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This paper proposes procedures of application-influenced SSC and UP management for edge computing with the following architecture assumptions:

-
The applications (i.e. AS) are deployed in the operator's local network, i.e. local DN.

-
An application function (a non-3GPP function) is in charge of AS (re)location (or, AS (re)selection) within the local DN. 

NOTE 1:
The application function is interacting with the CP through the NEF. The behaviour of the application function and the actual relocation of the application or application context are not defined.

-
The CP has information about the traffic steering capability between the UPFs and the AS locations. The information is provided by the management plane and used by the NEF to determine UPFs suitableness or preference for the application.

Editor's note: It is FFS whether the traffic steering capability data is stored in the NEF or in the UDM. 

-
The SMF is responsible for configuring traffic steering at UPFs for routing UL traffic to the proper AS location in the face of AS (re)location. 

-
The local DN is responsible for steering DL traffic to the proper UPF in the face of UP (re)selection. The UPF recognizes the UE IP address in the DL traffic as valid IP address. This can be for example achieved by applying the same private IP address space at the UPFs.
NOTE 2:
The DL traffic steering may be configured by the application function or realized through upper level mobility management mechanisms within the local DN. The behaviour of the local DN for steering DL traffic is not defined.
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Figure 4.3.5.X.1-1: Application-influenced SSC and UP path management architecture

In the figure 4.3.5.X.1-1, the interface marked by a dashed line is not defined.

This section describes the interaction necessary between the CP and the application function to enable application-friendly UP management for the application that requires efficient end-to-end path.

It is assumed that the NEF authenticates and validates the information received from the application function.

Editor's note: It is FFS how the NEF performs authentication and validation.

Proposal

 It is proposed to make the following changes to the TS 23.502.
***** Begin of 1st Change (all new)*****
4
System procedures

4.3
Session Management procedures

4.3.5
Session continuity, service continuity and UP path management

4.3.5.X

Application-influenced SSC and UP path management

4.3.5.X.1
General

The following architecture is assumed:

-
The applications (i.e. AS) are deployed in the operator's local network, i.e. local DN.

-
An application function (a non-3GPP function) is in charge of AS (re)location (or, AS (re)selection) within the local DN. 

NOTE 1:
The application function is interacting with the CP through the NEF. The behaviour of the application function and the actual relocation of the application or application context are not defined.

-
The CP has information about the traffic steering capability between the UPFs and the AS locations. The information is provided by the management plane and used by the NEF to determine UPFs suitableness or preference for the application.

Editor's note: It is FFS whether the traffic steering capability data is stored in the NEF or in the UDM. 

-
The SMF is responsible for configuring traffic steering at UPFs for routing UL traffic to the proper AS location in the face of AS (re)location. 

-
The local DN is responsible for steering DL traffic to the proper UPF in the face of UP (re)selection. The UPF recognizes the UE IP address in the DL traffic as valid IP address. 
NOTE 2:
The DL traffic steering may be configured by the application function or realized through upper level mobility management mechanisms within the local DN. The behaviour of the local DN for steering DL traffic is not defined.
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Figure 4.3.5.X.1-1: Application-influenced SSC and UP path management architecture

In the figure 4.3.5.X.1-1, the interface marked by a dashed line is not defined.

This section describes the interaction necessary between the CP and the application function to enable application-friendly UP management for the application that requires efficient end-to-end path.

It is assumed that the NEF authenticates and validates the information received from the application function.

Editor's note: It is FFS how the NEF performs authentication and validation.

4.3.5.X.2
UP selection

Application-influenced UP selection is performed by the SMF as part of session establishment.
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Figure 4.3.5.X.2-1: Application-influenced UP selection during session establishment

1.
The application function notifies the network of the application location(s) for the future application traffic associated to the UE through the procedure of ‘Application (Re)location Notification’ service of the NEF, where UP selection policy and traffic steering rule are generated by the PCF, as described in the clause 5.2.6.X. 

2.
The application function subscribes to UP (re)selection notification for the future application traffic associated to the UE through the procedure (part 1) of ‘UP (Re)selection Notification’ service of the NEF, where UP (re)selection notification policy is generated by the PCF, as described in the clause 5.2.6.Y. 

- This step is optional, up to the application function.

NOTE 1: The steps 1 and 2 can be independent of each other. 

3.
The UE sends a session request to the SMF, which includes the local DN identifier. The request may include the application identifier, indicating it is a dedicated PDU session for the application. 

NOTE 2: The local DN identifier and the application identifier may be the two parts of an integrated identifier (as local DN identifier or application identifier) or be two separate identifiers.

4. 
The SMF verifies the UE context and authorizes the session request according to the user subscription data.

5. 
The SMF obtains operator policies from the PCF, including the application-influenced UP management policy resulting from the steps 1 and 2. 

6.
The SMF selects an SSC mode for the PDU session according to the session request, the operator polices, the UE type, and other necessary information. 

- If the session request includes the application identifier and if the operator policies indicate application mobility (i.e. potential application relocation), the SMF selects the SSC mode 2 for the PDU session. 

- If the session request does not include the application identifier and if the operator polices indicate that the applications potentially accessed by the UE have mobility, the SMF selects the SSC mode 3 for the PDU session.

7. 
The SMF selects end-to-end UP path for the PDU session with respect to the operator policies. The path include the application location to be used.

8. 
The SMF notifies the application function about the end-to-end UP path selection through the procedure (part 2) of ‘UP (Re)selection Notification’ service of the NEF, as described in the clause 5.2.6.Y. The notification indicates the PDU session location and the application location. 
- This step is a pre-notification. It is optional, if the step 2 does not exist or if the step 2 does not indicates the need of UP (re)selection pre-notification. 
9. 
The SMF requests the AN to set up N3 connection. At this step, the AN may allocate RAN resource for the PDU session.

10.
The AN responds to the SMF, indicating the completion of N3 connection setup. 

11.
The SMF sets up the UP and the traffic steering over the N6 interface at the anchor UPF of the UP. 

12.
The SMF notifies the application function about the end-to-end UP path selection through the procedure (part 2) of ‘UP (Re)selection Notification’ service of the NEF, as described in the clause 5.2.6.Y. The notification indicates the PDU session location and the application location. 
- This step is a post-notification. It is optional, if the step 2 does not exist or if the step 2 does not indicates the need of UP (re)selection post-notification. 
13.
The SMF sends a session response to the UE via the AMF. 

Editor's note: The detail of PDU Session establishment is to be specified by the clause 4.3.2.

4.3.5.X.3
UP reselection

The following diagram describes the application-influenced UP reselection procedure. The procedure does not change UE IP address and is therefore transparent to the UE. 
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Figure 4.3.5.X.3-1: Application-influenced UP reselection procedure

It is assumed that the UE has an established PDU session via the UP-A.

1.
The application function notifies the network about application relocation through the procedure of "Application (Re)location Notification" service of the NEF, as described in the clause 5.2.6.X.

2. 
The application function subscribes to UP (re)selection notification for the application traffic associated to the PDU session using the procedure (part 1) of "UP (Re)selection Notification" service of the NEF, as described in the clause 5.2.6.Y.

- This step is optional, up to the application function

NOTE 1: The steps 1 and 2 can be independent of each other. 

3. The SMF performs end-to-end UP path reselection, including UP reselection and/or application location reselection, according to the application relocation and the local policy.
3.1. The SMF reselects the end-to-end UP path for the PDU session. If UP reselection is needed, the SMF reselects the UP-B for the PDU session.

NOTE 1:
If the SSC mode of the PDU session is 2, the UP-B is selected to replace the UP-A.

NOTE 2: 
If the SSC mode of the PDU session is 3, the SMF inserts a branching UPF or a UL CL UPF into the UP path such that the UP-A and the UP-B are two branches of the UP path. 

3.2. The SMF notifies the application function about the end-to-end UP path reselection through the procedure (part 2) of ‘UP (Re)selection Notification’ service of the NEF, as described in the clause 5.2.6.Y. The notification indicates the PDU session location and the new application location. 
- This step is a pre-notification. It is optional, if the step 2 does not exist or if the step 2 does not indicates the need of UP (re)selection pre-notification. 
3.3. The SMF modifies the end-to-end UP path according to the decision of the step 3.1. 
3.3A. In the case that UP-B is selected for the PDU session, the SMF modifies the end-to-end UP path, as described for the steps 8 – 11 in the clause 4.3.5.X.2.
- At this step, the N3 connection is modified, the branching UPF or the UL CL UPF (if any) is configured to steer the application traffic to the UP-B, and the N6 interface (i.e. traffic steering) at the anchor UPF of UP-B is configured.
Editor’s note: The traffic steering at the branching UPF or the UL CL UPF may be based on the destination IP address, the destination port number, the source IP address, or a combination of any of them. It is FFS how traffic steering is implemented.

3.3B. In the case that UP is not reselected, the SMF reconfigures the N6 interface at the anchor UPF of UP-A so as to steer the application traffic to the new application location.
3.4. The SMF notifies the application function about the end-to-end UP path reselection through the procedure (part 2) of ‘UP (Re)selection Notification’ service of the NEF, as described in the clause 5.2.6.Y. The notification indicates the PDU session location and the new application location.
- This step is a post-notification. It is optional, if the step 2 does not exist or if the step 2 does not indicates the need of UP (re)selection post-notification. 

4.
The SMF releases the PDU session resources related to the UP-A, if the SSC mode of the PDU session is 2 and the UP-B is selected for the PDU session at the step 3.1.
***** End of 1st Change *****
***** Begin of 2nd Change (all new) *****
5
Service descriptions

5.2
Network Function Services

5.2.6
NEF Services

NOTE 1: It is assumed that the NEF authenticates and validates received external message.

Editor's note: It is FFS how the NEF performs authentication and validation.

5.2.6.X
The procedure of "Application (Re)location Notification" Service 

Service description: The application function notifies the network about application (re)location.

Input: application identifier, application location information, temporal validity condition, spatial validity condition, traffic filter, requester information.

Output: the result of the delivery of the application (re)location notification.
Service procedure:
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Figure 5.2.6.X-1: Application (Re)location Notification Service procedure
1.
The NEF receives an Application (Re)location Notification Request(application identifier, application location information, temporal validity condition, spatial validity condition, traffic filter, requester information) message from the application function. 

-
The application location information indicates the (new) application location(s) and the status of the (new) application location(s). The application location(s) are specified using IP address.

-
The temporal validity condition indicates when the notified application (re)location will proceed. Void of the temporal validity condition implies the application (re)location proceeds immediately.  

-
The spatial validity condition indicates the application (re)location applies only to the traffic associated to UEs located within specified Location(s). Void of the spatial validity condition implies the notified application (re)location applies without being concerned with UE location.

Editor’s Note:
The nature of the UE Location information will be determined during the normative phase.

-
The traffic filter indicates the traffic that the application (re)selection applies to, which may belong to ongoing PDU sessions or future PDU sessions. Void of the traffic filter implies the application (re)selection applies to all traffic associated to the application.

Editor’s note: The traffic filter may explicitly indicate whether the traffic including ongoing traffic and/or future traffic. The traffic filter may be described using the IP address associated to the traffic. It may also be described using UE ID that is recognized both by the application function and by the network. The actual information communicated as traffic filter will be determined during the normative phase.

-
The requester information includes requester identifier.

2.
The NEF notifies the application (re)location to the selected CP function, i.e. SMF or PCF. The notification includes the Application (Re)location Notification Service transaction identifier, the application identifier, the (new) application location(s), the identifiers of the anchor UPFs suitable for selection for each of the (new) application location(s), and the temporal and spatial validity conditions, the traffic filter.

Editor’s Note:
Depending on the nature the Location information in the spatial validity condition, the NEF may need to translate the Location information into information that is understandable by the CP functions.   

Editor’s Note:
The traffic filter may be translated traffic filter described using PDU session identifiers.

NOTE 1:
The NEF determines the anchor UPFs suitable for selection according to the traffic steering capabilities between the UPFs and the notified application locations, which is provided by the management plane.

2A. In the case that the impacted traffic belongs to ongoing PDU sessions ONLY 

2A.1.
The NEF identifies the serving SMF of the impacted traffic by interacting with the UDM.
Editor's note: It is FFS how the UDM assists the NEF to identify the serving SMF.

2A.2.
The NEF sends the notification to the identified SMF.

2A.3.
The SMF acknowledges the receipt of the notification to the NEF.

2B.
 In the case that the impacted traffic may belong to future PDU sessions 

2B.1.
The NEF identifies the serving PCF of the impacted traffic by interacting with the NRF.

Editor's note: It is FFS how the NRF assists the NEF to identify the serving PCF.

2B.2.
The NEF sends the notification to the identified PCF.

2B.3.
The PCF acknowledges the receipt of the notification to the NEF.

2B.4.
The PCF generates or updates UP management policies according to the notification. 

2B.5.
If the impacted traffic belongs to ongoing PDU sessions, the PCF identifies the serving SMF of the traffic and notifies the SMF about the policy change.

2B.6.
The SMF obtains the policy update from the PCF, as described in the clause XYZ. 

3.
The NEF sends an Application (Re)location Notification Response(Result Code) message to the application function. The result code indicates the acceptance of the request or its rejection.

5.2.6.Y
The procedure of "UP (Re)selection Notification Subscription" Service

Service description: The application function subscribes to the information of UP (re)selection from the network.

Input: [Transaction Identifier] or [application identifier, temporal validity condition, spatial validity condition, traffic filter], Notification Type, requester information.

Output: the result of the UP (re)selection subscription.
Service procedure:
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Figure 5.2.6.Y-1: UP (Re)selection Notification Service procedure

1.
The NEF receives the UP (Re)selection Notification Subscription Request( [Transaction Identifier] or [application identifier, temporal validity condition, spatial validity condition, traffic filter], Notification Type,  requester information]) message from the application function. 

Alternative A [Transaction Identifier]: the subscription request is corresponds to an existing Application (Re)location Notification Service transaction

- 
The transaction identifier of the existing Application (Re)location Notification Service transaction, implying that the subscription request applies to any UP (re)selection impacted by the existing Application (Re)location Notification Service transaction. 

NOTE 1:
The NEF can perform simplified authentication and validation by verifying the transaction identifier.

Alternative B [application identifier, temporal validity condition, spatial validity condition, traffic filter, requester information]: the subscription request is independent of existing Application (Re)location Notification Service transactions. 

-
The temporal validity condition indicates when the subscription shall be effective. Void of the temporal validity condition implies the subscription becomes effective immediately.  

-
The spatial validity condition indicates the subscription is effective only to the traffic of UEs located within specified Location(s). Void of the spatial validity condition implies the subscriptions becomes effective without being concerned with UE location.

Editor’s Note:
The nature of the UE Location information will be determined during the normative phase.

-
The traffic filter indicates the traffic that the subscription shall apply to, which may belong to ongoing PDU sessions or future PDU sessions. Void of the traffic filter implies the subscription applies to all traffic associated to the application.

Editor’s note: The traffic filter may explicitly indicate whether the traffic including ongoing traffic and/or future traffic. The traffic filter may be described using the IP address associated to the traffic. It may also be described using UE ID that is recognized both by the application function and by the network. The actual information communicated as traffic filter will be determined during the normative phase.

-
The Notification Type indicates either Pre-Notification, Post-Notification, or both Pre-Notification and Post-Notification are requested. 

NOTE 1: 
Pre-Notification implies notification is to be sent before the end-to-end UP path is configured; Post-Notification implies notification is to be sent after the end-to-end path configuration.  
-
The requester information includes: requester identifier, requester IP address, and requester port number. 

2. 
The NEF requests the selected CP function, i.e. SMF or PCF, to set up UP (re)selection notification. The request includes the UP (Re)selection Notification Subscription Service transaction identifier, the NEF identifier, and the subscription information in the request message except for the requester information. 

Editor’s Note:
Depending on the nature the Location information in the spatial validity condition, the NEF may need to translate the Location information into information that is understandable by the CP functions.   

Editor’s Note:
The traffic filter may be translated traffic filter described using PDU session identifiers.

2A. In the case that the impacted traffic belongs ongoing PDU sessions ONLY
2A.1.
The NEF identifies the serving SMF of the impacted traffic by interacting with the UDM.
Editor's note: It is FFS how the UDM assists the NEF to identify the serving SMF.

2A.2.
The NEF sends the request to the identified SMF.

2A.3.
The SMF responds to the NEF, indicating the acceptance of the request.

Editor's note: The NEF identifies the SMF by interacting with the UDM. It is FFS how the NEF identifies the SMF.

2B.
 In the case of that the impacted traffic may belong to future PDU sessions, 

2B.1.
The NEF identifies the serving PCF of the impacted traffic by interacting with the NRF.

Editor's note: It is FFS how the NRF assists the NEF to identify the serving PCF.

2B.2.
The NEF sends the request to the identified PCF.

2B.3.
The PCF responds to the NEF, indicating the acceptance of the request.

2B.4.
The PCF generates or updates UP management policies according to the request. 

2B.5.
If the impacted traffic belongs to ongoing PDU sessions, the PCF identifies the serving SMF of the traffic and notifies the SMF about the policy change.

2B.6.
The SMF obtains the policy update from the PCF, as described in the clause XYZ. 

3.
The NEF sends an UP (Re)selection Subscription Response(Result Code) message to the application function. The result code indicates the acceptance of the request or its rejection.

4. 
After performing end-to-end UP (re)selection for the impacted traffic, the SMF notifies the NEF about the UP (re)selection. The notification includes the UP (Re)selection Notification Subscription Service transaction identifier, the Notification Type, the PDU session location, and the application location. The PDU session location is either the anchor UPF IP address or the UE IP address for the PDU session. The application location information is in the form of IP address.  

5.
The NEF sends the UP (re)selection information to the application function using the requester IP address and the requester port number. 

6. 
The application function responds to the NEF to acknowledge the delivery of the notification. The response indicates whether the network should continue the end-to-end path configuration, if the Notification Type is Pre-Notification. 
NOTE 2:
Upon a pre-notification, the application function can perform the necessary steps for the application (re)location or application state (re)location procedure, which can include releasing resources and data structures, etc. If the application function wants to cancel the application (re)location, the application uses the response message to inform the network. The detail of the application function's behaviour is not defined. 
NOTE 3: 
If the Notification Type is Post-Notification, the application function knows that the end-to-end UP path is ready for use, and can start to steer DL traffic to the path.
7.
The NEF respond to the SM to acknowledge the delivery of the notification. The response includes the information received from the application function in the step 6. 
***** End of 2nd Change *****
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