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Introduction

SA4 agreed on a study item for surround sound codec extension at the 52nd meeting in Paris in January, 2009. The objective of the study is to identify relevant use cases, design constraints, test methodology and minimum performance criteria for surround sound. The most important output of the work is naturally the validation of the benefit and feasibility of surround sound for 3GPP services. This contribution elaborates our thinking in surround sound use cases, performance criteria, user experience and content of any specification created. 

Discussion

Surround sound scope and use cases
The first step of the study item should be the clarification of the use cases. So far 3GPP has focused on mobile use cases and service provisioning for them. Currently there is no service profiling (e.g. different coding/decoding defined for different listening equipment) for mobile, home and car environments in 3GPP service specifications, something that would be required for good surround sound performance for each environment.
The definition of codecs for home and car environments with external devices needed for their use (such as docking stations and external loudspeaker systems to provide surround sound) would be a new and significant extension to the scope of PSS and MBMS services and specifications and even to 3GPP. If such extension of 3GPP’s scope to cover home and car environments were made, it may also have an impact on other media types, codecs and codec operation point selections due to the need to specify their use for these environments. 
The logical place for decoding multichannel signals would anyway be in an A/V receiver or in a docking station, and capable mobile devices should at most only handle transport of the bitstream.

Our proposal is to keep the study item within 3GPP scope, and concentrate on the PSS and MBMS mobile services associated with personal mobile equipment.

Surround sound performance criteria
It is understood that backwards compatibility of any potential surround sound extension to existing 3GPP services is of major importance. The bit stream conveying the surround sound obviously needs to be in such a format that an existing stereo or mono decoder can reconstruct it. At the same time it is obvious that a surround sound extension to the bit stream must be justified by a significant enough gain in user experience.

The study needs to ensure that the surround sound rendering at the mobile terminal provides significantly better quality than both stereo and surround sound downmixed stereo. Since the use case for surround sound in 3GPP is the mobile environment, the most important aspect is the quality of service of the binaural rendering use case. Therefore, the surround sound rendering for headphone playback needs to provide a significant improvement over stereo. 

The challenge in comparing binaural rendering of surround sound against conventional stereo is the post processing techniques widely used in headphone playback. Traditionally, listener fatigue is reduced by different stereo widening schemes to externalise (outside of the head) the headphone stereo originally intended for loudspeaker setup. Therefore, comparing one rendering scheme against the plain output of a stereo decoder does not necessarily correspond to the alternatives that exist in practical play-back applications.
A key task of the study item is to define the evaluation method for the rendering schemes. Since the binaural rendering of surround sound is basically a post processing method, the corresponding functionality of the decoder applied in the evaluation needs to be identified and documented. That is, a sufficient description of the decoder and the post processor containing the rendering functionality needs to be defined. For example, the possible HRTF filter set applied in the evaluation needs to be defined. In addition, definition and description of possible additional room effects, reverb etc. needs be available. Naturally, any post processing used within the binaural rendering should be applied to conventional stereo rendering as well when applicable in order to enable a fair comparison. The target of the evaluation is obviously to gain information about the benefits of surround sound itself (the additional information transmitted in the bit stream extension).
Surround sound user experience
Personalisation of the HRTFs or BRIR (binaural room impulse response) for each user or listening room and usage of head tracking feature for surround sound rendering may improve the user experience. However, decoder personalisation requires an extensive effort, and is not likely something that a service provider would expect the end users to conduct. Therefore, it is most likely beneficial to conduct the evaluation with fairly generic rendering settings. 
Surround sound specification
Binaural rendering is a complex issue and can be implemented in many different ways, including many that do not use HRTFs. There are many different rendering options at different complexity, quality and cost points. Specifying one particular method will not necessarily provide the best quality for all. Even if binaural rendering is shown to be significantly better than stereo, the best specification options should be considered (e.g., recommending one specific binaural rendering algorithm, preparing only minimum performance specification outlining recommendations for good quality implementations, or leaving binaural rendering outside 3GPP specifications). 
Conclusion

In our view, the purpose of the surround sound study is to identify relevant use cases (e.g. binaural rendering) that could benefit from surround sound, followed by a proof of concept that the anticipated benefits are realized and are significant enough to warrant standardization.  This involves the setting of performance criteria as well as the identification of test methods that provide a fair comparison with stereo and ensures a significant gain in user experience.

















































































































































