provisioning for A2X communications
6.2.1.1	General
Authorization and provisioning of parameters for A2X communication leverages V2X mechanisms as defined in TS 23.287 [11] clause 5.1.1 with the following differences:
-	V2X is replaced by A2X.
-	The V1 reference point is replaced by the A2X1 reference point.
-	The set of parameters defined for A2X are described in clause 6.2.1.2.1 and 6.2.1.3.1.
-	The means for PCF including A2X policy/parameters into a Policy section identified by a Policy Section Identifier (PSI) is specified in clause X.X.X.X.X of TS 23.503 [9].

6.2.1.2	Authorization and Provisioning for A2X communications over PC5 reference point
6.2.1.2.1	Policy/Parameter provisioning
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.1.2.1 with the following differences:
-	V2X is replaced by A2X.
-	The V1 reference point is replaced by the A2X1 reference point.
-	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 Range, and Validity timer. This additional information may be needed to enable policing the use of PC5 depending on the specific location of the UAV.
-  	Addition of:
Deconflicting policy which indicates the communication mode (unicast or broadcast) used for deconflicting is defined for A2X
NOTE 1:	How frequently a UAV sends deconfliction-related messages is an application layer aspect outside the scope of 3GPP.

6.2.1.2.2		Principles for applying parameters for A2X communications over PC5 reference point
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.1.2.2 with the following differences:
-	V2X is replaced by A2X. 
-	The V1 reference point is replaced by the A2X1 reference point.
6.2.1.3	Authorization and Provisioning for A2X communications over Uu reference point
6.2.1.3.1	Policy/Parameter provisioning
To be defined
6.2.2	A2X communication
6.2.2.1	A2X communication over PC5 reference point
6.2.2.1.1	General
A2X communication over PC5 reference point leverages V2X mechanisms to support Unicast communication mode for NR and Broadcast communication mode for both NR and LTE as defined in TS 23.287 [11] clause 5.2.1.1 with the following applicable differences:
-	V2X is replaced by A2X.
-	The distinction between Vehicle UE and Pedestrian UE is not applicable to A2X.
-	Groupcast mode for NR based PC5 is not supported.
-	For LTE PC5 in EPS, the network scheduled operation mode (defined in referred TS 23.285 [12]) is not supported and A2X uses only the UE autonomous resources selection mode.
 
6.2.2.1.2	Broadcast mode communication over PC5 reference point
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.2.1.2 with the following differences:
-	V2X is replaced by A2X.
-	The applicable configuration is described in clause 6.2.1.2.
-	PC5 QoS parameters are described in clause 6.2.4.
-	Enhanced QoS handling for NR based PC5 reference point is described in clause 6.2.4.

6.2.2.1.3	Unicast mode communication over PC5 reference point
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.1.1.3 with the following differences:
-	V2X is replaced by A2X.
-	Definitions for PC5 QoS flows are described in clause 6.2.4.
-	Definitions for A2X identifiers are described in clause 6.2.6. 
-	Procedures for Unicast mode A2X communication over PC5 reference point are described in 6.3.3.2. 

6.2.2.1.4	IP address allocation
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.2.1.5 with the following differences:
-	V2X is replaced by A2X.
-	Procedures for Unicast mode A2X communication over PC5 reference point are described in 6.3.3.2. 
6.2.2.2	A2X communication over Uu reference point
To be defined
6.2.3	A2X Application server discovery
See clause 4.3.9.
6.2.4	QoS handling for A2X communication
6.2.4.1			QoS handling for V2X communication over PC5 reference point
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.4.1 with the following differences:
-	V2X is replaced by A2X.
-	Groupcast mode communication is not supported.
-	Definitions for PC5 QoS handling are described in clause 6.2.4. 
-	PC5 QoS configuration parameters are described in clause 6.2.1.2.1. 
-	Definitions for A2X communication over PC5 Reference point are described in clause 6.2.2.1. 
-	Procedures for A2X unicast mode communication over PC5 Reference point are described in clause 6.3.3.2. 
-	Procedures for A2X Delivery of PC5 QoS parameters to NG-RAN are described in clause 6.3.5.5. 
6.2.4.2			QoS handling for V2X communication over Uu reference point
 See TS 23.501 [xx].
6.2.5	Subscription to A2X services
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.5 with the following differences:
-	V2X is replaced by A2X.
-	The distinction between Vehicle and Pedestrian UE is not supported.
-	Definitions for PC5 QoS parameters are described in clause 6.2.4.  
-	The procedure PCF based A2X Service Authorization and  provisioning to UE is described in 6.3.2.2. 
6.2.6 	Identifiers
6.2.6.1			Identifiers for A2X communication over PC5 reference point
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.6.1with the following differences:
-	V2X is replaced by A2X.
-	Groupcast mode communication and corresponding identifiers are not supported. 
-	IP address allocation for A2X is described in clause 6.2.2.1.4. 
-	A2X configuration parameters are described in clause 6.2.1.2.1. 
-	Procedures for Unicast mode A2X communication over PC5 reference point are described in 6.3.3.2.  
6.2.7	Interworking between EPS A2X and 5GS A2X
6.2.7.1			A2X Policy and parameter provisioning
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.8.1 with the following differences:
-	V2X is replaced by A2X.
6.2.7.2			PC5 operation
A2X leverages what is defined for V2X in TS 23.287 [11] clause 5.8.1 with the following differences:
-	V2X is replaced by A2X.
6.2.8	MBS Service Description for A2X use
Clause 5.z from S2-2305582?

6.3 	Functional description and information flowss 
6.3.1     Control and user plane stacks for PC5 reference point supporting A2X services
6.3.1.1			User plane for PC5 reference point supporting A2X services
Figure 5.9.1-1 depicts a user plane for NR PC5 reference point, i.e. PC5 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
IP and Non-IP PDCP SDU types are supported for the A2X communication over PC5 reference point.
For IP PDCP SDU type, only IPv6 is supported. The IP address allocation and configuration are as defined in clause 5.6.1.1 of TS 23.287 [11].
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 PFI.
6.3.1.2			Control plane NR
The protocol stack of clause 6.1.2 of TS 23.287 [11] applies.
6.3.2	Procedures for A2X service authorization and provisioning to UE
6.3.2.1			General
The procedures for service authorization and provisioning to UE may be initiated by the PCF (as described in clause 6.3.2.26.3.2.2), by the UE (as described in clause 6.3.2.36.3.2.3), or by the AF (as described in clause  6.3.2.46.3.2.4).
6.3.2.2			PCF based A2X Service Authorization and Provisioning to UE
For PCF based Service Authorization and Provisioning to UE, the Registration procedures as defined in clause 4.2.2.2 of TS 23.502 [3], UE Policy Association Establishment procedure as defined in clause 4.16.11 of TS 23.502 [3] and UE Policy Association Modification procedure as defined in clause 4.16.12 of TS 23.502 [3] apply with the following additions:
-	If the UE indicates A2X capability in the Registration Request message and if the UE is authorized to use A2X service based on subscription data, the AMF selects the PCF which supports A2X Policy/Parameter provisioning and establishes a UE policy association with the PCF for A2X Policy/Parameter delivery. PCF discovery and selection mechanism defined in clause 6.3.7.1 of TS 23.501 [2] applies and the AMF may include the A2X capability indication in the Nnrf_NFDiscovery_Request message as the optional input parameter. If provided, the NRF takes the information into account for discovering the PCF instance.
-	If the AMF receives the PC5 capability for A2X in the Registration Request message from UE, the AMF further reports the PC5 capability for A2X to the selected PCF. The PCF may determine the A2X Policy/Parameter for specific PC5 RAT based on the received UE's PC5 capability for A2X.
-	If the UE supports A2X communication and it does not have valid A2X policy/parameters, the UE includes the UE Policy Container with indicating the A2X Policy Provisioning Request during registration procedure.
-	If the UE indicates the A2X Policy Provisioning Request in the UE Policy Container, the PCF determines whether to provision A2X Policy/parameters for A2X communication over PC5 reference point to the UE, as specified in clause 6.1.2.2.2 of TS 23.503 [9], and the PCF provides the A2X Policy/parameters to the UE by using the procedure as defined in clause 4.2.4.3 of TS 23.502 [3].
The PCF may update the A2X Policy/parameters to the UE in following conditions:
-	UE Mobility, e.g. UE moves from one PLMN to another PLMN. This is achieved by using the procedure of UE Policy Association Modification initiated by the AMF, as defined in clause 4.16.12.1 of TS 23.502 [3].
-	When there is a subscription change in the list of PLMNs where the UE is authorized to perform A2X communication over PC5 reference point. This is achieved by using UE Policy Association Modification initiated by the PCF procedure as defined in clause 4.16.12.2 of TS 23.502 [3].
-	When there is a change of service specific parameter as described in clause 4.15.6.7 of TS 23.502 [3].
If the serving PLMN is removed from the list of PLMNs in the service authorization parameters, the service authorization is revoked in the UE.
When the UE is roaming, the change of subscription resulting in updates of the service authorization parameters are transferred to the UE by H-PCF via V-PCF.
The UE may perform UE triggered Policy Provisioning procedure to the PCF as specified in clause 6.3.2.3 6.3.2.3 when the UE determines the A2X Policy/Parameter is invalid (e.g. Policy/Parameter is outdated, missing or invalid).
6.3.2.3			Procedure for UE triggered A2X Policy provisioning
The UE triggered Policy Provisioning procedure is initiated by the UE to request A2X Policy/Parameter from the PCF when UE determines the A2X Policy/Parameter is invalid in the following cases:
-	if the validity timer indicated in the A2X Policy/Parameter expires;
-	if there are no valid parameters, e.g. for the A2X service type a UE wants to use, for current area, or due to abnormal situation.


Figure 6.3.2.3-1: UE triggered A2X Policy provisioning procedure
1.	The UE sends UL NAS TRANSPORT message carrying the UE Policy Container (UE A2X Policy Provisioning Request to request A2X policies) to the AMF.
2.	The AMF sends the Namf_Communication_N1MessageNotify request to the PCF including the UE Policy Container received from UE.
3.	The PCF receives UE Policy Container which indicates UE Policy Provisioning Request to request A2X policies. If the A2X policies are authorized based on AMF input as specified in clause 6.3.5.2  6.3.5.2  the PCF performs the UE Policy delivery procedure defined in clause 4.2.4.3 of TS 23.502 [3].

6.3.2.4	AF-based service parameter provisioning for A2X communications over control plane
The A2X Application Server can provision the 5GC with A2X service parameters via NEF using the procedure defined in clause 4.15.6.7 of TS 23.502 [3] with the following considerations:
-	The AF in TS 23.502 [3] is considered as A2X Application Server in this specification.
-	Service Description indicates A2X service domain information.
-	Service Parameters include policy/provisioning parameters for A2X communications over PC5.
NOTE:	It is assumed that the A2X service domain information is set based on the Service Level Agreement with the operator.
6.3.3	Procedures for A2X communication over PC5 reference point
6.3.3.1			Broadcast mode A2X communication over PC5 reference point 
A2X leverages what is defined for V2X in TS 23.287 [11] clause 6.3.1 with the following differences:
-	V2X is replaced by A2X.
-	The applicable configuration is described in clause 6.2.1.2. 
-	PC5 QoS parameters are described in clause 6.2.4. 
-	Enhanced QoS handling for NR based PC5 reference point is described in clause 6.2.4.1. 
-	Identifiers for A2X communication over PC5 reference points are described in clause 6.2.6.1. 
-	Pedestrian UE’s and corresponding pedestrian UE power saving as described in clause 5.9 is not supported.

6.3.3.2			Unicast mode A2X communication over PC5 reference point
A2X leverages what is defined for V2X in TS 23.287 [11] clause 6.3.3 with the following differences:
-	V2X is replaced by A2X.
-	The applicable configuration is described in clause 6.2.1.2. 
-	PC5 QoS parameters are described in clause 6.2.4. 
-  	A PC5 unicast link is described in clause 6.2.2.1.3. 
-	IP address allocation for A2X is described in clause 6.2.2.1.4. 
-	Identifiers for A2X communication over PC5 reference points are described in clause 6.2.6.1. 

6.3.4	Procedures for A2X communication over Uu reference point
6.3.4.1			A2X Application server discovery using broadcast MBS session
5.z from S2-2305582. 
6.3.4.2			Procedures for A2X communication with MBS
5.5.x.2 from S2-2305582. 
6.3.5	Procedures for Service Authorization to NG-RAN for A2X communications over PC5 reference point
Editor's note:	The description related to Service Authorization to NG-RAN for A2X communications over PC5 can be updated based on RAN WG feedbacks.

6.3.5.1			General
In order to enable PC5 radio resource control in NG-RAN, per PC5 RAT A2X service authorization information and PC5 QoS parameters need to be made available in NG-RAN, this clause describes the corresponding procedures and aspects.
6.3.5.2			Registration procedure
The Registration procedure for UE is performed as defined in TS 23.502 [3] with the following additions:
-	The UE includes the PC5 Capability for A2X (i.e. LTE PC5 only, NR PC5 only, both LTE and NR PC5) as part of the "5GMM capability" in the Registration Request message. The AMF stores this information for A2X operation. The PC5 Capability for A2X indicates whether the UE is capable of A2X communication over PC5 reference point and which specific PC5 RAT(s) it supports.
-	The AMF obtains the A2X Subscription data as part of the user subscription data from UDM during UE Registration procedure using Nudm_SDM service as defined in clause 4.2.2.2.2 of TS 23.502 [3].
-	The AMF determines whether the UE is authorized to use A2X communication over PC5 reference point based on UE's PC5 Capability for A2X and the subscription data related to A2X service authorization information (i.e. "A2X services authorized" indication, UE-PC5-AMBR per PC5 RAT and cross-RAT PC5 control authorization if applicable) received from UDM, and stores the A2X service authorization information as part of the UE context.
-	The PCF provides the PC5 QoS parameters to AMF, and the AMF stores them in the UE context.
-	If the UE is PC5 capable for A2X, and the UE is authorized to use A2X communication over PC5 reference point based on the subscription data, then the AMF shall include the following information in the NGAP message sent to NG-RAN:
-	a "A2X services authorized" indication, indicating the UE is authorized to use A2X communication over PC5 reference point.
-	UE-PC5-AMBR per PC5 RAT and cross-RAT PC5 control authorization (if applicable), used by NG-RAN for the resource management of UE's PC5 transmission for A2X services in network scheduled mode.
-	the PC5 QoS parameters used by the NG-RAN for the resource management of UE's PC5 transmission for A2X services in network scheduled mode.
-	If the UE is authorized to use A2X communication over PC5 reference point, then the AMF should not initiate the release of the signalling connection after the completion of the Registration procedure. The release of the NAS signalling relies on the decision of NG-RAN, as specified in TS 23.502 [3].
6.3.5.3			Service Request procedure
The Service Request procedure for UE in CM-IDLE state is performed as defined in TS 23.502 [3] with the following additions:
-	If the UE is PC5 capable for A2X, and the UE is authorized to use A2X communication over PC5 reference point, then the AMF shall include a "A2X services authorized" indication in the NGAP message.
-	The AMF includes the UE-PC5-AMBR for A2X, and cross-RAT PC5 control authorization in the NGAP message to the NG-RAN as part of the UE context and NG-RAN may use in resource management of UE's PC5 transmission for A2X services in network scheduled mode.
-	The AMF sends the PC5 QoS parameters for A2X to NG-RAN via N2 signalling. The PC5 QoS parameters may be stored in the UE context after the registration procedure. If the UE is authorized to use A2X communication over PC5 reference point but AMF does not have PC5 QoS parameters available, the AMF fetches the PC5 QoS parameters from the PCF.
6.3.5.4			Subscriber Data Update Notification to AMF
The procedure of Subscriber Data Update Notification to AMF is performed as defined in TS 23.502 [3] with the following additions:
-	The Nudm_SDM_Notification service operation may contain the "A2X services authorized" indication or the UE-PC5-AMBR, or cross-RAT PC5 control authorization or any combination;
-	The AMF updates the UE Context with the above new A2X subscription data.
-	When the AMF updates UE context stored at NG-RAN, the UE context contains the A2X subscription data
6.3.5.5			Delivery of PC5 QoS parameters to NG-RAN
The UE Policy Association Establishment procedure and UE Policy Association Modification procedure, as defined in TS 23.502 [3], is used to provide to the AMF PC5 QoS parameters used by NG-RAN. When receiving Npcf_UEPolicyControl_Create Request from the AMF which includes the PC5 capability for A2X or when receiving the updated subscription data from UDR, the PCF generates the PC5 QoS parameters used by NG-RAN corresponding to a UE.
The (V-)PCF provides the information to the AMF as follows:
-	In the roaming case, the H-PCF includes the PC5 QoS parameters used by NG-RAN in the Npcf_UEPolicyControl_Create Response message or Npcf_UEPolicyControl UpdateNotify Request message sent to V-PCF in an N2 PC5 policy container, and V-PCF relays this N2 PC5 policy container as the N2 container in the Namf_Communication_N1N2MessageTransfer message sent to AMF.
-	In the non-roaming case, the PCF includes the PC5 QoS parameters used by NG-RAN in an N2 container in Namf_Communication_N1N2MessageTransfer message sent to AMF.
When the AMF determines that the N2 PC5 policy container comes from (V-)PCF, the AMF stores such information as part of the UE context.
In the UE Configuration Update procedure triggered by UE Policy Association Establishment or UE Policy Association Modification:
-	The AMF forwards the PC5 QoS parameters in the NGAP message to the NG-RAN if a N2 PC5 policy container is received in the Namf_Communication_N1N2MessageTransfer message.
-	The AMF forwards the PC5 QoS parameters in the NAS message to UE by using the UE Configuration Update procedure for transparent UE Policy delivery procedure defined in clause 4.2.4.3 of TS 23.502 [3] if a UE Policy Container is received in the Namf_Communication_N1N2MessageTransfer message.
NOTE 1:	If the PC5 QoS parameters are provided to both NG-RAN and UE, both the N2 PC5 Policy Container and the UE Policy Container are included in the Namf_Communication_N1N2MessageTransfer message.
NOTE 2:	Non-UE specific PC5 QoS parameters, e.g. default PC5 QoS parameters, can also be locally configured in NG-RAN. How such configuration is performed is out of scope of this specification.
6.3.2.6			PC5 Capability for A2X indication and A2X related information per PC5 RAT
A UE may support multiple PC5 RATs (i.e. LTE PC5 and NR PC5). For such UE, the PC5 Capability for A2X indication and A2X related information can be per PC5 RAT as described in clause 6.3.5.26.3.5.2.
The cross-RAT PC5 control authorization indicates whether LTE Uu controls LTE PC5 and/or NR PC5 from the cellular network, and whether NR Uu controls LTE PC5 and/or NR PC5 from the cellular network.
NOTE:	Stage 3 does not define an explicit cross-RAT PC5 control authorization IE and it is indicated in an implicit manner.

* * * Next Changes * * * 
[bookmark: _Toc131157207]5.5	Broadcast Remote ID
[bookmark: _Toc131157208]5.5.1	Broadcast Remote ID using PC5
Broadcast Remote ID leverages A2X broadcast communication mode as defined in clauses 6.2.2.1.2 5.2.1.2 and clause 6.3.3.16.3.1 of TS 23.287 [11], for both UAV UEs that register to the MNO network(s) and UAVs that operate out of coverage. Procedures and mechanisms in TS 23.287 [11] apply to A2X with the following differences:
-	When A2X is used for BRID, Tthe content of the messages for BRID is defined according to regional regulations for BRID (e.g. message set of ASTM F3411.19 [13] or ASD-STAN prEN 4709-002 P1 [14]) and optionally according to regional mean of compliance documents.

* * * Next Changes * * * 

[bookmark: _Toc131157209]5.6	Mechanisms for Detect and Avoid (DAA)
[bookmark: _Toc131157210]5.6.1	Mechanisms for Detect and Avoid (DAA) based on PC5
DAA leverages Pprocedures and mechanisms as defined for A2X in clause 6. This includes the corresponding references to TS 23.287 [11] below.  in TS 23.287 [11] apply to A2X.
NOTE 1:	The content of the messages for DAA are defined according to the regional regulations for DAA and is out of scope of 3GPP.
The detection and deconfliction of potential collisions between UAVs is locally performed between UAVs using direct UAV to UAV communication over PC5. The USS may be informed of the potential collision situation.
The UAVs are assumed to be provisioned with the A2X Policy which includes a DAA deconflicting policy indicating unicast or broadcast communication for deconflicting.


Figure 5.6.1-1: DAA procedure based on PC5
1.	UAV1 receives broadcast messages 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 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 potential collision situation, it initiates a collision avoidance/conflict resolution procedure with UAV2.
3.	Optionally, UAV1 may inform its own USS about the detected potential collision by including peer UAV2 ID(s).
NOTE 2:	The communication between UAV and USS for potential collision notification is out of scope of this specification.
4.	UAV1 selects a communication mode (broadcast or unicast) for DAA deconfliction based on the input received from the application layer and A2X Policy. If unicast deconfliction mode is selected then step 4a is executed, otherwise, messages in steps 5 and 6 are exchanged using broadcast mode as defined in clause 6.3.1 of TS 23.287 [11].
4a.	Optional: If unicast deconfliction mode is selected, then UAV1 triggers UE oriented Layer-2 link establishment for unicast communication with UAV2 based on the procedure defined in clause 6.3.3.1 of TS 23.287 [11]. The steps 5 and 6 are then exchanged over the established unicast link.
5.	UAV1 sends to UAV2 a DAA deconfliction message, e.g. deconfliction request message which may include 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 specification.
6.	UAV2 replies 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 messages may be exchanged between UAVs until traffic conflict resolution is reached (e.g. for mutual position/trajectory monitoring) based on application layer mechanisms.
7.	After the successful traffic conflict resolution, if unicast deconfliction mode was selected, the UAV1 triggers Layer-2 link release procedure as described in clause 6.3.3.3 of TS 23.287 [11].
NOTE 4:	While it is assumed that all UAVs in the area can be involved for DAA, the procedure shows only two UAVs for simplicity.

* * * Next Changes * * * 
* * * Next  Change * * * 
[bookmark: _Toc131157114]4.2.1.2	VoidA2X UAV communication over PC5 reference point
[bookmark: _Toc131157115]4.2.1.2.1	VoidGeneral
This clause describes the support of an Aircraft-to-everything (A2X) mechanism based on PC5 reference point. A2X leverages V2X mechanisms as defined in TS 23.287 [11] to support Broadcast Remote ID (BRID) and Direct Detect And Avoid (DDAA). A2X leverages both LTE PC5 as defined in TS 23.285 [12] and NR PC5. For LTE PC5 in EPS, the network scheduled operation mode defined in TS 23.285 [12] is not supported and the A2X uses only the UE autonomous resources selection mode.
A2X supports the following communication modes:
-	Broadcast communication mode is used for BRID.
-	Broadcast communication mode is used for DDAA to advertise UAV information.
-	Broadcast over PC5 or unicast over PC5 may be used between two or more UAVs for DDAA deconfliction triggered at the application layer 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.
Subscription to A2X services is based on user's profile stored in the UDM containing the subscription information to give the user permission to use A2X services, as described in clause 5.5 of TS 23.287 [11] with the following differences:
-	The distinction between Vehicle UE and Pedestrian UE is not applicable to A2X.
Both UAV UEs that utilize Uu connectivity and that do not utilize Uu connectivity (i.e. either UAV UEs that are Uu capable and do not use Uu) are supported. A UAV without utilizing Uu capabilities may use A2X for BRID and DDAA and be configured via A2X1 over a transport outside the scope of 3GPP.
NOTE 1:	UAV UEs without utilizing Uu capabilities are part of the 3GPP ecosystem since they use A2X1 for configuration by a A2X Application Server and implement PC5 connectivity specified by 3GPP.
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 A2X communications when authorized for "not served by E-UTRA" and "not served by NR".
In this version of the specification, it is assumed all UAV UEs requiring DAA and BRID support A2X capability.
Editor's note:	Whether A2X communication over PC5 between the UAV UEs served by different PLMNs and with subscriptions to different PLMNs is supported depends on the RAN WG2 feedback.
NOTE 2:	It is assumed that any security of A2X solution is addressed by SA WG3.
NOTE 3:	The A2X application layer schemes developed in other SDOs are outside the scope of this specification.
[bookmark: _Toc131157116]4.2.1.2.2	A2X Policy ProvisioningVoid

* * * Next Changes * * * 


NOTE:	The A2X service parameters can also be pre-configured in UAVs (e.g. UAVs that don't utilize Uu capabilities) using methods that are out of 3GPP scope.


Figure 4.2.1.2.3-1: 5G System architecture for AF-based service parameter provisioning for A2X communications
[bookmark: _Toc66381057][bookmark: _Toc131157119]4.2.3	Void5GS Non-roaming Reference Architecture
4.2.4	Void5GS Roaming Reference ArchitecturFigure 4.2.4-2: Roaming 5G System architecture for UAVs and for A2X communication over PC5 and Uu reference points - local breakout scenario in service-based interface representation


Figure 4.2.4-2: Roaming 5G System architecture for UAVs and for A2X communication over PC5 and Uu reference points - Home routed scenario
[bookmark: _Toc131157121]4.2.4A	VoidInter-PLMN 5G System architecture for A2X communication over PC5 reference point

* * * Next Changes * * * 
[bookmark: _Toc131157214]5.8	Subscription to A2X servicesVoid
The user's profile in the UDM contains the subscription information to give the user permission to use A2X services.
At any time, the operator may remove the UE subscription rights for A2X services from user's profile in the UDM, and revoke the user's permission to use A2X services.
The following subscription information is defined for A2X services:
a)	whether the UE is authorized to perform A2X communication over PC5 reference point, including for LTE PC5 and for NR PC5.
b)	UE-PC5-AMBR per PC5 RAT, including UE-PC5-AMBR for LTE PC5 and UE-PC5-AMBR for NR PC5.
c)	the list of the PLMNs where the UE is authorized to perform A2X communication over PC5 reference point. For each PLMN in the list, the RAT(s) over which the UE is authorized to perform A2X communications over PC5 reference point.
d)	PC5 QoS parameters as defined in clause 5.4.2 of TS 23.287 [11] except Range, used by NG-RAN.
The UDM may retrieve a) and b) from the UDR. a) and b) are provided by the UDM to the AMF during UE Registration procedure as defined in clause 4.2.2.2 of TS 23.502 [3] using Nudm_SDM service for Subscription data type "A2X Subscription data" and the AMF provides a) and b) to NG-RAN as part of the UE context information.
c) and d) are provided by the UDR to the PCF during the UE Policy Association Establishment procedure as defined in clause 4.16.11 of TS 23.502 [3] and UE Policy Association Modification procedure as defined in clause 4.16.12 of TS 23.502 [3] using Nudr service for Data Set "Policy Data" and Data Subset "Policy Set Entry". If the subscription information provided to the PCF from UDR is changed (e.g. PC5 QoS related parameters, the list of PLMNs where the UE is authorized to perform A2X communication over PC5 reference point), the PCF initiates the UE Configuration Update procedure as specified in clause 5.10.2.
[bookmark: _Toc131157215]5.9	Control and user plane stacks for A2XVoid
[bookmark: _Toc131157216]5.9.1		User plane for NR PC5 reference point supporting A2X servicesVoid 

Figure 5.9.1-1 depicts a user plane for NR PC5 reference point, i.e. PC5 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
IP and Non-IP PDCP SDU types are supported for the A2X communication over PC5 reference point.
For IP PDCP SDU type, only IPv6 is supported. The IP address allocation and configuration are as defined in clause 5.6.1.1 of TS 23.287 [11].
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 PFI.
[bookmark: _Toc131157217]5.9.2		Control plane for NR PC5 reference point supporting A2X servicesVoid

The protocol stack of clause 6.1.2 of TS 23.287 [11] applies.
[bookmark: _Toc131157218]5.10	Procedures for A2X Service Authorization and Provisioning to UEVoid
[bookmark: _Toc131157219]5.10.1	GeneralVoid
The procedures for service authorization and provisioning to UE may be initiated by the PCF (as described in clause 5.10.2), by the UE (as described in clause 5.10.3), or by the AF (as described in clause 5.10.4).
[bookmark: _Toc131157220]5.10.2	PCF based A2X Service Authorization and Provisioning to UEVoid
For PCF based Service Authorization and Provisioning to UE, the Registration procedures as defined in clause 4.2.2.2 of TS 23.502 [3], UE Policy Association Establishment procedure as defined in clause 4.16.11 of TS 23.502 [3] and UE Policy Association Modification procedure as defined in clause 4.16.12 of TS 23.502 [3] apply with the following additions:
-	If the UE indicates A2X capability in the Registration Request message and if the UE is authorized to use A2X service based on subscription data, the AMF selects the PCF which supports A2X Policy/Parameter provisioning and establishes a UE policy association with the PCF for A2X Policy/Parameter delivery. PCF discovery and selection mechanism defined in clause 6.3.7.1 of TS 23.501 [2] applies and the AMF may include the A2X capability indication in the Nnrf_NFDiscovery_Request message as the optional input parameter. If provided, the NRF takes the information into account for discovering the PCF instance.
-	If the AMF receives the PC5 capability for A2X in the Registration Request message from UE, the AMF further reports the PC5 capability for A2X to the selected PCF. The PCF may determine the A2X Policy/Parameter for specific PC5 RAT based on the received UE's PC5 capability for A2X.
-	If the UE supports A2X communication and it does not have valid A2X policy/parameters, the UE includes the UE Policy Container with indicating the A2X Policy Provisioning Request during registration procedure.
-	If the UE indicates the A2X Policy Provisioning Request in the UE Policy Container, the PCF determines whether to provision A2X Policy/parameters for A2X communication over PC5 reference point to the UE, as specified in clause 6.1.2.2.2 of TS 23.503 [9], and the PCF provides the A2X Policy/parameters to the UE by using the procedure as defined in clause 4.2.4.3 of TS 23.502 [3].
The PCF may update the A2X Policy/parameters to the UE in following conditions:
-	UE Mobility, e.g. UE moves from one PLMN to another PLMN. This is achieved by using the procedure of UE Policy Association Modification initiated by the AMF, as defined in clause 4.16.12.1 of TS 23.502 [3].
-	When there is a subscription change in the list of PLMNs where the UE is authorized to perform A2X communication over PC5 reference point. This is achieved by using UE Policy Association Modification initiated by the PCF procedure as defined in clause 4.16.12.2 of TS 23.502 [3].
-	When there is a change of service specific parameter as described in clause 4.15.6.7 of TS 23.502 [3].
If the serving PLMN is removed from the list of PLMNs in the service authorization parameters, the service authorization is revoked in the UE.
When the UE is roaming, the change of subscription resulting in updates of the service authorization parameters are transferred to the UE by H-PCF via V-PCF.
The UE may perform UE triggered Policy Provisioning procedure to the PCF as specified in clause 5.10.3 when the UE determines the A2X Policy/Parameter is invalid (e.g. Policy/Parameter is outdated, missing or invalid).
[bookmark: _Toc131157221]5.10.3	Procedure for UE triggered A2X Policy provisioningVoid
The UE triggered Policy Provisioning procedure is initiated by the UE to request A2X Policy/Parameter from the PCF when UE determines the A2X Policy/Parameter is invalid in the following cases:
-	if the validity timer indicated in the A2X Policy/Parameter expires;
-	if there are no valid parameters, e.g. for the A2X service type a UE wants to use, for current area, or due to abnormal situation.


Figure 5.10.3-1: UE triggered A2X Policy provisioning procedure
1.	The UE sends UL NAS TRANSPORT message carrying the UE Policy Container (UE A2X Policy Provisioning Request to request A2X policies) to the AMF.
2.	The AMF sends the Namf_Communication_N1MessageNotify request to the PCF including the UE Policy Container received from UE.
3.	The PCF receives UE Policy Container which indicates UE Policy Provisioning Request to request A2X policies. If the A2X policies are authorized based on AMF input as specified in clause 5W.2, the PCF performs the UE Policy delivery procedure defined in clause 4.2.4.3 of TS 23.502 [3].
[bookmark: _Toc131157222]5.10.4	AF-based service parameter provisioning for A2X communications over control planeVoid
The A2X Application Server can provision the 5GC with A2X service parameters via NEF using the procedure defined in clause 4.15.6.7 of TS 23.502 [3] with the following considerations:
-	The AF in TS 23.502 [3] is considered as A2X Application Server in this specification.
-	Service Description indicates A2X service domain information.
-	Service Parameters include policy/provisioning parameters for A2X communications over PC5.
NOTE:	It is assumed that the A2X service domain information is set based on the Service Level Agreement with the operator.
[bookmark: _Toc131157223]5.11	Procedures for Service Authorization to NG-RAN for A2X communications over PC5 reference pointVoid
* * * End of Changes * * * 
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