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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.

Introduction


In order to ensure efficient use and deployment of V2X applications on 3GPP networks an architecture for V2X application layer consisting of V2X application enabler is specified in this document. 

The V2X application enabler capabilities takes into consideration the study in 3GPP TR 23.795 [8], the existing stage 1 and stage 2 work within 3GPP related to V2X in 3GPP TS 22.185 [2], 3GPP TS 22.186 [3] and 3GPP TS 23.285 [5], as well as V2X application standards defined outside 3GPP (e.g. ETSI, SAE).

1
Scope


The present document specifies the functional architecture, procedures and information flows for V2X application enabler layer. This specification includes the capabilities of the application layer support for V2X services that are necessary to ensure efficient use and deployment of V2X services over 3GPP systems. The VAE capabilities applies to 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]
3GPP TS 23.280: "Common functional architecture to support mission critical services".

[5]
3GPP TS 23.285: "Architecture enhancements for V2X services".

[6]
3GPP TS 23.468: "Group Communication System Enablers for LTE (GCSE_LTE); Stage 2".

[7]
3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".

[8]
3GPP TR 23.795: "Study on application layer support for V2X services".

[9]
3GPP TS 26.346: "Multimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".
[10]
3GPP TS 26.348: "Northbound Application Programming Interface (API) for Multimedia Broadcast/Multicast Service (MBMS) at the xMB reference point".
[11]
3GPP TS 29.214: "Policy and Charging Control over Rx reference point".
[12]
3GPP TS 29.468: "Group Communication System Enablers for LTE (GCSE_LTE); MB2 Reference Point; Stage 3".

[13]
ETSI TS 102 894-2 (V1.2.1): "Intelligent Transport Systems (ITS); Users and applications requirements; Part 2: Applications and facilities layer common data dictionaryMultimedia Broadcast/Multicast Service (MBMS); Protocols and codecs".
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].

example: text used to clarify abstract rules by applying them literally.

V2X group: A defined set of V2X UEs configured for specific purpose in V2X service.
V2X dynamic group: A V2X group where the V2X UEs are determined dynamically corresponding to a group criteria (e.g. proximity).
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].

AS
Application Server

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

EPS
Evolved Packet System

ETSI
European Telecommunications Standards Institute
LTE
Long-Term Evolution

MBMS
Multimedia Broadcast Multicast Service

SAE
Society of Automotive Engineers
SCEF
Service Capability Exposure Function
SCS
Services Capability Server

UE
User Equipment

V2I
Vehicle-to-Infrastructure

V2N
Vehicle-to-Network

V2P
Vehicle-to-Pedestrian

V2V
Vehicle-to-Vehicle

V2X
Vehicle-to-Everything
VAE
V2X Application Enabler

4
Architectural requirements
4.1
General

4.1.1
Description

This subclause specifies the general requirements for V2X application layer functional architecture.

4.1.2
Requirements

[AR-4.1.2-a] The VAE client and the VAE server shall support one or more V2X applications.

[AR-4.1.2-b] The VAE capabilities should be offered as APIs to the V2X applications.

4.2
V2X group communication
4.2.1
Description

This subclause specifies the V2X group communication related requirements.

4.2.2
Requirements

[AR-4.2.2-a] The VAE capabilities shall enable configuring ProSe group communication parameters to the VAE clients.
[AR-4.2.2-b] The VAE capabilities shall enable broadcast of the group communication parameters.
[AR-4.2.2-c] The VAE capabilities shall enable VAE clients to generate the group communication parameters.
[AR-4.2.2-d] The VAE capabilities shall enable to prevent overlapping of group communication.
4.3
V2X dynamic groups
4.3.1
Description

This subclause specifies the V2X dynamic groups related requirements.

4.3.2
Requirements

[AR-4.3.2-a] The VAE capabilities shall enable V2X dynamic groups formation.
[AR-4.3.2-b] The VAE capabilities shall enable configuring dynamic group communication parameters to the VAE client.
[AR-4.3.2-c] The VAE capabilities shall enable switching from Uu to PC5-based communication.
[AR-4.3.2-d] The VAE capabilities shall enable determining V2X UEs in the proximity.
[AR-4.3.2-e] The VAE capabilities shall enable V2X dynamic group management (e.g. joining, adding or removing V2X UEs, split or merge).
4.4
File distribution capability
4.4.1
Description

This subclause specifies the architectural requirements for file distribution.

4.4.2
Requirements

[AR-4.4.2-a] The VAE capabilities shall also be able to support delivery of large files using unicast. 

[AR-4.4.2-b] The VAE capabilities shall also be able to support delivery of large files using MBMS.

[AR-4.4.2-c] The VAE server shall enable the re-use of MBMS capabilities for file distribution.

4.5
V2X application message distribution
4.5.1
Description

This subclause specifies the V2X (e.g. ETSI ITS, SAE) message distribution requirements.

4.5.2
Requirements

[AR-4.5.2-a] The VAE server shall provide a mechanism to distribute V2X messages to all registered receivers in targeted geographical areas.

[AR-4.5.2-b] The VAE server shall enable the delivery of several V2X messages over the same connection. 
[AR-4.5.2-c] The VAE client shall have the capability to register to V2X messages within one geographical area.

[AR-4.5.2-d] The VAE server shall have the capability to only forward V2X messages to authorized V2X UEs in target geographical areas.

[AR-4.5.2-e] The VAE server shall provide a mechanism for priority support of different V2X messages (e.g. safety message).

4.x
<Requirement type x>
Editor's note:
Provide a suitable title for the requirements.

4.x.1
Description

Editor's note:
This subclause will describe the requirement for application layer support aspect.

4.x.2
Requirements

Editor's note:
This subclause will describe the architectural requirements.

5
Involved business relationships

Editor's note:
This subclause will describe the involved business relationships.

6
Functional model
6.1
General

The functional model for the V2X application layer is organized into functional entities to describe a functional architecture which addresses the application layer support aspects for V2X applications.
6.2
Functional model description

Figure 6.2-1 illustrates the simplified architectural model for the V2X application layer. It utilizes the architectural reference model specified in subclause 4.2 in 3GPP TS 23.285 [5] which have impact on the application layer support aspects.
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Figure 6.2-1: Simplified architectural model for the V2X application layer

The V2X UE1 communicates with V2X application server over V1 reference point. The V2X UE1 and V2X UE2 communicate over V5 reference point. V2X UE1 can also act as a UE-to-network relay, to enable V2X UE2 to access the V2X application server over V1 reference point.

The reference point V1 supports the V2X application related interactions between V2X UE and V2X AS and is specified in 3GPP TS 23.285 [5]. This reference point is supported for both unicast and multicast delivery modes. The reference point V5 supports the interactions between the V2X UEs and is specified in 3GPP TS 23.285 [5].

Figure 6.2-2 illustrates the detailed V2X application layer functional model. It enhances the simplified architectural model for the V2X application layer by specifying the functional entities at the V2X application layer.
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Figure 6.2-2: V2X application layer functional model

Editor's note:
The figure is FFS.

The V2X application server consists of V2X application enabler (VAE) server, location management server, group management server, configuration management server and the V2X application specific server. The VAE server provides the V2X application layer support functions to the V2X application specific server over Vs reference point.

The V2X UEs consist of the VAE client, location management client, group management client, configuration management client and the V2X application specific client. The VAE client provides the V2X application layer support functions to the V2X application specific client over Vc reference point.

NOTE 1:
In some deployments, the client and server entities of common services core can be part of VAE client and VAE server respectively.

The VAE client communicates with the VAE server over V1-AE reference point. The V2X application specific client communicates with V2X application specific server over V1-APP reference point.

NOTE 2:
The V1-APP reference point is out of scope of the present document.

The VAE client of V2X UE2 communicates with VAE client of V2X UE1 over V5-AE reference point. The V2X application specific client of V2X UE2 communicates with VAE client of V2X UE1 over V5-APP reference point.

NOTE 3:
The V5-APP reference point is out of scope of the present document.

The following common services core functions for V2X applications are supported:

-
Location management functions are supported by the interactions between the location management client and the location management server over V1-LM reference point;

-
Group management functions are supported by interactions between the group management client and the group management server over V1-GM reference point; and

-
Configuration management functions are supported by the interactions between the configuration management client and the configuration management server over V1-CM reference point.

The VAE server interacts with location management server, group management server and configuration management server over VAE-1, VAE-2 and VAE-3 reference points respectively.

Editor's note:
It is FFS if the common services core entities and the corresponding reference points specified in 3GPP TS 23.280 [4] can be used to satisfy the common services core of the VAE layer shown in figure 6.2-2.

Editor's note:
Whether network resource management related capabilities can be specified in an additional entity with corresponding reference point in common services core is FFS.

Editor's note:
The terminology for VAE layer and common services core is FFS.

V2X UE1 can also act as a UE-to-network relay,

-
to enable VAE client on V2X UE2 to access VAE server over V1-AE reference point; and

-
to enable V2X application specific client on V2X UE2 to access V2X application specific server over V1-APP reference point.

A V1-AE message can be sent over unicast, transparent multicast via xMB, transparent multicast via MB2. The non-transparent multicast via xMB (as specified in 3GPP TS 26.348 [10]) is triggered by a V1-AE message. Multicast distribution can be supported by both transparent and non-transparent multicast modes.

The VAE server interacts with the 3GPP network system over V2, MB2, xMB, Rx and T8 reference points. The EPS is considered as the 3GPP network system.

6.3
Functional entities description

6.3.1
General

Each subclause is a description of a functional entity corresponding to V2X application layer and does not imply a physical entity.

6.3.2
V2X application specific client

The V2X application specific client provides the client side functionalities corresponding to the V2X applications (e.g. platooning client). The V2X application specific client utilizes the VAE client for the V2X application layer support functions.

NOTE:
The details of the V2X application specific client is out of scope of the present document.

6.3.3
V2X application enabler client

The V2X application enabler client provides the client side V2X application layer support functions.

Editor's note:
The functionalities of the VAE client is based on the procedures and is FFS.
The VAE client supports interactions with the V2X application specific client(s).

6.3.4
V2X application specific server

The V2X application specific server provides the server side functionalities corresponding to the V2X applications (e.g. platooning server). The V2X application specific server utilizes the VAE server for the V2X application layer support functions.

NOTE:
The details of the V2X application specific server is out of scope of the present document.

6.3.5
V2X application enabler server

The VAE server acts as a GCS AS as described in 3GPP TS 23.468 [6] or acts as a content provider as described in 3GPP TS 26.346 [9].

The V2X application enabler server provides the server side V2X application layer support functions.

Editor's note:
The functionalities of the VAE server is based on the procedures and is FFS.
6.3.6
Location management client

The location management client functional entity acts as the application client for location management functions. It interacts with the location management server.
6.3.7
Location management server
The location management server is a functional entity that receives and stores user location information, and provides user location information to the VAE server. The location management server may also acquire location information provided by PLMN operator via T8 reference point.
6.3.8
Group management client

The group management client functional entity acts as the application client for management of groups. The group management client interacts with the group management server.
6.3.9
Group management server

The group management server functional entity provides for management of groups supported within the V2X service provider.

6.3.10
Configuration management client

The configuration management client functional entity acts as the application client for configuration related transactions. The configuration management client interacts with the configuration management server and provides and receives configuration data.
6.3.11
Configuration management server

The configuration management server is a functional entity used to configure one or more V2X applications with 3GPP system related V2X provisioning information and configure data on the configuration management client. The configuration management server manages V2X application configuration supported within the V2X service provider.
6.4
Reference points description

6.4.1
General

The reference points for the V2X application layer are described in the following subclauses.

6.4.2
V1-AE

The interactions related to V2X application layer support functions between VAE client and VAE server are supported by V1-AE reference point. This reference point is an instance of V1 reference point as described in 3GPP TS 23.285 [5]. This reference point is supported for both unicast and multicast delivery modes.

6.4.3
V1-APP

The interactions related to V2X applications between V2X application specific client and V2X application specific server are supported by V1-APP reference point. This reference point is an instance of V1 reference point described in 3GPP TS 23.285 [5]. The details of V1-APP reference point is out of scope of the present document.

6.4.4
V5-AE

The interactions related to V2X application layer support functions between the VAE clients are supported by V5-AE reference point. This reference point is an instance of V5 reference point as described in 3GPP TS 23.285 [5].

6.4.5
V5-APP

The interactions related to V2X applications between V2X application specific clients are supported by V5-APP reference point. This reference point is an instance of V5 reference point described in 3GPP TS 23.285 [5]. The details of V5-APP reference point is out of scope of the present document.

6.4.6
Vs

The interactions related to V2X application layer support functions between the VAE server and the V2X application specific server are supported by Vs reference point.
6.4.7
Vc
The interactions related to V2X application layer support functions between the VAE client and the V2X application specific client are supported by Vc reference point.
Editor's note:
Whether Vc reference point is required to be addressed in this document is FFS.

6.4.8
V1-LM
The interactions related to location management functions between the location management client and the location management server are supported by V1-LM reference point. This reference point is an instance of V1 reference point as described in 3GPP TS 23.285 [5].
6.4.9
V1-GM
The interactions related to group management functions between the group management client and the group management server are supported by V1-GM reference point. This reference point is an instance of V1 reference point as described in 3GPP TS 23.285 [5].
6.4.10
V1-CM
The interactions related to configuration management functions between the configuration management client and the configuration management server are supported by V1-CM reference point. This reference point is an instance of V1 reference point as described in 3GPP TS 23.285 [5].
6.4.11
VAE-1
The interactions related to location management functions between the VAE server and the location management server are supported by VAE-1 reference point.

6.4.12
VAE-2
The interactions related to group management functions between the VAE server and the group management server are supported by VAE-2 reference point.

6.4.13
VAE-3
The interactions related to configuration management functions between the VAE server and the configuration management server are supported by VAE-3 reference point.

6.5
External reference points

6.5.1
General

The reference points between the V2X application layer and the 3GPP network system (EPS) are described in the following subclauses.

6.5.2
V2

The reference point V2 supports the interactions between V2X AS and the V2X control function of the EPS and is specified in 3GPP TS 23.285 [5].

6.5.3
Rx

The reference point Rx supports the interactions between the V2X AS and the PCRF and is specified in 3GPP TS 29.214 [11]. The functions for Rx reference point are supported by VAE server.

6.5.4
MB2

The reference point MB2 supports the interactions between the V2X AS and the BM-SC and is specified in 3GPP TS 29.468 [12]. The functions for MB2 reference point are supported by VAE server.

6.5.5
xMB

The reference point xMB supports the interactions between the V2X AS and the BM-SC and is specified in 3GPP TS 26.346 [9]. The functions for xMB reference point are supported by VAE server.

6.5.6
T8

The reference point T8 supports the interactions between the V2X AS and the SCEF and is specified in 3GPP TS 23.682 [7]. The functions of T8 interface are supported by VAE server and the functions related to location management of T8 are supported by the location management server.

7
Deployment models

7.1
General

This clause describes deployments of the functional model in clause 6. 

7.2
Deployment of VAE server
The VAE server deployments can be centralized and distributed.
Editor's note:
How the deployments impact the functional model is FFS.
8
Procedures and information flows
8.x
<Feature x>

Editor's note:
Provide a suitable title for the feature (e.g. group management, monitoring, V2X message distribution).

8.x.1
<Procedure for feature x>
Editor's note:
Provide a suitable title for the procedure related to feature x. Additional subclauses can be added for more procedures related to feature x.
8.x.1.1
General

Editor's note:
This subclause will provide a general description of the procedure.

8.x.1.2
Information flows

Editor's note:
This subclause will describe the information flow tables

8.x.1.3
Procedure

Editor's note:
This subclause will describe the detailed procedure with associated diagram.

8.1
V2X UE Registration
8.1.1
V2X UE registration for receiving V2X messages
8.1.1.1
General

This subclause describes the procedures for V2X UE to register for receiving V2X messages from the V2X AS. The process is triggered by the V2X UE who is interested in receiving certain V2X messages. 

8.1.1.2
Information flows
8.1.1.2.1
Registration request
Table 8.1.1.2.1-1 describes the information flow for a VAE client to register for specific V2X messages at the VAE server.

Table 8.1.1.2.1-1: Registration request
	Information element
	Status
	Description

	V2X UE ID
	M
	Identifier of the V2X UE (e.g. StationID specified in ETSI TS 102 894-2 [13])

	V2X MSG Type 
	M
	V2X message types the V2X UE is interested in receiving (e.g. ETSI ITS DENM, ETSI ITS CAM)


Editor's note:
It is FFS if the application type is also included in the information flow.

8.1.1.2.2
Registration response
Table 8.1.1.2.2-1 describes the information flow for VAE server to respond for registration request from the VAE client.

Table 8.1.1.2.2-1: Registration response
	Information element
	Status
	Description

	Result
	M
	Result from the VAE server in response to registration request indicating success or failure


8.1.1.3
Procedure
Pre-condition:
-
The VAE client has discovered the VAE server and is aware of the address of the VAE server (e.g. FDQN).
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Figure 8.1.1.3-1: Procedure for registering the VAE client at the VAE server

1.
The VAE client sends a registration request to the VAE server.
2.
The VAE server sends an acknowledgement to the VAE client.
8.1.2
V2X UE deregistration from receiving V2X messages
8.1.2.1
General

This subclause describes the procedures for V2X UE to deregister from receiving V2X messages from the V2X AS. The process is triggered by the V2X UE who is no longer interested in receiving certain V2X messages. 

8.1.2.2
Information flows
8.1.2.2.1
Deregistration request
Table 8.1.2.2.1-1 describes the information flow for a VAE client to deregister from receiving specific V2X messages from the VAE server.

Table 8.1.2.2.1-1: Deregistration request
	Information element
	Status
	Description

	V2X UE ID
	M
	Identifier of the V2X UE 

	V2X MSG Type 
	M
	V2X message types the V2X UE is no longer interested in receiving (e.g. ETSI ITS DENM, ETSI ITS CAM)


8.1.2.2.2
Deregistration response
Table 8.1.2.2.2-1 describes the information flow for VAE server to respond for deregistration request from the VAE client.

Table 8.1.2.2.2-1: Deregistration response
	Information element
	Status
	Description

	Result
	M
	Result from the VAE server in response to the deregistration request 


8.1.2.3
Procedure
Pre-condition:
-
The VAE client has already registered with the VAE server as described in subclause 8.1.1.3.


[image: image6.emf]VAE server

1. Deregistration request

VAE client

2. Deregistration response


Figure 8.1.2.3-1: Procedure for deregistering the VAE client at the VAE server
1.
The VAE client sends a deregistration request to the VAE server.
2.
The VAE server sends a deregistration response to the VAE client.
8.2
Location
8.2.1
Tracking geographical location at the VAE server
8.2.1.1
General

This subclause describes the procedures for tracking V2X UEs geographical location at the VAE server. The V2X UE provides geographical area information to the VAE server upon moving to a new geographical area. This information is used by the VAE server to create and update the mapping between the geographical location and the identification of the V2X UE. 

8.2.1.2
Information flows
8.2.1.2.1
Subscription request
Table 8.2.1.2.1-1 describes the information flow for a VAE client to subscribe to a geographical area at the VAE server.

Table 8.2.1.2.1-1: Subscription request
	Information element
	Status
	Description

	V2X UE ID
	M
	Identifier of the V2X UE 

	GEO ID
	M
	Geographical area identifier (e.g. subscription URI, tile identifier, geo-fence tile identifier)


Editor's note:
The definition of geographical area identifiers is FFS.

8.2.1.2.2
Subscription response
Table 8.2.1.2.2-1 describes the information flow for VAE server to respond for geographical area subscription request from the VAE client.

Table 8.2.1.2.2-1: Subscription response
	Information element
	Status
	Description

	Result
	M
	Result from the VAE server in response to subscription request indicating success or failure 


8.2.1.2.3
Unsubscription request
Table 8.2.1.2.3-1 describes the information flow for a VAE client to unsubscribe from a geographical area at the VAE server.

Table 8.2.1.2.3-1: Unsubscription request
	Information element
	Status
	Description

	V2X UE ID
	M
	Identifier of the V2X UE 

	GEO ID
	M
	Geographical area identifier (e.g. subscription URI, tile identifier, geo-fence tile identifier)


8.2.1.2.4
Unsubscription response
Table 8.2.1.2.4-1 describes the information flow for VAE server to respond for geographical area unsubscription request from the VAE client.

Table 8.2.1.2.4-1: Unsubscription response
	Information element
	Status
	Description

	Result
	M
	Result from the VAE server in response to unsubscription request 


8.2.1.3
Procedure
Pre-conditions:
1.
The VAE client is provisioned with GEO ID information;
Editor's note:
The granularity of network-based tracking identifiers is FFS.
2.
The VAE client has registered with the VAE server as described in subclause 8.1.1.3; and
3.
The VAE client has subscribed to a certain geographical area identifier group (GEO ID A) in order to receive V2X messages for this area.
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Figure 8.2.1.3-1: Procedure for tracking the client geographical area at the VAE server
1.
Upon entering a new geographical area, the client subscribes to the geographic area Geo ID B.
2.
The VAE server sends a subscription response to the VAE client.
3.
The VAE server stores the new geographical area information GEO ID B with the client identification information V2X UE ID.
4.
The client unsubscribes from the old geographical area GEO ID A.
Editor's note:
It is FFS if an unsubscription step is required.

5.
The VAE server sends an unsubscription response to the VAE client.
6.
The VAE server removes the old geographical area information GEO ID A associated with the client identification information V2X UE ID.
8.3
V2X message distribution
8.3.1
Message delivery to target geographical areas from the VAE server
8.3.1.1
General

This subclause describes the procedures for delivering V2X messages to registered V2X UEs at the VAE server in targeted geographical areas. 

8.3.1.2
Information flows

Editor's note:
This subclause will describe the information flow tables

8.3.1.3
Procedure
Pre-conditions:

1.
One or more VAE clients have registered with the VAE server as described in subclause 8.1.1.3;
2.
One or more VAE clients have subscribed to geographical area GEO ID; and
3.
The VAE server has created a mapping between geographical area information and client identification as described in subclause 8.2.1.3.
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Figure 8.3.1.3-1: Procedure for delivering messages to target geographical areas from the VAE server
1.
The application-specific server sends a V2X message V2X MSG ID (e.g. ETSI ITS DENM, ETSI ITS CAM) with target geographical area GEO ID.
2.
The VAE server retrieves the list of registered and subscribed clients for the V2X message targeting geographical area GEO ID and determines the clients' identification V2X UE ID.

3.
The VAE server transmits the message to each VAE client using the client identification.

4.
The VAE client provides the V2X message to the application-specific client.

Annex A (informative):
Procedures require coordination with other WGs

A.x
<Procedure x>
Editor's note:
Provide a suitable title for the procedure.

A.x.1
General

Editor's note:
This subclause will provide a general description of the procedure.

A.x.2
Information flows

Editor's note:
This subclause will describe the information flow tables

A.x.3
Procedure

Editor's note:
This subclause will describe the detailed procedure with associated diagram.

A.1
Communicating of service requirements from the VAE server 
A.1.1
General

This subclause describes the procedures for the VAE server to provide service requirements to the 3GPP network system. The Service Capability Exposure Function (SCEF) can be used for this purpose. As described in 3GPP TS 23.682 [7], the SCEF provides a means to expose the services and capabilities provided by 3GPP network interfaces and provides a means for the discovery of the exposed services and capabilities. This subclause uses the APIs defined in subclause 5.11 in 3GPP TS 23.682 [7] for setting up an AS session with required QoS procedure. This subclause defines the information elements that need to be exchanged between the VAE server and the SCEF function during service negotiation.

A.1.2
Information flows
A.1.2.1
Service negotiation request

Table A.1.2.1-1 describes the information flow for a VAE server to provide the network with the service requirements.

Table A.1.2.1-1: Service negotiation request
	Information element
	Status
	Description

	UE ID
	M
	Identifier of the UE registering for service negotiation. This element may include multiple UE IDs in case the VAE server wants to exchange requirements for an application involving more than one UE.

	Service Type
	M
	Indicating the type of service the application requirements are associated to. SERVICE TYPE can be indicated in the form of Application-ID or with other forms of application and/or service identification.

	Service Information
	O
	Indicating additional information associated to the service. Examples of SERVICE INFORMATION are for instance flow description, QoS-related parameters such as min/max requested bandwidth, etc.

	Supporting Information
	O
	Indicating supporting information by the VAE server to increase the network awareness related to the service. Example of supporting information is planned/expected UE trajectory, which can be provided in the form of waypoints (GPS coordinates) and associated timestamps.

	Data Volume
	O
	Identifying the expected amount of data to be transferred.

	Data Transfer Deadline
	O
	Identifying whether there is a time deadline for the transfer of DATA VOLUME.

	Time Interval
	O
	Identifying the time interval of interest for the exchange of service requirements. It can be expressed in the form of starting time and related duration. Used in case the exchange of service requirement is restricted to some specific time interval(s).

	Notification Event
	M
	Event, the VAE server is interested to be notified about from the network. The notification event can be associated for instance to monitoring of some current or expected specific network performance parameters.

	Notification Condition
	O
	Conditions that trigger the generation of a notification. Conditions can be expressed in several forms (e.g. as threshold associated to a certain parameter of interest for notification).

	Notification Timing
	O
	Indicating whether there is any desired time constraint from the moment the NOTIFICATION EVENT is detected at the network and the VAE server receives the associated notification. This field is introduced for timely interaction between the VAE server and the network.


Editor's note:
Reference to the appropriate SA2 specification is needed and corresponding information flow table can be removed.
A.1.2.2
Service negotiation response
Table A.1.2.2-1 describes the information flow for a network to provide a response associated to a service negotiation request.

Table A.1.2.2-1: Service negotiation response
	Information element
	Status
	Description

	Result
	M
	Response from the network. The response can also include an update value for some of the parameters included in the VAE request, e.g. update of NOTIFICATION EVENT in case what requested is not supported or an updated NOTIFICATION TIMING in case the value desired by the VAE server is not feasible.


Editor's note:
Reference to the appropriate SA2 specification is needed and corresponding information flow table can be removed.

A.1.3
Procedure

Pre-conditions:
1.
The VAE server acts as an SCS/AS as described in subclause 4.9 in 3GPP TS 23.682 [7]; and
2.
The VAE server is configured and authorized to exchange information with the SCEF function as described in subclause 4.9 in 3GPP TS 23.682 [7].
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Figure A.1.3-1: Service negotiation between the VAE server and the SCEF function
1.
The VAE server sends a request to the SCEF function with the requirements relevant to the service.
2.
The SCEF function provides a response to the VAE server indicating whether the communicated requirements are supported by the network.

NOTE:
The above procedure can be also used by the VAE server to update the information related to an ongoing session. 

A.2
Notification generation by the SCEF function 
A.2.1
General

This subclause describes the procedure notification generation by the SCEF function in response to the service requirements from the VAE server. The SCEF function notifies the VAE server if the service requirements can be satisfied. This subclause uses the APIs defined in subclause 5.8 in 3GPP TS 23.682 [7] for informing about potential network issues. This subclause defines the information elements to be exchanged between the SCEF function and the VAE server for notification generation.  

A.2.2
Information flows
A.2.2.1 
Notification message

Table A.2.2.1-1 describes the information flow for the SCEF function to notify the VAE server. 
Table A.2.2.1-1: Notification message 
	Information element
	Status
	Description

	Notification Event
	M
	Event the network is notifying to the VAE server.

	Notification Information
	O
	Additional information associated to the NOTIFICATION EVENT, if applicable. 


Editor's note:
Reference to the appropriate SA2 specification is needed and corresponding information flow table can be removed.

A.2.2.2
Notification acknowledgment

Table A.2.2.2-1 describes the information flow for the VAE server to acknowledge the reception of notification message from the SCEF function. 
Table A.2.2.2-1: Notification acknowledgment
	Information element
	Status
	Description

	Ack
	O
	Acknowledgment from the VAE server about the reception of notification message.


Editor's note:
Reference to the appropriate SA2 specification is needed and corresponding information flow table can be removed.

A.2.3
Procedure

Pre-condition:
-
The VAE server has provided the SCEF function with service requirements as described in subclause A.1.3.
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Figure A.2.3-1: Notification generation by the SCEF function to the VAE server
1.
The SCEF function takes into consideration the information received by the VAE server in subclause A.1.3 and generates a notification.
2.
The SCEF function provides a notification to the VAE server.
3.
The VAE server may send a notification acknowledgment to the SCEF function.

NOTE:
The above procedure can be also used by the network to provide a new notification, e.g., to notify an updated list of network capabilities or to report a new NOTIFICATION EVENT. 

A.3
Network situation and QoS monitoring and reporting
A.3.1
General

The VAE server supports monitoring of 3GPP systems' network situation for V2X services. The VAE server receives and processes access network-related monitoring events/reports from SCEF (EPS entity of the 3GPP network system) as specified in 3GPP TS 23.682 [7]. The AN-related monitoring events/report may include RAN-related resource/traffic situation statistics and QoS management. The VAE server initiates monitoring of the QoS for single or aggregately for groups of vehicles (supporting a V2X service and being in proximity) having ongoing sessions.
Editor's note:
The role of V2X UE in providing the information related to monitoring events to the VAE server is FFS.

Table A.3.1-1 describes the list of network situation and QoS monitoring events relevant for V2X applications. The information for "Involved EPS entity" represents the current status of support for the monitoring events to the V2X application layer.

Table A.3.1-1: Network situation and QoS monitoring events 
	Monitoring event
	Description
	Involved EPS entity

	Loss of connectivity
	Network detects that the UE is no longer reachable for either signalling or user plane communication.
	SCEF, MME (see NOTE 1)

	Communication failure
	Network detects a communication failure at a network entity
	SCEF, MME (see NOTE 1)

	Number of UEs present in a geographical area
	Network captures the UE density level per cell area or tracking area
	SCEF, MME (see NOTE 1)

	Access network congestion Level
	A RAN congestion awareness function detects the congestion situation in access network.
	Partly supported by SCEF, PCRF, RCAF (see NOTE 1)

	QoS notification control per UE or UEs
	E2E (including access network and core network) traffic real-time QoS monitoring information.
	Not supported (see NOTE 2)

	NOTE 1:
Specified in 3GPP TS 23.682 [7]
NOTE 2:
The QoS notification for low latency services is the responsibility of SA2


Editor's note:
The support for the monitoring event for QoS notification control per UE or UEs is required from SA2.

Editor's note:
The support for the additional RAN related notifications for the monitoring event for Access network congestion level is required from SA2.

A.3.2
Information flows

A.3.2.1
Monitoring request

Table A.3.2.1-1 describes the additional information elements required for the information flow monitoring request from the VAE server (acting as SCS/AS) to the SCEF (EPS entity of 3GPP network system) over T8 reference point which is specified in subclause 5.6 in 3GPP TS 23.682 [7].

Table A.3.2.1-1: Monitoring request

	Information element
	Status
	Description

	Network Status Information
	M (See NOTE 1)
	VAE server indicates monitoring for the network status information

	Threshold 
	O
	Threshold indicates a range at which the VAE server wishes to be informed of the network status. Multiple Threshold values may be included.

	Geographical Area 


	O
	Geographical area specified by VAE server (e.g. cell level, tracking area level, other formats like shapes (e.g. polygons, circles) or civic addresses (e.g. streets, area codes)) 

	QoS notification information
	M (See NOTE 2)
	Monitoring request on QoS values / attributes by VAE server like packet error rate, jitter,latency

	NOTE 1:
This IE is optional for Monitoring type other than "Access Network Congestion level"
NOTE 2:
This IE is optional for Monitoring type other than "QoS notification control per UE or UEs"


Editor's note:
Reference to the appropriate SA2 specification is needed and corresponding information flow table can be removed.
A.3.2.2
Monitoring response

The information flow monitoring response from SCEF to VAE server (acting as SCS/AS) over T8 reference point is specified in subclause 5.6 in 3GPP TS 23.682 [7].

A.3.2.3
Monitoring report

Table A.3.2.3-1 describes the additional information elements required for the information flow monitoring report from the SCEF to the VAE server over T8 reference point which is specified in subclause 5.6 in 3GPP TS 23.682 [7].

Table A.3.2.3-1: Monitoring report
	Information element
	Status
	Description

	Network status report
	M (See NOTE 1)
	SCEF reports the network status information (e.g. usage, congestion). The calculation and the reporting of the network status information to the VAE server depends on operator configuration (e.g. SLAs, network topology, usage).

	QoS notification report 
	M (See NOTE 2)
	Single UE or group UEs' actual or expected QoS report on the requested QoS attributes (latency, jitter, reliability).

	NOTE 1:
This IE is optional for Monitoring type other than "Access Network Congestion level"
NOTE 2:
This IE is optional for Monitoring type other than "QoS notification control per UE or UEs"


Editor's note:
Reference to the appropriate SA2 specification is needed and corresponding information flow table can be removed.

A.3.3
Procedure for network situation and QoS monitoring

Figure A.3.3-1 illustrates the procedure for network situation and QoS monitoring by the VAE server.

Pre-conditions:

1.
The VAE server is configured with the SCEF information and is authorized to exchange information with the SCEF as specified in subclause 4.9 in 3GPP TS 23.682 [7]; and
2.
The VAE server has information of the V2X UEs from the V2X specific application server.
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Figure A.3.3-1: Network situation and QoS monitoring

1.
The VAE server sends a monitoring request to the SCEF by including the V2X application information corresponding to one or many V2X UEs.
Editor's note:
The details of the information related to V2X UEs is FFS.
2.
The SCEF provides a monitoring response to the VAE server indicating the success or failure for initiating monitoring of network situation and QoS for the requested information.

3.
The SCEF monitors the network situation for the V2X application and the V2X UEs.

NOTE:
The details of how the 3GPP network system monitors the network situation and determines the monitoring information is out of scope of the present document.
A.3.4
Procedure for network situation and QoS monitor reporting

Figure A.3.4-1 illustrates the procedure for network situation monitor reporting to the VAE server.

Pre-condition:

-
The network situation and QoS monitoring has been initiated as specified in subclause A.3.3.
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Figure A.3.4-1: Network situation and QoS monitor reporting
1.
The SCEF sends a monitoring report (event driven or based on rules configured at the SCEF) to the VAE server including the additional RAN related network situation information and QoS notification information for the corresponding V2X application, V2X UE or group of V2X UEs.
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