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Abstract of the contribution: We propose that intelligent application awareness is needed both in the 5G RAN and in the 5G Core Network.
Introduction
The QoS architectures of earlier mobile networks were not designed to efficiently handle OTT/Internet traffic prevalent in the networks today. We believe that 5G should not evolve the older paradigms, instead design a new QoS architecture including autonomous Cognitive functions within the RAN and CN. The Cognitive functions shall be capable of detecting application sessions, deriving their service requirements, deriving real time QoS targets and triggering their enforcement.
Application Awareness in an End-to-End QoS framework
In the RAN, application awareness is sometimes described as a feature where the core network marks packets with an application identity marker in order to inform the RAN and to enable the RAN to fine-tune the resource allocation to that application. However, in our proposal [2], application awareness assumes support for application and context aware U-plane functions (cognitive functions) within the RAN and within the CN.  These cognitive U-plane functions are able to autonomously recognize and evaluate the traffic mix, the user actions and the local network status, make decisions and perform or trigger enforcement actions in order to maximize the customer experience. 
In the following text, we refer to these application and context aware functions as Cognitive functions as we describe the steps required for intelligent experience management:
Step 1: Application Identification 
To start with, a Cognitive functions needs a mechanism to identify the application sessions (as in, e.g., a YouTube video download, a web page download, listening to Spotify, posting to Facebook, etc.) on a per user level. Application detection is achieved by means of proprietary algorithms (some examples for means to detect applications – usage pattern, heuristics, application ID negotiated between operator and application provider).
NOTE 1: Most of the traffic traversing the cellular network today is encrypted, which makes has obsoleted application identification methods based on deep packet lookup. On the contrary, alternative mechanisms to find out the resource needs of an application session are needed. 
NOTE 2: We recommend not to take the resource limitations of the current product platforms as a limitation to the deployment of cognitive functions at the 5G RAN nor at the 5G CN. 
Step 2: Deriving the Service Requirements of the Application Session
Next, the Cognitive functions must derive the service requirements of the application session. Each application session has a certain service demand, which needs to be satisfied in order to make the session feel satisfactory to the end user. The service demand (characterized by bandwidth need, download time, latency budget, etc.) depends highly on the application type and characteristics (such as video download, social network, interactive web session, chat, background software update, etc.) as well as on the content being requested (or uploaded); such as a small web page with few objects hosted at the same server vs. a complex page with multiple objects scattered around multiple data centers and CDNs. 
It is important to note that the service demands of a session are not on the packet level (as in delay budget in a PDCP buffer). In order to manage the end-to-end QoS of these session, the system needs not only to identify which packets belong to which user’s which session but also to understand the service demand of the sessions. This is illustrated in Figure 1.
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Figure 1: Understanding the real time demands of an application session is needed in a service aware RAN 
The resource demands of sessions are versatile and highly dynamic, created in real time by the user, the device, the content and the application. For example, videos are not only videos but they have a specific media rate (possibly varying in time due to VBR encoding) which is unique to the particular content. Therefore, they require different amount of bandwidth to make sure the playback is smooth. Web pages are not only identified as web pages but they (depending on the content and the delivery mechanism, such as HTTP/1.1, HTTP/2, AMP, QUIC) require different amounts of bandwidth and maximum end-to-end RTT to ensure that the page is downloaded to the user within, say, 5 seconds. 
Step 3: Real Time Resource Management
Finally, after detecting an application session and understanding their service demand, managing their QoS means that the traffic of these sessions must receive the required resources (bandwidth, urgency, etc.). Therefore, Cognitive Function is essentially also a real time resource management mechanism. Maximizing the QoS of active sessions (i.e., making sure that the highest possible number of sessions gets what it needs) is possible only if the mechanism is aware of the concurrent applications sharing the same resource (i.e., has insight to where the resources are used, such as which sessions are served by the same radio access point / radio leg /transport leg) and it is aware of the amount of resources that needs to be shared (e.g., the radio capacity, transport capacity).  
Cognitive Function 
Deriving highly dynamic service requirements is essential for providing the optimum resource management in real time. Deriving service requirements requires, in turn, that the QoS enforcement node has real time insight on the session level of the application. This is why the functions for application session detection, deriving the service demand and real-time resource management (enforcement) should all be located together in what we call a Cognitive Function. 
In order to optimise the QoS management of services end-to-end, an autonomously operating Cognitive Function  should be close to the interface representing a potential bottleneck. Thus, for managing transport QoS, Cognitive Function should be placed at the CN and for managing radio QoS, Cognitive Function should be placed at the RAN. 

Note that due to the autonomous nature of the Cognitive Function there is no need for tunnelling or bearers across the NG1-U interface (at least from the QoS perspective).


Proposal
We propose to agree to document in the TR 23.799[1] a QoS framework where Cognitive Function within the RAN and within the CN UP functions are capable of application detection, derivation of application session requirements and deriving QoS targets and enforcement actions. This type of QoS framework is introduced in [2].
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