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Foreword

This Technical Report 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 facilitate vehicular communications for Vehicle-to-Everything (V2X) services, which includes Vehicle-to-Vehicle (V2V), Vehicle-to-Pedestrian (V2P), Vehicle-to-Infrastructure (V2I), and Vehicle-to-Network (V2N), according to the use cases and service requirements defined in TS 22.185 [2].

The following vehicular communications for V2X services are specified:

-
V2X communication over PC5 reference point.

-
V2X communication over LTE-Uu reference point.
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".
[3]
CEN/ISO TS 17419: "Intelligent Transport Systems - Cooperative systems - Classification and management of ITS applications in a global context".
[4]
IEEE Std 1609.3-2010: "IEEE Standard for Wireless Access in Vehicular Environments (WAVE) - Networking Services".
[5]
3GPP TS 23.303: "Proximity-based Services (ProSe); Stage 2".
[6]
3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".
[7]
3GPP TS 23.468: "Group Communication System Enablers for LTE (GCSE_LTE)".

[8]
3GPP TS 23.246: "Multimedia Broadcast/Multicast Service (MBMS); Architecture and functional description".
[9]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".
[10]
3GPP TS 36.300: "Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2".
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].



Intelligent Transport Systems: this term is defined in [3].

ITS Application Identifier: this term is defined in [3].
Provider Service Identifier: this term is defined in [4].
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

ITS
Intelligent Transport Systems
ITS-AID
ITS Application Identifier
PSID
Provider Service Identifier
USD
User Service Description
V2X

Vehicle-to-Everything
4
Architecture model and concepts
4.1
General concept

There are two modes of operation for V2X communication, namely over the PC5 and over LTE-Uu. LTE-Uu can be unicast and/or eMBMS. These two operation modes may be used by a UE independently for transmission and reception, e.g. a UE can use eMBMS for reception without using LTE-Uu for transmission. A UE may also receive V2X messages via LTE-Uu unicast downlink.
For both operation modes, the following principles apply:
-
V2X Application Servers e.g. in different domains can communicate with each other for the exchange of V2X messages. The interface between V2X Application Servers and the methods of the exchange of messages between V2X Application Servers is out of scope of 3GPP.
-
ProSe discovery feature (TS 23.303 [5] clause 5.3 ProSe Direct Discovery) is not required for V2X Services.

NOTE:
ProSe discovery feature can be used by a V2X supporting UE, but that is up to UE implementation.
-
Subject to regional regulations, lawful interception requirements apply to V2X Services.
4.2
Architectural reference model


4.2.1
PC5 and LTE-Uu based V2X architecture reference model
4.2.1.1
Non-roaming architecture for PC5 and LTE-Uu based V2X communication

Figure 4.2.1.1-1 shows the high level view of the non-roaming architecture for PC5 and LTE-Uu based V2X communication. 
Editor's Note: It is FFS how to describe SIPTO@LN.

[image: image3.emf]E-UTRAN

UE A 

(Vehicle)

UE D

(stationary)

V2X 

Application

LTE-Uu

LTE-Uu

V5

V1

V5

V3

PC5

PC5

PC5

V5

MME

HSS

S/P-GW

S1

S6a

V3

V4

V3

V2X 

Application

Server

V2X Control 

Function

V3

UE B 

(Vehicle)

UE C 

(pedestrian)

V2X 

Application

V2X 

Application

V2X 

Application

V2

SGi


Figure 4.2.1.1-1: Non-roaming reference architecture for PC5 and LTE-Uu based V2X communication

4.2.1.2
Roaming architecture for PC5 and LTE-Uu based V2X communication

Figure 4.2.1.2-1 shows the high level view of the roaming architecture for PC5 and LTE-Uu based V2X communication. In this figure, UE A uses a subscription of PLMN A and UE B uses a subscription of PLMN B; UE A is roaming in PLMN B while UE B is not roaming.
A V2X Application Server may connect to multiple PLMNs, e.g. one V2X Application Server can connect with the V2X Control Function in PLMN A and the V2X Control Function in PLMN B in the figure.
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Figure 4.2.1.2-1: Roaming reference architecture for PC5 and LTE-Uu based V2X communication
4.2.1.3
Inter-PLMN architecture for PC5 and LTE-Uu based V2X communication

Figure 4.2.1.3-1 shows the high level view of the inter-PLMN architecture for PC5 and LTE-Uu based V2X communication. In this figure, UE A uses a subscription of PLMN A and UE B uses a subscription of PLMN B; UE A is roaming in PLMN C while UE B is not roaming.
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Figure 4.2.1.3-1: Inter-PLMN reference architecture for PC5 and LTE-Uu based V2X communication
4.2.2
eMBMS and LTE-Uu based V2X architecture reference model
Figure 4.2.2-1 shows the high level view of the reference architecture for eMBMS and LTE-Uu based V2X communication.
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Figure 4.2.2-1: Reference architecture for eMBMS and LTE-Uu based V2X communication
Editor's Note: Consideration of home routed or LBO roaming model for V2X is FFS.
4.2.3
Reference points
V1:
The reference point between the V2X application in the UE and in the V2X Application Server. This reference point is out of scope of this specification.
V2:
The reference point between the V2X Application Server and the V2X Control Function in the operator's network. The V2X Application Server may connect to V2X Control Functions belonging to multiple PLMNs.
V3:
The reference point between the UE and the V2X Control Function in the operator's network. It is based on the service authorization and provisioning part of the PC3 reference point defined in clause 5.2 of TS 23.303 [5]. It is applicable to both PC5 and LTE-Uu based V2X communication and optionally eMBMS and LTE-Uu based V2X communication.
V4:
The reference point between the HSS and the V2X Control Function in the operator's network.
V5:
The reference point between the V2X applications in the UEs. This reference point is not specified in this release of the specification.
V6:
The reference point between the V2X Control Function in the HPLMN and the V2X Control Function in the VPLMN.
PC5:
The reference point between the UEs used for user plane for ProSe Direct Communication for V2X Service.
S6a:
In addition to the relevant functions defined in TS 23.401 [6] for S6a, in case of V2X Service S6a is used to download V2X Service related subscription information to MME during E-UTRAN attach procedure or to inform MME subscription information in the HSS has changed.

S1-MME:
In addition to the relevant functions defined in TS 23.401 [6] for S1-MME, in case of V2X Service it is also used to convey the V2X Service authorization from MME to eNodeB.
MB2:
The reference point between the V2X Application Server and the BM-SC, and defined in TS 23.468 [7].

SGmb/SGi-mb/M1/M3:
The SGmb/SGi-mb/M1/M3 reference points are internal to the MBMS system and are defined in TS 23.246 [8].
LTE-Uu:
The reference point between the UE and the E-UTRAN.
4.3
Functional entities
Editor's Note: This clause will describe functional entities required for V2X.
4.4
High level function


4.4.1
Authorization and Provisioning for V2X communications 

4.4.1.1
Authorization and provisioning for V2X communications over PC5 reference point
4.4.1.1.1
General
The basic principles of service authorization for V2X communications over PC5 reference point:

-
The UE gets authorization to use V2X communications over PC5 reference point on a per PLMN basis in the serving PLMN by the V2X Control Function in the HPLMN.
-
The V2X Control Function in the HPLMN requests authorization information from the V2X Control Function of the serving PLMN.

-
The V2X Control Function in the HPLMN merges authorization information from home and serving PLMNs and informs the UE of the final authorization information.
-
The V2X Control Function in the VPLMN or HPLMN may revoke the authorization at any time. The V2X Control Function in the HPLMN shall be notified when authorization is revoked by the VPLMN.

4.4.1.1.2
Policy/Parameter provisioning 

The following information is provisioned to the UE for V2X communications over PC5 reference point:

1)  Authorization policy:
-
When the UE is "served by E-UTRAN":

-
PLMNs in which the UE is authorized to perform V2X communications over PC5 reference point.
-
When the UE is "not served by E-UTRAN":

-
Indicates whether the UE is authorized to perform V2X communications over PC5 reference point when "not served by E-UTRAN".
2)  Radio parameters for when the UE is "not served by E-UTRAN":

-
Includes the radio parameters with Geographical Area(s) that need to be configured in the UE in order to be able perform V2X communications over PC5 reference point when "not served by E-UTRAN". These radio parameters (e.g. frequency bands) are defined in TS 36.331 [9]. The UE uses the radio parameters only if the UE can locate itself in the corresponding Geographical Area. Otherwise, the UE is not authorized to transmit.

3)  Policy/parameters for V2X communication over PC5 reference point:

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSID or ITS-AIDs of the V2X application.  
4.4.1.2
Authorization and provisioning for V2X communications over LTE-Uu reference point
4.4.1.2.1
General
Additional information may be provisioned to the UE for the use of V2X communications over LTE-Uu reference point, e.g. for unicast or MBMS. 
4.4.1.2.2
Policy/Parameter provisioning 

The following information may be optionally provisioned to the UE for V2X communications over LTE-Uu reference point:

1)
PLMNs in which the UE is authorized to use MBMS based V2X communication.

- 
Corresponding USD for receiving MBMS based V2X traffic in the PLMN. The USD may be obtained through the V2 reference point from the V2X Application Server.
2)
Server address information, e.g. FQDN, or list of V2X application server addresses associated with location information.
4.4.2
V2X message transmission/reception over PC5 reference point

PC5 reference point as defined in TS 23.303 [5] is used for the transmission and reception of V2X messages. The V2X communication over PC5 reference point supports roaming and inter-PLMN operations. V2X communication over PC5 reference point is supported when the UE is "served by E-UTRAN" and when the UE is "not served by E‑UTRAN".
A UE is authorized to transmit and receive V2X messages by the V2X Control Function in its home PLMN as described in clause 5.2. 

The V2X communication over PC5 reference point is a type of ProSe Direct Communication with the following characteristics:

-
The V2X communication over PC5 reference point is connectionless, and there is no signalling over PC5 control plane for connection establishment.

-
V2X messages are exchanged between UEs over PC5 user plane.
-
Both IP based and non-IP based V2X messages are supported.

-
For IP based V2X messages, only IPv6 is used. IPv4 is not supported in this release.
The identifiers used in the V2X communication over PC5 reference point are described in clause 4.5.1.
4.5
Identifiers


4.5.1
Identifiers for V2X communication over PC5 reference point
Each UE has a Layer-2 ID for the V2X communication over PC5 reference point, which is included in the source Layer-2 ID field of every frame that it sends on the layer-2 link. The UE self-assigns the Layer-2 ID for the V2X communication over PC5 reference point.
When IP based V2X messages are supported, the UE auto-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 [5].
In order to ensure that a vehicle cannot be tracked or identified by any other vehicles beyond a certain short time-period required by the application, the source Layer-2 ID must be changed over time.

Editor's Note: For IP based V2X communication over PC5 reference point, SA3 will decide whether the source IP address needs to be changed over time.
The UE is configured with the destination Layer-2 ID(s) to be used for V2X services. The Layer-2 ID for a V2X message is selected based on the configuration as described in clause 4.4.1.1.
5
Functional description and information flows
5.1 
Control and user plane stacks


5.1.1
User plane for PC5 reference point supporting V2X services
Editor's Note: It is FFS whether the PC5-U stack is captured here or in TS 23.303 to achieve consistent reference point definition. 
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In this release, "V2X-non-IP" is only supported over PC5 link.
Legend:

-
PC5-U: The PDCP/RLC/MAC/PHY functionality is specified in TS 36.300 [10].
-
For PDCP SDU type "V2X-non-IP", stage 3 will define the next layer header in order to support multiple V2X application formats.

Editor's Note: Stage 3 can decide if the "V2X-non-IP" SDU type is to be a new type, or to be merged with any existing SDU types, e.g. "PC5 Signaling", also whether it should be generic for all "non-IP" data over PC5 reference point.
Figure 5.1.1-1: User plane for PC5 reference point supporting V2X services


5.2
Service authorization and update for V2X communications
5.2.1
Service authorization procedures

The service authorization procedures as specified in clause 5.2.1 of TS 23.303 [5] are reused for the authorization of a UE for V2X communications, with the V2X Control Functions in the corresponding PLMNs acting as the ProSe Functions.  
5.2.2
Service authorization update procedures

The service authorization update procedures as specified in clause 5.2.2 of TS 23.303 [5] are reused for the updating of service authorization information in the UE.
5.3
Procedure for V2X communication over PC5 reference point
To perform V2X communication over PC5 reference point, the UE is configured with the related information as described in clause 4.4.1.1.
The procedure for one-to-many ProSe Direct Communication transmission described in clause 5.4.2 of TS 23.303 [5] is applied to V2X communication over PC5 reference point with following differences:

-
The source Layer-2 ID is set to the Layer-2 ID described in clause 4.5.1.
-
A UE shall be configured with a set of Layer-2 ID corresponding to different type of services.
The procedure for one-to-many ProSe Direct Communication reception described in clause 5.4.3 of TS 23.303 [5] is applied to V2X communication over PC5 reference point.
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