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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 is a technical report which identifies the enhancements to the application architecture to support V2X services specified in 3GPP TS 23.286 [5].

The study takes into consideration the existing stage 1 and stage 2 work within 3GPP related to V2X enhancements in 3GPP TS 22.185 [2], 3GPP TS 22.186 [3], 3GPP TS 23.285 [4] and 3GPP TS 23.287 [6], as well as V2X application requirements defined outside 3GPP.

This document will provide recommendations for normative work.
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 23.285: "Architecture enhancements for V2X services".

[5]
3GPP TS 23.286: "Application layer support for Vehicle-to-Everything (V2X) services; Functional architecture and information flows".

[6]
3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
[7]
3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[8]
3GPP TR 23.786: "Study on architecture enhancements for the Evolved Packet System (EPS) and the 5G System (5GS) to support advanced V2X services".
[9]
3GPP TS 28.530: "Management and orchestration; Concepts, use cases and requirements".
3
Definitions, symbols 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.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
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].

V2X
Vehicle-to-Everything
4
Analysis of V2X standards
4.1
<existing V2X standard>
Editor's Note:
Provide a suitable title to describe the existing V2X standard (e.g. ETSI ITS, SAE, 3GPP).

4.1.1
Description

Editor's Note:
This subclause will describe the V2X standard.

4.1.2
Analysis

Editor's Note:
This subclause will investigate existing V2X standard and identify potential gaps.

5
Key issues
5.1
Key issue 1 – eV2X application QoS requirements for V2X communication over PC5 
The V2X services described in 3GPP TS 22.186 [3], require ultra-reliable and low latency characteristics, and may require high data rates due to the very high expected payloads. The Categories of Requirements (CoR) and Level of Automation (LoA) is defined, which reflects the functional aspects of the technology and affects the system performance requirements.are defined to support such V2X scenarios. 
The following CoRs are defined:

-
General Aspects;

-
Vehicle Platooning;

-
Advanced Driving;

-
Extended Sensors; and

-
Remote Driving.
The following LoAs are defined:
-
No Automation (0);

-
Driver Assistance (1);

-
Partial Automation (2);

-
Conditional Automation (3);

-
High Automation (4); and

-
Full Automation (5). 

For the combination of each CoR scenario and each degree of LoA, requirements are specified in terms of Payload (Bytes), Transmission rate (Message/Sec), Maximum end-to-end latency (ms), Reliability (%), Data rate (Mbps), Minimum required communication range (meters).

V2X scenarios are delay and reliability critical while the rate (and thus the resource) requirement may vary for each CoR and LoA, since they may support different payloads (from 300 B to 12000 B) under the strict delay requirement. Also, different CoR and LoA combination may require different QoS parameters (even for the same V2X application, e.g. platooning). This poses additional challenges regarding the accommodation of QoS and resource requests by 3GPP systems from numerous and resource demanding services. 

To this end, SA2 (TS 23.287) has provided enhancements to the QoS model by re-using the Uu QoS model for PC5 communications; so as to allow per flow QoS handling and better integration with Uu interface. In addition, a new QoS attribute has been included for PC5 groupcast/broadcast communications (Range); and new PQI values have been specified for different V2X services and CoR/LoA combinations. 
From SA6 perspective, some application layer impacts need to be further discussed based on the latest SA2 agreements (see 3GPP TS 23.287 [6]):

-
5QI model for PC5 is a new 5GS feature and the QoS configuration is provided by the application layer. The role of application layer is key, since :

--
Multiple PQI values have been defined for eV2X; and more than one PQI can be applicable to a V2X service. This allows for negotiating QoS requirement at the application layer.

--
One new optional QoS attribute is introduced (Range) and this comes from the application side.

-
Enhanced monitoring capabilities may need to be defined at the application layer (e.g. including PC5 QoS monitoring) for dynamic QoS provisioning/adaptation based on the new PC5 QoS model. 

NOTE:
The dependency on SA2 for the Range parameter is FFS 

5.2
Key issue 2 – eV2X application QoS requirements for V2X communication over Uu
5.2.1
General

The V2X services described in 3GPP TS 22.186 [3], require ultra-reliable and low latency characteristics, and may require high data rates due to the very high expected payloads. The Categories of Requirements (CoR) and Level of Automation (LoA) is defined, which reflects the functional aspects of the technology and affects the system performance requirements.are defined to support such V2X scenarios. 
The following CoRs are defined:

-
General Aspects;

-
Vehicle Platooning;

-
Advanced Driving;

-
Extended Sensors; and

-
Remote Driving.
The following LoAs are defined:
-
No Automation (0);

-
Driver Assistance (1);

-
Partial Automation (2);

-
Conditional Automation (3);

-
High Automation (4); and

-
Full Automation (5). 

For the combination of each CoR scenario and each degree of LoA, requirements are specified in terms of Payload (Bytes), Transmission rate (Message/Sec), Maximum end-to-end latency (ms), Reliability (%), Data rate (Mbps), Minimum required communication range (meters).

V2X scenarios are delay and reliability critical while the rate (and thus the resource) requirement may vary for each CoR and LoA, since they may support different payloads (from 300 B to 12000 B) under the strict delay requirement. Also, different CoR and LoA combination may require different QoS parameters (even for the same V2X application, e.g. platooning). This poses additional challenges regarding the accommodation of QoS and resource requests by 3GPP systems from numerous and resource demanding services. 

In this regard, SA2 (see 3GPP TR 23.786 [8] and 3GPP TS 23.287 [6]) has provided enhancements to the QoS model to allow more flexible interactions between 5GS and the application layer; as well as the possibility of exposing to the 3rd party potential QoS adaptation to enable the application to pro-actively adapt the service offering (e.g. change of Level of Automation, group formations). 

Given the aforementioned considerations and the increased complexity of scenarios and the wider variety of requirements as imposed by the latest SA2 agreements (see 3GPP TS 23.287 [6]), it is required to further study the below sub-key issues.
5.2.2
Key issue 2a - Monitoring QoS situation by eV2X Application

The exposure of QoS information / analytics by 5GS (e.g. NWDAF) to Application Function (AF) is possible in 5GS, as part of the Potential QoS change procedure (see 3GPP TS 23.287 [6]).

In this regard, enhanced monitoring capabilities can be available at application layer (comparing to the V2X application functional model, specified in 3GPP TS 23.286 [5]), which can enable the application layer to dynamically provide/adapt the service operation and related QoS requirements for single or groups of UEs. The monitoring information which may be required at the application layer for adjusting the eV2X application requirement, need to be investigated further. 

5.2.3
Key issue 2b - Communicating eV2X application requirements with 5GS
The application based on the enhanced monitoring capabilities, upon receiving notifications about possible QoS changes (e.g. possible QoS downgrade), it may be required to handle the application adjustment; and subsequently the QoS requirement adjustment for single or groups of UEs which may be affected by this change. 

This study needs to investigate: 
1.
what is the impact at the application layer functional model for enabling the application layer to adapt V2X application requirements, based on the enhanced QoS monitoring, and 
2.
what new mechanisms may be required from application perspective to communicate this adaptation with the 5GS and involved application entities. 

5.3
Key issue 3 – V2X application support for network slicing
Network slicing is a set of technologies to support network service differentiation and meet the diversified requirements from tenants like vertical industries as specified in clause 5.15 of 3GPP TS 23.501 [7]. Network slice is a logical network that provides specific network capabilities and network characteristics. The application support for slices is a standardized feature in 3GPP 5GS and mainly involves the interaction between the 5GS (e.g. slice management system) and the 3rd party (tenants) for the pre-commissioning, operation and management of the slice end-to-end as specified in 3GPP TS 28.530 [9].

In V2X use cases as defined in 3GPP TS 22.186 [3], both safety and non-safety communications need to be supported with diverse and conflicting KPIs (latency, reliability, throughput). A V2X service provider may use one or more network slices for V2X to bundle one or more V2X services to support multiple KPI and QoS requirements. 

Further study is required to determine how to abstract the required network slice information to the V2X application to:

-
efficiently support multi-PLMN and cross-slice coordination for roaming and non-roaming use cases.
-
enable the application layer to provide/adjust the V2X application requirements based on slice conditions and availability.
-
enable application layer to provide efficient utilization of network resources across V2X services and slices.
5.x
<key issue x>
Editor's Note:
Provide a suitable title for the key issue.

Editor's Note:
This subclause will describe the key issue.

6
Architectural requirements
6.1
General requirements
Editor's Note:
This subclause will describe general architectural requirements.

6.2
<application layer support aspect x> requirements
Editor's Note:
Provide a suitable title for the requirements.

6.2.1
Description

Editor's Note:
This subclause will describe the application layer support aspect and also identify impact to existing requirements in TS 23.286.

6.2.2
Requirements

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

7
Solutions

7.1
Solution #1: <title>
Editor's Note:
Provide a suitable title for the solution.

7.1.1
Solution description

Editor's Note:
This subclause will describe the solution.

7.1.2
Solution evaluation

Editor's Note:
This subclause will evaluate the solution.

8
Overall evaluation

Editor's Note:
This clause will provide evaluation of different solutions.

9
Conclusions

Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the study item activities.
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