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1 Introduction
The rapidly growing market of Mobile TV is supported by broadcast and cellular network based services starting all over the world. This has been recognized by 3GPP and a new work item has been started on optimized Mobile TV services for MBMS and PSS [1] to improve the Mobile TV service. Besides improvements on service usability this WID also aims at supporting more advanced audiovisual codecs. 

In parallel, consumers are getting increasingly exposed to multi-channel sound, both in their homes and in the car through modern digital TV systems and DVDs. The growing deployment of multi-channel rendering equipment in those listening environments is starting to create a user expectation that AV services carry multi-channel sound.

In this document we present MPEG Surround as a solution to respond to this user expectation within the limited bit budget of mobile TV services.

2 Discussion
DVB-H and DMB are considered competing technologies to a 3GPP based Mobile TV solution. First steps have been made in those standards bodies to include support for multi-channel audio content by introducing MPEG Surround, the most efficient multi-channel audio coding solution today.

Although MBMS and PSS services currently do not specify the transmission of multi-channel, supporting the transmission for multi-channel content may be beneficial for a number of reasons:

· Enhanced user experience by offering services to receive and listen to multi-channel audio.

· binaural processing to enable surround sound on headphones on a mobile device or a stereo speaker handheld device,

· 5.1 rendering via cradle applications in the car or in the home,

· Support for multi-channel audio keeps MBMS and PSS service on par with existing broadcasting solutions,

· Increased service revenues for mobile operators who could offer multi-channel audio as an added value service on top of a normal subscription,

· Alignment of surround sound formats across different Mobile TV platforms facilitates the reuse of multi-channel content.

MPEG Surround [2] is an open standard that has been finalized by MPEG in the beginning of 2007. It has been selected by DVB since it is a new, flexible and highly efficient technology for coding and transmitting multi-channel audio. The new approach is to downmix the original 5.1 source (cf. Figure 1) into a stereo (or even mono) signal at the encoding side and to transmit additional information describing the full 5.1 material in a highly efficient parameterised format alongside the downmix. By using MPEG Surround, any existing service such as MBMS and PSS can easily be upgraded to provide surround sound in a backward compatible way. While a stereo decoder in an existing legacy consumer device ignores the MPEG Surround data and plays back the stereo signal without any quality degradation, an MPEG Surround capable decoder will deliver high quality multi-channel audio. The target bitrates of MPEG Surround in combination with aacPlus are around 64 to 128 kbps due to the small amount of side information transmitted along with the stereo signal.

The parametric representation of the multi-channel program makes it particularly suited for portable devices with stereo headphones and/or small scale loudspeakers. This is possible because the binaural stereo output is created by filtering the stereo downmix signal with information obtained from the MPEG Surround bitstream. Since the HRTF application steered via the MPEG Surround data can be limited to two channel processing, the complexity compared to a full 5.1 decoder followed by HRTF filtering is significantly reduced, this technology enables high quality surround sound on portable devices which hasn’t been possible before.

The figure below illustrates the abovementioned scenarios:

· A 3GPP Release-4 or Release-5 Legacy AAC decoder, or a 3GPP Release-6 or Release-7 Legacy Enhanced aacPlus decoder would ignore the MPEG Surround data and provide stereo only output.

· An MPEG Surround enabled decoder on a device with two-channel output rendering would decode the stereo bitstream by a regular 3GPP Enhanced aacPlus decoder. MPEG Surround provides an efficient 3D binauralization process that is able to convert this stereo signal together with the MPEG Surround parameters and HRTF data, into a binaural two channel PCM signal. The user, listening with headphones in this example, can enjoy a multi-channel audio experience as he is used to from home theatre systems on a mobile device, without paying an undue computational complexity burden.

· Devices that are attached e.g. via a cradle to a 5.1 speaker environment, for instance in a home theatre or a car, could render the MPEG Surround decoder output to 5.1 channels.
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Figure 1 MPEG Surround overview

MPEG Surround is designed based on parametric models with additional support for waveform coding elements. This enables a very low MPEG Surround side-information bit rate, while retaining the ability to scale to transparent quality at higher bit rates. As such MPEG Surround has the efficiency of parametric models without suffering from the limitation that systems solely relying on parametric models have. Hence, the quality scales up continuously with bit rate. Current testing and industry responses indicate that for MPEG Surround with aacPlus as core codec a total bitrate of 64 kbps, (including surround side information of about 8 kbps) for consumer applications is the low end of the likely range of operational bitrates. 

Figure 2 presents results from subjective listening tests for the MPEG Surround with aacPlus at a total bitrate of 64 kbps. As it can be seen even at a bitrate as low as 64 kbps an average audio quality of scoring in the top end of good, almost excellent can be achieved. The results presented in Figure 2 are taken from the verification test report for MPEG Surround [3] which holds more detailed results for the interested reader.
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Figure 2 aacPlus and MPEG Surround multi-channel audio quality.
3 Conclusion
This contribution outlines that broadcasting systems strive towards multi-channel audio and shows the benefits of supporting multi-channel audio for Mobile TV based on the MBMS and PSS streaming services. This feature is achieved by using MPEG Surround as optional extension on top of the existing audio codecs in a backward compatible way. The binaural rendering features of MPEG Surround make it especially interesting for complexity constrained mobile devices and the low additional bitrate overhead make it well suited for deployment in a mobile network environment. Hence, the authors of this document propose to consider MPEG Surround in the scope of the work item for optimized Mobile TV.
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