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1. Introduction

At the last SA4#59 meeting, there was consensus at the SQ SWG on a proposed timeline for the study item on Surround sound. Contributions are expected at the SA4#60 meeting proposing an adequate test methodology and test plan (to run Test 2). 
This contribution provides input regarding test 2 and proposals in order to improve the testing.
2. Reference Condition C
The objective of Test 2 is to assess the quality improvement due to the surround side information MPEG-surround for listening over headphones. In test 2, the MPEG surround codec with full multichannel down-mix (integrated in the decoder B1 and outside decoder B2, see Figure 1) were compared to a binaural post-processing of a coded ITU-R down-mix stereo signal.  The latter is more specifically obtained by pre-processing the multichannel surround sound content to create a stereo down-mix as prescribed by ITU-R BS.775-1, which is then encoded by the HE-AAC codec, see Figure 2. The decoded signal is then post-processed with the same HRTF as for the other conditions (B1 & B2), while in this case only the left front and right front input channels are fed.
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Figure 1 Signal flow for Condition B1 and B2
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Figure 2 Signal flow for Condition C
In order to remove the effects of coding distortion and focus our analysis on the spatial aspects of this experiment, we will make the assumption of infinite bitrate and assume the codecs involved are asymptotically perfect (i.e. no coding distortion).

Under this assumption, the signal processing path from original multichannel content to output signal for condition A, B1 and B2 are equivalent and correspond to a full-multichannel binaural down-mix of the original signal, see Figure 3. However, the situation is slightly different for condition C, see Figure 4.
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Figure 3 Asymptotic signal flow for Condition B1 and B2
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Figure 4 Asymptotic signal flow for Condition C
Therefore, under the assumption of infinite bitrates spatial image of condition C could be very different from the spatial image of conditions A, B1 and B2. Moreover, the same binaural post-processing filters (HRTF) for A, B1 and B2 conditions are re-used for condition C leading to the following different, but related, down-mix matrices:
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Since it has been demonstrated that there is a lot of dependency on the perceived quality of Binaural post-processing depending on which HRTF is used (ref test 5.), it is not clear if the HRTF filtering matrix used for generating the Binaural post-processing of A, B1 and B2 would be a suitable or a useful matrix for generating an “equivalent” post-processing of condition C. According to these “asymptotic” transfer functions, the resulting HRTF’s sets are different (except for rare cases where a closed form relationship allows the factorization of the 5x2 HRTF transfer function [image: image8.png]Ta51.52(2)



 into a cascade of an ITU-T down-mix flowed by a 2x2 post-processing, i.e. of the form of [image: image10.png]T.(z)



) . 

In general, a designer of the HRTF’s for a post-processing of a full Multichannel signal may not just simply re-use part of the same HRTF’s for a surround post-processing of a stereo signal. Indeed it is very likely a new optimized/tuned HRTF for the specific case of a 2x2 HRTF matrix and possibly even taking into account that it is given by an ITU-T stereo down-mix of 5.1 channels. Therefore it seems very unreasonable that a proper reference signal C is derived by truncating HRTF’s initially designed for a full multichannel binaural down-mix.

One way to circumvent this inadequacy is to use for Binaural post-processing of condition C a new set of HRTF’s that are more specifically designed and tuned for the purpose of Binaural post-processing of stereo signals. However, this approach does not allow to properly comparing the codecs since it will be very dependent on the tuning of the specific HRTF.  A second approach is to perform the multichannel binaural processing given the constraint expressed by the transfer function  [image: image12.png]T.(z)



 . However, using this approach unnecessarily constrain what can be done when 5 (or more) channels are available and may not represent a realistic media delivery scenario. Finally, a third and preferred approach is to move the binaural post-processing for condition C before HE-AAC encoding. This approach allows a fair and correct use of binaural post-processing and corresponds to a very likely use case where the content is down-mixed to binaural stereo prior to encoding.  The proposal is depicted in the following figure:
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Figure 5 Preferred processing for condition C
3. Additional comments 
One of the major shortcomings of the previous round of testing in test 2 was miscommunication to the test labs about the post-screening rules for the modified MUSHRA methodology. 

Regardless of which methodology will be used, the source would like to request that the Global Analysis Lab communicates the planned post-screening rules to volunteer test labs before running the test in order to allow enough time for either supplying additional listeners or performing the post-screening internally.  This would hopefully allow test labs to supply a sufficient number of “qualified” listeners for the GAL in order to make meaningful statistical analysis and conclusions.
4. Conclusion
This contribution analyses a shortcoming with the processing of condition C and proposals for other alternative processing including a preferred processing way. The source proposes to have the preferred processing way to be included in the test. In addition, the contribution provides general guidelines for improving both the testing procedure and analysis of results. 

The Source would also like to remind that there was a formal request to provide more information on HRTF set C used in test 5. This request is still valid and needed to get a good understanding of the outcome of the listening test. Selected HRTF should always be well described. This comment is also valid for experiment 2.
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