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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.

Introduction

Edge Computing is a network architecture concept that enables cloud computing capabilities and service environments, which are deployed close to the UE. It promises several benefits such as lower latency, higher bandwidth, reduced backhaul traffic and prospects for new services compared to the cloud environments. This technical specification provides application layer architecture and related procedures for enabling edge applications over 3GPP networks.

1
Scope

The present document specifies the application layer architecture, procedures and information flows necessary for enabling edge applications over 3GPP networks. It includes architectural requirements for enabling edge applications, application layer architecture fulfilling the architecture requirements and procedures to enable the deployment of edge applications.
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 23.501: "System Architecture for the 5G System; Stage 2".

[3]
3GPP TS 23.502: "Procedure for the 5G System; Stage 2".

[4]
3GPP TS 29.522: "5G System; Network Exposure Function Northbound APIs; Stage 3".

[5]
3GPP TS 29.122: "T8 reference point for northbound Application Programming Interfaces (APIs)".
[6]
3GPP TS 23.222: "Functional architecture and information flows to support Common API Framework for 3GPP Northbound APIs; Stage 2".
[7]
3GPP TS 23.271: "Functional stage 2 description of Location Services (LCS)".
[8]
3GPP TS 36.305: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN".
[9]
3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2".
[10]
3GPP TS 38.305: "NG Radio Access Network (NG-RAN); Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN".
[11]
3GPP TS 23.003: "Numbering, addressing and identification".

3
Definitions of terms, symbols and abbreviations

3.1
Terms

For the purposes of the present document, the terms 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].

Application Server: Application software resident in the cloud performing the server function.

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 Computing Service Provider: A mobile network operator or a 3rd party service provider offering Edge Computing service.

Edge Data Network: A local Data Network that supports the architecture for enabling edge applications.

Edge Hosting Environment: An environment providing support required for Edge Application Server's execution.

3.2
Symbols

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

Symbol format (EW)

<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].



AC
Application Client
ACID
Application Client Identification

AF
Application Function
DN
Data Network
DNAI
Data Network Access Identifier

DNN
Data Network Name

EAS
Edge Application Server

EASID
Edge Application Server Identification

ECS
Edge Configuration Server

ECSP
Edge Computing Service Provider

EDN
Edge Data Network

EEC
Edge Enabler Client

EECID
Edge Enabler Client Identification

EES
Edge Enabler Server

EESID
Edge Enabler Server Identification

EHE
Edge Hosting Environment



FQDN
Fully Qualified Domain Name 

GPSI
Generic Public Subscription Identifier

LADN
Local Area Data Network 

NEF
Network Exposure Function

SCEF
Service Capability Exposure Function
SSID
Service Set Identifier

TAI
Tracking Area Identity



4
High level features

Subclauses of this clause shall describe high level features of the application architecture for enabling Edge Applications. If need be, before approval of the TS, this clause can be merged with 'Architectural principles and requirements' clause.
4.1
General

4.x
<High level feature>

Add a copy of this clause for each high level feature, adding a title and description.
5
Architectural requirements 
5.1
General 

5.2
Architectural requirements

5.2.1
General requirements

5.2.1.1
General

5.2.1.2
Requirements

[AR-5.2.1.2-a]
The application layer architecture shall support deployment of Edge Application Server(s) and Application Client(s) without any modifications compared to their existing deployments.

[AR-5.2.1.2-b]
The application layer architecture shall support different deployment models in conjunction with an operator's 3GPP network.

[AR-5.2.1.2-c]
The application layer architecture shall be compatible with the 3GPP network system.
5.2.2
Edge configuration data
5.2.2.1
General
5.2.2.2
Requirements

[AR-5.2.2.2-a]
The application layer architecture shall provide mechanisms to provide configuration parameters to an authorized Edge Enabler Client to access the Edge Enabler Server(s).

5.2.3
Registration
5.2.3.1
General

5.2.3.2
Edge Enabler Client registration
[AR-5.2.3.2-a]
The application layer architecture shall provide mechanisms for an Edge Enabler Client to register onto the Edge Enabler Server.

[AR-5.2.3.2-b]
The application layer architecture shall provide mechanisms for an Edge Enabler Client to de-register from the Edge Enabler Server.

[AR-5.2.3.2-c]
The application layer architecture shall provide mechanisms for the Edge Enabler Server to detect an abnormal termination of an Edge Enabler Client registration. 

5.2.3.3
Edge Application Server registration
[AR-5.2.3.3-a]
The application layer architecture shall provide mechanisms for an Edge Application Server to register to the Edge Enabler Server.

[AR-5.2.3.3-b]
The application layer architecture shall support EAS exposing its availability, which varies with time, location, etc.
[AR-5.2.3.3-c]
The application layer architecture shall provide mechanisms so that the Edge Application Servers are uniquely identifiable. 
[AR-5.2.3.3-d]
The application layer architecture shall provide mechanisms for an Edge Application Server to de-register from the Edge Enabler Server.

[AR-5.2.3.3-e]
The application layer architecture shall provide mechanisms for the Edge Enabler Server to detect an abnormal termination of an Edge Application Server registration.
5.2.3.4
Edge Enabler Server registration
[AR-5.2.3.4-a]
The application layer architecture shall provide mechanisms for an Edge Enabler Server to register onto the Edge Configuration Server.

[AR-5.2.3.4-b]
The application layer architecture shall support Edge Enabler Server to publish EAS information on the Edge Configuration Server.
[AR-5.2.3.4-c]
The application layer architecture shall support Edge Enabler Server to update the published EAS information on the Edge Configuration Server.
[AR-5.2.3.4-d]
The application layer architecture shall provide mechanisms for an Edge Enabler Server to de-register from the Edge Configuration Server.

[AR-5.2.3.4-e]
The application layer architecture shall provide mechanisms for the Edge Configuration Server to detect an abnormal termination of an Edge Enabler Server registration. 

5.2.4
Edge Application Server discovery

5.2.4.1
General

5.2.4.2
Requirements

[AR-5.2.4.2-a]
The application layer architecture shall provide mechanisms for an Edge Enabler Client to discover available Edge Application Servers.

[AR-5.2.4.2-b]
The application layer architecture shall provide relevant configuration information of the Edge Application Servers to the Edge Enabler Client, in order to enable communication between Application Clients and the Edge Application Servers.

5.2.5
Capability exposure to Edge Application Servers
5.2.5.1
General

5.2.5.2
Requirements

[AR-5.2.5.2-a]
The application layer architecture shall support exposure of 3GPP network's capabilities to the Edge Application Servers.
5.2.6
Security

5.2.6.1
General

5.2.6.2
Requirements

[AR-5.2.6.2-a]
The application layer architecture shall provide mechanisms for the Edge Computing Service Provider to authorize the usage of Edge Computing services by the Edge Enabler Client. 

[AR-5.2.6.2-b]
The application layer architecture shall provide mechanisms for the Edge Computing Service Provider to authorize the usage of Edge Computing services by the Edge Application Servers. 

[AR-5.2.6.2-c]
Communication between the functional entities of the application layer architecture shall be protected.

[AR-5.2.6.2-d]
The authentication and authorization for the use of Edge Computing services shall support the deployment where the functional entities providing the Edge Computing services are in the same trust domain as the 3GPP system, different trust domains or both. 

[AR-5.2.6.2-e]
The application layer architecture shall support the use of either 3GPP credentials or application specific credentials or both for different deployment needs, for the communication between the UE and the functional entities providing the Edge Computing service.

[AR-5.2.6.2-f]
The application layer architecture shall support mutual authentication and authorization check between clients and servers or servers and servers that interact.

[AR-5.2.6.2-g]
The application layer architecture shall support Edge Application Servers to obtain user's authorization in order to access to user's sensitive information (e.g. user's location).
NOTE:
Security requirements are in the scope of SA3 to resolve.

5.2.7
Subscription service
5.2.7.1
General

5.2.7.2
Requirements

[AR-5.2.7.2-a]
The application layer architecture shall provide mechanisms to notify an Edge Enabler Client about relevant changes in availability of Edge Application Servers.

[AR-5.2.7.2-b]
The application architecture shall provide mechanisms to notify an Edge Application Server about relevant changes to elements in the edge application architecture.
Editor's Note: What relevant changes will be supported by subscription service is TBD.
5.2.8
Traffic management
5.2.8.1
General

5.2.8.2
Requirements

[AR-5.2.8.2-a]
The application layer architecture shall support AF influence on traffic routing over N6 interface.

[AR-5.2.8.2-b]
The application layer architecture should be able to monitor the network status (e.g. traffic volume, throughput, network load, etc.) that may impact the application KPIs. 

5.2.9
Lifecycle management
5.2.9.1
General

5.2.9.2
Requirements

[A.5.2.9.2-a]
The application layer architecture shall support interactions with a lifecycle management system. 

5.2.10
Edge application KPIs
5.2.10.1
General

5.2.10.2
Requirements

[AR-5.2.10.2-a]
The Edge Application Server shall be able to publish its KPIs or application level requirements when available (e.g. upon new application onborading).

[AR-5.2.10.2-b]
The Edge Application Server shall be able to update its KPIs or application level requirements. 

5.2.x
<specific requirements>

Add a copy of this clause for each set of requirements specific to certain aspect/feature.

Describe the requirements specific to certain aspect/feature in clauses under this clause.
5.2.x.1
General

5.2.x.2
Requirements

6
Application layer architecture
6.1
General

6.2
Architecture
The Figure 6.2-1 shows the architecture for enabling edge applications.


[image: image3.emf]Edge Data Network

UE 3GPP Core 

Network

Application 

Client(s)

Edge 

Application 

Server(s)

Edge Enabler 

Server

Edge Enabler 

Client

EDGE-2

EDGE-1

EDGE-3

Edge Configuration Server

EDGE-4

EDGE-5

EDGE-7

EDGE-6

EDGE-8

Application Data Traffic


Figure 6.2-1: Architecture for enabling edge applications
The Edge Data Network is a local Data Network. Edge Application Server(s) and the Edge Enabler Server are contained within the EDN. The Edge Configuration Server provides configurations related to the EES, including details of the Edge Data Network hosting the EES. The UE contains Application Client(s) and the Edge Enabler Client. The Edge Application Server(s), the Edge Enabler Server and the Edge Configuration Server may interact with the 3GPP Core Network.
Editor's Note:
Need to split Edge Enabler Client into Edge Enabler Client and Edge Configuration Client is for further study.

Editor's Note:
Representation of the Edge Hosting Environment is for further study.
Editor's Note:
Representation of the reference point between Edge Enabler Servers is for further study.
6.3
Functional entities
6.3.1
General

Editor's Note:
Cardinality of the functional entities is for further study. 

6.3.2
Edge Enabler Server
Edge Enabler Server (EES) provides supporting functions needed for Edge Application Servers and Edge Enabler Client.
Functionalities of Edge Enabler Server are:

a)
provisioning of configuration information to enable the exchange of Application Data Traffic with the Edge Application Server;
b)
providing information related to the Edge Application Servers to the Edge Enabler Client; and
c)
support the functionalities of API invoker and API exposing function as specified in 3GPP TS 23.222 [6].

6.3.3
Edge Enabler Client
Edge Enabler Client (EEC) provides supporting functions needed for Application Client(s).

Functionalities of Edge Enabler Client are:

a)
retrieval and provisioning of configuration information to enable the exchange of Application Data Traffic with the Edge Application Server; and

b)
discovery of Edge Application Servers available in the Edge Data Network. 

6.3.4
Edge Configuration Server
Edge Configuration Server (ECS) provides supporting functions needed for the Edge Enabler Client to connect with an Edge Enabler Server.

Functionalities of Edge Configuration Server are:

a)
provisioning of Edge configuration information to the Edge Enabler Client. The Edge configuration information includes the following:

1)
the information for the Edge Enabler Client to connect to the Edge Enabler Server (e.g. service area information applicable to LADN); and 

2)
the information for establishing a connection with Edge Enabler Servers (such as URI).

NOTE:
The Edge Configuration Server can be deployed in the MNO domain or can be deployed in 3rd party domain by service provider. 

6.3.5
Application Client

Application Client is the application resident in the UE performing the client function. Details of the Application Client are out of scope of this specification. 
6.3.6
Edge Application Server

Edge Application Server (EAS) is the application server resident in the Edge Data Network, performing the server functions. The Application Client connects to the Edge Application Server in order to avail the services of the application with the benefits of Edge Computing.

It is possible that the server functions of an application are available only as Edge Application Server. 

However, if the server functions of the application are available as both, Edge Application Server and an Application Server resident in cloud, it is possible that the functions of the Edge Application Server and the Application Server are not the same. In addition, if the functions of the Edge Application Server and the Application Server are different, the Application Data Traffic may also be different.
The Edge Application Server may consume the 3GPP Core Network capabilities in different ways, such as:

a)
it may invoke 3GPP Core Network function APIs directly, if it is an entity trusted by the 3GPP Core Network;

b)
it may invoke 3GPP Core Network capabilities through the Edge Enabler Server; and
c)
it may invoke the 3GPP Core Network capability through the capability exposure functions i.e. SCEF or NEF.
6.3.x
<Functional entity>
Add a copy of this clause to describe a functional entity.
6.4
Reference Points

6.4.1
General

6.4.2
EDGE-1
EDGE-1 reference point enables interactions between the Edge Enabler Server and the Edge Enabler Client. It supports:

a)
registration and de-registration of the Edge Enabler Client to the Edge Enabler Server;
b)
retrieval and provisioning of Edge Application Server configuration information; and

c)
discovery of Edge Application Servers available in the Edge Data Network.

6.4.3
EDGE-2

EDGE-2 reference point enables interactions between the Edge Enabler Server and the 3GPP Core Network. It supports:

a)
access to 3GPP Core Network functions and APIs for retrieval of network capability information, e.g. via SCEF and NEF APIs as defined in 3GPP TS 23.501 [2], 3GPP TS 23.502 [3], 3GPP TS 29.522 [4], 3GPP TS 29.122 [5], and with the EES acting as a trusted AF in 5GC (see 3GPP TS 23.501 [2] clause 5.13).

NOTE:
EDGE-2 reference point reuses 3GPP reference points or interfaces of EPS or 5GS considering different deployment models.

6.4.4
EDGE-3

EDGE-3 reference point enables interactions between the Edge Enabler Server and the Edge Application Servers. It supports:

a)
registration of Edge Application Servers with availability information (e.g. time constraints, location constraints);

b)
de-registration of Edge Application Servers from the Edge Enabler Server; and

c)
providing access to network capability information (e.g. location information).

NOTE:
Optimized distribution of events across the EDGE-3 interface is the responsibility of CT groups.
6.4.5
EDGE-4

EDGE-4 reference point enables interactions between the Edge Configuration Server and the Edge Enabler Client. It supports:

a)
provisioning of Edge configuration information to the Edge Enabler Client.

6.4.6
EDGE-5

EDGE-5 reference point enables interactions between Application Client(s) and the Edge Enabler Client. 
NOTE:
Detailed specification of this reference point is out of scope of this release of this specification. 
6.4.7
EDGE-6

EDGE-6 reference point enables interactions between the Edge Configuration Server and the Edge Enabler Server. It supports:

a)
registration of Edge Enabler Server information to the Edge Enabler Network Configuration Server.

6.4.8
EDGE-7

EDGE-7 reference point enables interactions between the Edge Application Server and the 3GPP Core Network. It supports:

a)
access to 3GPP Core Network functions and APIs for retrieval of network capability information, e.g. via SCEF and NEF APIs as defined in 3GPP TS 23.501 [2], 3GPP TS 23.502 [3], 3GPP TS 29.522 [4], 3GPP TS 29.122 [5], and with the EAS acting as a trusted AF in 5GC (see 3GPP TS 23.501 [2] clause 5.13).
NOTE:
EDGE-7 reference point reuses 3GPP reference points or interfaces of EPS or 5GS considering different deployment models.

6.4.9
EDGE-8
EDGE-8 reference point enables interactions between the Edge Configuration Server and the 3GPP Core Network. It supports:

a)
access to 3GPP Core Network functions and APIs for retrieval of network capability information, e.g. via SCEF and NEF APIs as defined in 3GPP TS 23.501 [2], 3GPP TS 23.502 [3], 3GPP TS 29.522 [4], 3GPP TS 29.122 [5], and with the ECS acting as a trusted AF in 5GC (see 3GPP TS 23.501 [2] clause 5.13).
NOTE:
EDGE-8 reference point reuses 3GPP reference points or interfaces of EPS or 5GS considering different deployment models.


6.4.x
<Reference point>
Add a copy of this clause to describe a reference point.
6.5
Cardinality rules

6.5.1
General

The cardinality rules are applied to the architecture specified in clause 6.2. The cardinality rules are classified as functional entity cardinality and reference point cardinality. The functional entity cardinality specifies the multiplicity of the functional entity that can exist as per the architecture. The reference point cardinality specifies the multiplicity of source and target functional entities that can exist in a relationship defined by the reference point in the architecture.

NOTE:
The cardinality rules for the functional entities involved in EDGE-2, EDGE-7 and EDGE-8 interactions with 3GPP core network is based on the interactions between the AF and 3GPP Core Network entities specified in 3GPP TS 23.501 [2].

6.5.2
Functional Entity Cardinality

6.5.2.1
Application Client (AC)

The following cardinality rules apply for Application Clients:

a)
one or more ACs may be located in a UE.


6.5.2.2
Edge Enabler Client (EEC)

The following cardinality rules apply for Edge Enabler Clients:

a)
One or more EEC(s) may be located in a UE.




6.5.2.3
Edge Configuration Server (ECS)

The following cardinality rules apply for Edge Configuration Servers:

a)
One or more ECS(s) may be deployed to support one EDN.
b)
One ECS may be deployed to support one or more EDN(s).

c)
One or more ECS(s) may be deployed by a PLMN operator.

d)
One or more ECS(s) may be deployed by an ECSP.




6.5.2.4
Edge Enabler Server (EES)

The following cardinality rules apply for Edge Enabler Server:

a)
One or more EES(s) may be located in an EDN.

b)
One or more EES(s) may be located in an EDN per ECSP.


6.5.2.5
Edge Application Server (EAS)

The following cardinality rules apply for Edge Application Servers:

a)
One or more EAS(s) may be located in an EDN.

NOTE:
EAS(s) belonging to the same EAS ID can be provided by multiple ECSP(s) in an EDN.


6.5.3
Reference Point Cardinality

6.5.3.1
EDGE-1 (Between EEC and EES)
The following cardinality rules apply for EDGE-1:

a)
One EEC may communicate with one or more EES(s) for a single AC concurrently.
b)
One EES may communicate with one or more EEC(s) concurrently.
6.5.3.2
EDGE-3 (Between EAS and EES)
The following cardinality rules apply for EDGE-3:

a)
One EAS may communicate with only one EES.

b)
One EES may communicate with one or more EAS(s) concurrently.
6.5.3.3
EDGE-4 (Between EEC and ECS)
The following cardinality rules apply for EDGE-4:

a)
One EEC may communicate with one or more ECS(s) concurrently.
b)
One ECS may communicate with one or more EEC(s) concurrently.
6.5.3.4
EDGE-5 (Between AC and EEC)
The following cardinality rules apply for EDGE-5:

a)
One AC may communicate with only one EEC.

b)
One EEC may communicate with one or more AC(s) concurrently.
6.5.3.5
EDGE-6 (Between EES and ECS)
The following cardinality rules apply for EDGE-6:

a)
One EES may communicate with one or more ECS(s) concurrently.

b)
One ECS may communicate with one or more EES(s) concurrently.
7
Identities and commonly used values

Describe the required identities and commonly used values in clauses under this clause. If need be, before approval of the TS, this clause can be merged with the 'Application layer architecture' clause.
7.1
General

The following clauses list identities and commonly used values that are used in this technical specification.
7.2
Identities
7.2.1
General

Editor's note:
Each value needs specification of when it is created and by whom.

Editor's note:
Consider adding identities for EAS instance and AC instance if we use these definitions in the specification

7.2.2
Edge Enabler Client ID (EECID)
The Edge Enabler Client ID is a globally unique value that identifies the Edge Enabler Clients. 
7.2.3
Edge Enabler Server ID (EESID)
The Edge Enabler Server ID is the FQDN of that Edge Enabler Server and each Edge Enabler Server ID is unique within PLMN domain.

7.2.4
Edge Application Server ID (EASID)
The Edge Application Server ID identifies a particular application for e.g. SA6Video, SA6Game etc. For example, all Edge SA6Video Servers will share the same Edge Application Server ID.

NOTE:
The format for the EAS ID is the responsibility of stage 3.
7.2.5
Application Client ID (ACID)
The Application Client ID identifies the client side of a particular application, for e.g. SA6Video viewer, SA6MsgClient etc. For example, all SA6MsgClient clients will share the same Application Client ID.

In case that the UE is running mobile OS, the Application Client ID is a pair of OSId and OSAppId.
7.2.6
UE ID

The UE ID uniquely identifies a particular UE within a PLMN domain. Following identities are examples that can be used:

a)
GPSI, as defined in 3GPP TS 23.501 [02].

7.2.x
<name>
Add a copy of this clause to describe an identity.
7.3
Commonly used values
7.3.1
UE Location

The UE location identifies where the UE is present. It provides consistent definition of the UE's location across the UE and network entities. Following values are examples that can be used:

a)
for UEs that are connected via the 3GPP connection – Cell Identity, as defined in 3GPP TS 23.003 [11]; or
b)
another possibility for UEs that are connected via the 3GPP connection – TAI (Tracking Area Identity), as defined in 3GPP TS 23.003 [11]. 

Editor's note:
Consider changing "UE is present." In the first sentence to "UE is located in the PLMN network".

7.3.x
<name>
Add a copy of this clause to describe a commonly used value.
8
Procedures and information flows

8.1
General

8.2
Common Information Elements

8.2.1
General

This clause provides descriptions for Information Elements which are commonly used in several procedures. 

8.2.2
Application Client Profile

An Application Client Profile includes information about Application Client used to determine services and service characteristics required.
Table 8.2.2-1: Application Client Profile

	Information element
	Status
	Description

	Default EAS ID
	M


	The default EAS for the application client

	Application Client Type
	M
	The category or type of Application Client (e.g. V2X)

	Preferred ECSP list
	O
	The identity of Edge Computing Service Provider(s) whose associated EES(s) the EEC prefers to connect to. If this field is present, the ECS may customise its response based on this preference.

	Application Client Schedule
	O
	The expected operation schedule of the Application Client (e.g. time windows)

	Application Client Service Area
	O
	The expected location(s) (e.g. route) of the hosting UE during the Application Client's operation schedule. This geographic information can express a geographic point, polygon, route, signalling map, or waypoint set.

	Application Client Service KPIs
	O
	KPIs required in order for Application Clients to receive services form the EAS, as described in Table 8.2.3-1

	Service Continuity Support
	O
	Indicates if service continuity support is required or not for the application.


8.2.3
Application Client Service KPIs

Application Client Service KPIs provide information about service characteristics required by the Application Clients.
Table 8.2.3-1: Application Client Service KPI

	Information element
	Status
	Description

	Connection bandwidth
	O
	The required connection bandwidth in Kbit/s for the application.

	
	
	

	Maximum request rate
	O
	The maximum request rate to be generated by the Application Client. 

	Response time
	O
	Maximum response time (NOTE) required for the server servicing the requests.

	Availability
	O
	Minimum percentage of time the server is required to be available for the Application Client's use.

	Compute
	O
	The maximum compute resources required by the Application Client.

	Graphical Compute
	O
	The maximum graphical compute resources required by the Application Client.

	Memory
	O
	The maximum memory resources required by the Application Client.

	Storage
	O
	The maximum storage resources required by the Application Client.

	Application Client type-specific information
	O
	Information specific to each Application Client type e.g. video, VR, etc.

	NOTE:
The response time includes the round-trip time of the request and response packet, the processing time at the server and the time required by the server to consume 3GPP Core Network capabilities, if any.


Editor's Note:
It is FFs whether a "memory" IE should be included in the KPIs

8.2.4
Edge Application Server Profile
Table 8.2.4-1: Edge Application Server Profile

	Information element
	Status
	Description

	EAS ID 
	M
	The identifier of the EAS

	EAS Endpoint
	M
	Endpoint information (e.g. URI, FQDN, IP address) used to communicate with the EAS. This information maybe discovered by EEC and exposed to Application Clients so that application clients can establish contact with the EAS.

	Application Client ID(s)
	O
	Identifies the Application Client(s) that can be served by the EAS 

	EAS Provider Identifier
	O
	The identifier of the EAS Provider 

	EAS Type
	O
	The category or type of EAS (e.g. V2X)

	EAS description
	O
	Human-readable description of the EAS 

	EAS Schedule
	O
	The availability schedule of the EAS (e.g. time windows)

	EAS Service Area
	O
	The geographical service area that the EAS serves

	EAS Service KPIs
	O
	Service characteristics provided by EAS, detailed in Table 8.2.5-1

	Service continuity support
	O
	Indicates if the EAS supports service continuity or not.

	EAS Availability Reporting Period
	O
	The availability reporting period (i.e. heart beat period) that indicates to the EES how often it needs to check the EAS's availability after a successful registration.

	EAS Required Service APIs
	O
	A list of the Service APIs that are required by the EAS

	EAS Status
	O
	The status of the EAS (e.g. enabled, disabled, etc.) 


Editor's Note: The inclusion of EAS Instance ID (including optionality) is dependent on how the ID is defined and assigned, which is FFS.

Editor's Note: It is FFS whether the Application Client ID(s) should be included and how Application Client ID can be mapped with EAS(s) at an EES.

Editor's Note: The current text in the TS has the definition of a 'service area' IE associated with certain entities (such as the EAS Service Area in the table above). The following are FFS: (1) Which entities should have a ‘service area’ and (2) What is the relationship between the service areas of the different entities if any.

8.2.5
Edge Application Server Service KPIs

Edge Application Server Service KPIs provide information about service characteristics provided by the Edge Application Server

Table 8.2.5-1: Edge Application Server Service KPIs

	Information element
	Status
	Description

	Maximum Request rate
	O
	Maximum request rate from the Application Client supported by the server. 

	Maximum Response time
	O
	The maximum response time advertised for the Application Client's service requests.

	Availability
	O
	Advertised percentage of time the server is available for the Application Client's use.

	Available Compute
	O
	The maximum compute resource available for the Application Client.

	Available Graphical Compute
	O
	The maximum graphical compute resource available for the Application Client.

	Available Memory
	O
	The maximum memory resource available for the Application Client.

	Available Storage
	O
	The maximum storage resource available for the Application Client.


Editor's note: It is FFS how the maximum response time is determined (e.g. based on measurements, estimations or a combination of both) and which round-trip time (e.g. UE to EAS, or RAN node to EAS only) is included in the maximum response time.
8.2.6
Edge Enabler Server Profile
The Edge Enabler Server profile includes information about the EES and the services it provides.

Table 8.2.6-1: Edge Enabler Server Profile
	Information element
	Status
	Description

	EES ID 
	M
	The identifier of the EES

	EES Endpoint
	M
	Endpoint information (e.g. URI, FQDN, IP address) used to communicate with the EES. This information is provided to the EEC to connect to the EES.

	Edge Application Server Profiles
	M
	List of Edge Application Servers registered with the EES.

	EES Provider Identifier
	O
	The identifier of the EES Provider (such as ECSP)


Editor's Note: The subset of EAS information provided by the EES is FFS.

Editor's Note: Whether there is a need to specify a Service Area for the EES is FFS.

8.3
Service provisioning

8.3.1
General

Service Provisioning allows the Edge Enabler Clients to be configured with information about available edge computing services, based on the hosting UEs location, service requirements, service preferences and connectivity. This procedure provides Edge Enabler Clients with the necessary address information for establishing connections to Edge Enabler Servers. 

Figure 8.3.1-1 illustrates an overview of service provisioning.
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Figure 8.3.1-1: Overview of Service provisioning

The UE is initially provisioned with the configurations required to connect to the Edge Data Network. Upon initial provisioning, the Edge Enabler Client of the UE registers with the selected Edge Enabler Server(s) from the list of provisioned Edge Enabler Server(s). UE further consumes the edge computing services and performs various operations like Edge Application Server discovery, Edge application communications, Application context relocation, etc. While UE is consuming edge computing services, there may be several triggers which may cause service provisioning to be initiated by the UE or by the Edge Configuration Server. 

The triggers for service provisioning are classified as:

a.
Triggers at UE - Some examples are:

-
Application Client related updates available at the Edge Enabler Client due to AC installation/re-installation, Application Client requesting application server access (e.g. via internet browser)
-
Edge Enabler Client supporting one or more Application Clients may be updated due to Edge Enabler Client re-installation.

b.
Triggers at Edge Configuration Server – An example is:

-
Edge Enabler Server updates due to Edge Application Server installation/re-installation/re-location, EDN/DNAI changes of the UE.

NOTE:
The DNAI changes can only be detected at the Edge Configuration Server if the Core Network type is 5GC.

8.3.2
Procedure

Pre-conditions:

1.
The Edge Enabler Client has been pre-configured or discovered the address (e.g. URI) of the Edge Configuration Server. 

2.
The Edge Enabler Client has been authorized to enable the communication with the Edge Configuration Server. The UE Identifier is either preconfigured or resulted from a successful authorization.

Editor's Note:
The authorization procedure required to enable communication with the Edge Configuration Server is FFS.
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Figure 8.3.2-1: Service provisioning 

1.
The Edge Enabler Client sends a provisioning request to the Edge Configuration Server. The request message may include the UE identifier such as GPSI and credentials received during EEC authorization procedure and Application Client Profile information.

2.
Upon receiving the request from the Edge Enabler Client, the Edge Data Network Configuration Server performs an authorization check to verify whether the Edge Enabler Client has privileges to perform the operation. The Edge Configuration Server determines the Edge Enabler Servers matching Application Client Profiles (or Application Client Profile IDs) if provided in step 1. The Edge Enabler Server also determines other information that needs to be provisioned, e.g. identification of the Edge Data Network, service area information, Edge Enabler Server endpoints.

3.
The Edge Configuration Server responds to the Edge Enabler Client by sending Edge services configuration information, e.g. identification of the Edge Data Network, service area information (for LADN), and the information for establishing a connection to the Edge Enabler Server (e.g. URI, IP address).

If the Edge Data Network configuration information includes an LADN DNN as an identifier for the Edge Data Network, the Edge Enabler Client considers the LADN as the Edge Data Network. Therefore, the service area of Edge Data Network is the LADN Service Area which can be discovered using the UE Registration Procedure. 

8.3.3
Information flows
8.3.3.1
Provisioning request

Table 8.3.3.1-1 describes the information elements for a Provisioning Request from the Edge Enabler Client to the provisioning server (i.e. Edge Configuration Server). 

Table 8.3.3.1-1: Provisioning request

	Information element
	Status
	Description

	EEC ID
	M
	Unique identifier of the EEC.

	Security credentials
	M
	Security credentials resulting from a successful authorization for the edge computing service.

	Application Client Profile(s)
	M
	Information about services the EEC wants to connect to, as described in Table 8.2.2-1.

	UE Identifier
	O 
	The identifier of the UE (i.e. GPSI or identity token)

	Connectivity Filter
	O
	List of connectivity information for the UE, e.g. PLMN ID, SSID.


Editor's Note: It is FFS whether the EEC ID is mandatory or whether the UE ID should be included.

8.3.3.2
Provisioning response

Table 8.3.3.2-1 describes the information elements for a Provisioning Response from the Edge Configuration Server to the Edge Enabler Client.
Table 8.3.3.2.-1: Provisioning response

	Information element
	Status
	Description

	EDN connection info
	M 
	DNN (or APN)

	EES Endpoint 
	M
	The endpoint address (e.g. URI, IP address) of the EES

	EDN Service Area (NOTE)
	O 
	Cell list, List of TA, PLMN IDs

	ECSP info
	O
	Information for Edge Computing Service Provider 

	NOTE:
The EDN service area IE is included only if the EDN is a LADN.


8.4
Registration

8.4.1
General 

Registration procedures allow entities in the edge deployment to deliver information to other entities in order to request use of their edge capabilities.

An Edge Enabler Client performs registration with an Edge Enabler Server in order to use Edge enabling services offered by that Edge Enabler Server, e.g. to discover Edge Application Servers in an area of interest. The procedure enables initialization or state changes of the Edge Enabler Client context information at the Edge Enabler Server. The context may be further used for edge-specific operations or processing, e.g. analytics.
Editor's Note: It is FFS whether the Edge Enabler Client Registration may be considered optional. It is FFS to determine which EES functionality (e.g. discovery) needs to rely upon maintaining EEC context in the system.
An Edge Application Server performs registration with an Edge Enabler Server in order to use edge enabling services offered by that Edge Enabler Server, e.g. exposure of its capabilities to Edge Enabler Clients. 

An Edge Enabler Server performs registration with an Edge Configuration Server in order to use edge configuration services offered by that Edge Configuration Server, e.g. provisioning with EDN-specific information. 

8.4.2
Edge Enabler Client Registration

8.4.2.1
General 

The Edge Enabler Client Registration procedure allows an Edge Enabler Client to obtain services from an Edge Enabler Server by providing information regarding its identity and security credentials. The procedure enables initialization or update of the Edge Enabler Client context information at the Edge Enabler Server. The context may be used for further edge-specific operations or processing, e.g. analytics.

Editor's Note:
It is FFS whether the Edge Enabler Client Registration may be considered optional. It is FFS to determine which EES functionality (e.g. discovery) needs to rely upon maintaining EEC context in the system.
8.4.2.2
Procedure

Pre-conditions:

1.
The Edge Enabler Client is authorized to access the Edge Enabler Server for the purpose of performing registration and has received relevant security credentials 

Editor's Note: The required authentication and authorization procedures required to receive the relevant security credentials is FFS and in scope of SA3.
2.
The Edge Enabler Client has received configuration information from the Edge Configuration Server, including information for accessing the Edge Enabler Server.
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Figure 8.4.2.2-1: Edge Enabler Client registration procedure

1.
The Edge Enabler Client sends Edge Enabler Client registration request to the Edge Enabler Server. The request from the client includes the security credentials received after successful authorization for edge computing services. The request also optionally includes information indicating to the Edge Enabler Server how the Edge Enabler Client expects to use the services of the Edge Enabler Server. 


The Edge Enabler Client registration request indicates if the request is a new registration or a registration update. A registration update may be used to send new or updated Application Client Profile(s) to the Edge Enabler Server.


If the Edge Enabler Client is moving from the purview of a source Edge Enabler Server to this Edge Enabler Server, the request from the Edge Enabler Client may include the identity of the source Edge Enabler Server and an Edge Enabler Client Registration Context ID that was provided by the source Edge Enabler Server. 
2.
Upon receiving the request from the Edge Enabler Client, the Edge Enabler Server validates the registration request and verifies the security credentials. The Edge Enabler Server further determines whether the requirements that were indicated in the Application Client Profile(s) can be fulfilled. 

3.
Upon successful validation of the request, if the received Registration request contains a Context ID and a source Edge Enabler Server Identifier, the Edge Enabler Server retrieves the Edge Enabler's Registration Context from the source Edge Enabler Server. Otherwise, this step is skipped.

4.
The Edge Enabler Server sends a successful registration response, which may include a newly assigned Context ID. The Edge Enabler Client stores the new Context ID and uses it if it needs to register with a new Edge Enabler Server later on. The Edge Enabler Server also provides a registration expiration value to indicate when the registration will automatically expire. The Edge Enabler Client must send a registration request with an Update Indication prior to the expiration to maintain the current registration. The Edge Enabler Server will treat the registration expiration as an implicit de-registration. If the Edge Enabler Server is not able to fulfil, or provide, the services that are indicated by Application Client Profile(s), then the Edge Enabler Server will indicate this in the Edge Enabler Client registration response.

8.4.2.3
Information flows
8.4.2.3.1
Edge Enabler Client Registration request

Table 8.4.2.3.1-1 describes information elements in the Edge Enabler Client Registration Request from the Edge Enabler Client to the Edge Enabler Server. 

Table 8.4.2.3.1-1: Edge Enabler Client Registration request

	Information element
	Status
	Description

	EEC ID
	M
	Unique identifier of the EEC.

	Registration type indication
	M
	Indication for new or updated registration

	UE Identifier
	O
	The identifier of the hosting UE (i.e. GPSI or identity token)

	Security credentials
	O
	Security credentials resulting from a successful authorization for the edge computing service.

	Application Client Profile(s)
	O
	Profiles of Application Clients for which the EEC provides edge enabling services. Application Client Profiles are further described in Table 8.2.2-1. 

	Proposed expiration time
	O
	Proposed expiration time for the registration.

	Context ID
	O
	Identifier of the EEC context obtained from a previous registration. 

	Context ID provider EES ID
	O
	If a Context ID is included, identifier of the EES that provided it.

	EAS Identifiers
	O
	Identifiers of already discovered EAS which can support the services needed by the EEC. 


8.4.2.3.2
Edge Enabler Client Registration response

Table 8.4.2.3.2-1 describes information elements in the Edge Enabler Client Registration Response from the Edge Enabler Server to the Edge Enabler Client.
Table 8.4.2.2.2-1: Edge Enabler Client Registration response

	Information element
	Status
	Description

	Result
	M
	Result of the registration operation



	Expiration time
	M
	Indicates the expiration time of the registration. To maintain an active registration status, a registration update is required before the expiration time.

	Authorization info
	O
	Information resulting from any authorization procedure performed by the EES based on the registration request, which can be used for future requests.

	Context ID
	O
	Identifier of the EEC Context information available at the EES that performed the registration.  

	EAS Information List
	O
	Optional information for the EASs specified in the request or those to which the client information is being forwarded. Each element may include the information detailed below

	>EAS ID 
	M
	The identifier of the EAS

	>EAS Endpoint  
	M
	Endpoint  information (e.g. URI, FQDN, IP address) that Application Clients use to send requests to the EAS

	>EAS Provider Identifier 
	O
	The identifier of the EAS Provider

	>EAS Available Compute
	O
	The maximum compute resource available for the Application Client

	>EAS Available Graphical Compute
	O
	The maximum graphical compute resource available for the Application Client

	>EAS Available Memory
	O
	The maximum memory resource available for the Application Client

	>EAS Available Storage
	O
	The maximum storage resource available for the Application Client


Editor's Note:
The inclusion of EAS Instance ID (including optionality) is dependent on how the ID is defined and assigned, which is FFS.

Editor's Note:
It is FFS whether EAS Profiles should replace several of the IEs in the Discovered EAS List.
8.4.3
Edge Application Server Registration

8.4.3.1
General 

The Edge Application Server Registration procedure allows an Edge Application Server to provide information to an Edge Enabler Server in order to request use of its edge capabilities.

8.4.3.2
Procedure

Pre-conditions:

1.
The Edge Application Server has been configured with an Edge Application Server Identity;

2.
The Edge Application Server has been configured with the address (e.g. URI) of the Edge Enabler Server; and

3.
Both the Edge Application Server and Edge Enabler Server have the necessary credentials to enable communications. 
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Figure 8.4.3.2-1: Edge Application Server Registration procedure

1.
The Edge Application Server determines that registration to the Edge Enabler Server is needed (e.g. the Edge Application Server is instantiated and started up). The Edge Application Server may also determine that its existing registration needs to be updated (e.g. because the Edge Application Server's status or availability schedule has changed). 

2.
The Edge Application Server sends a Registration Request to the Edge Enabler Server. The request indicates if the request is for a new registration or an update to an existing registration. 

3.
The Edge Enabler Server performs an authorization check to verify whether the Edge Application Server has the proper privileges to register.

Editor's note: It's FFS whether and how the EAS instances are registered and authorized at the Edge Enabler Server.

4.
Upon successful authorization, the Edge Enabler Server stores the EAS Profile for later use (e.g. for serving Edge Application Server discovery requests received from Edge Enabler Clients, etc.) and replies to the Edge Application Server with a Registration Response. The Edge Enabler Server may provide an expiration time to indicate to the Edge Application Server when the registration will automatically expire. The Edge Application Server shall send a Registration Request message with a Registration Type Indicator of type Update prior to the expiration to maintain the current registration. The Edge Enabler Server will treat the registration expiration as an implicit de-registration.

8.4.3.3
Information flows
8.4.3.3.1
Edge Application Server Registration request

Table 8.4.3.3.1-1 describes information elements in the Edge Application Server Registration Request from the Edge Application Server to the Edge Enabler Server. 

Table 8.4.3.3.1-1: Edge Application Server Registration request

	Information element
	Status
	Description

	
	
	

	
	
	

	
	
	

	EAS Profile 
	M
	EAS Profile as described in Table 8.2.4-1

	Registration type indication
	M
	Indication for new or updated registration

	Security credentials
	O
	Security credentials resulting from a successful authorization for the edge computing service.

	Proposed  expiration time
	O
	Proposed expiration time for the registration

	
	
	


Editor's Note:
The use of EAS Instance ID (including optionality) is dependent on how the ID is defined and assigned, which is FFS.


Editor's Note: It is FFS whether the EAS profile ID should be included and whether the EAS instance ID is equal to the EAS profile ID.
8.4.3.3.2
Edge Application Server Registration response

Table 8.4.3.3.2-1 describes information elements in the Edge Application Server Registration Response from the Edge Enabler Server to the Edge Application Server.
Table 8.4.3.3.2-1: Edge Application Server Registration response

	Information element
	Status
	Description

	Result 
	M
	Result of the registration operation



	Expiration time (see NOTE)
	O
	Indicates the expiration time of the registration. To maintain an active registration status, a registration update is required before the expiration time.

	NOTE:
If the Expiration time IE is not included, it indicates that the registration never expires.


8.4.4
Edge Enabler Server Registration

8.4.4.1
General

The Edge Enabler Server Registration procedure allows an Edge Enabler Server to provide information to an Edge Configuration Server in order to request use of its edge configuration capabilities.

8.4.4.2
Procedure
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Figure 8.4.4.2-1: Edge Enabler Server Registration procedure

1.
The Edge Enabler Server sends the Edge Enabler Server registration request to the Edge Configuration Server. The request from the Edge Enabler Server includes the Edge Enabler Server identity, EES Point of Contact information, EAS Profiles of registered Edge Application Servers and Edge Enabler Server security credentials.

2.
Upon receiving the request from the Edge Enabler Server, the Edge Configuration Server verifies the security credentials of the Edge Enabler Server and stores the Edge Enabler Server registration information obtained in step 1. If the Edge Configuration Server already contained the Edge Enabler Server registration information corresponding to the Edge Enabler Server identity provided in the request, then the stored Edge Enabler Server registration information is updated with the received information in step 1.

3.
The Edge Configuration Server sends an Edge Enabler Server registration response indicating success or failure of the registration operation.

8.4.4.3
Information elements

8.4.4.3.1
Edge Enabler Server Registration request

Table 8.4.4.3.1-1 describes information elements for an Edge Enabler Server Registration Request from the Edge Enabler Server to the Edge Configuration Server.

Table 8.4.4.3.1-1: Edge Enabler Server Registration request

	Information element
	Status
	Description

	EES Profile
	M
	Profile information as specified in table 8.2.6-1

	Registration type indication
	M
	Indication for new or updated registration

	Security credentials
	M
	Security credentials resulting from a successful authorization for the edge computing service.

	
	
	

	
	
	



8.4.4.3.2
Edge Enabler Server Registration response

Table 8.4.4.3.2-1 describes information elements for an Edge Enabler Server Registration Response from the Edge Configuration Server to the Edge Enabler Server.
Table 8.4.4.3.2-1: Edge Enabler Server Registration response

	Information element
	Status
	Description

	Result
	M
	Result of the registration procedure


8.5
Discovery

8.5.1
General 

Discovery procedures enable entities in an edge deployment to obtain information about edge servers and services available, based on specified criteria of interest. 

8.5.2
Edge Application Server Discovery

8.5.2.1
General 

Edge Application Server discovery enables Edge Enabler Clients to obtain information about available Edge Application Servers of interest. The identification of the Edge Application Servers is based on matching query filters or Application Client Profiles provided in the request. 

8.5.2.2
Procedure

Pre-conditions:

1.
Information related to the Edge Enabler Server is available with the Edge Enabler Client
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Figure 8.5.2.1-1: Edge Application Server Discovery procedure

1.
The Edge Enabler Client sends an Edge Application Server discovery request to the Edge Enabler Server. The discovery request may contain query filters to retrieve information about a particular Edge Application Server or a category of Edge Application Servers, e.g. gaming applications. Query filters may also indicate a desired level of service permissions (e.g. trial, gold-class, etc.), desired features (e.g. multi-player or single player), or desired location availability. 

2.
Upon receiving the request from the Edge Enabler Client, the Edge Enabler Server checks if the Edge Enabler Client is authorized to discover the requested Edge Application Server(s). The authorization check may apply to an individual Edge Application Server, a category of Edge Application Servers or to the Edge Data Network, i.e. to all the Edge Application Servers. If the discovery request contained query filters that indicated a desired level of service permissions, features, and/or location availability, then the Edge Enabler Server may also check if the discovered Edge Application Servers are able to provide the desired level of service permissions, features, and/or location availability.


The Edge Enabler Server determines a set of discovered Edge Application Servers that match the query filters (e.g. Application Client Profiles) provided in the request.

3.
The Edge Enabler Server sends an Edge Application Server discovery response including information about the discovered Edge Application Servers. For registered discovered Edge Application Servers, this includes endpoint information. Depending on the query filters or Application Client Profiles in the discovery request, the response may include additional information regarding matched capabilities, e.g. service permissions levels, Application Client locations(s) that the Edge Application Servers can support, KPIs, etc. 

Upon receiving the Edge Application Server discovery response, the Edge Enabler Client uses the endpoint information for routing of the outgoing application data traffic to Edge Application Server(s), as needed, and may provide necessary notifications to the Application Client(s).

8.5.2.3
Information flows
8.5.2.3.1
Edge Application Server discovery request

Table 8.5.2.3.1-1 describes information elements for the Edge Application Server Discovery Request from the Edge Enabler Client to the Edge Enabler Server. Table 8.5.2.3.1-2 provides further detail about the Query Filter information element.

Table 8.5.2.3.1-1: Edge Application Server discovery request

	Information element
	Status
	Description

	EEC ID
	M
	Unique identifier of the Edge Enabler Client.

	UE Identifier
	O
	The identifier of the UE (i.e. GPSI or identity token)

	Security credentials
	O
	Security credentials resulting from a successful authorization for the edge computing service.

	Query Filter
	O
	List of characteristics for discovery purposes, as detailed in Table 8.5.2.3.1-2. 

	Application Client ID(s)
	O
	Identities of Application Client(s) that may initiate application data traffic with the discovered EASs


Table 8.5.2.3.1-2: Query Filters

	Information element
	Status
	Description

	EAS IDs
	O
	List of EAS IDs to be discovered e.g. gaming.

	EAS ID list
	O
	List of EAS to be considered in the discovery request, if available.

	Application provider(s)
	O
	Provider of the Application Client

	Service permission level(s)
	O
	Desired level of service permissions e.g. trial, gold-class

	Desired feature(s)
	O
	Desired service features e.g. single vs. multi-player gaming service

	Location availability
	O
	The desired location(s) (e.g. geographical area, route) where the service should be available.

	Application Client Profile(s)
	O
	Profiles of Application Clients with parameters used to determine matching EA. Application Client Profiles are further described in Table 8.2.2-1.


Editor's Note:
The logic on how the query filters are applied in conjunction with the Application Client Profiles is to be clarified.

Editor's Note:
If and how complex Information Elements may be broken down into multiple elements is FFS.

8.5.2.3.2
Edge Application Server discovery response

Table 8.5.2.3.2-1 describes information elements for the Edge Application Server Discovery Response from the Edge Enabler Server to the Edge Enabler Client.
Table 8.5.2.3.2-1: Edge Application Server discovery response

	Information element
	Status
	Description

	Discovered EAS list
	O
	List of discovered EAS. Each element includes the information described below.

	>EAS Endpoint
	M
	Endpoint information for establishing a connection to the EAS (e.g. FQDN, IP address)

	>EAS ID
	O
	EAS IDs to be discovered e.g. gaming.

	>EAS name
	O
	Name of the EAS 

	>EAS description
	O
	Human-readable description of the EAS

	>Supported features
	O
	Supported service features e.g. single vs. multi-player gaming service

	>Service permission levels
	O
	Supported level of service permissions e.g. trial, gold-class

	>Location availability
	O
	The desired location(s) (e.g. geographical area, route) where the service should be available.

	>Time of operation
	O
	The operation time during which the EAS is available

	>EAS Available Compute
	O
	The maximum compute resource available for the Application Client

	>EAS Available Graphical Compute
	O
	The maximum graphical compute resource available for the Application Client

	>EAS Available Memory
	O
	The maximum memory resource available for the Application Client

	>EAS Available Storage
	O
	The maximum storage resource available for the Application Client


Editor's Note:
The use of EAS Instance ID (including optionality) is dependent on how the ID is defined and assigned, which is FFS.
Editor's Note:
If and how complex Information Elements may be broken down into multiple elements is FFS

Editor's Note:
It is FFS whether EAS Profiles should replace several of the IEs in the Discovered EAS List.
8.6
EES capability exposure to EAS 
8.6.1
General

This clause describes service capability APIs exposed by the Edge Enabler Server to the Edge Application Server(s). The service capability APIs exposed include EES capabilities and re-exposed 3GPP Core Network capabilities.
8.6.2
UE location reporting API
8.6.2.1
General

The Edge Enabler Server exposes Location Reporting API to the Edge Application Server in order to support tracking or checking the valid location of the UE. Location Reporting API exposed by the Edge Enabler Server may be relying on the SCEF/NEF northbound API for monitoring event of UE location. 
The Edge Application Server can request Location Reporting API for one-time reporting to check current UE location and for continuous reporting to track UE location.
The Location API supports both request-response for one-time queries as well as Subscription-Notify modes for reporting UE's location to EAS on continuous basis (as UE location changes). 

Editor's note: Whether the Edge Enabler Server exposes the Location Reporting API to an Edge Enabler Client is FFS. 
8.6.2.2
Procedure
Pre-conditions:

1.
The Edge Application Server is authorized to discover and to use Location Reporting API provided by the Edge Enabler Server.
2.
The Edge Enabler Server is authorized to use Nnef Event Exposure API for Location Reporting, based on service level agreement with MNO.
3.
UE Identifier between Edge Application Server and the Edge Enabler Server is authorized for the Location Reporting API (e.g. appropriate access token is received by EAS based on user's consent).
8.6.2.2.1
Request-Response model
Figure 8.6.2.2.1-1 illustrates the interactions between the Edge Enabler Server and the Edge Application Server for one-time location reporting. 
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Figure 8.6.2.2.1-1: Location Reporting API Request and Response
1.
The Edge Application Server requests Location Reporting API (UE Identifier, Location Granularity) to the Edge Enabler Server. The Edge Application Server shall include UE Identifier. Location granularity is optional parameter to indicate format of location e.g. GPS Coordinates, Cell ID, Tracking Area ID, or civic addresses (e.g. streets, districts, etc.), which can be understood by the Edge Application Server.

NOTE 1:
The trigger condition of the Location Reporting API is up to application service logic, which is out of scope of this specification.

2.
The Edge Enabler Server checks the UE location:

a.
If the Location Reporting API request from the Edge Application Server includes the location granularity, the Edge Enabler Server considers the location granularity parameter for checking the location of the UE. 

b.
If the Edge Enabler Server caches locally the location of the UE as the latest, the Edge Enabler Server may use this cached UE location to respond to the Edge Application Server.

c.
The Edge Enabler Server may modify the format of the UE location to fit to the location granularity requested from the Edge Application Server in the step 1, if supported. For example, if the Edge Enabler Server receives the UE location in a format of tracking area ID or cell ID, the Edge Enabler Server can modify the representation of the location information to the GPS Coordinates, or civic addresses (e.g. streets, districts, etc.) as requested by the Edge Application Server. 
NOTE 2:
Format modification mechanism of the UE location to fit the location granularity is outside the scope of this specification. Step 2.c. can be performed if the EES is deployed by the PLMN operator.
3.
The Edge Enabler Server responds to the Edge Application Server with the location of the UE, and optionally the timestamp of the location.
8.6.2.2.2
Subscribe-Notify model

Figure 8.6.2.2.2-1 illustrates the subscribe operation between the Edge Enabler Server and the Edge Application Server for continuous UE location reporting. 
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Figure 8.6.2.2.2-1: Location Reporting API: Subscribe Operation

1.
The Edge Application Server requests Location Reporting subscribe operation (UE Identifier, Location Granularity) for tracking the UE location continuously. The Edge Application Server shall include UE Identifier. Location granularity is optional parameter to indicate format of location e.g. GPS Coordinates, Cell ID, Tracking Area ID, or civic addresses (e.g. streets, districts, etc.), which can be understood by the Edge Application Server.

2.
The Edge Enabler Server determines that the request from the Edge Application Server is authorized. If it is authorized, the Edge Enabler Server sends ACK as response to the Location Reporting API subscribe request. If it is not authorized, the Edge Enabler Server responds rejection with cause.

Figure 8.6.2.2.2-2 illustrates the notify operation between the Edge Enabler Server and the Edge Application Server for continuous location reporting. 
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Figure 8.6.2.2.2-2: Location Reporting API: Notify Operation

1.
The Edge Enabler Server detects the location of the UE e.g., receiving location reporting for the UE from the 3GPP system. The Edge Enabler Server may cache the detected location information locally with timestamp as the latest location information of the UE. The Edge Enabler Server determines to notify the location information of the UE to the Edge Application Server which has subscribed location reporting.

2.
The Edge Enabler Server sends Location Reporting notification to the Edge Application Server. The Edge Enabler Server includes the location of the UE and optionally the timestamp of the location. 

The Edge Enabler Server may modify the format of location information to fit to the location granularity requested from the Edge Application Server during the subscribe operation, if supported. For example, if the Edge Enabler Server receives the UE location in a format of tracking area ID or cell ID, the Edge Enabler Server can modify the representation of the location information to the GPS Coordinates, or civic addresses (e.g. streets, districts, etc.) as requested from the Edge Application Server.

8.6.2.2.3
Detection of UE location from the 3GPP system

Figure 8.6.2.2.3-1 illustrates the interaction between the Edge Enabler Server and 3GPP system (e.g., 5GS, EPS) for detecting the location information of the UE.
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Figure 8.6.2.2.3-1: Detection of UE location from the 3GPP system

1.
The Edge Enabler Server interacts with 3GPP system (e.g., 5GS, EPS) in order to retrieve the location of the UE. For example, the Edge Enabler Server may use API exposed by SCEF/NEF or LCS (Location Service) as specified in 3GPP TS 23.502 [3], 3GPP TS 23.271 [7], 3GPP TS 36.305 [8], 3GPP TS 23.273 [9] and 3GPP TS 38.305 [10].

The Edge Enabler Server may request continuous location reporting to the 3GPP system to keep informed up to date location information of the UE in order to avoid repetition of location reporting request to the 3GPP system, so that the Edge Enabler Server always detects the latest location information of the UE. 

The Edge Enabler Server may consider the location granularity parameter (e.g. GPS Coordinates, Cell ID, Tracking Area ID, or civic addresses) requested from the Edge Application Server for retrieving the location of the UE from the 3GPP system. 
Editor's note: How to reuse the 3GPP network northbound API (e.g. provided by NEF or SCEF) when the serving Edge Enabler Server is changed is FFS.
8.6.2.3
Information flows
8.6.2.3.1
Location reporting API request and response

Table 8.6.2.3.1-1: Location reporting API request
	Information element
	Status
	Description

	UE ID
	M
	Identifies the UE for which location will be reported (e.g. GPSI, or an access token which not only identifies the UE, but also provides the end user's consent for reporting UE's location to a given EAS)

	Location Granularity
	O
	indicates format of location e.g. GPS Coordinates, Cell ID, Tracking Area ID, or civic addresses (e.g. streets, districts, etc.) that can be understood by the Edge Application Server

	Location accuracy
	O
	Indicates accuracy of the location information


Table 8.6.2.3.1-2: Location reporting API response
	Information element
	Status
	Description

	UE location
	M 
	Location of the UE 

	Timestamp
	O
	Indicates the age of the UE's location information

	Location accuracy
	O
	Indicates accuracy of the location information


8.6.2.3.2
Location reporting API subscribe and subscribe response

Table 8.6.2.3.2-1: Location reporting API subscribe
	Information element
	Status
	Description

	UE ID
	M
	Identifies the UE for which location will be reported (e.g. GPSI, or an access token which not only identifies the UE, but also provides the end user's consent for reporting UE's location to a given EAS)

	Location Granularity
	O
	indicates format of location e.g. GPS Coordinates, Cell ID, Tracking Area ID, or civic addresses (e.g. streets, districts, etc.) that can be understood by the Edge Application Server

	Location accuracy
	O
	Indicates accuracy of the location information


Table 8.6.2.3.2-2: Location reporting API subscribe response
	Information element
	Status
	Description

	ACK
	M 
	Acknowledge for the subscribe request

	Rejection cause
	O
	Indicates that the subscribe request is not authorized


8.6.2.3.3
Location reporting API notify

Table 8.6.2.3.3-1: Location reporting API notify
	Information element
	Status
	Description

	UE location
	M 
	Location of the UE 

	Timestamp
	O
	Indicates the age of the location information

	Location accuracy
	O
	Indicates accuracy of the location information


8.6.2.4
APIs 
Editor's note:
To be completed.
8.6.3
User plane path management events
8.6.3.1
General

The Edge Enabler Server exposes user plane path management event notifications of an UE to an Edge Application Server (e.g. in order to trigger the application context relocation). User plane path management event notifications API exposed by the Edge Enabler Server may rely on the NEF northbound API for monitoring event of user plane path management event. 

8.6.3.2
User plane path management event API
Figure 8.6.3.2-1 illustrates the subscribe/unsubscribe operation between the Edge Application Server and the Edge Enabler Server for user plane path management event notifications.
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Figure 8.6.3.2-1: User plane path management event API: Subscribe/Unsubscribe Operation

1.
The Edge Application Server requests user plane path management event subscribe operation for tracking the UE's user plane path change continuously. The Edge Application Server shall include UE Identifier. For cancelling the subscription, the Edge Application Server uses the unsubscribe operation.

2.
If the request is subscribe, the Edge Enabler Server checks if the Edge Application Server is authorized for this operation. If authorized, Edge Enabler Server checks if there exists a subscription with the 3GPP core network for the user plane path management event notifications corresponding to the UE information obtained in step 1 as described in 3GPP TS 23.501 [2] and 3GPP TS 23.502 [3], which may be triggered by other Edge Application Server for the same UE.

a.
if a subscription with 3GPP core network does not exist, then the Edge Enabler Server subscribes with the 3GPP core network for the user plane path management event notifications of the UE as described in 3GPP TS 23.501 [2] and 3GPP TS 23.502 [3];

b.
if a subscription with 3GPP core network exists, then the Edge Enabler Server uses the locally cached user plane path management event notification information of the UE to respond to the Edge Application Server.
The Edge Enabler Server stores the subscription related to the Edge Application Server.

If the request is unsubscribe, the Edge Enabler Server checks if the Edge Application Server is authorized for this operation and if authorized removes the subscription related to the Edge Application Server.
Editor's note: It is FFS how EES determines the Core Network type related to a UE.

3.
If Edge Application Server is authorized, the Edge Enabler Server responds with a subscription information for the subscribe request. If Edge Application Server is not authorized, the Edge Enabler Server provides a rejection response with cause information. If the request is for unsubscribe, the Edge Enabler server provides an ACK response for the unsubscribe request.

Figure 8.6.3.2-2 illustrates the notify operation between the Edge Enabler Server and the Edge Application Server for continuous User plane path management event notifications. 
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Figure 8.6.3.2-2: User plane path management event API: Notify Operation

1.
The Edge Enabler Server detects the user plane path management event of the UE (e.g. receiving User plane path management event notification for the UE from the 3GPP core network). The Edge Enabler Server may cache the detected User plane path management event notification locally with timestamp as the latest information of the UE. The Edge Enabler Server determines to notify the user plane path management event notification information (e.g., DNAI) to the Edge Application Servers which has subscribed for the user plane path management event.

2.
The Edge Enabler Server sends user plane path management event notify operation to the Edge Application Server. The Edge Enabler Server includes the user plane path management event notification information of the UE and optionally the timestamp of the location. The timestamp can be included to indicate the age of the location information. The Edge Enabler Server may only provide part of information included in the user plane path management event notification from 3GPP network (e.g. DNAI).
8.6.3.3
Information flows

8.6.3.3.1
User plane path management event API subscribe request

Table 8.6.3.3.1-1 describes the information elements for a User Plane Path Management Event API Subscribe Request from the Edge Application Server to the Edge Enabler Server. 

Table 8.6.3.3.1-1: User plane path management event API subscribe request

	Information element
	Status
	Description

	UE Identifier
	M 
	The identifier of the UE (i.e. GPSI or identity token)

	Event ID(s)
	M
	Event ID(s) as specified in 3GPP TS 23.501 [2]

	Event Report
	M
	Event Reporting Information as specified in 3GPP TS 23.502 [3]

	Notification Target Address
	M
	Notification Target Address of the EAS where the notification is to be sent by the EES

	Event Filter
	O
	Event filter as specified in 3GPP TS 23.501 [2]


Editor's note:
The detailed applicable information in "Event Report" is FFS.
8.6.3.3.2
User plane path management event API subscribe response
Table 8.6.3.3.2-1 describes the information elements for a User Plane Path Management Event API Subscribe Response from the Edge Enabler Server to the Edge Application Server. 

Table 8.6.3.3.2-1: User plane path management event API subscribe response
	Information element
	Status
	Description

	Result
	M
	Indicates whether the subscription is successful or failure

	Cause information (see NOTE 1)
	O
	Indicates the cause information for subscription failure

	Subscription ID (see NOTE 2)
	O
	Subscription identifier corresponding to the subscription stored in the EES for the request

	Expiry time (see NOTE 2, NOTE 3)
	O
	The expiry time of the subscription

	NOTE 1:
The Cause information IE is included when the Result indicates failure.

NOTE 2:
The Subscription ID IE and Expiry time IE are included when the Result indicates success.

NOTE 3:
The Expiry time IE if not included indicates that the subscription never expires.


8.6.3.3.3
User plane path management event API unsubscribe request

Table 8.6.3.3.3-1 describes the information elements for a User Plane Path Management Event API Unsubscribe Request from the Edge Application Server to the Edge Enabler Server. 

Table 8.6.3.3.3-1: User plane path management event API unsubscribe request

	Information element
	Status
	Description

	Subscription ID
	M
	Subscription identifier corresponding to the subscription stored in the EES for the request


8.6.3.3.4
User plane path management event API unsubscribe response
Table 8.6.3.3.4-1 describes the information elements for a User Plane Path Management Event API Unsubscribe Response from the Edge Enabler Server to the Edge Application Server. 

Table 8.6.3.3.4-1: User plane path management event API unsubscribe response
	Information element
	Status
	Description

	Result
	M
	Indicates whether the unsubscribe is successful or failure

	Cause information (see NOTE 1)
	O
	Indicates the cause information for subscription failure


8.6.3.3.5
User plane path management event API notification request
Table 8.6.3.3.5-1 describes the information elements for a User Plane Path Management Event API Notification Request from the Edge Enabler Server to the Edge Application Server. 

Table 8.6.3.3.5-1: User plane path management event API notification request
	Information element
	Status
	Description

	Subscription ID
	M
	Subscription identifier corresponding to the subscription stored in the EES for the request

	Event report
	O
	Event reporting information as specified in 3GPP TS 23.502 [3]


Editor's note:
The detailed applicable information in “Event Report” is FFS.
8.6.3.4
APIs

8.6.3.4.1
General

Table 8.6.3.4.1-1 illustrates the API for user plane path management event.

Table 8.6.3.4.1-1: User plane path management API

	Service Name
	Service Operations
	Operation

Semantics
	Consumer(s)

	EDGE3_User_plane_management_event API
	Subscribe
	Subscribe/Notify
	Edge Application Server

	
	Notify
	Subscribe/Notify
	Edge Application Server

	
	Unsubscribe
	Subscribe/Notify
	Edge Application Server


8.6.3.4.2
EDGE3_User_plane_management_event_subscribe operation

Service operation name: EDGE3_User_plane_management_event_subscribe

Description: The consumer subscribes to receive an event, or if the event is already defined in Edge Enabler Server, then the subscription is updated.

Inputs: See clause 8.6.3.3.1.

Outputs: See clause 8.6.3.3.2.
See clause 8.6.3.2 for details of usage of this operation.

8.6.3.4.3
EDGE3_User_plane_management_event_notify operation

Service operation name: EDGE3_User_plane_management_event_notify

Description: The consumer is notified of an event by the Edge Enabler Server.

Inputs: See clause 8.6.3.3.5.

Outputs: None.
See clause 8.6.3.2 for details of usage of this operation.

8.6.3.4.4
EDGE3_User_plane_management_event_unsubscribe operation

Service operation name: EDGE3_User_plane_management_event_unsubscribe
Description: The consumer unsubscribes for the previously subscribed events.

Inputs: See clause 8.6.3.3.3.

Outputs: See clause 8.6.3.3.4.
See clause 8.6.3.2 for details of usage of this operation.
8.6.4
Application Client Information exposure API

8.6.4.1
General  

Application Client Information exposure enables Edge Application Servers to be provided, if needed, with information about capabilities of Application Clients by the Edge Enabler Servers. This information may facilitate communications between Edge Application Servers and Application Clients, e.g. push notifications. The information shared is subject to access control as well as privacy and security mechanisms.

8.6.4.2
Procedure 
Pre-conditions:

1.
The Edge Application Server is registered with the Edge Enabler Server.

2.
The Application Client Profiles of the Application Clients on the UE are available at the Edge Enabler Client on the UE.
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Figure 8.6.4.2-1: Client Information Subscription

1. The Edge Application Server sends an Application Client Information Subscription Request to the Edge Enabler Server. The request may contain filters to retrieve information about particular Application Clients e.g. Application Client Profile parameters or parameter ranges to be matched, specific UE Identifiers, location ranges, etc. The API request filter may also contain the "EAS Identifier indicator" to match only information from EEC registrations where the discovered Edge Application Server includes the requesting Edge Application Server.

NOTE:
The trigger conditions of the Application Client Information API (e.g. resource load predictive analytics) are up to service logic, which is out of scope of this specification.

2.
Upon receiving the request from the Edge Application Server, the Edge Enabler Server performs an authorization check to verify whether the Edge Application Server has privileges to perform the operation. The Edge Enabler Server determines the matching Application Client information corresponding to the filter provided and composes a result. The Edge Enabler Server stores the subscription information for future processing. 
3. The Edge Enabler Server sends an Application Client Information Subscription Response to the Edge Application Server with the result composed in step 2.

Figure 8.6.4.2-2 illustrates the Client Information Notification procedure between the Edge Enabler Server and the Edge Application Server.

Pre-conditions:

1.
The Edge Application Server subscribed for Application Client Information at the Edge Enabler Server.
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Figure 8.6.4.2-2: Client Information Notification

1. The Edge Enabler Server is triggered for Application Client information updates, e.g. it receives an Edge Enabler Client registration request, it determines if it matches the filter provided by the Edge Application Server, e.g. if the Application Client Service Area is included in the Edge Application Server provided Service Area. 
2. The Edge Enabler Server sends an Application Client Information Notification Request to the Edge Application Server.

3. The Edge Application Server sends an Application Client Information Notification Response to the Edge Enabler Server providing confirmation of receiving the Application Client information. The Application Client Information Notification Response is an empty message.

8.6.4.3
Information flows 
8.6.4.3.1
Client Information Subscription Request
Table 8.6.4.3.1-1 describes the information flow for a Client Information Subscription request from the Edge Application Server to the Edge Enabler Server.
Table 8.6.4.3.1-1: Client Information Subscription Request

	Information element
	Status
	Description

	EAS ID 
	M
	The identifier of the EAS

	Subscription type


	M


	Choice of "One time", "Event based", "Unsubscribe", determining the type of processing requested

	Filter
	O
	List of characteristics for discovery purposes, as detailed in table 8.6.4.3.1-2. 

	Event conditions
	O
	Parameters indicating event conditions  e.g. number of notifications instances, subscription timeout, etc.


Table 8.6.4.3.1-2: Filter

	Information element
	Status
	Description

	Application Client Type
	O
	Category or type of Application Client (e.g. V2X) to be matched

	ECSP IDs
	O
	Identifiers for the ECSP associated with the EEC.

	Operation Schedule
	O
	EAS operation schedule (e.g. time windows) to be matched

	Service Area
	O
	EAS service area for identifying UEs with matching expected location(s) (e.g. route). This geographic information can express a geographic point, polygon, route, signalling map, or waypoint set.

	EAS Service KPIs
	O
	EAS KPIs (Table 8.2.5-1) for identifying the EEC and Application Clients to be matched, 

	Application Client Profile Parameter Ranges
	O
	Parameter ranges to be matched to Profiles of Application Clients for which the request applies. 

	AC ID(s)
	O
	List of identities of Application Client(s) to be matched

	UE ID(s)
	O
	List of UE identifiers to be matched

	UE location(s)
	O
	List of locations (e.g. routes) of the UE(s) for which  the request applies

	EAS Identifier indicator
	O
	Indicates that matching applies only to information from EEC registrations where the discovered EAS includes the requesting EAS.


8.6.4.3.2
Client Information Subscription Response

Table 8.6.4.3.2-1 describes the information flow for the Client Information Subscription Response from Edge Application Server to the Edge Enabler Server. 
Table 8.6.4.3.2-1: Client Information Subscription Response

	Information element
	Status
	Description

	Result
	M
	Indicates success or failure of the subscription.

	Subscription Identifier (NOTE)
	M
	Subscription identifier for the corresponding subscription request.

	NOTE:
The Subscription Identifier IE is included when Result IE indicates success.


8.6.4.3.3
Client Information Notification Request

Table 8.6.4.3.3-1 describes the information flow for a Client Information Notification from the Edge Enabler Server to the Edge Application Server. 
Table 8.6.4.3.3-1: Client Information Notification Request

	Information element
	Status
	Description

	Subscription Identifier
	M
	Subscription identifier for which the notification is generated.

	List of clients
	O
	List of clients matched based on the given filtering criteria, with elements listed below

	>Application Client Profile(s) 
	M
	Profiles of Application Clients as described in Table 8.2.2-1.

	>UE ID(s)
	O
	UE identifier for the UE hosting the AC

	>UE location(s)
	O 
	UE location for the UE hosting the AC


8.7
Network capability exposure to EAS
8.7.1
General

The network capability exposure to Edge Application Server(s) depends on the deployment scenarios and the business relationship of the ASP/ECSP with the PLMN operator. The following mechanisms are supported:

-
Direct network capability exposure.

-
Network capability exposure via Edge Enabler Server.

8.7.2
Direct network capability exposure
The Edge Application Server(s) (acting as trusted or untrusted AF) may directly access the 3GPP Core Network capabilities as specified in 3GPP TS 23.501 [2].

8.7.3
Network capability exposure via Edge Enabler Server
The Edge Enabler Server may re-expose the network capabilities of the 3GPP core network to the Edge Application Server(s) as per the CAPIF architecture specified in 3GPP TS 23.222 [6].

Depending on the deployment models (centralized or distributed) employed, 

-
the Edge Enabler Server assumes the role of the API exposing function; and

-
the Edge Application Server assumes the role of an API invoker.

The Edge Application Server interacts with the CAPIF core function and the Edge Enabler Server. The Edge Enabler Server interacts (directly or via SCEF/NEF) with the underlying 3GPP core network entities to satisfy the API requests from the Edge Application Servers.

Editor's note: Whether and how Edge Enabler Server can re-expose 3GPP network capabilities to Edge Application Server without CAPIF is FFS.
8.8
Capabilities to support service continuity
Editor's note:
The description text in clause 8.8.2.1 and IEs for Security Credential and UE identifier in Table 8.8.3.1-1 should be corrected.

8.8.1
General
Generally, a source Edge Application Server which is in communication with an Application Client is associated with an application context. To support service continuity, the application context from a source Edge Application Server is transferred to a target Edge Application Server. The capabilities for supporting service continuity provided at the Edge Enabler Layer may consider various application layer scenarios in which there may be involvement of Application Client and one or more Edge Application Server(s).
The Edge Application Server may utilize the following capabilities provided by the Edge Enabler Server for supporting service continuity at the application layer:

-
Subscribe for UP path management events notification, e.g., DNAI change.

-
Fetch the target Edge Application Server;

-
Application context relocation from a source Edge Application Server to a target Edge Application Server.

Editor's note:
The capability of Edge Enabler Client for supporting service continuity at the application layer is FFS.

Each of the above capabilities to the Edge Application Server may be provided as individual API, or combined to be offered as a new service API with higher level of abstraction. Example, application context relocation service API which fulfils all the above capabilities to hide the implementation complexity from the application layer.
The Edge Configuration Server provides the following capabilities to the Edge Enabler Server for supporting service continuity at the application layer:

-
Fetch the target Edge Enabler Server.

8.8.2
Procedures
8.8.2.1
Discover target Edge Application Server
Figure 8.8.2.1-1 illustrates the interactions between the source Edge Application Server and the Edge Enabler Server and optionally between the source Edge Application Server and the Edge Configuration Server and between the source Edge Application Server and target Edge Application Server for fetching target Edge Application Server information. This procedure may be utilized by a source Edge Application Server which undertakes the transfer of application context information to a target Edge Application Server directly.

Pre-conditions:

1.
Information related to the Edge Enabler Server is available with the source Edge Application Server.
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Figure 8.8.2.1-1: Discover target Edge Application Server

1.
The Edge Application Server invokes the Edge Application Server Discovery request on the source Edge Enabler Server. 

NOTE:
The trigger condition to invoke the Discover target Edge Application Server API is up to application service logic, which is out of scope of this specification.

2.
Upon receiving the request, the source Edge Enabler Server checks if the requesting Edge Application Server is authorized to perform the discovery operation. If it is authorized, the source Edge Enabler Server checks if there exists a target Edge Application Server information (registered or cached) that can satisfy the requesting Edge Application Server information and additional query filters. If the source Edge Enable Server discovers the target Edge Application Server(s), the flow continues with step 5, else the source Edge Enabler Server retrieves the target Edge Enabler Server address from the Edge Configuration Server as specified in clause 8.x.2.bb.
3.
The source Edge Enabler Server invokes the Edge Application Server Discovery request on the target Edge Enabler Server.

4.
The target Edge Enabler Server discovers the target Edge Application Server(s) and responds with the discovered target Edge Application Server information to the source Edge Enabler Server. The source Edge Enabler Server may cache the target Edge Application Server information.
5.
The source Edge Enabler Server responds to the Edge Application Server with the target Edge Application Server Information.

8.8.3
Information flows

8.8.3.1
Edge Application Server discovery request

Table 8.8.3.1-1 describes information elements for the Edge Application Server Discovery Request from the EAS to the Edge Enabler Server. Table 8.8.3.1-2 provides further detail about the Query Filter information element.

Table 8.8.3.1-1: Edge Application Server discovery request

	Information element
	Status
	Description

	EAS ID
	M
	EAS ID of the source EAS to discover the target EAS information that matches with the source EAS.

	Application Service Provider ID
	O
	The ASP identifier.

	UE identifier
	O
	The identifier of the User, e.g. UE IP address or ACR (Anonymous Customer Reference).

	UE location
	O
	Location of the UE (e.g. geographical area, civic address).

	Discovery Reason
	O
	Discovery reason (e.g. maintenance, UP path change).

	Security credentials
	O
	Security credentials resulting from a successful authorization for the edge computing service.

	Query Filter
	O
	List of characteristics for discovery purposes, as detailed in Table 8.8.3.1-2. 


Table 8.8.3.1-2: Query Filter

	Information element
	Status
	Description

	EAS service category
	O
	The EAS service category e.g. gaming.

	Service permission level(s)
	O
	Desired level of service permissions e.g. trial, gold-class

	Desired service feature(s)
	O
	Desired service features e.g. single vs. multi-player gaming service

	Location availability
	O
	The desired location(s) (e.g. geographical area, route) where the service should be available.

	EAS Profile
	O
	Profile of the consumer EAS, as described in Table 8.2.4-1.


Editor's Note:
Whether the information in the discovery is sufficient to discover a proper EAS is FFS. 
Editor's Note:
The logic on how the query filters are applied in conjunction with the EAS Profiles is to be clarified.

Editor's Note:
If and how complex Information Elements may be broken down into multiple elements is FFS
8.8.3.2
Edge Application Server discovery response

The information elements specified in the Table 8.5.2.3.2-1 is used for the Edge Application Server discovery response sent from the Edge Enabler Server to the Edge Application Server with the following differences:

-
The EAS available resources (e.g. memory) indicates the maximum resources available for the Application Client(s) connected to the source EAS.

8.8.4
APIs

8.8.4.1
General

Table 8.8.4.1-1 illustrates the API for fetch target Edge Application Server.

Table 8.8.4.1-1: EDGE3_EAS_Discovery API

	Service Name
	Service Operations
	Operation

Semantics
	Consumer(s)

	EDGE3_EAS_Discovery
	Discover_EAS
	Request/Response
	Edge Application Server


8.8.4.2
EDGE3_EAS_Discovery API
Service operation name: Discover_EAS
Description: The consumer requests for the target Edge Application Server information from the Edge Enabler Server.

Inputs: See clause 8.8.3.1.

Outputs: See clause 8.8.3.2.
See clause 8.8.2.1 for details of usage of this operation.
8.x
<procedure name>

Add a copy of this clause for a new procedure, adding a title, a general description, procedure and information flows. Include an APIs clause if APIs are needed for the procedure.
8.x.1
General

8.x.2
Procedure

8.x.3
Information flows

8.x.4
APIs (if applicable)
This clause may be skipped if the procedure under 8.x does not require specification of APIs.
Annex A (Informative):
Deployment models
A.1
General

The following clauses illustrate different aspects of some possible deployment options
-
Clause A.2 describes some deployment models for different DN implementations.

-
Clause A.3 describes some options for how ECS is deployed in relation to the UE.

A.2
Deployment models for different DN implementations 

This clause describes examples of deployment models with respect to different DN implementations as follows: option 1. use of non-dedicated DN, option 2. use of Edge-dedicated DN, and option 3. use of LADN.
The PLMN supporting edge computing services provides connection to one or multiple DNs. 
The following clauses describes the detailed deployment models including relationships between EAS service areas, LADN service areas, and PLMN area.
A.2.1
Option 1. Use of non-dedicated DN

There is no Edge-dedicated DN for support of edge computing service. A DN common to other services (e.g. internet access) is used to connect to the Edge Application Servers. 

The PLMN supporting edge computing services provides connection to Edge Application Servers located in EDNs that respectively corresponds to one or more DNAI(s), and each EDN is identified by DNN and one or more DNAI. UEs establishing PDU sessions for the Edge Application Servers identify the DN using the same DNN and slice information as for PDU sessions for non-Edge services.

Each Edge Application Server may have a service area, a geographical service area that the EAS serves. Within this service area, UEs can access an Edge Application Server or an Edge Enabler Server regardless of their location within the PLMN area via local breakout.
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Figure A.2.1-1: Option 1: Use of non-dedicated DN
A.2.2
Option 2. Use of Edge-dedicated DN 
The deployment uses Edge-dedicated DNs for support of edge computing service. Each Edge-dedicated DN is configured with unique DNNs. 

The PLMN supporting edge computing services provides connection to several EDNs that correspond to one or more DNAI(s), and each EDN is identified by DNN of the Edge-dedicated DN and one or more DNAI.
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Figure A.2.2-1: Option 2: Use of Edge-dedicated DN
A.2.3
Option 3. Use of LADN 
Edge computing services can be provided via Edge-dedicated Data Networks deployed as LADNs. The PLMN supports edge computing services in the EDN service areas which can be identified by the service area corresponding to the respective LADN DNNs or LADN DNN and subset of Tracking Areas corresponding to the LADN service area. The LADN service area is the service area that the Edge Computing is supported. Each individual EAS in the LADN may support the same or smaller service area than the LADN.
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Figure A.2.3-1: Option 3: Use of LADN(s)
A.3
ECS deployments in relation to the UE
A.3.1
Introduction

This clause shows some examples for how the ECS could be deployed in relation to the UE

A.3.2
UE (EEC) served by a single ECS

In this scenario the UE can contain a single AC or multiple ACs, however the UE contains a single EEC which is configured with the address of a single ECS. This could for example be an IoT device that only supports a single AC or a smartphone device which contains many ACs which are served by a single ECS.

A.3.3
UE (EECs) served by multiple ECSs
In this scenario the user is allowed to install multiple ACs in the UE where each AC can be served by an EAS which in turn served by a different ECSP's EES/ECS. 

Example: multiple ACs installed on a smartphone and the associated EASs are onboarded onto different ECSP's EESs which are registered with different ECSs.
Another example is a UE that supports Dual SIM. In this scenario the UE supports concurrent connection to two PLMNs. 
Annex B (Informative):
Involved entities and relationships
B.1
General

This clause describes the relationship of edge computing service providers, PLMN operators, application service providers and users.
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Figure B-1: Relationships involved in edge computing service
The end user is the consumer of the applications provided by the application service provider (ASP) and can have ASP service agreement with a single or multiple application service providers. The end user has a PLMN subscription arrangement with the PLMN operator. The UE used by the end user is allowed to be registered on the PLMN operator network.

The application service provider consumes the edge services (e.g. infrastructure, platform) provided by the edge computing service provider (ECSP) and can have edge computing service provider service agreement with a single or multiple edge computing service providers.

A single PLMN operator can have the PLMN operator service agreement with a single or multiple edge computing service providers. 

A single ECSP can have PLMN operator service agreement with a single or multiple PLMN operators which provide edge computing support.

The edge computing service provider and the PLMN operator can be part of the same organization.
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