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We propose the following text as the Conclusion section of the Draft TR 26.950 on Surround Sound:
9. Conclusion for standardization of a surround sound codec extension

In the framework of the Surround Sound Study Item, typical use cases were identified and investigated in the context of 3GPP services PSS and MBMS. The use cases relate both to loudspeaker and headphone reproduction. Test methods were developed to conduct extensive subjective listening tests in order to evaluate the benefits of surround sound over stereo in the typical use cases. An example surround sound codec was applied in the testing, the combination of HE-AAC and MPEG Surround.

The available test results indicate the followings:

· For the loudspeaker use case, MPS surround sound shows benefits at low bit rates (48, 64 kb/s) over HE-AAC 5.1. The performance benefit of surround sound diminishes with increasing bit rate, and MPS shows no statistically significant quality improvement when increasing the bit rate from 64 to 96 kb/s.
· For the headphones use case, the test results indicate that
· Surround at 320 kb/s (HE-AAC 5.1 with binaural post-processing) is “slightly better” than stereo at 128 kb/s (5.1 -> ITU downmix -> HE-AAC stereo128 kb/s + binaural post-processing );

· MPS at 64 kb/s with integrated binaural decoding is between “same as” and “slightly better” than 5.1 -> ITU downmix -> HE-AAC stereo 64 kb/s + binaural post-processing;
· MPS at 64 kb/s with integrated binaural decoding is between “same as” and “slightly better” than discrete HE-AAC 5.1 at 64 kb/s;

· MPS + binaural postprocessing at 64 kb/s is between “same as” and “slightly better” than 5.1 -> ITU downmix -> HE-AAC stereo 64 kb/s + binaural post-processing;

· MPS + binaural postprocessing at 64 kb/s is “same as” MPS at 64 kb/s with integrated binaural decoding;

· Server-side binaural conversion + HE-AAC stereo at 64 kb/s is “same as” MPS + binaural postprocessing at 64 kb/s.
· Investigation of backward compatibility (extrapolation based on past subjective tests) indicated that adding a surround sound codec extension (MPEG Surround) to a stereo codec (HE-AAC) causes just few MUSHRA points penalty in the range of 48 – 96 kb/s. The quality penalty is commensurate with the bit rate reduction of the base layer necessary to accomodate the surround sound codec extension.
· The test under error condition was conducted using random FER. At 64 kb/s, for the evaluation codec HE-AAC + MPS at 64 kb/s with binaural postprocessing the deterioration caused by random frame errors is in the same order of magnitude as for the corresponding stereo codec (HE-AAC), namely in the order of 10 MUSHRA points for 1% random FER and 20 MUSHRA points for 3% random FER. 

· 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.

The results indicate that surround sound in the investigated configuration would allow for an improved audio quality in certain cases. Consistently (over bit rates, test cases) and significantly (according to the labels of the applied test method) improved audio quality due to surround sound over stereo has not been demonstrated in the subjective listening tests.

Based on the evaluation of the example coder of HE-AAC + MPS, starting a Work Item in 3GPP on Surround Sound is justified if the objective is defined such that a potential new 3GPP surround specification provides a significant improvement in user experience over the implementation of existing 3GPP specifications, i.e. use of E-AAC+ / AMR-WB+ stereo. No standardization activity can be recommended towards specification work on HRTFs.







