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1 Introduction
MASA has been proposed by Nokia as one spatial audio input format for IVAS [1]. Dolby has suggested to add to the set of MASA metadata a set of signal-dependent downmix parameters [2]. These parameters describe (relative) delay, gain and phase of the main microphone channels and allow recovering the microphone channels from a reduced set of downmix channels. MASA synthesis at the receiving end can thus be based on a multitude of main microphone channels despite the number of transport channels is reduced to, e.g., just one. While Dolby theoretically motivated these parameters, there have been requests to give experimental evidence of the potential merit of them. One related question, upon which the idea with the suggested downmix parameters relies, is whether MASA with multiple MASA signal channels (n>1) offers any benefits over MASA with a single MASA signal channel (n=1). This question has never been investigated in any of Nokia’s MASA contributions or from any other source. 
This contribution describes an experiment addressing these questions and also giving an indication of the general benefits that may be achieved with MASA. The study is also the first independent experimental evaluation of the MASA format.

2 [bookmark: _Hlk8223304]Experimental setup
2.1 Background and Experimental objective
Nokia introduced the MASA format with experiments assuming MASA synthesis based on a stereo capture signal (=MASA transport channels) plus MASA metadata [1]. While the proposed MASA format also offers the option to use other than two MASA transport channels, from the presentations made by Nokia it can be assumed that this MASA variant represents a high-quality reference point. In this document this variant is referred to as MASA_2.

The MASA format has on the other hand also been proposed with only a single (mono) MASA transport channel. No experimental evaluation results have been presented for that option. However, as it relies only on a single transport channel, it is assumed that it is inferior to the two-channel MASA reference point. Several variants of the 1-channel MASA option are conceivable. 
· A first variant is where the single channel is obtained through simple (static) downmix of the two microphone capture signals. This variant is referred to as MASA_1_static.
· A second variant is where the single channel is generated by downmix of a stereo microphone capture signals, after compensation/equalization of inter-channel time-, level- and phase differences. This variant thus relies on an idealized mono downmix channel that would correspond to the mono capture signal of a (virtual) omnidirectional microphone placed in the centre of the capture device. 1-channel MASA synthesis based on that signal is presumably the best possible 1-channel MASA variant (without any additional downmix metadata) and superior to the previous variant. This variant is referred to as MASA_1_ideal.
· Yet another variant with a single MASA channel operates as the previous variant but additionally with the downmix metadata suggested by Dolby. The single MASA channel is generated as in the previous variant with compensation/equalization of inter-channel time-, level- and phase differences. However, the downmix metadata now allows recovery of the stereo capture signal. 
Synthesis of this variant is done in two stages: 
· Firstly, the stereo capture signal is recovered based on the downmix metadata. 
· Secondly, 2-channel MASA synthesis is applied relying on MASA parameters and the recovered stereo signal. 
This variant is referred to as MASA_1_dmmd.


The objective of the experiment is to prove the hypotheses that the 2-channel (MASA_2) variant is superior to the variants with only a single MASA signal channel (MASA_1_static, MASA_1_ideal). A further objective is to verify the dependent hypothesis that the suggested additional downmix metadata (MASA_1_dmmd) can improve the quality of a MASA variant with a single signal channel to a level at least close to the quality of the 2-channel (MASA_2) variant.
 
2.2 Experimental design
In order to prove the hypotheses, Mushra test methodology is applied. 

2.2.1 Experimental conditions
For the experiment, following conditions are defined:
· hidden/open reference: HOA3
· test and anchor conditions
· FOA
· Stereo
· MASA_2
· MASA_1_static
· MASA_1_ideal
· MASA_1_dmmd
· 7kHz low-pass anchor (low-pass filtered reference condition) 
· 3.5kHz low-pass anchor (low-pass filtered reference condition)

2.2.2 Test material
For simplicity, the test material is synthetically generated from object-based voice and nature signals. The following test items are used:
· Voice 1: single female talker moving from an azimuthal position of 120 degrees to the front and further to -120 degrees (ele = 0).
· Voice 2: two slightly overlapping talkers at two different static positions (azi: 45 degrees, ele: 0 degrees; azi: -75 degrees, ele = 20 degrees).
· Voice 3: three talkers at three different static positions (azi: 30, -120, -60 degrees, ele = 0) 
· Birds: Four birds at different elevated positions, one bird flying from left to. 

2.2.3 Presentation of experimental conditions
Considering the importance of headphone playback for IVAS applications, the experiment was done with presentation over headphones. To that end, the test items that were initially represented in 7.1.4 multi-channel format were binauralized using a proprietary binaural renderer. Headphone presentation was done using high-quality stereo headphones in a controlled lab environment.
  
2.2.4 Test subjects
The number of listeners in the test was 6. The subjects are Dolby-employees, though unfamiliar with the test context or purpose.

2.2.5 Processing of conditions
2.2.5.1 Reference condition
The HOA3 reference condition is generated based on the object input audio using VBAP based loudspeaker render to ESD16, subsequent VBAP render to 7.1.4 and binaural render using a proprietary renderer:

Object-based input audio -> VBAP render to ESD16 -> VBAP render to 7.1.4 -> Binaural render

2.2.5.2 FOA condition
The FOA condition is generated based on the ESD16 signal representation of the object-based input audio obtained during the processing of the reference condition. The ESD16 signal is converted to HOA3, truncated to FOA, then converted back to an ESD representation (ESD4). Finally, the signal is VBAP rendered to 7.1.4 and then binaurally render using a proprietary renderer:

Object-based input audio -> VBAP render to ESD16 -> 
-> ESD16/HOA3 -> truncate to FOA -> FOA/ESD4 -> VBAP render to 7.1.4 -> Binaural render

2.2.5.3 Stereo condition
The stereo signal is generated under a plane-wave assumption and the setup shown in the following figure with a simulated tablet as capturing device. 
Assuming that the signal at the origin is , the stereo signal captured with microphones m1 and m2 is given as  

 , with .  

Herein  and  denote the azimuth and elevation of the sound object, =8 cm is the distance of the mics from the origin and c is the speed of sound.  models the directivity characteristics of the inbuilt mics with regards to their respective azimuthal and elevational directions. As directivity characteristic cardioid is assumed. 
Further, for simplicity, frequency selective magnitude and phase characteristics are not considered. 




2.2.5.4 MASA_2 condition
The MASA_2 condition is generated using Nokia’s MASA example software. While this software originally only supports the raw 32 microphone signals of Eigenmike as input, the software was modified such that it takes an FoA signal and an associated stereo signal as inputs.
For the generation of the test condition, the FOA and Stereo signals obtained in the preceding processing steps are used and fed into the MASA software. The output of the MASA software is a 7.1.4 multi-channel signal. This signal is binaurally rendered using the same proprietary binaural renderer also used for the reference and FOA conditions.  
  
2.2.5.5 1-channel MASA condition with static downmix channel (MASA_1_static)
The 1-channel MASA condition with static downmix channel is generated as follows:
1. Generation of MASA metadata is the same as for the MASA_2 condition, using the MASA software.
2. Generation of downmix channel
The downmix channel is generated as the mono signal obtained by adding left and right channel signals. 
3. MASA synthesis
Synthesis is done using the MASA software, modified such that it relies just on the mono signal of the previous step rather than the stereo signal.

These steps yield in the 7.1.4 output of the MASA software. This signal is binaurally rendered using the same proprietary binaural renderer also used for the reference and FOA conditions.

2.2.5.6 1-channel MASA condition with ideal downmix channel (MASA_1_ideal)
The 1-channel MASA condition with ideal downmix channel is generated as follows:
1. Generation of MASA metadata is the same as for the MASA_2 condition, using the MASA software.
2. Generation of downmix channel
It is assumed that the inter-channel time delay and inter-channel level differences can be ideally compensated. This leads to using the signal  as ideal mono downmix signal. 
3. MASA synthesis
Synthesis is done using the MASA software, modified such that it relies just on the mono downmix signal  rather than the stereo signal.

These steps yield in the 7.1.4 output of the MASA software. This signal is binaurally rendered using the same proprietary binaural renderer also used for the reference and FOA conditions.
 
2.2.5.7 1-channel MASA test condition with downmix metadata (MASA_1_dmmd)
The 1-channel MASA condition with downmix metadata is generated as follows:
1. Generation of MASA metadata is the same as for the MASA_2 condition, using the MASA software.
2. Calculation of downmix metadata: 
a. According to [2],  is linearly quantized on a 5ms sub-frame basis with a step size of 1/64 ms (.
b. According to [2], and  are logarithmically quantized on a 5ms sub-frame basis with a step size of 40/256 dB (.
3. Generation of downmix channel
It is assumed that the inter-channel time delay and inter-channel level differences can be ideally compensated. This leads to using the signal  as ideal mono downmix signal. 
4. Recovery of stereo channels
Using the quantized delay the stereo channels are recovered on a 5ms sub-frame basis according to:
 .	
5. MASA synthesis
Synthesis is done using the MASA software relying on the original 2-channel MASA synthesis.

These steps yield in the 7.1.4 output of the MASA software. This signal is binaurally rendered using the same proprietary binaural renderer also used for the reference and FOA conditions.

2.2.5.7 3.5kHz and 7kHz anchors
The 3.5kHz and 7khz anchor conditions were generated by corresponding low-pass filtering of the binauralized reference condition signal.

3 Test results
[image: ]
4 Observations and conclusion
Results obtained from the experiment following specifications outlined in ITU-R BS.1534-3 give rise to the following observations:
· The hypothesis that the 2-channel MASA variant offers superior quality over the 1-channel MASA variants (MASA_1_static, MASA_1_ideal) is not verified.
· Consequently, the dependent hypothesis that the suggested downmix metadata improves the quality to a level closer to the quality of the 2-channel MASA variant cannot be proven.
· The FOA representation performs as well as all MASA variants. No significant difference was observed between any MASA and FOA condition, which all scored above 80 on the MUSHRA scale used for the test. 
· The immersive audio formats (all MASA variants and FOA) are significantly better than stereo.

These observations suggest the following conclusions:
· Unlike Nokia’s experimental results [1],[3], the data from the study suggests that use of the FOA format is sufficient to achieve high quality and none of the evaluated MASA variants offers quality benefits over the FOA representation. The reason for this discrepancy should be investigated further. It may be helpful if Nokia discloses the details of the signal processing carried out in their studies.  
· The study did not show a benefit of using MASA with multiple signal channels over just one. As this question has not been investigated in any MASA related contribution, more studies are needed if the proposal to use MASA with multiple signal channels should be maintained.
· Pending the demonstration of benefits of MASA with multiple signal channels, the source would be willing to carry out new investigations justifying the proposed downmix parameters.
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