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1. Introduction
Application Context Relation (ACR) used for service continuity can involve the transfer of large amounts of data and the set-up of an extensive compute and storage environment on the target EAS. To avoid or minimize service interruption, it is therefore important to perform the ACR in a timely manner, e.g., before the service from the source EAS degrades or is interrupted as the UE moves out of its geographical service area. This timely behaviour is needed in particular for applications that require ultra-low latency with service continuity. Clause 8.8.1 already specifies that the following scenario for service continuity is supported:

-
UE mobility, including predictive or expected UE mobility

The technical implementation of this support, however, is still lacking. 
2. Reason for Change

Currently an ACR can only be performed in a reactive way, i.e. an EAS change can happen after a move from one Geographical Service Area to a next has been detected. This method does not support a proactive way of ACR, i.e. prepare for EAS change based on the predicted or expected route a UE is taking. Support for predictive/expected UE mobility as expressed in see clause 8.8.1 is therefore not available.

The service continuity scenarios in clause 8.8.2 where ACR is initiated by the EEC make use of regular EAS Discovery. The mechanisms for EAS Discovery are in clause 8.5. In clause 8.5.2.2, however, EAS Discovery is explictly forbidden to handle discovery of EASs with Geographic Service Areas not covering the current UE location. It is therefore not possible to use this method to support session continuity based on predictive/expected UE location information. This is because the EAS discovery response cannot contain a list of Edge Application Servers that match the predictive/expected UE location information.
3. Conclusions

Support for service continuity with predictive/expected UE mobility can be based on regular EAS Discovery, provided EAS Discovery can return results that apply for predicted/expected UE locations (and not only for the current UE location).

This contribution includes some enhancements to the wording agreed during the e-mail discussion on S6-210018_Rev1, which was used earlier to merge the proposals in S6-210018 with those in S6-210101. 

4. Proposal

It is proposed to agree the following changes to 3GPP TS 23.558 V1.2.0.
* * * First Change * * * *

8.5.2.2
Request-response model

Pre-conditions:

1.
The Edge Enabler Client has received information (e.g. URI, IP address) related to the Edge Enabler Server;

2.
The Edge Enabler Client has received appropriate security credentials authorizing it to communicate with the Edge Enabler Server as specified in clause 8.10; and

3.
The EES is configured with ECSP's policy for EAS discovery.
NOTE 1:
Details of ECSP's policy are out of scope.
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Figure 8.5.2.2-1: Edge Application Server Discovery procedure

1.
The Edge Enabler Client sends an Edge Application Server discovery request to the Edge Enabler Server. The Edge Application Server discovery request includes the requestor identifier [EEC ID] along with the security credentials and may include EAS discovery filters to retrieve information about particular Edge Application Server(s), a category of Edge Application Servers, e.g. gaming applications, or Edge Applications Server(s) available in certain service areas, e.g. available on a UE’s predicted or expected route.   

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. The EES may utilize the capabilities (e.g. UE location) of the 3GPP core network as specified in clause 8.9.3. If EAS discovery filters are provided by the EEC, the EES identifies the EAS(s) based on the provided EAS discovery filters and the UE location. When EAS discovery filters are not provided, then:

-
if available, the EES identifies the EAS(s) based on the UE-specific service information at the EES and the UE location;

-
EES identifies the EAS(s) by applying the ECSP policy (e.g. based only on the UE location);

NOTE 2:
Details of the UE-specific service information and how it is available at the EES is out of scope.

NOTE 3:
Both steps are evaluated prior to sending a response.
If the EES is unable to determine the EAS information using the inputs in the EAS discovery request, UE-specific service information at the EES or the ECSP policy, the EES shall reject the service provisioning request and respond with an appropriate failure cause.
If the UE location and predicted/expected UE locations are outside the Geographical or Topological Service Area of an Edge Application Server, then the Edge Enabler Server shall not include this Edge Application Server in the discovery response.

3.
If the processing of the request was successful, the Edge Enabler Server sends an Edge Application Server discovery response to the Edge Enabler Client, which includes information about the discovered Edge Application Servers. For discovered Edge Application Servers, this includes endpoint information. Depending on the EAS discovery filters received in the Edge Application Server discovery request, the response may include additional information regarding matched capabilities, e.g. service permissions levels, KPIs, Application Client locations(s) that the Edge Application Servers can support, etc. The Edge Application Server response may contain a list of Edge Application Servers. This list may be based on EAS discovery filters containing a Geographical or Topological Service Area, e.g. a route, included in the Edge Application Server Discovery request by the Edge Enabler Client.
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). The Edge Enabler Client may use the border or overlap between EAS Geographical Service Areas for service continuity purposes. The EEC may cache the EAS information (e.g. EAS endpoint) for subsequent use and avoid the need to repeat step 1. If the Lifetime IE is included in the response, the Edge Enabler Client may cache the Edge Application Server information only for the duration specified by the Lifetime IE.

NOTE 4:
Within the duration specified by the Lifetime IE, the cached EAS Profile can be updated (e.g. according to notifications from the Edge Enabler Server for changes of Edge Application Server information due to EAS status change) or the cached Edge Application Server Profile can be invalidated due to new Edge Application Server information discovery (e.g. due to UE mobility). The EEC can update or invalidate the cached EAS information (e.g. on PDU Session Release or Modification Command).

NOTE 5:
The AC can cache the EAS information (e.g. EAS endpoint) for subsequent use. In the case of the cached information needing to be updated or invalidated, the mechanisms for the EEC to notify the AC is up to implementation and is not specified in the current release of the present document.

NOTE 6:
If the EAS discovery request fails, the Edge Enabler Client can resend the EAS discovery request again, including the missing information as indicated by the received failure cause.
NOTE X: The Edge Enabler Client can use the EAS information provided by the discovery procedure to perform service continuity planning, for example when ultra-low latency ACR is required.
* * * Next Change * * * *

8.8.1
General

When a UE moves to a new location, different Edge Application Servers can be more suitable for serving the Application Clients in the UE. Such transitions can result from a non-mobility event also, requiring support from the enabling layer to maintain the continuity of the service.

This clause describes the features that support service continuity for Application Clients in the UE to minimize service interruption while replacing the serving Edge Application Server, called source Edge Application Server, with a target Edge Application Server.

Generally, the source Edge Application Server is associated with an application context. To support service continuity, this application context from the 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 following scenarios are supported for service continuity:

-
UE mobility, including predictive or expected UE mobility for the following cases:

-
inter-EDN UE mobility; and

-
LADN-related UE mobility.

Editor's note:
It is FFS whether intra-EDN UE mobility is an applicable scenario under application service continuity.

-
Overload situations in source Edge Application Server or EDN for the following cases:

-
intra-EDN;

-
inter-EDN; and

-
LADN-related.

-
Maintenance aspects for the following case:

-
graceful shutdown of an Edge Application Server.

To support the need of application context relocation, following entity roles are identified:

-
detection entity, detecting or predicting the need of application context relocation;

-
decision-making entity, deciding that the application context relocation is required; and

-
execution entity, executing application context relocation.

A detection entity detects the probable need for application context relocation by monitoring various aspects, such as UE's location, or predicted/expected UE location, and indicates to the decision-making entity to determine if the application context relocation is required. The following entities can potentially perform the detection role:

-
Application Client;

-
Edge Enabler Client;

-
Edge Enabler Server; and

-
Edge Application Server.

A decision-making entity determines that application context relocation is required and instructs the execution entity to perform application context relocation.

An execution entity performs application context relocation as and when instructed by the decision-making entity.

NOTE:
After a decision that another Edge Application Server is to serve the UE, the source Edge Application Server can decide if the existing Application Context is transferred to the new Edge Application Server. 

The Edge Application Server may utilize the following capabilities provided by the Edge Enabler Server for supporting service continuity at the application layer:

-
Provide notifications of service continuity related events;

-
Fetch the target Edge Application Server; and

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

Editor's note:
The details of the APIs for the above capabilities 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 Enabler Server can utilize the following capabilities provided by the Edge Configuration Server for supporting service continuity at the application layer:

-
Fetch the target Edge Enabler Server.

The Edge Enabler Client may determine if the application context relocation is required by detecting that the UE moved outside the service area (i.e., EAS service area if the EAS is not global accessible and/or EDN service area if LADN is configured). The service area can be provided to the EEC by either the ECS during Service Provisioning or EES during EAS Discovery. For the PDU Session of SSC mode 3, if the UE receives PDU Session Modification Command as specified in clause 4.3.5.2 of 3GPP TS 23.502 [3], the Edge Enabler Client may determine that the application context relocation is required. For IPv6 multi-homed PDU Session of SSC mode 3, the Edge Enabler Client may determine that application context relocation is required if the UE is notified of the existence and availability of a new IPv6 prefix as specified in clause 4.3.5.3 of 3GPP TS 23.502 [3].

NOTE:
For IPv6 multi-homed PDU Session of SSC mode 3, the Edge Enabler Client can be aware of the notification about the IPv6 prefix configuration due to change of PSA UPF based on the UE implementation.

Editor's note:
It is FFS whether and what additional service area information can be used by the UE to determine if the application context relocation is required.

After successful application context relocation:

-
The Edge Enabler Server is informed of the completion by the Edge Application Server; and

-
The Edge Enabler Client is informed of the completion by the Edge Enabler Server. 

In general, a number of steps are required in order to perform the application context relocation procedure. The potential roles of an edge enablement layer in the application context relocation procedure include: 

-
providing detection events;

-
selecting the target Edge Application Server(s); and

-
supporting the transfer of the Application context from the source Edge Application Server(s) to the target Edge Application Server(s).

If the UE is connected to the 5GC, the EES/EAS acting as AF may utilize AF traffic influence functionality from the 3GPP CN as specified in 3GPP TS 23.502 [3].

A high level overview of application context relocation is illustrated in Figure 8.8.1-1.
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Figure 8.8.1-1: High level overview of application context relocation procedure

* * * Next Change * * * *

8.8.2.2
Initiation by Edge Enabler Client using regular EAS Discovery

This procedure handles Application Context Relocation as a result of the UE moving to, or the UE expecting to move to, a new location which is outside the service area of the serving EAS. It further relies on the EEC being triggered as a result of the UE's movement.

This procedure is based on Service Provisioning (as specified in clause 8.3) and EAS Discovery (as specified in clause 8.5) procedures to discover the target EESs and EASs that shall serve the ACs as a result of the UE's new location, and that shall will receive the Application Context from the serving EASs.

The procedure in the following clause describes the relocation of a single application context to a new EAS. It should be repeated for each active AC in the UE

This procedure relies on an interface between the EEC and ACs over EDGE-5, which is out of the scope of this specification.

Pre-conditions:

1.
The Application Client in the UE already has a connection to a corresponding source Edge Application Server;

2.
The preconditions listed in clause 8.3.2.3 with regards to the Edge Enabler Client are fulfilled; and

3.
The Edge Enabler Client is triggered when it obtains the UE's new location, or is triggered by another entity such as an ECS notification.

NOTE 1:
This procedure is applicable only for Edge-aware ACs and EASs.

[image: image3.emf]EEC S-EAS T-EAS S-EES T-EES ECS

1. UE location 

update

2. Service Provisioning 

for new location

3. T-EAS discovery

AC

7. Application Context Transfer

8. Cleanup

Phase I: Detection

Phase II: T-EAS discovery and Decision

Phase III: Execution

Phase IV: Cleanup

5. App Context Relocation Request

6. App Context Relocation Response

4. T-EAS selection


Figure 8.8.2.2-1: Application Context Relocation initiated by the EEC and ACs
1.
The EEC is triggered as a result of a UE mobility event, and provided with the UE's new location as described in clause 8.8.1.

NOTE 2:
If the EEC is triggered by an external entity such as by a notification from the ECS, a list of new EESs (to be used as target EESs) is provided by that notification and step 2 below is skipped.

2.
The EEC performs Service Provisioning (as specified in clause 8.3) for all active applications. Since the location of the UE has changed, this procedure results in a list of T-EESs that are relevant to the supplied applications and the new location of the UE. If this procedure is used for service continuity planning, then the Connectivity information and UE Location in the Service Provisioning (as specified in clause 8.3) procedure contains the expected Connectivity information and expected UE Location.
NOTE 3:
If the change in UE's location does not trigger a need to change the serving EAS, the subsequent steps will not take place. The EEC remains connected to the serving EESs and the ACs remain connected to their corresponding serving EASs.

3.
Using the provisioned target EESs, the EEC performs EAS discovery (as specified in clause 8.5) for the desired target EASs by querying the target EESs that were established in step 2 (or provided in the notification from the ECS – if it was the trigger)

4.
The AC and EEC select the target EAS to be used for the application traffic, as described in clause 8.5.1 EAS discovery. Step 4 is skipped if EEC selects only one target EAS. 

5.
The EEC may send the Application Context Relocation Request message (without indicating the need to notify the EAS) to the S-EES, the S-EES may apply the AF traffic influence with the N6 routing information of the T-EAS in the 3GPP Core Network (if applicable), as described in clause 8.8.3.4.

6.
If step 5 was performed, the S-EES sends the Application Context Relocation Response message to EEC, as described in clause 8.8.3.4.

7.
The AC is triggered by the EEC to start Application Context Transfer. The AC decides to initiate the transfer of application context from the source EAS to the target EAS. There may be different ways of transferring context and they are all outside the scope of this specification. After the application context relocation is completed, the AC remains connected to the target EAS and disconnects from the source EAS; the EEC is informed of the completion.

NOTE 4:
Whether and how the AC initiates the application context transfer is out of scope of the present document
NOTE X: It is out of scope of this specification how the AC informs the source and target EAS that state transfer was part of service continuity planning. When used for service continuity planning, the next step is performed after the UE moves to the predicted location.
8.
All required entities perform clean-up

Editor's note:
Evaluate the need of an appropriate step for supporting EEC context transfer from S-EES(s) to T-EES(s)
* * * Next Change * * * *

8.8.2.3
EEC executed application context relocation

Figure 8.8.2.3-1 illustrates the procedure for the EEC to execute the application context relocation from the S-EAS to the T-EAS

Pre-condition:

1.
The AC at the UE already has a connection to the S-EAS; and

2.
The EEC is able to communicate with the S-EES.
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Figure 8.8.2.3-1: EEC executed application context relocation procedure

1.
The EEC detects that application context relocation may be required as described in clause 8.8.1.

2.
The EEC decides to proceed required procedures for triggering application context relocation.

Editor's Note:
Gathering consent from other EDGEAPP entities is FFS.

3.
The EEC determines the T-EES by using the provisioned information or performing service provisioning procedure per clause 8.3 of the present document. If this procedure is used for service continuity planning, then the Connectivity information and UE Location in the Service Provisioning (as specified in clause 8.3) procedure contains the expected Connectivity information and expected UE Location. Upon selecting T-EES the UE may need to establish a new PDU connection to the target EDN. The EEC can then discover and select T-EAS by performing EAS Discovery with the T-EES per clause 8.5.2 of the present document.

4.
As per clause 8.8.3.4, the EEC sends the Application Context Relocation Request message (including the need to notify the EAS) to the S-EES to initiate application context transfer between the S-EAS and the T-EAS. The S-EES authorises the request from the EEC. The S-EES decides to execute application context relocation based on the information received by the EEC and the information of EEC context or EAS profile, and then proceed the below steps.

5.
The S-EES may apply the AF traffic influence with the N6 routing information of the T-EAS in the 3GPP Core Network (if applicable) and sends the Application Context Relocation Notify message to the S-EAS to initiate application context transfer between the S-EAS and the T-EAS.

6.
The S-EAS transfers the application context to the T-EAS at implementation specific time. This process is out of scope of the present specification.
NOTE X: If used for service continuity planning then the next step is performed after the UE moves to the predicted location.
7.
The T-EAS sends the Application Context Relocation Complete message to the T-EES to confirm that the application context relocation has completed.

8. The S-EAS sends the Application Context Relocation Complete message to the S-EES to confirm that the application context relocation has completed.

9. The S-EES sends the Application Context Relocation Complete message to the EEC to confirm that the application context relocation has completed.

Editor's Note:
Definition of the Information Flows in these procedures is FFS.
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