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1. Background
The overall objective of the IVAS_Codec Work Item (SA4 #94, S4-170749) is to develop a single general-purpose audio codec for immersive 4G and 5G Voice Services and applications including the UE-generated VR Use Cases (e.g., as summarized in 3GPP TR 26.918, Clause 9.1). 
Clause 2 of this document presents an overview of example audio formats.

Clause 3 of this document proposes a set of design constraints for the IVAS codec audio formats that focuses on the highlighted subset of IVAS_Codec WID Objectives. 
A. The solution is expected to meet the terms of reference (design constraints, performance requirements) developed as part of this WI.

B. The solution is expected to handle encoding/decoding/rendering of speech, music and generic sound. 

i. It is expected to support encoding of channel-based audio (e.g. mono, stereo or 5.1) and scene-based audio (e.g., higher-order ambisonics) inputs including spatial information about the sound field and sound sources. The solution is expected to provide support for diegetic and non-diegetic input.

ii. It is expected to provide a decoder for the encoded format and a renderer with sufficiently low motion to sound latency.

C. The solution is expected to operate with low latency to enable conversational services over 4G/5G.

D. The solution is expected to support high error robustness under various transmission conditions from clean channels to channels with packet loss and delay jitter and to be optimized for 4G/5G.

E. The solution is expected to provide support for a range of service capabilities, e.g., from mono to stereo to fully immersive audio encoding/decoding/rendering. 

F. The solution is expected to be implementable on a wide range of UEs to address various needs in terms of balancing user experience and implementation complexity / cost.

G. The solution is expected to provide support for MTSI services and potentially MBS/PSS services through the definition of a new immersive audio media component. Support for MTSI services is also accomplished by the provision of bit-exact EVS operation as part of the solution.

2. An Overview of Example Audio Formats for Conversational and UE-generated Streaming Services
Mono, Stereo, Scene-based audio (aka Ambisonics), Multi-channel (MC), and Objects are some of the popular audio formats/representations. 
Depending on the microphone placement and type of microphones used in a mobile terminal, the input format to the IVAS codec may be configured. 
2.1. For example, most of the terminals today support at least two microphones for front-end noise and echo cancellation/suppression. The output of such front-end processing in mobile terminals is typically a mono channel that is coded, for example, using either the AMR, or the AMR-WB, or the EVS depending on the audio bandwidth supported.
2.2. To support stereo audio format, the microphone calibration and the front-end processing must be configured to provide two channels (e.g., L/R) as input to the IVAS codec. For real-time communication, UE-generated live-streaming, and conversational applications, stereo may be captured with at least two microphones that are arranged in either AB or XY or MS or binaural configurations. 
2.3. TR 26.918, Clause 4.3.2.2 elaborates on the scene-based audio (SBA) format. The SBA format is a flexible loudspeaker-independent representation based on spherical harmonics. For real-time communication, UE-generated live-streaming, and conversational applications,
2.3.1. a B-format microphone that provides first-order ambisonics (FOA) capture capability or other spherical harmonics microphones that provide second- or higher-order ambisonics (SOA or HOA) capture capability may be used.  
2.3.2. the SBA format capture in mobile terminals may also be based on front-end spatial processing where multiple mic captures (e.g., built-in mics or external mic arrays) are processed to produce spherical harmonics as input to the IVAS codec at a given SBA order (i.e., 1, or 2 or 3 or higher).
2.4. Multichannel (MC) audio format may correspond to traditional loudspeaker rendering configurations (e.g., 5.1, 7.1, etc). For real-time communication, UE-generated live-streaming, and conversational applications,

2.4.1. the MC format capture in mobile terminals may be based on front-end spatial processing where multiple mic captures (e.g., built-in mics or external mic arrays) are processed to produce one of the traditional surround sound MC formats as input to the IVAS codec. 
2.5. Objects-based audio format is more closely related to managed and third-party content where a complex auditory scene is constructed and mastered using e.g., Digital Audio Workstation (DAW) as described in Clause 4.3.2.4 in TR 26.918. For real-time communication, UE-generated live-streaming, or conversational applications, it may be useful to consider a practical version of the object-based audio format, i.e., Independent Streams w/Metadata (ISM). For example,
2.5.1. a set of close-talking microphones in a conferencing scenario may capture the independent streams along with spatial metadata corresponding to the location (theta/phi) of the conference participants.  

2.5.2. the ISM format capture in mobile terminals may also be based on front-end spatial processing where multiple mic/source captures (e.g., built-in mics or a set of close-talking external microphones) are processed to produce the real-time independent streams with spatial metadata including azimuth and elevation angles as input to the IVAS codec. 

In summary, the hardware and the front-end spatial audio processing capability within the terminal should guide which audio format is appropriate for a given application (e.g., conversational, UE-generated live streaming, etc). 

3. Design Constraints Proposal for the IVAS Codec Audio Formats 
Design constraints for audio formats are developed to meet the IVAS_Codec WI Objectives B (i, ii), E, and G.

3.1. Mono format:  The IVAS codec shall support mono coding with one channel input and one channel output. When operating in Mono format, the IVAS codec shall be conformant to the TS 26.444 EVS test specification.
3.2. Stereo format: The IVAS codec shall support stereo coding with two-channel input and two-channel output. The IVAS codec should provide the capability to decode and output only one channel from the received Stereo bit stream.
3.3. Independent Streams w/ Metadata (ISM) format:  The IVAS codec shall support encoding and decoding of independent (e.g., single channel) streams and the associated external metadata (e.g., sound source azimuth and elevation angles) for each stream. 

Note: The number of independent streams supported by the IVAS Codec is a function of implementation complexity limits [TBD]. 
3.4. Scene Based Audio (SBA) format:  The IVAS codec shall support encoding and decoding of the scene-based audio (SBA), aka, Ambisonics format. The IVAS codec shall use the ACN ordering and SN3D for ambisonics representation.
Note: The number of ambisonics channels (or the SBA order) supported by the IVAS codec is a function of implementation complexity limits [TBD]. 
3.5. A combination of SBA and ISM format, SBA+: The IVAS codec shall support encoding and decoding of a combination of SBA and ISM, i.e., SBA+ format. The combination of SBA and ISM may enable support for diegetic and non-diegetic content coding.
Note: The total number of ambisonics channels and independent streams supported by the IVAS codec is a function of implementation complexity limits [TBD].

3.6. Multi-channel (MC) format: The IVAS codec shall support encoding and decoding of the traditional multi-channel configuration (e.g., 5.1, 7.1, etc). 

Note: The number of channels for MC format supported by the IVAS codec is a function of implementation complexity limits [TBD].

4. Proposal 

The proposal is to create an IVAS Design Constraints Permanent Document and include Clause 3, i.e., the design constraints for the audio formats supported within the IVAS codec.
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