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Abstract: In compliance with the conclusion of TR 23.799, this paper proposes procedures of application-friendly UP management.
Discussion
The TR 23.799 concludes that (clause 8.4, cp. 1)
26.
An application function (such as an AS Controller documented in clause 6.5.5) may send requests to route (e.g break-out) selected traffic to application(s) in a local data network. Such requests may contain at least:

-
Information to identify the traffic to be routed.

-
information on where to route the traffic.

-
location or potential locations of the application to where the traffic routing should apply.

NOTE 14:
The normative phase will determine the nature of the Location Information exchanged with the Application environment.

-
information on the UE(s) whose traffic is to be routed.

-
information on when (time indication) the traffic routing is to apply.

SMF may, based on local policies, take this information into account to:

-
(re)select UPF(s) for PDU sessions.

-
activate mechanisms for traffic multi-homing, enforcement of an UL Classifier, etc.

-
provide the UPF with traffic forwarding (e.g break-out) rules.

-
inform the application function of the (re)selection of the UP path.

NOTE 15:
The normative phase will determine how the application function request is routed to SMF e.g. whether the SMF receives it from the NEF or the PCF.

27.
An application function (such as an AS Controller documented in § 6.5.5) may request to get notified about the Location Information of UE(s).

NOTE 16:
The nature of the Location Information exchanged with the Application environment will be determined during the normative phase.

NOTE 17:
The normative phase will determine how the request of the application function is routed to SMF e.g. whether the SMF receives it from the NEF or the PCF.
In compliance with the conclusion, this paper proposes procedures of application-friendly UP management with the following architecture assumptions:

-
The application (i.e. AS) is deployed in the operator's local network.

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

NOTE 1:
The AS Controller is interacting with CP through the NEF. The behaviour of the AS Controller 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 information 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 AS network is responsible for steering DL traffic to the proper UPF in the face of UP (re)selection. 

NOTE 2:
The DL traffic steering may be configured by the AS Controller or realized through upper level mobility management mechanisms within the local network. The behaviour of the local network for steering DL traffic is not defined.
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Figure 1: Application-friendly UP management architecture

In figure 1, the interface marked by dashed line is not defined.

The focus of this contribution is on the interaction necessary between the CP and the AS Controller 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 AS Controller; however, this is not described as part of this contribution.
Proposal

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

4.2
Session Management procedures

4.2.4

UP management procedures

4.2.4.X

Application-friendly UP management

4.2.4.X.1
General

The following architecture is assumed:

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

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

NOTE 1:
The AS Controller is interacting with the CP through the NEF. The behaviour of the AS Controller 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 information 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 AS network is responsible for steering DL traffic to the proper UPF in the face of UP (re)selection. 

NOTE 2:
The DL traffic steering may be configured by the AS Controller or realized through upper level mobility management mechanisms within the local network. The behaviour of the local network for steering DL traffic is not defined.
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Figure 4.2.4.X.1.1: Application-friendly UP management architecture

In the figure 4.2.4.X.1.1, the interface marked by a dashed line is not defined.

This section describes the interaction necessary between the CP and the AS Controller 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 AS Controller.

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

4.2.4.X.2
AS (re)location notification

The AS Controller notifies the CP about the AS (re)location; the CP then performs UP management including UP (re)selection and/or traffic steering configuration accordingly. 
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Figure 4.2.4.X.2.1: AS (re)location notification procedure

1.
The NEF receives AS (Re)location notification from the AS Controller through the procedure of "Receive AS (Re) location Notification" service.

2.
The NEF notifies the AS(re)location to the selected CP function, i.e. SMF or PCF. The notification includes the traffic steering (between anchor UPFs and AS locations) that is suitable for selection for the application. 

NOTE 1:
Traffic steering selection indicates anchor UPF selection and AS location selection.

NOTE 2:
The NEF determines the traffic steering suitable for selection according to the traffic steering capabilities between the anchor UPFs and the notified AS locations, which is provided by the management plane.

2a.
In the case of AS relocation applying to ongoing PDU sessions, 

2a.1.
The NEF identifies the PDU sessions associated to the traffic and the SMF managing the PDU sessions, and sends the notification to the SMF through the procedure of "Receive AS Relocation Notification" service of the SMF.

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

2a.2
The SMF configures traffic steering at the anchor UPF using the procedure "UPF Receive Traffic Steering Rule", if the SMF decides not to perform UP reselection.

NOTE 3:
If the SMF decides to perform UP reselection, the SMF will initiate the UP reselection procedure and the traffic steering configuration will take place inside the UP reselection procedure. 

2b.
In the case of AS (re)location applying to future PDU sessions, 

2b.1
The NEF identifies the PCF that is in charge of operator policy for the PDU sessions and sends the notification to the PCF through the procedure of "Receive AS (Re)location Notification" service of the PCF.

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

NOTE 4:
When the AS (Re)location Notification impacts ongoing PDU sessions and future PDU sessions, the steps 2a and 2b both take place in parallel.

4.2.4.X.3
UP (re)selection notification

The AS Controller may subscribe to UP (re)selection information (i.e. latest anchor UPF location) before or after PDU sessions are established, which indicates the UE's location for making AS relocation decision.
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Figure 4.2.4.X.3.1: UP (re)selection subscription and notification procedures

1.
The NEF receives UP (re)selection notification subscription from the AS Controller through the procedure of "Receive UP (Re)selection Notification Subscription" service. 

2. 
The NEF notifies the subscription to the selected CP function, i.e. SMF or PCF. 

2a. In the case of subscription related to ongoing PDU sessions, the NEF identifies the PDU sessions associated to the traffic and the SMF managing the PDU sessions, and sends the notification to the identified SMF.  

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

2b.
In the case of subscription related to future PDU sessions, the NEF identifies the PCF that is in charge of operator policy for the traffic and sends the notification to the identified PCF.

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

NOTE 1:
When the UP (re)selection notification subscription relates to ongoing PDU sessions and future PDU sessions, the steps 2a and 2b both take place in parallel.

3. 
After performing UP (re)selection, the SMF notifies the NEF about the UP (re)selection. 

4.
The NEF notifies the AS Controller about the UP (re)selection.

4.2.4.X.4

Application-friendly UP selection

Application-friendly UP selection is performed by the SMF as part of session establishment. It is characterized by applying application-friendly UP management policy to UP selection, configuring traffic steering at the anchor UPF, and (optionally) notifying the AS Controller about UP selection.
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Figure 4.2.4.X.4.1: Application-friendly session establishment procedure

1.
The AS Controller notifies the CP of the AS location or potential AS locations for the future traffic associated to the UE and to the application through the procedure of AS (Re)location Notification, where application-friendly UP selection policy and traffic steering rule are generated by the PCF. 

2.
The AS Controller subscribes to the CP for UP (re)selection notification for the future traffic associated to the UE and to the application, where application-friendly UP (re)selection notification policy is generated by the PCF. This step is optional, up to the AS Controller.

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

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

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-friendly UP management policy resulting from the steps 1 and 2. 

6. 
The SMF selects the UP for the PDU session with respect to the operator policies and initiates a UP selection procedure.

6.1. The SMF triggers UP setup and configures traffic steering at the anchor UPF. 

-
The traffic steering configuration is done using the procedure of "UPF Receive Traffic Steering Rule".

6.2. The SMF requests the AN to connect to the UP. At this step, the AN may allocate RAN resource for the PDU session.

7.
If the operator policy indicates UP selection notification subscription of the AS Controller and if the AS Controller has not been notified a UP (re)selection with the same content, the SMF notifies the AS Controller about the UP selection through the UP Selection Notification procedure. This step is optional if the step 2 does not exist.

8. 
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 section 4.2.1.

4.2.4.X.5

Application-friendly UP reselection

Application-friendly UP reselection is performed by the SMF under multiple types of triggers. It contains the same steps as application-friendly UP selection and is additionally characterized by IP address preservation (transparency to the UE).
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Figure 4.2.4.X.5.1: Application-friendly UP reselection procedure

The UE has an established PDU session dedicated to the application. The traffic associated to the PDU session is transferred via the UP-A. 

 1. The SMF receives trigger for UP reselection for the PDU session. 

1a.
The trigger is from an AS Relocation Notification procedure, indicating a new AS location. 

1b. The trigger is from a handover procedure as mobility notification, indicating a new serving AN. 

1c.
The trigger is from the PCF as policy change notification, indicating policy change impacting the UP selection of the PDU session. 

1d. The trigger is an internal decision on UP reselection.

2.
The SMF obtains operator policy from the PCF. This step is optional. 

3.
The SMF reselects the UP-B for the PDU session. 

4. 
The SMF notifies the AS Controller about the UP reselection if the AS Controller has subscribed to UP reselection information of the PDU session and if the AS Controller has not been notified a UP (re)selection with the same content. 

5.
The SMF releases the PDU session resources related to the UP-A.

Editor's note: The detail of steps 1b, 1c, 2 and 5 are to be specified by sections dedicated to the respective CP functionality. 

***** End of 1st Change *****
***** Begin of 2nd Change (all new) *****
5
Service descriptions
5.2
Services supported by NFs
5.2.X
Services supported by NEF

5.2.X.1
Receive UP (Re)selection Notification

Service description: Receive UP (re)selection notification.

Pre-condition: The NEF maintains the respective Receive UP (Re)selection Subscription transaction information.

Post-condition: Null.
The service interface message:

-
Request message: 

-
Receive UP (Re)selection Notification Request (Transaction Identifier, anchor UPF location, AS location)

-
Response message: 

-
Receive UP (Re)selection Notification Response ()

Service procedure:
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1.
The SMF sends the Receive UP (Re)selection Notification Request to the NEF. The request includes 

-
The transaction identifier of the corresponding UP (re)selection Notification Subscription service transaction. 

-
The AS location and the anchor UPF location. The location information is in the form of network address.

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

5.2.Y
Services supported by SMF

5.2.Y.1
Receive AS Relocation Notification

Service description: Receive AS relocation notification.

Pre-condition: The SMF is managing the respective ongoing PDU session.

Post-condition: The SMF generates local policy of UP reselection for the PDU session and maintains the service transaction information, if the transaction is successful.
The service interface message:

Request message: 

-
Receive AS Relocation Notification (Traffic Filter, UPFs suitable for reselection [, Time info] [, UE Location info])

Response message: 

-
Receive AS (Re)location Notification Response () 

Service procedure:
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1.
The SMF receives AS Relocation Notification Request from the NEF. The request includes 

-
The traffic filter, indicating the impacted PDU sessions;

-
The UPFs suitable for reselection for the impacted PDU session, which are determined by the NEF according to the AS relocation notification from the AS Controller;

-
The time information, indicating when the AS relocation applies;

-
The UE location information, indicating the AS relocation applies only when the UE is present within the specified the location.

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

5.2.Y.2 Receive UP (Re)selection Notification Subscription

Service description: Receive UP (re)selection notification subscription.

Pre-condition: The SMF is managing the respective ongoing PDU session.

Post-condition: The SMF generates local policy of UP reselection notification for the PDU session and maintains the service transaction information, if the transaction is successful.
The service interface message:

-
Request message: 

-
Receive UP (Re)selection Notification Subscription Request (Transaction identifier, Traffic Filter [, Time info] [, UE Location info])

-
Response message: 

-
Receive UP (Re)selection Notification Subscription Response () 

Service procedure:
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1. 
The SMF receives UP (Re)selection Notification Subscription Request from the NEF. The request includes:

-
The transaction identifier of the corresponding Receive UP (re)selection Notification Subscription service transaction of the NEF.

-
The Traffic filter (e.g. PDU Session ID, UE IP Address, Application ID), indicating the impacted PDU sessions;

-
The time information, indicating when notification is needed;

-
The UE location information, indicating notification is needed only when the UE is present within the specified the location.

2.
The SMF acknowledges to the NEF the receipt of the subscription.

5.2.Z
Services supported by PCF

5.2.Z.1
Receive AS (Re)location Notification

Service description: Receive AS (re)location notification. -

Pre-condition: Null.

Post-condition: The PCF generates/updates UP (re)selection policy and traffic steering rule and maintains the service transaction information, if the transaction is successful.

The service interface message:

-
Request message: 

-
Receive AS (Re)location Notification Request (Traffic Filter, UPFs suitable for (re)selection[, Time info,] [UE Location info])

-
Response message: 

-
Receive AS (Re)location Notification Response () 

Service procedure:
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1. 
The PCF receives AS Relocation Notification Request from the NEF. The request includes:

-
The UPFs suitable for reselection for the impacted PDU session;

-
The time information, indicating when the AS relocation applies;

-
The UE location information, indicating the AS relocation applies only when the UE is present within the specified the location.

-
The traffic filter that indicates the traffic to which the AS (re)location may apply. 

-
The traffic filter includes an application indicator that indicates the application that the traffic is associated to.

-
The traffic filter includes a UE indicator that indicates the UE that the traffic is associated to. The UE indicator may be the IP address associated to the PDU session, in case of an ongoing PDU session. The UE indicator may also be a UE ID that is allocated by the CP and exposed to the AS Controller. In this case, the PDU sessions may include both ongoing PDU sessions and future PDU sessions. The UE indicator may indicate more than one UE or indicate that the AS (re)location applies to traffic of any UE that meets all the other criteria defined by the traffic filter.

Editor's note: The actual information to be communicated as traffic filter is FFS. 

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

5.2.Z.2
Receive UP (Re)selection Notification Subscription
Service description: Receive UP (re)selection notification subscription.

Pre-condition: Null.

Post-condition: The PCF generates/updates UP (re)selection notification policy and maintains the service transaction information, if the transaction is successful. The policy indicates the subscription transaction.

The service interface message:

-
Request message: 

-
Receive UP (Re)selection Notification Subscription Request (Traffic Filter [, Time info] [, UE Location info])

-
Response message: 

-
Receive UP (Re)selection Notification Subscription Response ()

Service procedure:


[image: image11.emf]PCF

1. Receive UP (Re)selection Notification Subscription Request

NEF

2. Receive UP (Re)selection Notification Subscription Response


1. 
The PCF receives UP (Re)selection Notification Subscription Request from the NEF. The request includes 

-
The Traffic filter (e.g. UE ID, Application ID), indicating the impacted PDU sessions;

-
The time information, indicating when notification is needed;

-
The UE location information, indicating notification is needed only when the UE is present within the specified the location.

2.
The PCF acknowledges to the NEF the receipt of the subscription.

***** End of 2nd Change *****
***** Begin of 3rd Change (all new)*****
5.4
External exposure

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.

5.4.X
Session management related services

5.4.X.1
Receive AS (Re)location Notification

Service description: Receive AS (re)location notification.

Pre-condition: Null.

Post-condition: The NEF determines the UPFs suitable for selection for the application and maintains the service transaction information, if the transaction is successful. 
The service interface message:

-
Request message: 

-
Receive AS (Re)location Notification Request (Traffic Filter, AS Location info [, Time info] [, UE Location info])

-
Response message: 

-
Receive AS (Re)location Notification Response ()

Service procedure:
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1.
The NEF receives the Receive AS (Re)location Notification Request from the requester. 

-
The request includes the AS locations suitable or unsuitable for use, to be taken into account during UP (re)selection. The AS locations are specified using network addresses such as IP address, MAC address, or other type of addresses.

-
The notification includes time information indicating when the AS (re)location is applied. The time information may be empty, implying the AS (re)location proceeds immediately.

-
The notification includes location information indicating that the AS (re)location is applied when the UE is present within the specified location (e.g. geographic location). The location information may be empty, implying the AS (re)location proceeds without being concerned with UE location.

-
The notification includes a traffic filter that indicates the traffic to which the AS (re)location may apply. The traffic may belong to ongoing PDU sessions or future PDU sessions. 

-
The traffic filter includes a UE indicator that indicates the UE that the traffic is associated to. The UE indicator may be the IP address associated to the PDU session, in case of an ongoing PDU session. The UE indicator may also be a UE ID that is allocated by the CP and exposed to the AS Controller. In this case, the PDU sessions may include both ongoing PDU sessions and future PDU sessions. The UE indicator may indicate more than one UE or indicate that the AS (re)location applies to traffic of any UE that meets all the other criteria defined by the traffic filter.

Editor's note: The actual information to be communicated as traffic filter is FFS. 

2.
The NEF sends a response back to the AS Controller, acknowledging the acceptance of the request or its rejection.

5.4.X.2
Receive UP (Re)selection notification

5.4.X.2.1
Subscription

Service description: Receive UP (re)selection notification.

Pre-condition: Null.

Post-condition: The NEF maintains the service transaction information if the transaction is successful, including the mapping to any AS (Re)location Notification Transaction.
The service interface message:

-
Request message: 

-
Receive UP (Re)selection Notification Subscription Request (Transaction Identifier, Time info, UE Location info, Traffic Filter, Subscriber information)

-
Response message: 

-
Receive UP (Re)selection Notification Subscription Response ()

Service procedure:
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1.
The NEF receives the Receive UP (Re)selection Notification Subscription Request from the requester (e.g. AS Controller, another CPF). 

- 
The request may include a transaction identifier, which corresponds to an early AS (Re)location Notification service transaction, implying that it applies to any UP (re)selection impacted by the early AS (Re)location Notification transaction. 

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

-
Alternatively, the request may include the following information:

-
Time information, indicating when the subscription applies. The time information may be empty, implying the subscription proceeds immediately.

-
Location information, indicating that the subscription applies only when the UE is present within the specified location (e.g. geographic location). The location information may be empty, implying the subscription proceeds without being concerned with UE location.

-
Traffic filter, indicating the traffic to which the subscription may apply. The traffic may belong to ongoing PDU sessions or future PDU sessions. 

-
The traffic filter includes an application indicator indicating the application that the traffic is associated to.

-
The traffic filter includes a UE indicator that indicates the UE that the traffic is associated to. The UE indicator may be the IP address associated to the PDU session, in case of an ongoing PDU session. The UE indicator may also be a UE ID that is allocated by the CP and exposed to the AS Controller. In this case, the PDU sessions may include both ongoing PDU sessions and future PDU sessions. The UE indicator may indicate more than one UE or indicate that the AS (re)location applies to traffic of any UE that meets all the other criteria defined by the traffic filter.

Editor's note: The actual information to be communicated as traffic filter is FFS. 

-
Subscriber information such as network address, such as IP address, MAC address, or other type of address, and port number. 

2.
The NEF sends a response back to the requester, acknowledging the acceptance of the subscription or its rejection.

5.4.X.2.2
Event notification

Pre-condition: The NEF maintains the respective Receive UP (Re)selection Subscription transaction information.

Post-condition: Null.
The notification message:

-
Request message: 

-
Send UP (Re)selection Notification Request (Transaction Identifier, Anchor UPF location, AS location)

-
Response message: 

-
Send UP (Re)selection Notification Response ()

Notification procedure:
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1.
The NEF sends the UP (Re)selection Notification to the Receiver. The request includes 

-
The transaction identifier of the corresponding UP (re)selection Notification Subscription service transaction. 

-
The AS location and the  anchor UPF location. The location information is in the form of network address.

2.
The receiver acknowledges to the NEF the receipt of the notification. 

NOTE 1:
If the receiver is an AS Controller, before sending the acknowledgement, the receiver can perform the necessary steps for the AS (re)location or AS state (re)location procedure, which can include releasing resources and data structures, configuring traffic steering, etc. The detail of the AS Controller's behaviour is not defined. 

***** End of 3rd Change *****
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