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1. Introduction

This contribution proposes a conclusion for the Draft TR 26.950 and the study item in light of the extensive testing and evaluation during the course of the study on surround sound.
2. Proposal for conclusion Section 9.
This Technical Report identified a set of surround sound use cases in the context of PSS and MBMS services. The identified use cases covered both headphones and loudspeaker surround sound reproduction. Design constraints and performance requirements for each of the identified use cases were derived. In order to evaluate the benefit of surround sound for these use cases, testing methodologies were developed for both loudspeaker and headphone use cases. Various tests were performed including subjective listening tests and objective assessments. 

An example of a surround sound codec fulfilling the design constraints was chosen for the evaluation; it consists of the combination of the HE-AAC stereo codec and MPEG Surround (MPS). 

The test results conclusions indicate the following:
· Loudspeaker use case – A benefit was demonstrated at the low bitrates range (48kb/s and 64kb/s) over what could be done with existing 3GPP audio codecs when used as a discrete surround codec. The majority of codecs scored in the “Good” range showing that all alternatives provided a good sound quality at the tested bitrates. At higher bit-rates, the quality improvement with increasing bitrates of MPS codec is limited. 
· Headphone use case – 

· Surround at 320 kb/s is “slightly better” than stereo at 128 kb/s.
· MPS at 64 kbps with integrated binaural decoding is between “same as” and “slightly better” than stereo at 64kbps followed by binaural post-processing.
· MPS at 64 kbps with integrated binaural decoding is between “same as” and “slightly better” than discrete 5.1 HE-AAC at 64 kbps followed by binaural post-processing

· MPS followed by binaural post-processing at 64 kbps is “same as” MPS at 64 kbps with integrated binaural processing

· server-side binaural conversion + HE-AAC at 64 kbps is “same as” MPS + binaural post-processing at 64 kbps
· Backward compatibility – For the bit-rate range of 48 to 96 kbps it was extrapolated for the evaluation codec MPS that the bit-rate penalty of introducing a surround sound codec extension (MPEG Surround) with a bit-rate of approximately 8 to 30 kbps to a stereo codec (HE-AAC) provides limited quality degradation. 
· Test under error conditions – For the bit-rate of 64 kbps it was shown that for the evaluation codec the deterioration caused by random frame errors is in the same order of magnitude as for the corresponding stereo codec (HE-AAC).

· Test on HRTFs – show a high degree sensitivity of subjective quality with respect to the HRTF being used. In all cases, the use of binaural rendering provided a poor quality compared to that of stereo. Only one HRTF set provided an improvement which was between “same as” to “slightly better” than stereo
The results of this study indicate that the technology of delivering surround in a mobile environment could provide benefits over stereo in certain use case and configurations. Some of these improvements are shown to be realizable with existing 3GPP technology such as the use of discrete surround codecs or of server side binaural processing. The high level of sensitivity of the perceived subjective quality when varying HRTFs is noteworthy and may lead to very bad quality if left unchecked. When analysing the results in light of the subjective labels on which the test subjects voted, it clearly appears that no configuration or use case provided an improvement over stereo above the “slightly better” mark. This result combined to the unstable quality provided by potential choices of HRTFs hints to the immaturity of this technology for large scale service deployments. 
In order to warrant further considerations in 3GPP, a stable, consistent and substantial improved audio quality over what is available today and what was evaluated has to be required. It is therefore recommended that the introduction of such dedicated surround coding systems is considered when the technology has reached a certain level of maturity enabling the deployment of services with a guaranteed quality. 
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