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Abstract: In NextGen, applications or enablers (ASs) that belong to operator or 3rd parties will be deployed in operator’s network, e.g. edge computing as described in Annex H. This paper proposes to take into account application-layer  information, e.g. AS location during UP path (re)selection in order to ensure the most efficient between UP and in-network ASs. The proposed solution also enables UP change notification to the in-network AS controller.   

1 Discussion
In order to, e.g. improve users’ QoE, apply the bandwidth limitation and provide value-added services, application systems (AS) including applications or enablers that belong to operator or 3rd parties (e.g. NAT, antimalware, parental control, DDoS protection, video optimization, big data processing, augmented reality servers, cognitive assistance servers, gaming servers, etc.) may be deployed in operator’s network. As a result, the following two issues emerge. 
· UP path (re)selection with AS (re)location

After sessions are being established between UE and AS, the AS may be relocated for some particular UE or set of UEs due to their loading or for certain application-level reasons. There are several application relocation methods, for example, "Adaptive VM Handoff Across Cloudlets" (http://reports-archive.adm.cs.cmu.edu/anon/2015/CMU-CS-15-113.pdf) may allow the VM carried applications to migrate from one location to another. Another way is to transfer UE context between different instances of the same application. The AS relocation methods are out of 3GPP scope.

In order to keep the traffic path efficient after the AS relocation, the relevant UP functions may be (re)selected.
· AS (re)location with UP path (re)selection

To satisfy end-to-end QoS requirements such as delay and rate, the application may change its location closer to the UE to make the traffic path more efficient. It means that the optimal in-network location for an application to serve UE may change subsequently to a UP path (re)selection. In this case, the 3GPP network shall be able to expose internal events for UP path (re)selection to the applications, e.g. UP change event due to UE mobility.
In order to overcome these problems and maximize both the network performance and the application performance, the following principles should apply:
· Application-aware User Plane (re)selection: when (re)selecting the UP for a PDU session, the network takes into account the information of applications (e.g. AS’s current location or potential target location for relocation).
NOTE 1:
It is not precluded that other information is also taken into account for UP selection (e.g. as determined by other key issues).

· User Plane (re)selection exposure: when User Plane (re)selection happens, the network is able to expose the User Plane (re)selection information, e.g. UP location, to the AS controller as an input of application (re)location decision and traffic steering control.
2 Proposal
Editor's Note: The proposal addresses the key issue of UP path (re)selection (clause 5.5 in TR23.799)
This paper propose to take into account application information during UP path (re)selection. The proposed solution allows AS to specify custom UP path (re)selection configuration into the network for some UEs’ traffic, which is respected by the Control Plane when performing UP path(re)selection. The proposal assumes the knowledge of traffic steering performance and cost between UP and the AS. How to obtain it and who maintains it is FFS. 
When the Control Plane performs UP path reselection for an existing session, the UP gateway of the session may change, breaking the session continuity. In the case of downlink communication, the traffic steering rule at the AS side needs to be reconfigured according to the new UP gateway so that the session is not interrupted. In some cases, e.g. URLLC, AS relocation may be also triggered to ensure end-to-end QoS. The proposed solution enables UP change notification to the AS and thus timely reconfiguration of the traffic steering rules and relocation of AS if needed.  

It is proposed to add the solution into TR23.799.
***** Begin 1st Change ***** all new texts
6.5
Solutions for Key Issue 5: Enabling (re)selection of efficient user plane paths

6.5.x
  Solution 5.x: Application-aware UP Path (Re)selection
6.5.x.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.x.1-1: UP (re)selection architecture
6.5.x.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.x.2-1: UP (re)selection according to AS Request

1.
The Control Plane receives a UP path (re)selection Request for the PDU session associated with the application. 
-
The request may include UE filter information that indicates the UE for which the requested UP path (re)selection is applied. 
NOTE 4:
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 suitable and/or unsuitable for selection, to be taken in account during UP path (re)selection. 
Editor's note: Whether the AS controller communicates with Control Plane directly or via SCEF is FFS. Which CP function should perform the validation/authorization is FFS. 
Editor's note: The actual information provided to communicate the list of UP functions suitable and/or unsuitable for selection is FFS.
2.
The Control Plane sends a response back to the AS controller, acknowledging the acceptance of the requested UP path (re)selection or its rejection.
3.
The Control Plane identifies the impacted PDU session and (re)selects the UP for the traffic flow according to the application location.

4.
The Control Plane establishes PDU session resource on the UP_B, the routing of the traffic between the UP_B and the AS.

5.
The Control Plane establishes PDU resources in the case of UP selection or updates the PDU session resource to change the traffic flow path from the UP_A to UP_B in the case of UP reselection.
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 procedure of UP change notification.
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Figure 6.5.x.2-2: UP Change Notification
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, e.g. due to UE mobility or load balancing, the Control Plane notifies the UP setup or change of a PDU session associated to an AS to the AS controller. 
2.
The AS controller performs the necessary steps for  the AS (re)location or AS state (re)location procedure. The details of AS (re)location are out of 3GPP scope.
3.
The AS controller acknowledges to the Control Plane about the acceptance of the notification.
4.
The Control Plane updates the UP to setup the routing of the traffic between the new UP and the new AS serving the UE.
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. 
6.4.x.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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