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Foreword

This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document specifies architecture enhancements to the 5G System to facilitate vehicular communications for Vehicle-to-Everything (V2X) services, over the following reference points, based on service requirements defined in TS 22.185 [2] and TS 22.186 [3]:
-
PC5 reference point: NR PC5 RAT, LTE PC5 RAT.

-
Uu reference point: NR, E-UTRA.
This specification also covers interworking with EPS.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 22.185: "Service requirements for V2X services; Stage 1".

[3]
3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios; Stage 1".
[4]
ISO 17419:2018: "Intelligent transport systems - Cooperative systems - Globally unique identification".
[5]
IEEE Std 1609.12-2016: "IEEE Standard for Wireless Access in Vehicular Environments (WAVE) - Identifier Allocations".
[6]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[7]
3GPP TS 23.502: "Procedures for the 5G System; Stage 2".
[8]
3GPP TS 23.285: "Architecture enhancements for V2X services".


[9]
3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".
[10]
3GPP TS 36.304: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode".

[11]
3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".

[12]
3GPP TS 38.304: "NR; User Equipment (UE) procedures in Idle mode and RRC Inactive state".

[13]
3GPP TS 23.122: "Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode".
[14]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".
[15]
3GPP TS 38.331: "NR; Radio Resource Control (RRC); protocol specification".
[16]
3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System; Stage 2".
[17]
3GPP TS 23.303: "Proximity-based Services (ProSe); Stage 2".
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].



V2X communication: A communication to support Vehicle-to-Everything (V2X) services. V2X services are realized by various types of V2X applications, i.e. Vehicle-to-Vehicle (V2V), Vehicle-to-Pedestrian (V2P), Vehicle-to-Infrastructure (V2I) and Vehicle-to-Network (V2N).
For the purposes of the present document, the following terms and definitions given in ISO 17419:2018 [4] apply:
Intelligent Transport Systems
ITS Application Identifier
For the purposes of the present document, the following term and definition given in IEEE Std 1609.12-2016 [5] apply:
Provider Service Identifier
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

ITS
Intelligent Transport Systems
ITS-AID
ITS Application Identifier
PQI
PC5 5QI
PSID
Provider Service Identifier
V2I
Vehicle-to-Infrastructure
V2N
Vehicle-to-Network
V2P
Vehicle-to-Pedestrian
V2V
Vehicle-to-Vehicle
V2X
Vehicle-to-Everything
4
Architecture model and concepts
4.1
General concept
There are two modes of operation for V2X communication, namely V2X communication over PC5 reference point and V2X communication over Uu reference point. These two operation modes may be used by a UE independently for transmission and reception.
V2X communications over PC5 reference point are supported by LTE and/or NR.

V2X communications over Uu reference point are supported by E-UTRA connected to 5GC and/or NR connected to 5GC. In this release, V2X communication over Uu reference point is only unicast.
4.2
Architectural reference model
4.2.1
PC5 and Uu based V2X architecture reference model
4.2.1.1
Non-roaming 5G System architecture for V2X communication over PC5 and Uu reference points
Figure 4.2.1.1-1 shows the high level view of the non-roaming 5G System architecture for V2X communication over PC5 and Uu reference points.
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Figure 4.2.1.1-1: Non-roaming 5G System architecture for V2X communication over PC5 and Uu reference points
4.2.1.2
Roaming 5G System architecture for V2X communication over PC5 and Uu reference points
Figure 4.2.1.2-1 and Figure 4.2.1.2-2 show the high level view of the roaming 5G System architectures for V2X communication over PC5 and Uu reference points. In these figures, UE A uses a subscription of HPLMN.
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Figure 4.2.1.2-1: Roaming 5G System architecture for V2X communication over PC5 and Uu reference points - Local breakout scenario 
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Figure 4.2.1.2-2: Roaming 5G System architecture for V2X communication over PC5 and Uu reference points - Home routed scenario
4.2.1.3
Inter-PLMN 5G System architecture for V2X communication over PC5 reference point
In case of inter-PLMN V2X 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 clause 4.2.1.1.
4.2.2
AF-based service parameter provisioning for V2X communications
The 5G System provides NEF services to enable communication between NFs in the PLMN and V2X Application Server. Figure 4.2.2-1 shows the high level view of AF-based service parameter provisioning for V2X communications. The V2X Application Server may provide V2X service parameters to the PLMN via NEF. The NEF stores the V2X service parameters in the UDR. 
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Figure 4.2.2-1: 5G System architecture for AF-based service parameter provisioning for V2X communications
4.2.3
Reference points
V1:
The reference point between the V2X applications in the UE and in the V2X Application Server. This reference point is out of scope of this specification.
V5:
The reference point between the V2X applications in the UEs. This reference point is not specified in this release of the specification.
PC5:
The reference point between the UEs, and it includes the LTE based PC5 and/or NR based PC5.

N1:
In addition to the relevant functions defined in TS 23.501 [6] for N1, in case of V2X Service it is also used to convey the V2X policy and parameters (including service authorization) from AMF to UE.
N2:
In addition to the relevant functions defined in TS 23.501 [6] for N2, in case of V2X Service it is also used to convey the V2X policy and parameters (including service authorization) from AMF to NG-RAN.
Uu:
The reference point between the UE and the NG-RAN. 
4.2.4
Service-based interfaces
Editor's note: The detailed services supported for eV2X of NFs are FFS. 

Nudm:
In addition to the relevant services defined in TS 23.501 [6] for Nudm, in case of V2X Service, services provided by UDM is used to get V2X Service related subscription information to AMF during Initial registration procedure or UE Configuration Update (UCU) procedure to inform AMF subscription information has changed. 

Npcf:
In addition to the relevant services defined in TS 23.501 [6] for Npcf, in case of V2X Service, it is used to provide V2X Service related parameters to UE. The services is also used to update the UE context related to V2X service in AMF.  

Nudr:
In addition to the relevant services defined in TS 23.501 [6] for Nudr, in case of V2X Service, services provided by UDR is used to notify the PCF the update of the V2X Service related information. 

Nnef:
In addition to the relevant services defined in TS 23.501 [6] for Nnef, in case of V2X Service, services provided by NEF is used by V2X Application Server to update V2X Service related information of 5GC. 
4.3
Interworking between EPS V2X and 5GS V2X
4.3.1
General 

The interworking between 5GS V2X and EPS V2X does not require any new interface between 5GS V2X and EPS V2X architectures.

4.3.2
V2X Policy and parameter provisioning

When the UE is in 5GS or EPS, the UE shall use the valid V2X Policy and parameter provisioned by PCF in 5GC or V2X Control Function in EPC for V2X communication. If the UE does not have valid V2X Policy and parameter, the UE shall request the network to provision the V2X Policy and parameter.

4.3.3
PC5 Operation

Editor's note: Detailed description is FFS.

4.3.4
Uu Mobility

Editor's note: Detailed description is FFS.
4.4
Functional entities
4.4.1
UE
In addition to the functions defined in TS 23.501 [6], the UE may support the following functions:
-
Report the V2X Capability and V2X PC5 Capability information to 5GC over N1 reference point.

-
Receive the V2X parameters from 5GC over N1 reference point.
-
Procedures for V2X communication over PC5 reference point.

-
Configuration of parameters for V2X communication (e.g., destination Layer-2 IDs, radio resource parameters, V2X Application Server address information, mapping between service types and V2X frequencies, see clause 5.1). 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 V1 reference point from the V2X Application Server. 

4.4.2
PCF 
In addition to the functions defined in TS 23.501 [6], the PCF includes the function to provision the UE and AMF with necessary parameters in order to use V2X communication:

-
Provision the UEs with authorization and policy parameters for V2X communication over PC5 reference point. 

-
Provision the UEs with policy parameters for V2X communication over Uu reference point. 
-
Provision the AMF with PC5 QoS parameters. 

Editor's note: Detail of provisioning PC5 QoS parameters is FFS.
4.4.3
V2X Application Server

The V2X Application Server (V2X AS) includes AF functionality, and may support the following capabilities:
For V2X messages transmission,
-
Receive uplink data from the UE over unicast.
-
Send downlink data to the UE over unicast.

For V2X service parameters provisioning,
-
Provision the 5GC with parameters for V2X communications over PC5 and Uu reference points.

-
Provision the UE with parameters for V2X communications over PC5 reference point and/or Uu reference point.

NOTE:
The V2X Application Servers for V2X message transmission and V2X service parameter provisioning can be the same or different.

4.4.4
AMF
In addition to the functions defined in TS 23.501 [6], the AMF performs the following functions:
-
Obtain and store subscription information related to V2X as part of the subscription data.
-
Obtain from PCF the PC5 QoS information related to V2X and store them as part of the UE context data. 
-
Provision the NG-RAN with indication about the UE authorization status about V2X communication over PC5 reference point. 

-
Provision the NG-RAN with PC5 QoS parameters related to V2X communication. 

4.4.5
UDM

In addition to the functions defined in TS 23.501 [6], the UDM performs the following functions:

-
Subscription management for V2X communication over PC5 reference point.
4.4.6
UDR
In addition to the functions defined in TS 23.501 [6], the UDR performs the following functions:

-
Stores V2X service parameters.
5
High level functionality and features
5.1
Authorization and Provisioning for V2X communications
5.1.1
General

In 5GS, the parameters for V2X communications over PC5 and Uu reference points may be made available to the UE in following ways:
-
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 V2X Application Server via PCF and/or V1 reference point; or

-
provided/updated by the PCF to the UE.
The basic principles of service authorization and provisioning for V2X communication over PC5 reference point and provisioning for V2X communication over Uu reference point are:
-
The UE may be authorized to use V2X communication over PC5 reference point on a per PLMN basis by the PCF in the HPLMN.

-
The PCF in the HPLMN merges authorization information from home and other PLMNs and provides the UE with the final authorization information.

-
The PCF in the VPLMN or HPLMN may revoke the authorization (via H-PCF when roaming) at any time by using the UE Configuration Update procedure for transparent UE Policy delivery procedure defined in clause 4.2.4.3 of TS 23.502 [7].

-
The provisioning to UE for V2X communication over PC5 and Uu reference points is controlled by the PCF and may be triggered by UE.
5.1.2
Authorization and Provisioning for V2X communications over PC5 reference point
5.1.2.1
Policy/Parameter provisioning
The following information for V2X communications over PC5 reference point is provisioned to the UE:
1)
Authorization policy:
-
When the UE is "served by E-UTRA" or "served by NR":

-
PLMNs in which the UE is authorized to perform V2X communications over PC5 reference point when "served by E-UTRA" or "served by NR".

For each above PLMN:

-
RAT(s) over which the UE is authorized to perform V2X communications over PC5 reference point.

-
When the UE is "not served by E-UTRA" and "not served by NR":

-
Indicates whether the UE is authorized to perform V2X communications over PC5 reference point when "not served by E-UTRA" and "not served by NR".

-
RAT(s) over which the UE is authorized to perform V2X communications over PC5 reference point.

2)
Radio parameters when the UE is "not served by E-UTRA" and "not served by NR":

-
Includes the radio parameters per PC5 RAT (i.e. LTE PC5, NR PC5) with Geographical Area(s) and an indication of whether they are "operator managed" or "non-operator managed". The UE uses the radio parameters to perform V2X communications over PC5 reference point when "not served by E-UTRA" and "not served by NR" only if the UE can reliably locate itself in the corresponding Geographical Area. Otherwise, the UE is not authorized to transmit.

Editor's note: The radio parameters (e.g. frequency bands) are to be defined by RAN WGs. The reference to RAN specification will be added when defined in RAN WGs.

NOTE:
Whether a frequency band is "operator managed" or "non-operator managed" in a given Geographical Area is defined by local regulations.

3)
Policy/parameters per RAT for PC5 Tx Profile selection:

-
The mapping of service types (e.g. PSID or ITS-AIDs) to Tx Profiles.
Editor's note: The Tx Profiles are to be defined by RAN WGs. The reference to RAN specification will be added when defined in RAN WGs.
4)
Policy/parameters related to privacy:

-
The list of V2X services, e.g. PSID or ITS-AIDs of the V2X applications, with Geographical Area(s) that require privacy support.
5)
Policy/parameters when LTE PC5 is selected:

Same as specified in 3) Policy/parameters in clause 4.4.1.1.2 of TS 23.285 [8] except for the mapping of service types to Tx Profiles and the list of V2X services with Geographical Area(s) that require privacy support.
6)
Policy/parameters when NR PC5 is selected:

-
The mapping of service types (e.g. PSID or ITS-AIDs) to V2X frequencies with Geographical Area(s).

Editor's note: The V2X frequencies with Geographical Area(s) will be determined by RAN WGs. The reference to RAN specification will be added when defined in RAN WGs.
Editor's note: Whether Destination Layer-2 ID is part of the Policy/Parameter and how to determine the Destination Layer-2 ID are based on the conclusion of Key Issue #9 of TR 23.786.

Editor's note: Which QoS parameter(s) is used and how to determine the QoS parameter(s) is based on the conclusion of Key Issue #4 of TR 23.786.
5.1.2.2
Principles for applying parameters for V2X communications over PC5 reference point
For V2X communication over PC5 reference point, the operator may pre-configure the UEs with the required provisioning parameters for V2X communication, without the need for the UEs to connect to the 5GC to get this initial configuration. The following apply:

-
The provisioning parameters for V2X communications over PC5 reference point may be configured in the UICC, in the ME, or in both the UICC and the ME.

-
The ME provisioning parameters shall not be erased when a USIM is deselected or replaced.

-
If both the UICC and the ME contain the same set of overlapping provisioning parameters, the set of parameters from the UICC shall take precedence. 

-
The provisioning parameters from the PCF shall take precedence over the pre-configured parameters in the ME and UICC.  

-
The UE shall use radio resources for V2X communications over PC5 reference point as follows:

-
While a UE has a serving cell and is camped on a cell and the UE intends to use for V2X service the radio resources (i.e. carrier frequency) operated by this cell, then the UE shall use the radio resource description indicated by this cell the UE is camped on and ignore any radio resource description of the same radio resource provisioned in the ME or the UICC. If the cell does not provide radio resources for V2X service, the UE shall not perform V2X message transmission and reception on radio resources operated by this cell.

-
If the UE intends to use "operator-managed" radio resources (i.e. carrier frequency) for V2X service that are not operated by the UE's serving cell, as specified in clause 5.1.2.1, or if the UE is out of coverage, the UE shall search for a cell in any PLMN that is operating the provisioned radio resources (i.e. carrier frequency) as defined in TS 36.300 [9] and TS 36.304 [10] (if LTE based PC5 is selected for the V2X communication) or as defined in TS 38.300 [11] and TS 38.304 [12] (if NR based PC5 is selected for the V2X communication), and:
-
If the UE finds such a cell in the registered PLMN or a PLMN equivalent to the registered PLMN, and authorization for V2X communications over PC5 reference point to this PLMN is confirmed, the UE shall use the radio resource description indicated by that cell. If that cell does not provide radio resources for V2X service, the UE shall not perform V2X message transmission and reception on those radio resources.

-
If the UE finds such a cell but not in the registered PLMN or a PLMN equivalent to the registered PLMN, and that cell belongs to a PLMN authorized for V2X communications over PC5 reference point and provides radio resources for V2X service then the UE shall perform PLMN selection triggered by V2X communications over PC5 reference point as defined in TS 23.122 [13]. If the UE has an active emergency PDU Session, it shall not trigger any PLMN selection due to V2X communication over PC5 reference point.

-
If the UE finds such cell but not in a PLMN authorized for V2X communications over PC5 reference point the UE shall not use V2X communications over PC5 reference point.

-
If the UE does not find any such cell in any PLMN, then the UE shall consider itself "not served by NR or E-UTRA" and use radio resources provisioned in the ME or the UICC. If no such provision exists in the ME or the UICC or the provision does not authorize V2X communications over PC5 reference point, then the UE is not authorized to transmit.

-
If the UE intends to use "non-operator-managed" radio resources (i.e. carrier frequency) for V2X service, according to TS 36.331 [14] or TS 38.331 [15] and as specified in clause 5.1.2.1, then the UE shall perform V2X communication over PC5 using resource provisioned in the ME or the UICC. If no such provision exists in the ME or the UICC or the provision does not authorize V2X communications over PC5 reference point, then the UE is not authorized to transmit.
-
The UE provisioning shall support setting Geographical Areas.

NOTE 1:
It is possible for a UE to use other radio resources for V2X service based on the Geographical Area instead of those operated by the serving NG-RAN cell, when provisioned in the UE, even if the UE's serving cell offers normal service and the SIBxy indicates that the service (V2X communication) is available. This is to cover the scenario when e.g. the radio resources used for V2X communications over PC5 reference point are not owned by the serving network of the UE.

Editor's Note: The SIBxy numbering and reference needs to be updated based on RAN WG's definition. 

NOTE 2:
When cross-carrier operation is supported, according to TS 36.331 [14] or TS 38.331 [15], a UE can be instructed by its serving cell to perform V2X communication over a different carrier frequency. The UE is still considered as "served by NR or E-UTRA" in this case.
NOTE 3:
The scenario that a cell is detected and the cell does not provide support for V2X communications over PC5 reference point when the UE attempts to use a carrier frequency configured for V2X communications over PC5 reference point, is considered a configuration error. Therefore, the UE does not transmit on that frequency to avoid interference to the network.

-
The V2X communications over PC5 reference point is only specified for E-UTRA and NR.
NOTE 4:
It is out of scope of the present specification to define how the UE can locate itself in a specific Geographical Area. When the UE is in coverage of a 3GPP RAT, it can for example, use information derived from the serving PLMN. When the UE is not in coverage of a 3GPP RAT, it can use other techniques, e.g. Global Navigation Satellite System (GNSS). User provided location is not a valid input.
5.1.3 
Authorization and provisioning for V2X communications over Uu reference point
5.1.3.1 
Policy/Parameter provisioning
The following information may be provisioned to the UE for V2X communications over Uu reference point:
1)
Mapping of the V2X services (e.g. PSID or ITS-AIDs of the V2X application) to:

-
PDU Session Type (i.e. IP type or Unstructured type);
-
Transport layer protocol (i.e. UDP or TCP, only applicable for IP PDU Session type);
-
SSC Mode;

-
S-NSSAI(s);

-
DNN(s).
NOTE:
Above listed information elements are optional and used by UE as UE Local Configuration specified in TS 23.503 [16].
The following information may be provisioned to the UE and is applicable for V2X communications over both LTE-Uu and Uu reference points.
1)
Mapping of the V2X services (e.g. PSID or ITS-AIDs of the V2X application) to V2X Application Server address information (consisting of IP address/FQDN and transport layer port#) for unicast.
2)
List of FQDNs or IP addresses of the V2X Application Servers, associated with served geographical area information and list of PLMNs that the configuration applies to.
5.2
V2X message transmission/reception
5.2.1
V2X message transmission/reception over PC5 reference point
5.2.1.1
General

For V2X communication, two types of PC5 reference points exist: the LTE based PC5 reference point as defined in TS 23.285 [8], and the NR based PC5 reference point as defined in clause 4.2.3. A UE may use either type of PC5 or both for V2X communication depending on the services the UE supports. The V2X communication over PC5 reference point supports roaming and inter-PLMN operations. V2X communication over PC5 reference point is supported when UE is "served by NR or E-UTRA" or when the UE is "not served by NR or E-UTRA". 

A UE is authorized to transmit and receive V2X messages when it has valid authorization and configuration as specified in clause 5.1.2. 

The V2X communication over PC5 reference point has the following characteristics:

- 
V2X communication over LTE based PC5 reference point is connectionless, i.e. broadcast mode at Access Stratum (AS) layer, and there is no signalling over PC5 for connection establishment. 

- 
V2X communication over NR based PC5 reference point supports broadcast mode, groupcast mode, and unicast mode at AS layer. The UE will indicate the mode of communication for a V2X message to the AS layer. Signalling over control plane over PC5 reference point for unicast mode communication management is supported. 

-
V2X messages are exchanged between UEs over PC5 user plane.

-
Both IP based and non-IP based V2X messages are supported over PC5 reference point.

-
For IP based V2X messages, only IPv6 is used. IPv4 is not supported.    

The identifiers used in the V2X communication over PC5 reference point are described in clause 5.6.1. UE decides on the type of PC5 reference point and Tx Profile to use for the transmission of a particular packet based on the configuration described in clause 5.1.2. When the LTE based PC5 reference point is selected, the QoS handling corresponding procedures are defined in TS 23.285 [8]. When NR based PC5 reference point is selected, the QoS handling and procedures are defined in clauses 5.4.1 and 6.3.   
If the UE has an active emergency PDU Session, the communication over the emergency PDU Session shall be prioritized over V2X communication over PC5 reference point.

NOTE:
The emergency PDU Session setup is based on appropriate regional/national regulatory requirements and operator policies as defined in TS 23.501 [6].
5.2.1.2
Broadcast mode communication over PC5 reference point

Broadcast mode of communication is supported over both LTE based PC5 reference point and NR based PC5 reference point. Therefore, when broadcast mode is selected for transmission over PC5 reference point, PC5 RAT selection needs to be performed based on configuration described in clause 5.1.2.     

For LTE based PC5 reference point, broadcast mode is the only supported communication mode, and the operation details are defined in TS 23.285 [8]. 

For NR based PC5 reference point, the broadcast mode also supports enhanced QoS handling as defined in clause 5.4.1.    
5.2.1.3
Groupcast mode communication over PC5 reference point

Groupcast mode of communication is only supported over NR based PC5 reference point.

Editor's Note: Detailed description of Groupcast mode communication over PC5 will be provided based on RAN WGs feedback.  
5.2.1.4
Unicast mode communication over PC5 reference point
Unicast mode of communication is only supported over NR based PC5 reference point.

Editor's Note: Detailed description of Unicast mode communication over PC5 will be provided based on RAN WGs feedback.
5.2.2
V2X message transmission/reception over Uu reference point
5.2.2.1
V2X message transmission/reception via unicast
The V2X communication via unicast over the Uu reference point supports non-roaming and roaming operations. 
Editor's note: It is FFS regarding what V2X message means, i.e. definition of V2X message.

For transport of V2X messages over Uu reference point:

-
the mechanisms defined in TS 23.501 [6] and TS 23.502 [7] can be used to establish the suitable PDU Sessions, and V2X messages are routed towards V2X Application Server with existing unicast routing.

For an application (identified by PSID or ITS-AID) that can use either PC5 reference points or Uu reference point for the transmission of the same V2X messages, the following additional consideration apply for transport of V2X messages over Uu reference point:
-
for transport of non-IP based V2X messages from the application:
-
IP encapsulation (i.e. IP PDU Session type) or Unstructured PDU Session type is used.

-
The UE determines which method between IP encapsulation and Unstructured PDU Session type is used for non-IP based V2X messages based on the UE configuration as described in clause 5.1.3.1. If no such configuration is available, UE can use the method based on the UE implementation.
-
when IP PDU Session type is used for transport of IP based or non-IP based V2X messages, V2X messages are transported;

-
regarding UDP or TCP, 
-
for non-IP based V2X messages from the application, UE may learn from V2X Application Server or UE may be configured explicitly about a transport layer protocol needs to be used or no restriction imposed by configuration. 

-
for IP based V2X messages from the application, UE uses the transport layer protocol set by the upper layer.
-
the UE sends a V2X message to a V2X Application Server address. The destined V2X Application Server address is derived from the PSID or the ITS-AID and the UE configuration as described in clause 5.1.3.1, and the V2X Application Server receives the V2X message in a UDP/IP packet or a TCP/IP packet on a V2X Application Server address.

-
when Unstructured PDU Session type is used for transport of non-IP based V2X messages:

-
V2X messages are transported to the V2X Application Server as defined in clause 5.6.10.3 of TS 23.501 [6].

-
when the UE moves from 5GS to EPS, Unstructured PDU Session type is transferred to EPC as non-IP PDN type when non-IP PDN type is supported by UE and network as defined in clause 5.17.2.1 of TS 23.501 [6].
Editor's note: It is FFS whether to allow Unstructured PDU Session type transferred to EPC as non-IP PDN type.
Latency reduction for V2X message transfer via unicast may be achieved by using various mechanisms to support edge computing defined in TS 23.501 [6], e.g. in clause 5.6.7 "Application Function influence on traffic routing" and clause 5.13 "Support for Edge Computing", where the V2X Application Server acts as an Application Function.
5.3
V2X Application Server discovery
5.4
QoS handling for V2X communication
5.4.1
QoS handling for V2X communication over PC5 reference point
5.4.1.1
General

For LTE based PC5, the QoS handling is defined in TS 23.285 [8], based on ProSe Per-Packet Priority (PPPP) and ProSe Per-Packet Reliability (PPPR). 

For NR based PC5, a QoS model similar to that defined in TS 23.501 [6] for Uu reference point is used, i.e. based on 5QIs, with additional parameter of Range. For the V2X communication over PC5 reference point, a special set of standardized PC5 5QIs (PQI) are defined in clause 5.4.3. The UE may be configured with a set of default PQIs to use for the V2X services, as defined in clause 5.1.2.1.  

The following principles apply when the V2X communication is carried over PC5 reference point:

-
Application layer may set the QoS requirements for the V2X message, using either TS 23.285 [8] defined PPPP and PPPR model or the PQI and Range model. Depends on the type of PC5 reference point, i.e. LTE based or NR based, selected for the transmission, the UE may map the application layer provided QoS requirements to the suitable QoS parameters to be passed to the lower layer. The mapping between the two QoS models is defined in clause 5.4.3.

-
When groupcast or unicast mode of V2X communication over NR based PC5 is used, a Range parameter is associated with the QoS parameters for the V2X communication. The Range may be provided by V2X application layer or use a default value mapped from the service type based on configuration as defined in clause 5.1.2.1. The Range indicates the minimum distance that the QoS parameters need to be fulfilled. The Range parameter is passed to AS layer together with the QoS parameters for dynamic control.      

-
NR based PC5 supports three types of communication mode, i.e. broadcast, groupcast, and unicast. The QoS handling of these different modes are described in clauses 5.4.1.2 to 5.4.1.4. 

-
The UE may handle broadcast, groupcast, and unicast traffic by taking all their priorities, e.g. indicated by PQIs, into account. 

-
When network scheduled operation mode is used, the UE-PC5-AMBR for NR based PC5 applies to all types of communication modes, and is used by NG-RAN for capping the UE's NR based PC5 transmission in the resources management.      

Editor's Note: The support of new QoS model, including PQI and Range, depends on RAN WGs' feedbacks.  
5.4.1.2
QoS handling for broadcast mode V2X communication over PC5 reference point
Editor's Note: Description of the QoS handling will be provided based on RAN WGs feedbacks. 

5.4.1.3
QoS handling for groupcast mode V2X communication over PC5 reference point
Editor's Note: Description of the QoS handling will be provided based on RAN WGs feedbacks. 

5.4.1.4
QoS handling for unicast mode V2X communication over PC5 reference point
Editor's Note: Description of the QoS handling will be provided based on RAN WGs feedbacks.
5.5
Subscription to V2X services
The user's profile in the UDM contains the subscription information to give the user permission to use V2X services. 

At any time, the operator can remove the UE subscription rights for V2X services from user's profile in the UDM, and revoke the user's permission to use V2X services.
Editor's note: It is FFS whether and how the UE is informed of the subscription change. 

The following subscription information is defined for V2X services:

a)
whether the UE is authorized to perform V2X communication over PC5 reference point as Vehicle UE, Pedestrian UE, or both.

b)
UE-PC5-AMBR for V2X communication over PC5 reference point, including UE-PC5-AMBR for LTE PC5 and for NR PC5.
c)
cross-RAT PC5 control authorization.
d)
the list of the PLMNs where the UE is authorized to perform V2X communication over PC5 reference point.
Editor's note: Other subscription information (e.g., PC5 QoS related) is FFS.
The UDM provides a), b) and c) to AMF as subscription information and the AMF provides a), b) and c) to NG-RAN as part of the UE context information.

The UDR provides d) to PCF.
5.6
Identifiers
5.6.1
Identifiers for V2X communication over PC5 reference point
5.6.1.1
General
Each UE has one or more Layer-2 IDs for V2X communication over PC5 reference point, consisting of:

-
Source Layer-2 ID(s); and

-
Destination Layer-2 ID(s).

Source and destination Layer-2 IDs are included in layer-2 frames sent on the layer-2 link of the PC5 reference point identifying the layer-2 source and destination of these frames. Source Layer-2 IDs are always self-assigned by the UE originating the corresponding layer-2 frames.
The selection of the source and destination Layer-2 ID(s) by a UE depends on the communication mode of V2X communication over PC5 reference point for this layer-2 link, as described in clauses 5.6.1.2, 5.6.1.3, and 5.6.1.4. The source Layer-2 IDs may differ between different communication modes.
When IP-based V2X messages are supported, the UE configures a link local IPv6 address to be used as the source IP address, as defined in clause 4.5.3 of TS 23.303 [17]. The UE may use this IP address for V2X communication over PC5 reference point without sending Neighbor Solicitation and Neighbor Advertisement message for Duplicate Address Detection.

If the UE has an active V2X application that requires privacy support in the current Geographical Area, as identified by configuration described in clause 5.1.2.1, in order to ensure that a source UE (e.g. vehicle) cannot be tracked or identified by any other UEs (e.g. vehicles) beyond a certain short time-period required by the application, the source Layer-2 ID shall be changed over time and shall be randomized. For IP-based V2X communication over PC5 reference point, the source IP address shall also be changed over time and shall be randomized. The change of the identifiers of a source UE must be synchronized across layers used for PC5, e.g. when the application layer identifier changes, the source Layer-2 ID and the source IP address need to be changed.

5.6.1.2
Identifiers for broadcast mode V2X communication over PC5 reference point
For broadcast mode of V2X communication over PC5 reference point, the UE is configured with the destination Layer-2 ID(s) to be used for V2X services. The destination Layer-2 ID for a V2X message is selected based on the configuration as described in clause 5.1.2.1.

The UE self-selects a source Layer-2 ID. The UE may use different source Layer-2 IDs for different types of PC5 reference points, i.e. LTE based PC5 and NR based PC5.  
5.6.1.3
Identifiers for groupcast mode V2X communication over PC5 reference point
For groupcast mode of V2X communication over PC5 reference point, the V2X application layer may provide group identifier information. When the group identifier information is provided by the V2X application layer, the UE converts the provided group identifier into a destination Layer-2 ID. When the group identifier information is not provided by the V2X application layer, the UE determines the destination Layer-2 ID based on configuration of the mapping between service type (e.g. PSID/ITS-AID) and Layer-2 ID, as specified in clause 5.1.2.1. 

NOTE:
The mechanism for converting the V2X application layer provided group identifier to the destination Layer-2 ID is defined in Stage 3.   

The UE self-selects a source Layer-2 ID. 

Editor's Note: Further updates of the identifiers description may be required based on RAN WG feedbacks. 
5.6.1.4
Identifiers for unicast mode V2X communication over PC5 reference point
For unicast mode of V2X communication over PC5 reference point, the destination Layer-2 ID used depends on the communication peer, which is discovered during the establishment of the unicast link. The initial signalling for the establishment of the unicast link may use a default destination Layer-2 ID associated with the service type (e.g. PSID/ITS-AID) configured for unicast link establishment, as specified in clause 5.1.2.1. During the unicast link establishment procedure, Layer-2 IDs are exchanged, and should be used for future communication between the two UEs, as specified in clause 6.3.y.
The UE needs to maintain a mapping between the application layer identifiers and the source Layer-2 IDs used for the unicast links, as the V2X application layer does not use the Layer-2 IDs. This allows the change of source Layer-2 ID without interrupting the V2X applications. 

When application layer identifiers changes, the source Layer-2 ID(s) of the unicast link(s) shall be changed if the link(s) was used for the transmission of V2X messages with the changed application layer identifiers. 

A UE may establish multiple unicast links with a peer UE and use the same or different source Layer-2 IDs for these unicast links. 
Editor's Note: Further updates of the identifier description may be required based on RAN WG feedbacks.
5.7
Support for V2X communication for UEs in limited service state
6
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