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1. 
Introduction

Multimedia applications should be able to adjust the transmission rate to match the capacity of the receiver or to adapt to network congestion. Where variations in available bandwidth to a multimedia application may exist, optimal user experience is obtained when the application itself can adapt to the prevailing conditions. Such variations may be due to network congestion, local cell conditions, or may reside in the processing capability of the receiving device itself. Many implementations place the responsibility of rate-adaptivity at the source. This does not work well with multicast transmission because of the different requirements of heterogeneous receivers and receiving environment.

The notion of Scalable MBMS has been proposed as a means to efficiently deliver multimedia information to mobile devices (UEs) with various processing capabilities in 3GPP wireless networks [2], [3], [4]. Scalable (layered) video using multicast has recently received considerable attention as an effective method for real-time video communication and video distribution to a group of heterogeneous receivers [9], [10], [11], [12]. 

Scalable video codecs (codecs which supports multiple layers) are important and necessary to support optimal Scalable MBMS. This allows rate adaptation to be carried out at the receivers by combining a layered encoding with a layered transmission system. Receivers can then adapt to network heterogeneity and control their reception bandwidth by joining only the appropriate subset of the multicast groups.

This contribution discusses the benefits of scalable video codecs, and proposes its application to the Packet-Switched Streaming Service (PSS) [1] and to deliver multimedia information to mobile devices using Scalable MBMS [5].

2.
Discussion

2.1
Benefits of Scalable Video Codec

The 3GPP PSS currently specifies the H.263 profile 0 level 10 as mandatory and the H.263 Profile 3 Level 10 and MPEG-4 Visual Simple Profile Level 0 as optional codecs. These are non-scalable video codecs. To deliver multimedia information to mobile devices (UEs) with different processing capabilities in 3GPP wireless networks, it will be useful to have a scalable video codec. Conventional MPEG-4 Simple Scalable Profile (SSP) allows the enhancement layer(s) to be decoded only if the bitstream is received error-free. This limits the application of scalable video over the more error-prone mobile wireless environment. A new MPEG-4 video profile, known as MPEG-4 Error Resilient Simple Scalable Profile (ER-SSP), has been proposed, accepted and will be standardized by MPEG for use in the error-prone mobile wireless environment. This ensures that it will be suitable for application in video multicast to mobile multimedia devices [4].

With the conventional MPEG-4 SSP, there is a possibility that the information associated with the enhancement layer could drift away from the bitstream associated with the base layer, leading to errors during decoding. With MPEG-4 ER-SSP, the error-resilience tools, such as resynchronization markers, data partitioning (DP), header extension codes (HEC) and reversible variable length codes (RVLC) [7], [8] are applied to both the base and enhancement layers making it more robust to errors in the channel [5]. Synchronization between the base and enhancement layers of the video sequence is therefore less of a problem as compared to conventional MPEG-4 SSP and can be carried out at the receiver. The RAN need not be involved in the synchronization of the different layers.

2.2
Various Types of Scalable Codecs

There can be various forms of scalability and combination thereof:

1. SNR Scalability

SNR scalability is defined as the representation of a video sequence with varying accuracies in the displayed pixel reproduction with respect to the source pixels. This is typically accomplished by quantizing the DCT coefficients of the pixels (in the transform domain) with increasingly finer quantization stepsizes. With SNR scalability, the base layer provides a video sequence with a particular level of detail and each enhancement layer(s) provides incremental improvement to the level of detail (i.e. finer detail). The base layer is obtained by applying a coarse quantizer to the original image or in a transform (e.g., DCT) domain. The enhancement layer represents the quantized difference between the original image and the reconstructed image up to a certain desired level of accuracy. This is useful for multimedia multicast to mobile devices with different UE processing capability and the varying UEs distance from Node Bs.
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Figure 1 Supporting SNR Scalability for different mobile devices (UEs)

2. Spatial Scalability

Spatial scalability is defined as the representation of the same video in varying sizes. With spatial scalability, by decoding the base layer of a video sequence, the user can display a preview version of the decoded image at a lower resolution (e.g. QCIF or QQVGA) and decoding the enhancement layer results in a larger reconstructed image, i.e. large size picture (e.g. CIF). This can be useful for multimedia multicast to multiple UEs. Some of the UEs have smaller, lower resolution screen sizes whilst others have larger, higher resolution screen sizes.
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Figure 2 Supporting Spatial Scalability for different mobile devices (UEs)
3. Temporal Scalability

Temporal scalability is defines as the representation of the same video in varying resolutions or frame rates. Temporal scalability enables different frame rates for different layers of the content. With temporal scalability, the base layer provides a video sequence at a particular frame rate, for example, 5 fps (frames per second) whilst each enhancement layer provides incremental improvements to the frame rates, 10 fps, 15 fps, etc. This is particularly useful for multimedia multicast to mobile devices with different processing (decoding) capabilities.

3.
MPEG-4 Scalable Media Stream for Users that Join an Ongoing MBMS Session

In order to support a user that joins an ongoing MBMS session and wishes to receive the MPEG-4 ER-SSP stream, the MPEG-4 header information to decode the MPEG-4 ER-SSP bitstream will need to be sent together with the SDP information as is currently done in [1]. This header information, which is not that large, can be continuously sent on the MBMS common (shared) channel.

Once this is done, the user’s device will be able to decode the base and enhancement layers of the MPEG-4 ER-SSP media stream. By assigning different multicast address to each layer, the information associated with each layer can be relayed to the CN and/or the RAN [13].

4.
Proposal

We propose that in order to efficiently deliver multimedia information to various mobile devices (UEs) with different processing capabilities in 3GPP wireless networks, a scalable codec, such as MPEG-4 ER-SSP, that is well suited for the error-prone wireless environment, needs to be introduced for PSS and MBMS.

This will allow the mobile multimedia device to receive the bitstream that is commensurate with its processing capabilities as well as its current SNR.
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