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Abstract: This paper updates the solution 6.5.5 by providing more interaction detail and addressing the issues pertaining to session and service continuity (SSC).
1 Discussion
An application system (AS) is composed of one or multiple application functions. In NextGen systems, the AS may be deployed inside the operator’s network, closer to the edge but outside of the 3GPP domain. The internal components of the AS may be invisible to the outside. In other words, the whole AS is presented to the UE as a single entity. For example, it may be assigned with a single virtual IP address and offers certain particular service to UE, and UE uses this address to access the offered service. 

AS (re)location or (re)selection may happen to certain traffic from time to time. For instance, a data aggregation function is deployed closer to the utility meter devices to aggregate raw meter readings into a compact form before forwarding them to the operation centre. Meter reading is generally pre-scheduled and the device transmission schedule is known in advance. In order to balance the traffic load, AS (re)location is planned according to the transmission schedule. Another example is network caching where the content caching functions are deployed in the network for a content service provider. As the UE moves, a different caching function may be selected for the UE to reduce content delivery delay and delivery cost. A third example is in critical communications, where with UE mobility a changing set of UP GWs (for parallel connections) together with an optimal AS location is selected for the UE traffic to ensure reliability and QoS.

When AS relocation happens, UP path may be reselected so as to ensure end-to-end QoS and efficiency. On the other hand, it is possible that UP path reselection is triggered by 3GPP internal factors such as UE mobility and load balancing, and this may render current AS location suboptimal and, in turn, trigger AS relocation. Since the 3GPP network and the AS network are managed separately, interaction is needed between the two networks for ensuring end-to-end performance and efficiency.  

The solution 6.5.5 “application-aware UP path (re)selection” provides a high-level definition of such interaction. This paper updates it by providing more interaction detail and addressing the issues pertaining to session and service continuity (SSC).

2 Proposal
Editor's Note: The proposal addresses the key issue of UP path (re)selection (clause 5.5 in TR23.799)
The proposal addresses the potential SSC issue between the 3GPP network and the AS network as a result of UP reselection or AS relocation. SSC basically refers to ensuring traffic delivery toward correct UP GW (in the DL case) or AS location (in the UL case). A UP GW is a UP function through which the UP is connected to other networks, such as an AS network or a PDN (packet data network).  It can be an IP anchor, a mobility anchor, a branching function, for example.
There are two solutions to the SSC problem. In one solution, UP GW implements a traffic steering function whose functionality is similar to network address translation (NAT). In the other solution, such a traffic steering function is deployed in the AS network and configured by the AS controller. Figures 1 and 2 illustrate the two solutions. 
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Figure 1. Traffic steering at UP GW for SSC.
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                    (a) DL traffic steering after UP reselection                                          (b) UL traffic steering after AS relocation

Figure 2. Traffic steering in the AS network for SSC

The first solution requires the 3GPP network to know the AS locations for proper steering of UL traffic. The second solution is out of 3GPP scope because the traffic steering function is located inside the AS network. However, to enable this solution (mainly for the DL case) the 3GPP network needs to indicate the associated traffic when notifying the AS controller about UP change or setup. This can be done by including a traffic identifier in the UP change (setup) notification. To avoid performing redundant traffic steering, the 3GPP network should to be informed by the AS controller about the need, for example, using an SSC indicator. When traffic steering is needed, the UP GW needs to be provided with the AS locations. 
***** Begin of Change *****
6.5.5
Solution 5.5: Application-aware UP Path (Re)selection

6.5.5.1
Architecture description

This solution assumes the following architecture: UP path (re)selection is performed by Control Plane functions and an AS controller (a non-3GPP function) is in charge of AS (re)selection/(re)location. The interfaces marked by dashed lines are out of the scope of 3GPP.
NOTE 1:
The AS controller is a function under the control of the operator and within the trusted domain, and is assumed to have a certain knowledge of the topology of the CN User plane with respect to the AS network. 

NOTE 2:
The focus of this solution is on the interaction necessary to enable an application aware (re)selection of user plane path. The behaviour of the AS controller and the actual relocation of the application or application context are outside the scope of 3GPP and can be defined by other SDOs.

NOTE 3:
The actual set of Control Plane functions involved in the procedure or interfacing the AS controller are defined by other KIs, and are collectively referred here as "the Control Plane".
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Figure 6.5.5.1-1: UP (re)selection architecture
6.5.5.2
Function description

The following flow diagram describes the procedure of enabling application-awareness to UP path (re)selection.
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Figure 6.5.5.2-1: UP (re)selection according to AS Request

1.  UE has an established PDU session with the application via UP_A and DL/UL traffic associated with the session has started to flow. This step is optional in the case of UP path selection.

2.  A UE (re)selection request procedure takes place upon a request from AS controller

2a.
The Control Plane receives a UP path (re)selection Request for the PDU sessions associated with the application. 

-
The request may include UE filter information that indicates the PDU sessions to which the requested UP path (re)selection is applied. 
NOTE 4:  The PDU sessions may be future sessions in the case of UP path selection or ongoing sessions in the case of UP path reselection.
NOTE 5:
The procedure describes the case where a single UE is connected to the AS; however, an AS can serve a number of UEs simultaneously, which could result in the UP paths of PDU sessions of multiple UEs being reselected.
-
It may include a list of UP functions or AS locations suitable and/or unsuitable for selection, to be taken in account during UP path (re)selection. The UP functions and AS locations may be specified using network addresses such as IP address, MAC address, or other type of addresses.
-
In case of reselection, the request may include time periods indicating when the requested UP path reselection should be applied. The absence of such time periods indicates the requested UP path reselection should proceed immediately.
-
The request may include an SSC indicator for the PDU sessions. The indicator indicates that the CP should configure traffic steering for maintaining the SSC; the absence of the indicator implies that the SSC will be handled by the AS network. If the SSC indicator is included and the AS controller did not provide an SSC mode for the PDU session, the SSC mode associated with the PDU session is determined according to clause 6.6.1.
Editor's note: Whether the AS controller communicates with Control Plane directly or via SCEF is FFS. 
2b.
The Control plane performs validation and authorization for the UP path (re)selection request. Other security measure such as authentication can also be carried out at this step.  
Editor’s note: Which CP function should perform the validation/authorization is FFS.


2c.
The Control Plane sends a response back to the AS controller, acknowledging the acceptance of the requested UP path (re)selection or its rejection.
2d.
The CP generates traffic steering rules according to the UP (re)selection request and configures the rules into UP GW-A. This step is optional if this is an initial UP path selection request or if the UP path reselection request does not include an SSC indicator.
2e.
The CP generates traffic steering rules according to the UP (re)selection request and configures the rules into UP GW-B. This step is optional if  the UP path (re)selection request does not include an SSC indicator.
NOTE 6: 
This step allows traffic steering rules (e.g for UL traffic) to be configured at UP GW before session setup in the case of UP path selection. It is optional if traffic steering is configured dynamically in the Step 3 in Figure 6.5.5.2-2.
3.
The Control Plane knows from the step 2(a) which PDU sessions are impacted and which UP functions or AS locations are suitable and/or unsuitable for use and (re)selects the UP for the PDU sessions accordingly. The control plane establishes PDU resources on the UP_B; in the case of UP reselection, it further updates the PDU session resource to change the PDU session path from the UP_A to UP_B.



Editor's note: The procedure is orthogonal to session and service continuity aspects. The details for integration with session and service continuity of the PDU session is FFS.
The following diagram describes the procedures of UP change notification and traffic steering configuration. The two procedures are part of the UP path (re)selection procedure, which may be triggered either by the UP (re)selection request from the AS controller, as shown by the Step 3 in Figure 6.5.5.2-1, or due to internal factors such as UE mobility or load balancing.
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Figure 6.5.5.2-2: UP Change Notification and Traffic Steering Configuration
1.
When the Control Plane determines the UP gateway during session setup or when the Control Plane determines the new UP gateway for the PDU session as a result of UP path reselection, the Control Plane initiates the UP (re)selection notification procedure for a PDU session associated to an AS. 
1a.
The CP notifies the UP setup or change of the PDU session associated to an AS to the AS controller.

1b.
The AS controller performs the necessary steps for  the AS (re)location or AS state (re)location procedure, which may include traffic steering configuration for SSC. The details of AS (re)location are out of 3GPP scope.

1c.
The AS controller acknowledges to the Control Plane about the acceptance of the notification. The acknowledgement may further include an SSC indicator, implying that the CP should be configured by the CP for maintaining SSC.  The absence of the indicator implies that the SSC has been handled by the AS network.
2.
The CP initiates a traffic steering configuration procedure if an SSC indicator is detected in the step 1c.

2a.
The Control Plane updates the UP to setup the routing of the traffic between the new UP and the new AS serving the UE.
2b.
The CP receives traffic steering configuration acknowledgement indicating the successful update of traffic routing.

2c.
The CP notifies the AS controller about the completion of traffic steering configuration so that they can start to use the new UP.  The notification may trigger the AS controller to finalize AS relocation such as releasing resources and cleaning up data structures. The details of AS controller behavior are out of 3GPP scope.
NOTE 7: 
The step 2 is optional if traffic steering has been pre-configured before UP path (re)selection, in the UP path (re)selection request procedure.
Editor's note: The procedure is orthogonal to session and service continuity aspects. The details for integration with session and service continuity of the PDU session is FFS. 
6.5.5.3
Solution evaluation 

Editor's note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.

***** End of Change *****
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