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1. 
Introduction

SA4 is studying the support of surround sound in PSS/MBMS [1]. The current status is captured in the latest version of TR 26.950 V1.3.0 [2]. 
The objective of the present contribution is to provide the view of the Source on the progress of the surround study item and to address the conclusions of this study.
2. 
On the progress of surround study item
After SA4#60 there were still two open issues in the study item on surround sound:

1. Test 2 (binaural listening over headphones) to be re-run because the previous experiment was not conclusive
2. General conclusions missing on the benefits of surround sound over stereo and the need to standardize a surround audio codec in 3GPP

In the interim period between SA4#60 and SA4#61 Test 2 was re-run following the test plan defined in [3]. From the GAL report in [4] it seems that conclusions can be now made on Test 2.

Therefore, we expect that SQ SWG and SA4 can start discussing conclusions.
3. 
Conclusions for the surround sound study item
3.1
On the objectives of the study
It is worth looking back at the WID of the surround study item [1] to check the objectives of the study
· Identify and document relevant use cases for surround sound in 3GPP 

Usage scenarios for different types of content format ( multichannel / binaural) / reproduction (headphones / loudspeakers) are described in [2]. It should be noted that use cases in terms of service scenarios were proposed in the scope of the study item (e.g. acces to a database of HRTFs located on the server of an operator) but were not included.

· identify suitable testing methodology for surround sound in relevant use cases of the PSS and MBMS services

Methodologies yielding conclusive results were used in Test 1, 4 and 5. For Test 2 the initial methodology was replaced by ITU-R BS.1284 which produced conclusive results according to [4].

· define subjective minimum performance criteria that would need to be met in order to motivate the consideration of a surround audio coding extension for adoption by 3GPP 

Performance requirements for the surround sound are defined in [2].

· define design constraints that would need to be met by a  surround audio codec extension method for adoption by 3GPP 

Design constraints for the surround sound are defined in [2].

· validate the user benefits and the feasibility of the deployment of surround sound for the PSS and MBMS services according to the defined minimum performance criteria, bitrate and design constraints for all the use cases (such as surround sound speaker set-up and headphone decoding mode) through evaluation of at least one example of surround sound coding methods which may be MPS. 

The test results from all experiments allow discussing the benefits of surround sound and were compared to the performance requirements.

3.2
On the benefits of surround sound for PSS and MBMS
The Source prefers to wait until conclusions on Test 2 results are drawn in 3GPP SA4, before addressing this specific experiment. Therefore, the discussion below is based on other experiments. It should be noted however that the GAL report from [4] does not seem to contradict the points discussed here.
Three types of experiments were conducted:

· Testing over loudspeakers with or without channel errors (Test 1, 4)

· Testing over headphones (Test 5)

· Evaluating the impact of backward compatibility (Test 3)
Let alone Test 2, Test 5 compared directly surround with stereo and produced conclusive results across two labs. Quoting the results in [2] for HRTF C and the mono anchor:
HRTF Set C is statistically better than the reference for the two listening labs; according to the labels of the employed methodology. HRTF set C has average scores in the range between “similar to REF” to “slightly better than REF”,

[…]
The Mono downmix is statistically worse than the reference. The Mono downmix has average scores in the range between “slightly worse than REF” and "worse than REF" for the two listening labs.
Although there is no coding involved in Test 5, one can see that surround sound brings a significant difference with respect to stereo. In terms of average scores, this difference is numerically around +0,5. It is here fundamental to realize that similarly the mono anchor is significantly different from stereo, but the average score of mono with respect to stereo is around -1 ! We observe here that care should be taken when trying to interpret the associated average scores which shall not be viewed as conventional MUSHRA scores. In any case the Source believes that the results from Test 5 alone do show that surround sound is significantly better than stereo, in a way similar to the difference between mono and stereo.
Besides, Test 5 showed the key importance of HRTFs on surround sound quality.
3.3
Proposed conclusion
We propose the following text for Section 9 of TR 26.950
Conclusion – Proposal for standardization of a surround sound codec extension
This TR describes the result of an investigation of the potential user experience benefits of surround audio in 3GPP PSS and MBMS services. Surround sound coding methods including MPS were evaluated.
This TR provides recommendations (included recommended requirements) on surround sound that will lead to improvements of the audio quality in the existing PSS and MBMS services. Per definition, these recommendations for surround sound are not met by the existing 3GPP audio codecs.

It is therefore recommended that 3GPP now define and start a new work item to specify the support of surround sound in 3GPP PSS and MBMS services with the target to meet the requirements and recommendations set in this TR.
In addition, considering that the result of the investigation showed the importance of HRTFs in the surround sound quality for listening over headphones, it is recommended that this new work item encompasses two aspects:

1.  The definition of a surround sound coding format (encoder, bitstream, decoder)


2. The definition of binaural rendering as part of the surround sound decoder

4. 
Additional remark
To complement the investigations conducted in 3GPP SA4, some additional data may be considered for inclusion in TR 26.950 (e.g. in attachment). Indeed, some performance evaluation results were produced during the development of MPS in ISO/MPEG. Note that the associated documents are either public or available only to MPEG members, see e.g. [5,6].
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