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1. Abstract

Metadata-assisted spatial audio (MASA) has been proposed as one spatial audio input format that the future IVAS codec shall support. The discussion about adopting this proposal is still ongoing since companies are still carrying out evaluations. During this work, the source has encountered certain deficiencies in the presently proposed set of spatial metadata parameters [1]. 
The present contribution highlights these deficiencies. A set of additional MASA parameters is suggested aiming to address them. Above that, the contribution raises some more fundamental questions about the MASA format. 

2. Discussion
The currently proposed set of MASA parameters [1] appears to make certain idealistic assumptions. One of which is that capture is done in a single point. However, in a realistic system, like a mobile phone or tablet, the assumption of sound capture in a single point may not hold. Rather, depending on form factor, the various mics of the device may be quite displaced from some origin, e.g. the center of the device. As a consequence, the different captured mic signals may not be fully time-aligned. It can rather be expected that a captured sound event has different arrival times at the different mics. Even worse, such time dispersion depends on the relative position of the sound source to the used array of microphones. As inter-channel time differences are important cues for spatial perception, ignoring them may lead to substantial quality limitations of the presently suggested MASA format.

Another underlying assumption of the MASA format seems to be that all mic channels are provided at equal level and that there are no differences in frequency and phase response among them. In reality, however, it can be expected that all mic channels have different direction-dependent frequency and phase characteristics. Moreover, this behavior is likely time-variant. One could assume, for instance, that the capturing phone is temporarily held such that one of the mics is occluded or that there is some object in the vicinity of the phone that causes reflections or diffractions of the arriving sound waves. 
As a solution to the former problem, it is suggested to introduce a new MASA parameter that describes a relative arrival time in relation to the origin. Specifically, this parameter is provided for each direction index associated with each time-frequency tile. This solution allows modeling of frequency dependencies of the arrival time. Note that while this may generally not be needed, MASA metadata compression may essentially discard frequency-dependent relative arrival times.
In the definition, the origin is principally arbitrary, but it is here suggested that it is set to the geometric center of the UE. It is further suggested that the arrival time parameter allows modeling relative arrival times in an interval of [-2.0ms, 2.0ms], which corresponds to a maximum displacement of a mic relative to the origin of about 68cm.
The benefit of the new arrival time parameter is that it would allow taking the different interarrival times into account during coding (e.g. compensation during downmix) and to restore such interarrival time differences during decoding/rendering.

As a solution to the latter problem, it is suggested to introduce two further MASA parameters allowing the modeling of gain and phase for each direction index associated with each time-frequency tile. Specifically, it is suggested that a relative gain change in the range from +10dB to -30dB be modeled, while phase changes must be represented in the range from -Pi to +Pi. The modeling of the gain and phase characteristics of the different mic channels will allow to compensate for undesirable gain phase behaviors to enable a more accurate representation of the spatial sound at the capture device.
In this discussion, it should be noted that there may also exist other possibilities to convey information about relative arrival times and about frequency and phase characteristics to the receiver. The relative arrival times can for instance be calculated by a receiver based on geometry information of the mic array of the capture device and the position of the direction indexes (sound sources) in relation to the spatial orientation of the capturing device. Likewise, direction frequency and phase responses may be characterized for each UE model and available by database look-up. However, this may generally not suffice to model the described time variant behavior due to sound occlusions, reflections and diffractions that will happen in conjunction with real objects close to the device. The source thus believes that the direct representation of (relative) arrival times, gain and phase for each direction index is the preferable approach to represent the captured spatial sound with best accuracy.
3. Conclusion and Proposal
Upon potential acceptance of MASA as spatial audio format, it is proposed to add the following new MASA parameters as indicated by the marked-up rows in the table below:
	Field 
	Bits 
	Description 

	Direction index 
	16 
	Direction of arrival of the sound at a time-frequency parameter interval. Spherical representation at about 1-degree accuracy. 
Range of values: “covers all directions at about 1° accuracy” 

	Direct-to-total energy ratio 
	8 
	Energy ratio for the direction index (i.e., time-frequency subframe). 
Calculated as energy in direction / total energy. 
Range of values: [0.0, 1.0] 

	Spread coherence 
	8 
	Spread of energy for the direction index (i.e., time-frequency subframe). 
Defines the direction to be reproduced as a point source or coherently around the direction. 
Range of values: [0.0, 1.0] 

	Arrival time
	8
	Arrival time difference compared to origin for the direction index.

Range of values: [-2.0, 2.0]ms (corresponding to max. ~68cm displacement from the origin). 

	Gain
	8
	Relative gain in dB of the sound for the direction index.

Range of values: [10.0, -30.0]  

	Phase
	8
	Phase shift in radians of the sound for the direction index.

Range of values: [-Pi, Pi]  

	Diffuse-to-total energy ratio
	8 
	Energy ratio of non-directional sound over surrounding directions. 
Calculated as energy of non-directional sound / total energy. 
Range of values: [0.0, 1.0] 
(Parameter is independent of number of directions provided.) 

	Surround coherence
	8 
	Coherence of the non-directional sound over the surrounding directions. 
Range of values: [0.0, 1.0] 
(Parameter is independent of number of directions provided.) 

	Remainder-to-total energy ratio
	8 
	Energy ratio of the remainder (such as microphone noise) sound energy to fulfil requirement that sum of energy ratios is 1. 
Calculated as energy of remainder sound / total energy. 
Range of values: [0.0, 1.0] 
(Parameter is independent of number of directions provided.) 

	Distance 
	8 
	Distance of the sound originating from the direction index (i.e., time-frequency subframes) in meters on a logarithmic scale. 
Range of values: for example, 0 to 100 m. 
(Feature intended mainly for future extensions, e.g., 6DoF audio.) 


In addition to proposing an update of the set of MASA parameters, the source is of the opinion that certain of the MASA parameters would benefit from a definition in a mathematical formulation, which would help avoiding ambiguities. 
On a more fundamental level, the source remains uncertain about the merits of the proposed input format in practical implementations in real mobile phones. The proposed parameters should be regarded as a step towards making MASA work under realistic conditions.
Moreover, it is presently not clear if MASA capture will be supported by many future mobile phones and what would ensure that there is sufficient MASA support by mobile phones. It should be discussed if defining a spatial input audio format like MASA should at first hand be a question related to terminal acoustics specifications, which might be better dealt with in a codec-agnostic work item under SQ supervision. 
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