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1. Introduction
The use of communication system resources for multimedia transmission can be optimized using the close cooperation between communication components in different protocol entities. The increased number of wireless/mobile network elements and the demand for enhanced QoS/QoE require closer cooperation between various elements in the multimedia system. As an example, a service provider can reserve resources and a specific QoS/QoE level by mapping specific application requirements to appropriate network QoS parameters. QoS/QoE can be further enhanced by the cooperation between the application layer and the medium access control layer. With this kind of cooperation, more sophisticated and detailed control information can be delivered to fully optimize the end-to-end multimedia transmission performance. If necessary, an additional QoS/QoE adaptation layer (e.g., Quality Adaptation Layer (QAL) which is an adaptation layer which can be used to provide QoS feedback) in the protocol stack can be defined to deliver the QoS/QoE-oriented control information within the protocol stack and through the network.
This document describes the need for enhanced QoS/QoE support based on the cooperation between different protocol components and presents an architecture for cooperative QoS/QoE control for multimedia applications. Specifically, it defines various control information elements and describes how the control information can be delivered and used in different components.
2. End-to-End QoS/QoE Support
As shown in Figure 1, to support end-to-end QoS/QoE for multimedia applications, the end system should be aware of the network condition, and the network needs to configure network resources properly according to the QoS/QoE requirements. Applications should also involve in the QoS/QoE support using a media-based QoS/QoE solution, e.g., scalable video technology.
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Figure 1: End-to-End QoS/QoE Support

Figure 2 shows a network-oriented QoS/QoE support scenario where the network provides QoS mapping and adaptive QoS/QoE control, differentiated transmission control depending on the importance of the incoming flows, and adaptive network monitoring & control.
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Figure 2. Network-oriented QoS/QoE Support


Figure 3 shows an end system-oriented QoS/QoE support scenario where the end system provides network-aware control such as unequal error protection and transmission power control.

[image: ]
Figure 3. End system-oriented QoS/QoE Support

3. Cooperative QoS/QoE Control
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Figure 4. A Cooperative QoS/QoE Control Example

Figure 4 shows a cooperative QoS/QoE control example where a base station and an end system exchanges information via a cooperative QoS/QoE controller to find a proper encoding rate and provide adjusted scheduling information according to the network status.
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Figure 5. Parameter Abstraction

Since heterogeneous access networks may use different QoS/QoE parameters, parameter abstraction can be helpful to provide QoS/QoE information in a general manner. Figure 5 shows an example configuration for parameter abstraction.
Figure 6 shows an overall architecture for cooperative QoS/QoE control, which is comprised of end systems and wired/wireless nodes and includes various cooperative control information flows for adaptation to varying transmission conditions. The architecture also contains high layer (HL) and low layer (LL) controllers. To consider a mobile scenario, the last hop in the network is assumed to be a wireless channel which is vulnerable to transmission errors.
The LL and HL Controllers are used for instructing the other components to adapt to varying transmission conditions by providing them with the information on network & channel conditions and application requirements.
The Application Source Information (ASI) is created by the media encoder at the source node, and it represents the information on the relative importance of media bits and sensitivity to communication channel errors.
The Source Encoding Information (SEI) is generated by the media encoder at the source node and used by the media decoder at the destination node. The SEI is synchronized with the associated media stream, and it represents the information that the media decoder at the destination node can use for enhancing the QoS/QoE.
The Channel Condition Information (CCI) provides the conditions of each wireless channel through which the media stream is transmitted. The CCI is delivered in the reverse direction with respect to the media stream. The additional overhead caused by the CCI transmission should be controlled to be negligible compared to the media packet transmission rate.
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Figure 6. A Cooperative QoS/QoE Control Architecture

The Network Condition Information (NCI) provides the information on the resource availability and the congestion level in the network. Such information is related to the packet-level QoS parameters such as delay, jitter, and packet loss. The NCI can be used at the media encoder at the source node to better adjust the media generation rate and media encoding parameters. The NCI is delivered towards the source node, and therefore synchronization with the media stream is not necessary. The NCI needs to be frequently updated to reflect the recent network status.
The Channel Reliability Information (CRI) is generated by the radio receiver and used by the destination node to better tune the source decoding process and hence improve the resulting QoS/QoE. The Source Decoding Information (SDI) is generated by the media decoder at the destination node and used at the radio receiver to set the working parameters of the channel decoder and demodulator unit. The SDI is delivered in the direction from the destination node to the source node.
The NCI and the CCI can also be used in the wired portion of the network to enhance the congestion control and congestion notification in the network. For QoS provisioning at media-aware network elements, the ASI can be used to extract the information on the media.
4. Proposal 

The demand for enhanced QoS/QoE increases as multimedia applications/services are being widely deployed on mobile devices. In time-varying wireless/mobile networks, it is becoming essential to provide adaptive multimedia transmission in order to maintain desired QoS/QoE levels. A cooperative approach can be useful to optimize the multimedia transmission by adapting to the channel status dynamically. This document described the need for enhanced QoS/QoE support and presented an architecture for cooperative QoS/QoE control for multimedia applications. The architecture includes controller units and various cooperative control information flows for adaptation to varying transmission conditions. This cooperative approach can be useful to optimize the multimedia transmission over wireless/mobile networks as well as wired networks. In particular, it is worthwhile to study on the cooperation between the application (media) and other transport related network elements.
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