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1 Introduction
At SA4 #53, work was started on a TR for the study item “Surround Sound Codec Extension for PSS and MBMS” (See S4-090378). The current structure of the TR does anticipate that the TR will include a number of design constraints which are considered critical to deliver sufficient user benefit and would form a basis for a follow-up work item to standardize a surround sound codec.

This document outlines a number of design constraints and proposes to add them to the corresponding section in the TR.
2 Design constraints for surround sound codecs
The following sub-sections propose a number of design constraints which the authors recommend to consider for addition into the TR on surround sound codecs, as well as a brief justification for each proposed design constraint.
2.1 Backwards compatibility

It is recommended that the surround sound codec shall be mono and stereo backward compatible to Enhanced aacPlus.

The choice for mono or stereo backward compatibility is an encoder choice, which will typically depend on the total bit rate available for coding of the multi-channel content.
Justification: The authors believe that backwards compatibility to the pre-Rel.9 stereo codecs is important. The fact that backwards compatibility to Enhanced aacPlus is required while backwards compatibility to Extended AMR-WB is not is based on the perception of the authors that the existing large installed base of UEs supporting Enhanced aacPlus requires special attention. It is understood that additional backwards compatibility to Extended AMR-WB would be an advantage but not a strict requirement in the view of the authors.

2.2 Number of audio channels

It is recommended that the surround sound bitstream format shall support delivery of 5.1ch content. 
Optionally the surround sound bitstream format may support delivery of content containing more than 2 but less than 5.1 channels.
Optionally the surround sound bitstream format may support delivery of 7.1ch content. In that case the surround sound decoder shall be capable of creating 5.1ch output from a 7.1ch bitstream.

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 be capable of providing a binaural stereo output, i.e., a virtual surround output for playback over headphones.
Justification: The authors believe that requiring less than an ability to support 5.1ch content would be asking too little in terms of format capabilities. It would also make re-purposing of existing surround sound content more difficult. Less complex setups (such as 3.0ch or 2.1ch) should be allowed as well. The authors further believe that more complex surround setups such as 7.1ch should not be forbidden but we do consider it important to require an ability to scale down to the most widely deployed surround setup in such a case.

The ability to deliver stereo is in line with the capabilities of most UEs and the strong recommendation to support binaural output is made in the interest of optimum user benefit. 

It should be understood that other configurations inside the bitstream format or on the decoder processing side are allowed (e.g. where a UE should have more than 2 speakers) but are not required.

2.3 Sampling frequency

The maximum allowed sampling rate is 48 kHz. 
Justification: The authors believe that a sampling rate of 48 kHz is sufficient to deliver high quality content. Allowing higher sampling rates would almost certainly result in higher demands on computational complexity with only limited quality gain and is therefore not recommended in this context.

2.4 Bitrates

It is recommended that the surround sound codec shall support bitrates from 32 kbps and up.
Justification: The authors believe that it is possible to deliver a reasonable surround sound experience at bitrates as low as 32 kbps. Given the inherent constraints of the PSS and MBMS bearers, bitrate efficiency is a critical success factor. The authors further believe that it is not necessary to define a maximum permitted bitrate. This issue can be taken care of when configuring the encoder, knowing which bearer is available and how much bitrate should be spent on audio.

2.5 Computational complexity

It is recommended that a surround sound decoder considered for standardization in 3GPP shall offer a lower computational complexity than a discrete 5-channel Enhanced aacPlus decoder when rendering a binaural output signal.
Justification: The authors believe that computational complexity is a relevant consideration in an on-the-go scenario where the UE relies on battery power to operate. In this scenario, playback would typically be over headphones, preferably using a binaural mode to create a spatial impression.
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. Binaural processing would add on top of that. The proposed design constraint would require a lower computational complexity for the surround sound codec.
 However, the authors also understand that limiting the computational complexity too much will result in limited user benefit. Given the fact that stereo compatibility is a proposed requirement and given further that the implementation of the surround sound decoder will remain optional, the authors believe that the proposed limit is striking the right balance between battery life and user benefit.
3 Conclusion and Decision Proposal

This document proposes 5 design constraints in the context of the study item “Surround Sound Codec Extension for PSS and MBMS”.

The authors propose to add those 5 design constraints to the next revision of S4-090378.











































