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Introduction

In earlier SA4 meetings information on benefits of binaural operation of MPEG surround (MPS) were requested. Tdoc S4-080360 [1] provides some inside on this topic and presents listening test results comparing MPS binaural output against conventional stereo down mix. While the results look quite promising, the authors of this document are wondering the different results that have been achieved earlier when comparing stereo and binaural audio. Turku et al have done experiments comparing among others binaural audio representation against stereo [2]. This comparison test included also a visual component with a small display trying to represent true mobile MBMS/PSS use case. The results showed that stereo representation was preferred over several different binauralisation schemes including very high quality HRTF processing. Therefore, when the idea of S4-080360 is to introduce binaural decoding into 3GPP MBMS/PSS, we would like to get some understanding on the fundamental differences in our results and open up discussion on improvements in user experience. 
Discussion

An interesting issue is naturally the effect of pre processing and audio coding when comparing stereo and binaural representation. For example, the reported ITU down mix algorithm applied in case of a stereo coding is a traditional pre processing method for generating stereo output from 5.1 content. However, in this case, when stereo down mix was compared against binaural output, a fair comparison would have been MPS binaural output against MPS stereo down mix. That is, the comparison should have been done with signals before and after the MPS binaural processing. Naturally, the bit rates of coded stereo down mix and binaural output need to be comparable. This approach would have given more information about the benefits of the actual spatial information transmitted to the MPS decoder.

Based on the discussion in Tdoc S4-080360, the binaural processing was dominated by the synthetic reverb added to the parametric HRTF. For example, it appears that speech content may have even suffered because of extensive reverberation. While reverb is an efficient method to “improve” spatial effect and externalisation (outside the head), the method is not necessarily controlled by the MPS bit stream. Therefore, we wonder whether the same reverberation could have been used with the stereo decoder to improve the stereo spatial image and externalisation. It is easy to argue that adding enhancement functionality to another condition does not provide fair comparison. While pair comparison tests are very sensitive to any difference, it is well known that for example a simple method such as bass boost will easily change the listener preference. 

Finally, the personalisation of the HRTFs or BRIR for each user or listening room and usage of head tracking feature may improve the user experience. However, decoder personalisation requires quite an effort, and may not be something that a service provider will expect the end users to conduct. 
Based on the results of [1] and [2] we can see that the preference of binaural output is strongly dependent on the HRTF processing. The down mix process may also affect the results. At the same time the proposed MPS decoder specification provides very limited guidance on achieving a reasonable binaural output. The user experience is thus left on decoder implementer. Hence, to guarantee a minimum quality of experience, the decoder specification should have instructions for ensuring high quality binaural output. Tdoc S4-080360 provides one method using parametric HRTF with reverb, but does not provide a full answer whether the results are due to MPS spatial side info or the post processing type of reverberation. 
Conclusion

Binaural output for representing surround audio in MBMS/PSS service should certainly be studied further. Achieving the user preference over conventional stereo is something that requires further work and research since the MPS decoder specification leaves the performance optimisation for the service and decoder implementer. Furthermore, the benefit of MPS spatial information, and hence the benefit of MPS decoder for binaural output, should be presented before considering the adoption of the codec in MBMS/PSS especially since the binaural output is most likely the primary use case in 3GPP. 
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