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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

Edge Computing is a network architecture concept that enables cloud computing capabilities and service environments to be deployed at the edge of the cellular network. It promises several benefits such as lower latency, higher bandwidth, reduced backhaul traffic and prospects for several new services. This technical report identifies the key issues and corresponding application architecture and related solutions with recommendations for the normative work.


1
Scope

The present document is a technical report capturing the study on application architecture for enabling edge applications over 3GPP networks. The aspects of the study include identifying architecture requirements (e.g. discovery of edge services, authentication of the clients), supporting application layer functional model and corresponding solutions to enable the deployment of applications on the edge of 3GPP networks, with minimal impact to edge-based applications on the UE. 
The study takes into consideration the work done for edge computing in 3GPP TS 23.501 [2] and other related work outside 3GPP.

Editor's Note:
This study will take the edge computing study of SA2 into account, wherever applicable. 
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 TR 23.501: "System Architecture for the 5G System; Stage 2".

[3]
3GPP TR 23.503: "Policy and charging control framework for the 5G System (5GS); Stage 2".

[4]
3GPP TS 23.222: "Functional architecture and information flows to support Common API Framework for 3GPP Northbound APIs; Stage 2".

[5]
3GPP TS 29.122: "T8 reference point for northbound Application Programming Interfaces (APIs)".
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.

Edge Computing: A concept, as described in 3GPP TS 23.501 [2], that enables operator and 3rd party services to be hosted close to the UE's access point of attachment, to achieve an efficient service delivery through the reduced end-to-end latency and load on the transport network.

Edge Enabler Server: A server which provides supporting functions needed for Application Server(s) to run in an Edge Data Network.
Edge Data Network: A data network, which includes a set of functions to support Edge Computing.
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].

4
Key issues
This clause lists the key issues identified by the study.
4.1
Key Issue 1: Service provisioning and configuration

A UE should be able to connect with the Edge Data Network.
Open issues:

-
Whether some configuration information is needed by the UE in order to connect with the Edge Data Network or not? If yes, what are the configuration parameters?

-
How the configuration information, if required, is provided to the UE in a secure manner?

4.2
Key Issue 2: Edge Data Network discovery and registration

The deployment of Edge Data Network may not be available at all the locations due to operational constraints. For certain applications, before attempting to avail edge computing services the UE needs to determine the availability of an Edge Data Network at the UE's location.

Open issues:

-
Whether and how a UE determines the availability of an Edge Data Network at the UE's location?

-
Whether and how the UE registers to the Edge Data Network before availing Edge Computing services? 

-
If there are changes in the availability of the Edge Data Network, whether and how the UE is notified?

4.3
Key Issue 3: Application Server enablement on the Edge Data Network

Several application providers can use the Edge Data Network to provide their applications as Application Servers. To enable such Application Servers on the Edge Data Network, the application providers may need to supply Application Server related information to the Edge Data Network. This information can include constraints on the availability of the application to certain geographical area or time of operation etc. 

Open Issues:

-
How the Application Servers are registered on the Edge Data Network? How the Edge Data Network identifies the registered Application Servers?
-
Whether and how the Application Servers provide availability information such as, for e.g. certain geographical area, time of operation etc. to the Edge Data Network?
-
What are the parameters required for Application Server enablement on the Edge Data Network?
-
How the Application Servers de-registers from the Edge Data Network?
4.4
Key Issue 4: Application Server discovery

The deployment of Application Servers may not be uniform across the Edge Data Networks due to operational constraints. For certain applications, before attempting to avail services from an Application Server, the UE needs to determine the availability of the Application Server on the Edge Data Network. The meaning of availability of the Application Server includes both the Application Server running on the Edge Data Network, and the Application Server, which can be instantiated on the Edge Data Network.

Editor's Note:
Whether it is the UE or the Application Client is FFS.
Open Issues:

-
Whether and how to discover the Edge Application Servers available within the Edge Data Network? 

-
How to check authorization to discover the Application Servers?
4.5
Key Issue 5: Capability Exposure to Application Server in the Edge Data Network

Network capability exposure function has been developed in 3GPP network which is useful to 3rd party application provider by utilising the services and capabilities provided by 3GPP network interface, as specified in TS 29.122 [5]. In this sense, the Application Server in Edge Data Network can utilize APIs provided by the network capability exposure function. The Application Server in the Edge Data Network can access directly to the 3GPP network functions (e.g., SCEF, NEF) if the 3rd party application provider operating the Application Server in the Edge Data Network has SLA with the MNO. On the other hands, it would be beneficial if the Application Server in the Edge Data Network can utilize capability exposure services provided by the Edge Enabler Server.
Open issues:

-
Whether there is a need for new service API(s) provided by the Edge Enabler Server to the Application Server in the Edge Data Network, and how to support.
-
How to discover available service API(s) within the Edge Data Network.

-
Whether and How to support the Application Server to access the network capability exposure function directly, e.g., how CAPIF as specified in TS 23.222 [4] can be utilized, and whether there is a need to enhance functionalities of CAPIF.

-
Whether there is a need to support exposure of service API provided by the Application Server to the other Application Server within the Edge Data Network, and how to support.

4.6
Key Issue 6: Application Architecture 
To derive an application architecture, the following open issues need to be studied.

-
How to allow the mobile network operator to authenticate and authorize a UE to use edge computing service.
Editor's Note: What is an edge computing service is FFS
-
How to support the multiple edge computing providers per PLMN operator network. 
-
How to identify Edge Data Network, in case of multiple Edge Data Networks within a single PLMN where one edge data network is defined as a subarea (e.g. list of TAs or cells) in the PLMN coverage. 
5
Architectural requirements
This clause lists the architectural requirements.
5.1
General requirements
5.1.1
General

This clause provides a basic description of the general architectural requirements.
The application architecture for enabling edge applications is designed based on the following architecture principles:

-
UE application portability: The change of logic in Application Client compared to existing cloud environment is avoided.

-
Edge application portability: The change of logic in Application Server compared to existing cloud environment is avoided. One application server can run in multiple operator's edge computing providers or operator-agnostic edge computing provider without any modification. 

-
Service differentiation: The mobile operator is able to provide service differentiation (e.g. by enabling/disabling the edge computing functionalities).
-
Flexible deployment: There can be multiple edge computing providers within a single PLMN operator network. The Edge Data Network can be a subarea of a PLMN.
-
Interworking with 3GPP network: To provide edge computing features developed or to be developed in 3GPP network (such as location service, QoS, AF traffic influence) to application servers, the application architecture supports the interworking with 3GPP network with existing capability exposure functions such as NEF and PCF.

5.1.2
Requirements

This clause lists the general requirements.
In order to meet the architecture principles described, the application architecture for enabling edge applications shall support the following requirements:

[AR-5.1.2-a]
The application architecture shall support deployment of application server and application client without any modifications compared to its deployment in existing cloud environments.
5.2
<specific requirements>
5.2.1
General
This clause provides a basic description of specific architectural requirements.
5.2.2
Requirements

This clause lists the specific requirements.
6
Application architecture for enabling edge applications

6.1
Application architecture
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Figure 6.1-1: application architecture for enabling edge applications

NOTE 1:
It is possible that an application server only resides in the Edge Data Network.
NOTE 2:
The Application Server in the Edge Data Network may or may not be the same as the Application Server in the Cloud.
NOTE 3:
If the ASes are different, the Application Data Traffic may also be different.
Editor's Note:
Interface between the edge enabler server and application server is FFS

Editor's Note:
Interface between the edge enabler server and UE is FFS

Editor's Note:
Interface between Edge Enabler Server and 3GPP network is FFS
6.2
Functional element

6.2.1
Edge Enabler Server

Edge Enabler Server provides supporting functions needed for Application Server(s) to run in an Edge Data Network

Functionalities of Edge Enabler Server:
· -
Provisioning of configuration information to enable the exchange of Application Data Traffic with the Application Server
7
Solutions

This clause lists the solutions.
7.1
Solution #1: <title>
This clause provides the solution description and its evaluation with a suitable title.
7.1.1
Solution description

7.1.2
Solution evaluation

8
Overall evaluation

This clause provides a summary of architecture and solution evaluations.
8.1
Architecture evaluation
8.2
Solution evaluations
9
Conclusions

This clause provides conclusion of the study.
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