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1 Introduction

3GPP SA4 #58 meeting discussed the test results obtained in the framework of the Surround Sound Study Item. Corresponding proposals for the Draft TR 26.950 were discussed but some parts of the document were not agreed.
This contribution proposes text for some of the open parts of the Draft TR 26.950, on the basis of the last version 1.2.0 in S4-100380. Also, we address possible ways to conclude the Study Item.
2 Test using loudspeakers (Experiment 1)

Latest version of global analysis report is available in S4-100347. When looking to the results of the laboratories that are consistent meaning France Telecom, Huawei and Samsung, the GAL concluded
Majority of codecs under test have been judge “Good” in quality, with no significant differences between MPS64 results  and MPS ITUdmx64 results, (for both analysis – Table 3 and 3bis), both being scored above the MPS48 and the HEAAC64. The results of those 2 last mentioned codecs are not significantly different for France Telecom, Huawei and Samsung test sites, meaning that the codec under test MPS48 isn’t significantly different from the indicative reference condition HEAAC64. 

On average the MPS96 condition is scored higher than both MPS64 conditions for all test sites.
For three test sites the MPS96 condition scores in the excellent range, while the MPS64 conditions are not significantly different from this condition. 


When looking to the requirements, they were achieved at 64 and 48 kbit/s. Nevertheless at 96 kbit/s, it was not possible to conclude in France Telecom, Huawei and Samsung labs that the quality was increased compared to 64 kbit/s.
3 Test using headphones (Experiment 2)

Based on the available data and the high rejection rate in post-screening (5 out of 16 in lab1; 7 out of 16 in lab2; 4 out of 12 in lab3; 4 out of 14 in lab4) the test results do not allow making any meaningful conclusion. Given the above post-screening, instead of drawing conclusions based on the remaining listeners, rather the experiment design should be revisited; especially considering the fact that one of the aims of the Study Item is to design appropriate test methods for surround sound testing. 

We may conclude at present that the test method may not adequately work for the underlying use case; experiment redesign may be the only possible solution. 
Note that redesign of Experiment 2 may involve techniques that are relevant for Exp 1 (loudspeaker case) as well, e.g. inclusion of mono and stereo reference conditions to ensure that the proposed technology is an improvement over legacy systems in all use cases.
While conclusions should not be drawn based on the available results using the rejection procedure that does not leave many listeners to be taken into account, it can be noted that the gain of using binaural algorithm on surround sound over using binaural algorithm on the stereo signal at 64 kbit/s is very marginal.  Note that two thirds of the listeners were not taken into account either due to post-screening or the lack of enough remaining listeners. Also note that the listeners displayed varying preferences for and against the binaural rendering of MPEG surround.  The use case does not seem conclusive.
4 Section 8.5 – Test on HRTFs
Based on the listening lab results and the GAL results, we propose the following text for the Draft TR 26.950.
=============================================================================

8.5 Test on HRTFs

The test was conducted in two listening labs with three headphones: Stax, Sony, and an open headset.

HRTF set A is the KEMAR set; HRTF set B was measured on a human in anechoic environment; HRTF set D was measured on a human in reverberant environment. HRTF sets A, B, D are well understood. However, the exact nature of HRTF set C is unknown. 
The results obtained by Stax and Sony show more similarities than between Stax and open headset (see figures xx and xx). The difference between Stax and Sony headphones has no influence on the perceived quality of the tested conditions. 

The category of items has no major influence on the conditions under test results. The results by the 3 headphones show that the listening experience depends much on the actual HRTF.
HRTF set A, B and D are statistically worse than the hidden reference (stereo downmix). 
The following remarks can be done for the different HRTF sets:

· HRTF set A has average scores in the range between “similar to REF” to “Slightly worse than REF” for open headphone and has average scores in the range between “Slightly worse than REF” to “Worse than REF” for Sony and Stax headphone. For Stax and Sony headphones, HRTF set A is worse than the mono downmix anchor.
· HRTF set B is scored slightly lower than the stereo downmix reference. 
· HRTF set C has average scores in the range between “similar to REF” to “slightly better than REF”.
· HRTF set D is scored significantly below the reference and in the same range as the mono downmix condition..
It was observed that the mono anchor condition in Stax and Sony results did not show the lowest scores in this test, as for the Huawei headphone. Also it was observed that the average scores for HRTF set A were different for the two test sites.
[image: image1.emf]-2,5

-2

-1,5

-1

-0,5

0

0,5

1

HRTF set A HRTF set B HRTF set C HRTF set D Mono dwx Ref


Figure xx: Combined global results for Stax and Sony headphones
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Figure xx: Global results of open headphone test
=============================================================================
5 Section 9. – Conclusion for standardization of a surround sound codec extension

The available test results and test methods are not sufficiently complete to draw conclusions. However, we propose a text for Section 9 which may be extended further if more information will be available.
=============================================================================
9. Conclusion for standardization of a surround sound codec extension

Based on the available test results, the following conclusions can be drawn.

For the loudspeaker use case, MPS surround sound shows benefits at low bit rates (48, 64 kb/s) over HEAAC 5.1. The performance benefit of MPS surround sound diminishes with increasing bit rate, and MPS shows no statistically significant quality improvement when increasing the bit rate from 64 to 96 kbps.   
The test using various HRTFs demonstrates no consistent superiority of surround sound over stereo and to a certain extent even over mono. Rather a high dependency on the actual HRTF was demonstrated, implying no standardization activity can be recommended towards specification work on HRTFs.

Note: The headphone use case is for future study, and currently no conclusions and recommendations can be drawn.  Futhermore, the test method may not be appropriate.

=============================================================================
