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1 Introduction

During SA4 #54, the TR for the study item “Surround Sound Codec Extension for PSS and MBMS” was further progressed (See S4-090555). This document provides further input on the design constraints. In addition, a couple of inconsistencies and an editor’s note on head-tracking are addressed.
2 Backward compatibility

Document S4-090555 contains a couple of inconsistencies. The first design constraint reads “It is recommended that the surround sound codec should offer mono/stereo backward compatibility to existing 3GPP audio codecs.” However, in the remainder of the document, specifically enhanced aacPlus is referenced a number of times as the so-called core coder. Therefore it is proposed to make the following two changes to the TR:

From:

„When a server streams content to a non-surround-capable terminal, the bitstream should be constructed in a way, that the decoder ignores the additional side information used to convert mono or stereo Enhanced aacPlus bit stream into a multichannel signal.“

To:

„When a server streams content to a non-surround-capable terminal, the bitstream should be constructed in a way, that the decoder ignores the additional side information used to convert mono or stereo core coder bit stream into a multichannel signal.“
When the core coder is stereo the initial multichannel content will be, by default, downmixed to stereo by the encoder. Since the automatic downmix performed by the encoder may not have a sufficient quality compared to an artistic downmix, the surround encoder should be able to use as input a stereo artistic downmix. A stereo artistic downmix is for instance a downmix realised by a sound engineer. Indeed on movie or music DVD, the stereo track is often not an automatic downmix of the multichannel track. Sound engineers often produce both multichannel and stereo mixes to obtain to best quality for each rendering system. Automatic downmixes, e.g. the ITU stereo downmix are based on fixed representation of the multichannel mix and then offer a quality which is considered as insufficient in most of the case. Therefore we propose to add the following text :  

 "When the core coder is stereo, the stereo signal contained in the surround sound bitstream could be either an automatic stereo downmix of an initial multichannel content or an artistic stereo downmix provided. The decoder shall be able to detect the presence of an artistic downmix and decode the multichannel signal on the basis of this downmix
When the core coder is stereo the initial multichannel content will be, by default, down-mixed to stereo by the encoder. Since the automatic downmix performed by the encoder may not have a sufficient quality compared to an artistic downmix, the surround encoder should be able to use as input a stereo artistic downmix and deliver the surround parameters accordingly to the decoder."

3 Complexity

In document S4-090555 the decoder complexity limits were not yet defined. Using the proposed changes above, the following complexity constraints are proposed:

“It is recommended that a surround sound decoder with a binaural stereo output shall offer a lower computational complexity than 2.5x of a stereo core decoder. 
An objective is to offer a minimum complexity operating mode with a reduced but acceptable quality: It is recommended that a surround sound decoder in this mode with a binaural stereo output should offer a lower computational complexity lower than 1.5x of a stereo core decoder."
“It is recommended that a surround sound decoder with a multichannel output shall offer a lower computational complexity than 3x of a stereo core decoder“

Justification: Computational complexity is most relevant in an on-the-go scenario where the UE relies on battery power to operate. However, there are scenarios where it is relevant to have a reasonable limited of the complexity for the multi-channel decoder. This is e.g. the case if the decoding is done inside the UE for generating a surround output for an external device of for further rendering the surround signal to be presented on the device. 
If surround sound would be delivered using a discrete 5-channel Enhanced aacPlus format, the decoder complexity would be approximately 2.5x the complexity of a stereo Enhanced aacPlus decoder. A certain overhead for the decoding of the surround bitstream has to be considered in the complexity calculation. 
4 Head-tracking and HRTF interface
During SA4 #54 the following section was included into the draft TR:
“The binaural surround decoder [shall/should] provide an interface to Head-Related Transfer Functions (HRTFs).

The decoder may be able to receive an optional input from a head tracking device to provide head-tracking.”.

Since the scope of this section was unclear to some delegates an editor’s note was included, requesting clarification on the topic of head-tracking.

Generally speaking a virtual surround impression over headphones can be realized using so-called Head Related Transfer Function (HRTF) processing. Effectively a surround sound audio signal is played back through pairs of HRTF filters to the headphones. The HRTF filters describe the pathway of a virtual speaker to the eardrums given by the transfer/impulse response. The HRTF filters are typically associated to a polar representation, e.g. azimuth, elevation and distance, i.e., each pair describes the transfer from a certain (virtual) speaker position to the human ears. Thus when representing a typical 5.1ch surround sound set-up, one could employ HRTFs with azimuths [-110, -30, 0, 30, 110], and fixed elevation and distance to represent the left surround, left front, center, right front and right surround speakers.

Under stationary conditions, this way, when appropriate HRTF filters have been applied, a realistic simulation of a surround sound setup can be obtained. It is however well known that movement of the user, specifically head movements such as rotations, can deteriorate the performance of the surround illusion. This is due to the fact that the spatial image moves with the movement of the user, which is, unlike loudspeaker playback, counterintuitive to human nature.
One option to resolve such issues is to make use of so-called head-tracking information. In practice this means that the orientation of the head is monitored in real-time by means of a so-called head-tracker. This head-tracker provides information on the orientation of the human head in real-time. This information, e.g. the azimuth of the head can then be employed during HRTF processing to counteract the movements. For example assume the user moved his head +5 degrees clockwise. Then, the HRTF filtering algorithm could employ the HRTFs of [-115, -35, -5, 25, 105] instead of the aforementioned [-110, -30, 0, 30, 110] thereby counteracting the movement. This would give a similar impression as when a user moved his head in a loudspeaker setup with fixed speakers.
Based on the example provided above, the authors of this document feel that it is important to ensure that the surround sound codec has an HRTF interface, where the HRTF data can be updated during decoding. The definition of the HRTF interface is codec specific and should therefore be specified by the codec itself.

It is not the intention of the authors to describe the mapping of the multitude of different head trackers to the surround codec. This is illustrated in Figure 1. Within 3GPP aspects such as e.g. head-tracking, HRTF personalization and user/application control of HRTFs should not be specified.
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Figure 1 – Clarification on 3GPP scope
Therefore, in order to further clarify the situation, it is proposed to replace the above quoted section with the following section:
“It is recommended that the binaural surround decoder shall provide a standardized interface to Head-Related Transfer Functions (HRTFs). This allows differentiation and customization amongst vendors and different types of UEs. It is recommended that the binaural surround decoder should provide an interface in which the HRTFs are allowed to vary during decoding. This allows to adopt the virtual surround playback according to changing conditions.“

Furthermore, it is proposed to provide with the standard specification a set of HRTF filters and related test vectors :

· ensuring a certified quality of user experience (since the quality of the user experience depends highly on the set of HRTF filters used)

· that may be used as a reference of quality for comparison with any other set of filters implemented and used as input to the binaural decoder HRTF standardized interface 
· that shall be used  to check by simple bit exactness verification the proper implementation of the standardized binaural decoder 
Thus we propose to add the following text:

"A set of HRTF filters ensuring a minimum quality reference and related test vectors shall be provided as example in the standard specifications with informative status. They may be used to check by simple bit exactness verification the proper implementation of the standardized binaural decoder and as a reference of quality for comparison with any other set of filters implemented and used as input to the binaural decoder HRTF standardized interface."

5 Number of audio output channels

The current TR release does not mandate any number of output audio channels. A decoder implementation although still compliant with the standard requirements could then simply bring no surround sound experience at all to the user which makes no sense. We propose consequently to modify the TR text as follows :

· 5.22 Number of audio output channels

from

"It is recommended that the surround sound decoder shall be able to provide stereo output for all surround sound bit-streams regardless of mono or stereo backward compatibility.

The surround sound decoder [should/may] be capable of providing a binaural stereo output, i.e., a virtual surround output for playback over headphones.

The surround sound decoder should be capable of providing a multi-channel audio output."

to

"It is recommended that the surround sound decoder shall be able to provide stereo output for all surround sound bit-streams regardless of mono or stereo backward compatibility. 

Furthermore, it is recommended that the surround sound decoder
· shall be capable of providing a stereo output and binaural stereo output, i.e., a virtual surround output for playback over headphones. 

· shall be capable of providing a stereo output and binaural stereo output, i.e., a virtual surround output for playback over headphones and be able to provide a multi-channel audio output for playback over loudspeakers.

6 Conclusion and Decision Proposal

This document provides additional input on the design constraints section of the TR. The authors propose to add the proposed sections to the next revision of the TR.
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