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1
Introduction

A solution for key issues 1, 2 and 3 is provided.
2
Proposal

It is proposed to make the following changes to the TR 23.727. All the proposed text is new.
START OF CHANGES
6.X
Solution #X: Network Controlled RAT Selection Based on Application Awareness

6.X.1
Functional Description

Editor's note:
General description, assumption, and principles of the solution.

The solution addresses issues 1, 2 and 3.

6.X.1.1 General

The proposed solution is based on the following points:

-
Application detection: 

-
application detection happens in the UE and the CN

-
no application detection/awareness takes place in the RAN.

-
mechanisms for application/traffic detection are not defined as part of this SID, it is assumed that existing solutions or new solutions being defined (e.g. in FS_ENTRADE for encrypted traffic) are used

-
Enhanced UE Policy for application-aware steering of traffic: 
-
In order to address RAT/system selection by the UE, the solution proposes to enhance the UE policies provided by the network to the UE with Application-based Access Preference, in order to enable RAT/system selection based on the applications active in the UE. Application-based Access Preference comprises:
-
An indication of the CN type (i.e. EPC or 5GC) that is preferred for a specific data flow(s), identified by one or more of application ID, DNN, slice
Editor’s note: in this proposal the term preferred is used. Whether it is necessary to distinguish between the case where a specific RAT/system is preferred for an application, or where it is required for an application is FFS.

-
An indication of the RAT (i.e. E-UTRAN or NR) that is preferred for a specific data flow(s)
-
The indication of CN type takes precedence over indication of RAT, in case both exist in the UE
-
In addition, an Application Transport Preference is defined to indicate to the UE, when a PDU session exists to the DNN mapped to the application in the URSP, whether upon detecting traffic corresponding to a new application, the UE shall re-use an existing PDU session to the DNN or request a new one to be used by the specific application. 
-
Enhancements to the URSP to indicate to the UE what RAT/system should be used are defined.
-
Enhanced CN policy:
-
policy information provided by the PCF to the SMF for a PDU session are enhanced to consider traffic steering between RATs based on application detection in the CN, and application-specific preferences for the RAT
-
such policy information may be defined by the CN, or may be provided to the network for a specific application by an AF
-
the policy information is used by the CN to derive Application Steering RAN Policy (ASRP) for the RAN necessary to perform traffic steering between RATs based on the application detection that took place in the CN

-
this applies to scenario 1, where 5G RAN is provided with information to trigger the UE handover to E-UTRAN/EPC based on the obtained information

-
this applies also to scenario 2, where the 5G RAN uses the information to steer the traffic corresponding to the applications to either E-UTRAN or NR

-
the ASRP may be determined by the PCF and provided to the SMF, or the PCF may provide policy information used by the SMF to determine the ASRP. 
Editor’s Note: the details of the function that determines the ASRP are FFS and depends on how the CN maps traffic of applications with different preferences associated to the transport, as described below.

-
Network-controlled application-aware steering of traffic for applications between RATs
-
the solution is based on application detection taking place in the CN, the CN determining the ASRP corresponding to the traffic of the detected application, and providing the ASRP to the 5G RAN. The RAN only receives the ASRP and is NOT aware of application information
-
For E-UTRAN and NR connected to 5GC in Dual Connectivity (scenario 2), the network controls whether the traffic corresponding to a specific application is transported over E-UTRAN or NR based on the ASRP provided by the CN to the 5G RAN. This enables the CN to steer applications with e.g. lower value (as determined by the CN) over LTE, and maintain applications with e.g. higher value over NR, in order to differentiate the QoE provided to the users and reduce the network load of NR to guarantee other user’s experience.
-
For E-UTRAN connected to EPC and NR connected to 5GC (scenario 1), the network exercises control of the RAT used by the UE based on the 5GS triggering the UE to E-UTRAN/EPC. This may imply triggering handover of all the UE traffic to E-UTRAN/EPC, or triggering the mobility of specific PDU sessions
. 
-
For the application-aware steering of traffic, steering may be performed at QoS flow level or at PDU session level:
-
steering at QoS flow level is performed in the CN for CN-based solutions described below. Based on the RAT/system preference associated to an application in the CN policy, applications are mapped to a QoS flow by the CN. Two options are possible: 

-
multiple applications are be mapped to the same QoS flow (in which case conflicting preferences associated to the applications need to be addressed), or 
-
multiple QoS flows are established for the various applications, depending on the preference regarding the RAT/system to be used for the application. 
In this case, the ASRP indicates to the RAN the preference at the granularity of a QoS flow. The CN may detect the application based on an application-specific TFTs, but even in this case the RAN is only provided in the ASRP the PDU Session ID or the QoS flow; or

-
steering at PDU sessions level is performed by the UE for UE-based solutions described below. In this case:
-
multiple applications (mapping to a specific DNN) with the same preferences for the RAT/system to be used are mapped to one PDU session to the DNN, and

-
a separate PDU session to the same DNN is established to map the applications with different RAT/system preference
-
depending on the solution, the UE triggers the establishment of a new PDU session to the same DNN upon application detection based on the policies (i.e. the Application Transport Preference). 
Editor’s Note: co-existence between steering at QoS flow level (e.g. deployed in a VPLMN) and steering at PDU session level (e.g. deployed in the HPLMN and for which the UE receives Application Transport Preferences in the Enhanced URSP) is FFS.
6.X.1.2 Reference Architecture
No new functional entities are proposed with respect to the 5GS architecture.
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Figure 6.X.1.2-1: Reference Architecture and solution components.

6.X.1.3 Solution for E-UTRAN connected to EPC and NR connected to 5GC (Scenario 1)
In this solution, if the Enhanced URSP instructs the UE (with the Application Transport Preference) to establish, upon application detection (i.e. before the application is bind to an existing PDU session), a new PDU session to the same DNN and maps the application to the new PDU session.

For IDLE mode mobility, the solution proposes that:

-
based on application detection in the UE, the UE uses the Enhanced URSP described above to select the RAT/system (E-UTRAN via EPC wrt NR via 5GC) to be used for the current application(s)

-
the UE establishes connectivity to the selected system, if available. This may correspond to either establishing a new PDU session in the selected system, if none is present or none of the existing ones can be used, or to the UE triggering mobility of existing PDU session from a system to another.
For connected mode mobility, the solution proposes that:

-
for mobility from the 5GC to EPC, upon application detection in the CN, the SMF corresponding to the PDU session on which the application traffic is transported provides an (updated) Application Steering RAN Policy (ASRP) to the 5G-RAN. The 5G-RAN, based on the received policy, may trigger the UE handover to EPC. 
-
for mobility from EPC to 5GC, the solution does not propose enhancements to E-UTRAN connected to EPC. The solution instead proposes that the UE uses the Enhanced USRP to perform autonomous mobility to the 5GC. 
Editor’s Note: how the UE performs autonomous mobility to the 5GC based on the Enhanced USRP is FFS. 

6.X.1.4 Solution for E-UTRAN NR connected to 5GC with Dual Connectivity (Scenario 2)
For IDLE mode mobility, the solution proposes that a network-based solution in which, upon application detection in the SMF, the SMF corresponding to the PDU session on which the application traffic is transported provides an (updated) Application Steering RAN Policy (ASRP) to the 5G-RAN. The 5G-RAN, based on the received policy, triggers the steering of traffic of the UE between NR and E-UTRAN. 
For connected mode mobility, the solution proposes that, upon detection in the CN of an application for which a specific access is preferred, the SMF corresponding to the PDU session on which the application traffic is transported either:

1.
Triggers a PDU session modification to create a new QoS flow for this application even if one of the existing QoS flows could be reused, and the CN provides to the RAN an ASRP indicating that the new QoS flow is preferred to be transported over a specific access, or
2.
Reuses an existing QoS flow, but triggers when necessary a modification towards RAN to provide an ASRP indicating that the new QoS flow is preferred to be transported over a specific access, or
3.
Triggers the UE establishment of an additional PDU session to the same DNN, indicates to the UE to map the application to the new PDU session, and provide an ASRP to the RAN indicating that the new PDU session is preferred to be transported over a specific access

The RAN triggers the QoS flow (for which the CN assigned the application to) traffic to be moved between RATs based on QoS flow RAT preferences provided by the CN. 
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Figure 6.X.1.4-1: Solution for E-UTRAN NR connected to 5GC with Dual Connectivity – logic for connected mode mobility
6.X.1.5 Handling Conflicting Policies for Applications
Application related policies for the UE (i.e. the Application-based Access Preference described above) may be conflicting, e.g. indicating the connectivity preferred for Application1 is E-UTRAN/EPC, and the connectivity preferred for Application2 is NR/5GC, and both Application1 and Application2 are running in the UE.

Similarly, policies in the CN used to derive ASRP may be conflicting in the same scenario.

For the UE policies, the solution proposes the following:

-
For Scenario 1, the conflict may happen in the Application-based Access Preference of the URSP and needs to be handled in the UE. if the UE is running two or more applications that have conflicting preference/requirements in the Application-based Access Preference, the following applies:

-
The “higher” available CN and/or RAT is selected. E.g. in the example above for Application 1 and Application 2 is NR/5GCN, if NR/5GCN is available then the UE selects NR/5G CN. 
-
The CN takes precedence over RAT in selection. E.g. in the example above for Application 1 and Application 2, if E-UTRAN/5GCN is available the UE selects 5G CN even if the RAT is E-UTRAN.

-
For Scenario 2, the conflict may happen in the CN policies and is solved in the CN:

-
CN policies define different priorities associated to the various applications. If the CN detects an application for which the associated RAT preference is different than the one for other traffic in the same QoS flow (i.e. the requirement for the application conflict with the requirements for the other applications), the CN:

-
either assigns a new QoS flow with the same QoS parameters for this application, so that the new flow can be steered to the preferred RAT for the application, or
-
it decides based on the highest priority flow (i.e. selects the preferred RAT associated to the highest priority application). If the selected flow needs to be routed to a different access, the CN provides that to the RAN a new ASRP for the QoS flow

6.X.2
Procedures

Editor's note:
Describes the high-level operation, procedures and information flows for the solution.
6.X.3
Impact on existing entities and interfaces
Editor's note:
Impacts on existing nodes or functionality will be added.
The following impacts have been identified:

-
5G-RAN: the 5G-RAN is able to receive the ARSP and apply the ARSP to the UE traffic (at QoS Flow level or PDU session level). This includes, in scenario 1, triggering handover of the UE traffic to EPC based on ARSP.
-
SMF: based on application detection and policies provided by the PCF, determine the ASRP (possibly in conjunction with the PCF) and deliver the ARSP to the 5G-RAN
-
PCF: the PCF is able to receive an application-specific RAT/system preference from an AF via the NEF. The PCF has enhanced policies with application-specific RAT/system preferences.
END OF CHANGES
�This is really for dual radio UEs capable of simultaneous traffic over EPC and traffic over 5GC. Since we are not pushing for such scenario, perhaps we should leave this out?
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