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1. Introduction
The support of spatial audio by means of N channels + spatial metadata (typically also referred to as MASA or metadata-assisted spatial audio) is being considered for the IVAS codec [1]. Such format is crucial for providing uncompromised spatial audio quality from many practical multi-microphone audio capture devices, particularly smartphones.
In [2], it was proposed a high-level definition for a metadata parameter called ‘Channel audio format’ as “type of channel audio input and aspects relating, e.g., to the capture configuration, for the audio signal(s) corresponding to the metadata”. The purpose of the ‘Channel audio format’ parameter is thus to describe the meaning of the (proposed) 1-4 audio channels part of the MASA format input as well as aspects of the physical capture (or original input) configuration that can be either necessary or useful to interpret the format, encode it, and finally synthesize the output with best possible quality.
In the present input document, these aspects are discussed in more detail.
It is the view of the source that certain key aspects relating to ‘Channel audio format’, such as the meaning of the corresponding channel input, are important to define the scope of the MASA format (e.g., how many input channels and which high-level configurations are to be supported). On the other hand, some other aspects (e.g., more detailed channel configurations, microphone types, etc.) can be of more limited general use.
2. Background and discussion
Capture of high-quality scene-based spatial audio on most practical devices, e.g., multi-microphone smartphones, poses some challenges that must not be ignored. Due to various limitations, e.g., number of microphones and their spatial distribution, producing a satisfactory Ambisonics (FOA or HOA) or channel-based spatial audio signal by traditional linear means is often not at all feasible. A dedicated microphone capture processing based on an understanding of the overall device properties and the exact microphone configuration is required to transform the recorded spatial audio into the desired audio format used for listening, storing and/or transmitting.
The MASA format provides a parametric representation of the audio scene suitable for most practical audio capture devices (particularly smartphones). It removes the need for understanding the practically endless device and microphone array designs in the codec or the renderer that would otherwise be required to synthesize a high-quality output signal. In summary, the MASA format describes the sound scene as observed by the device based on an analysis of the captured audio. The MASA format approach also allows for efficient encoding due to a low number of audio signals and a reasonable amount of spatial metadata.
On the other hand, specifying a format with metadata allows to expand this metadata definition, e.g., to improve support for special input audio cases, external renderer functionalities, and new use cases. While such information grows the size of the metadata, it is not all intended to be passed to the decoder at all or at most practical operating points. Regardless, it is beneficial to try to prevent the metadata size from becoming exceedingly large. In general, the source therefore believes such additional definitions should be justified by describing relevant use cases.
In clause 3, the ‘Channel audio format’ is expanded according to above thinking to describe the 1-4 audio channels (as proposed for MASA) and various aspects relating to the physical capture (or the original input) configuration that could be used to, e.g., improve the encoding efficiency or synthesis quality in some cases. The resulting description takes 15 bits (16 bits, when combined with ‘Number of directions’). It thus consumes the 7-bit ‘Reserved’ quota given in [2].
In [3] it was proposed by Dolby Laboratories, Inc. to add some new parameters to the spatial metadata of the MASA format. According to the understanding of the source, the proposed parameters mainly relate to the capture array configuration. As the MASA spatial metadata parameters describe the sound field, it is the opinion of the source that this type of new information is not suitable for the spatial metadata. Instead it could be captured in the common metadata. Specifically, it is here included as ‘Channel distance’ parameter field as part of the ‘Channel audio format’ description to define the distance between any stereo microphone channels. While in [3] it was proposed to cover a maximum of 68 cm displacement relative to an origin, it is here proposed to allow for a distance between a channel pair of about 1 meter (giving a very similar value). For smartphones, both numbers can be considered excessive, however the information can be useful also for other use cases.
3. Channel formats in MASA
This section discusses the ‘Channel audio format’ parameter. It is provided a detailed description for consideration and as basis for further inputs. While the need for the MASA format is to provide high-quality immersive capture for IVAS from device form factors with irregular microphone arrays, there may be reasons and use cases where other sources will be considered. For example, in some cases ambisonics (FOA) could be used as a 4-channel MASA input or as the source from which a MASA format audio is generated. It would be possible to signal such information to the IVAS encoder (and possibly also the decoder) using the ‘Channel audio format’ parameter to improve the robustness of the coding for various inputs.
The ‘Channel audio format’ parameter as proposed in [2] has here been split to individual fields as described below. These fields could be coded together in the input format with number of directions parameter (to preserve the 8-bit alignment).
The following fields are presented and described further: number of channels, transport channel definition, source format, source format description, and channel distance.
Number of channels (2 bits)
This parameter field tells how many transport channels are used for the MASA format.
	Bit value
	Decoded value
	Additional description

	00
	1 channel
	

	01
	2 channels
	

	10
	3 channels
	

	11
	4 channels
	



Transport channel definition (2 bits)
This parameter field describes what the transport channels contain. Decoded value depends on the number of channels field. First bit value (00) is the default value for each group, i.e., for 2 channels a L/R stereo is the default and so on.
	Ch bit value
	Bit value
	Decoded value
	Additional description

	00
	00
	Mono
	

	
	01
	Reserved
	

	
	10
	Reserved
	

	
	11
	Reserved
	

	01
	00
	L/R stereo
	

	
	01
	Binaural
	

	
	10
	2 mono (mixed)
	The two signals are mixed in synthesis. Provision for user input at renderer. 

	
	11
	[bookmark: _GoBack]2 mono (alternative)
	The two signals are alternatives, and only one signal is used in synthesis. Default to be used is the first of the two mono signals. Provision for user input at renderer. 

	10
	00
	Planar FOA
	FOA signal with only two horizontal dipoles present

	
	01
	Stereo + mono (mixed)
	The two signals are mixed in synthesis. Provision for user input at renderer. 

	
	10
	Stereo + mono (altern.)
	The two signals are alternatives, and only one signal is used in synthesis. Default to be used is the stereo signal. Provision for user input at renderer. 

	
	11
	3 mono mixed
	The three signals are mixed in synthesis. Provision for user input at renderer. 

	11
	00
	FOA
	Standard FOA

	
	01
	Stereo + stereo (mixed)
	The two signals are mixed in synthesis. Provision for user input at renderer. 

	
	10
	Stereo + stereo (altern.)
	The two signals are alternatives, and only one signal is used in synthesis. Default to be used is the first stereo signal. Provision for user input at renderer.

	
	11
	Stereo + 2 mono (mixed)
	The three signals are mixed in synthesis. Provision for user input at renderer. 



Source format (2 bits)
This parameter field describes the format of source that was used to form the MASA format. This offers additional information that can benefit encoding, decoding, and/or rendering. First bit value (00) is the default value.
	Bit value
	Decoded value
	Additional description

	00
	Default/Other
	Audio originates from unknown format(s) and possibly mixed sources

	01
	Microphone grid
	Audio originates from various (irregular) microphone grids (e.g., smartphones and related devices)

	10
	Channel-based
	Audio originates from premixed channel-based audio (e.g., 5.1)

	11
	Ambisonics
	Audio originates from Ambisonics format



Source format description (3 bits)
This parameter field provides additional information based on the source format bit values. First bit value (000) is the default value and is specified as “unknown”, i.e., there is no additional information.
	SF bit value
	Bit value
	Decoded value
	Additional description

	00
	000
	Unknown
	

	
	001
	Mixed: microphone + objects
	Mixture of microphone source and objects

	
	010
	Mixed: microphone + channels
	Mixture of microphone source and channel source

	
	011
	Object downmix
	Downmix of multiple objects (e.g., talkers)

	
	100
	Mixed: general
	Other mixture or mixture of multiple sources

	
	101
	Synthetic
	Completely synthetic source signal (e.g., computer generated)

	
	110
	Reserved
	

	
	111
	Reserved
	

	01
	000
	Unknown
	

	
	001
	Binaural
	

	
	010
	Omni
	With L/R stereo also transport channels are this

	
	011
	Cardioid ±90 deg.
	With L/R stereo also transport channels are this

	
	100
	Cardioid ±60 deg.
	With L/R stereo also transport channels are this

	
	101
	Cardioid ±45 deg.
	With L/R stereo also transport channels are this

	
	110
	Cardioid ±30 deg.
	With L/R stereo also transport channels are this

	
	111
	Reserved
	(subcardioid or supercardioid?)

	10
	000
	Unknown/Other
	Unknown / Other channel-based format

	
	001
	1.0
	

	
	010
	2.0
	

	
	011
	5.1
	

	
	100
	5.1+2
	

	
	101
	5.1+4
	

	
	110
	7.1
	

	
	111
	7.1+4
	

	11
	000
	Unknown/Other
	Unknown / Other Ambisonics format

	
	001
	Planar FOA
	

	
	010
	FOA
	

	
	011
	HOA2
	

	
	100
	HOA3
	

	
	101
	HOA4
	

	
	110
	HOA5
	

	
	111
	HOA6
	



Channel distance (6 bits)
This parameter field currently applies only when the transport signal contains any stereo signal and the source format is “Microphone grid” (i.e., ‘SF = 01’). It describes the distance between the two microphones in the capture. This information can be used at least in certain synthesis scenarios to improve perceived output quality. The values between 0.01 m and 1 m are calculated as an equal multiplicative interval so that there are 60 values from 0.01 m to 1 m. The equation for this can be given as:

where  is the decoded distance value and  is the bit value as an integer value, i.e., . The result is in meters.
	Bit value
	Decoded value
	Additional description

	000000
	No effect
	Explicit statement that no effect should be applied

	000001
	0 m / coincident
	No distance between microphones, i.e. they are coincident

	000002
	< 0.01 m
	Distances smaller than 0.01 m

	000003
	0.01 m
	(Distances formed with equation above)

	…
	…
	(Distances formed with equation above)

	111110
	1 m
	(Distances formed with equation above)

	111111
	> 1 m
	Distances larger than 1 m



In current discussion/proposal, ‘Channel distance’ is not specified for the following source formats: Default/other, Channel-based, and Ambisonics. Potentially the same parameter could be defined for some of these source formats, or the 6 bits could be repurposed. Here, the default value for these source formats is bit value ‘000000’.
	Bit value
	Decoded value
	Additional description

	000000
	Default
	

	000001
	Reserved
	

	…
	Reserved
	

	111111
	Reserved
	



4. High-level summary
Relative to the proposal in the Busan meeting [2], it is here provided pseudo-revision marks to see at glance what has been updated in the MASA common metadata proposal:
	Field 
	Bits 
	Description 

	Version 
	8 
	Incremental version number for the MASA metadata format.
Range of values: [1, 256] 

	[Frequency resolution] 
	[8] 
	[TBD]

	Number of directions 
	1 
	Number of directions in the metadata.
Each direction is associated with a set of direction dependent spatial metadata. 
Range of values: [1, 2] 

	Number of directions &

Channel audio format
	16
8 
	Number of directions in the metadata.
Each direction is associated with a set of direction dependent spatial metadata. 
Range of values: [1, 2]

Describes the type of channel audio input and aspects relating, e.g., to the capture configuration, for the audio signal(s) corresponding to the metadata. Coded as an index value to a lookup table. [TBD]

	(Reserved)
	(7)
	(Byte alignment.)



5. Conclusion
This document presents for discussion a detailed description of the IVAS MASA Channel audio format parameter.
In summary, the ‘Channel audio format’ description includes information that:
· is necessary for encoding MASA format (e.g., number of channels and what they mean),
· can enable new use cases (e.g., some of the transport channel definitions), and
· can help to improve quality in some rendering cases (e.g., channel distance).
The source invites further input on these aspects including use case justification.
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