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1. Introduction
Draft IVAS-3 document [1] currently covers performance requirements being considered for stereo, Ambisonics, and MASA input formats. In addition, proposals are being made at current meeting, or expected soon, for various multi-channel input formats and object-based audio inputs.
Present input document provides discussion on MASA reference processing alternatives. Two new listening tests were carried out to evaluate these systems and the corresponding references.
Based on the test analysis, the source proposes to agree on the MASA format performance requirements documented in IVAS-3.
2. Experiments
2.1 Reference system configurations and material
Two P.800 listening experiments were conducted to evaluate the performance of potential reference system configurations according to performance requirements being considered in [1]. In total, three different reference system configurations were used to process the original content, First-Order Ambisonics (FOA), with rendering to binaural signals for headphone listening.
All the original content is captured using either an Ambisonics microphone or the Eigenmike device. 
The original content presented to the processing systems is FOA in all cases. The MASA format audio utilizes two transport channels (stereo-MASA).
The first candidate reference system processing is according to Figure 1, where a dual-mono EVS coding is used to encode and decode the stereo transport channels while MASA metadata is passed through unquantized. MASA analysis and synthesis/rendering is performed using the IVAS MASA C Reference Software [2]. This system is largely based on well-known literature references, e.g., [3]. A stereo transport signal is generated from the FOA component signals. In this example, we have used a stereo transport based on left- and right-pointing cardioids.
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Figure 1. Processing of reference conditions using IVAS MASA C Reference Software with input signal originating from a FOA source.
The second candidate reference system processing is done according to the system shown in Figure 2. The FOA component signals are compressed with 4x EVS codec. The binaural output is obtained using a spherical-domain convolution renderer. This provides a very straightforward Ambisonics reference, however, the MASA format is not part of this processing at all.
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Figure 2. Processing of reference conditions directly from 4x EVS compressed FOA component signals using a convolution renderer.
Figure 3 presents the third candidate reference processing system. This system, like the previous one, performs 4x EVS compression for FOA component signals, which introduces spatial degradations. This time the binaural rendering is done using IVAS MASA C Reference Software.
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Figure 3. Processing of reference conditions from 4x EVS compressed FOA component signals passed through IVAS MASA C Reference Software for binaural rendering.
The direct reference is processed using the IVAS MASA C Reference Software, i.e., it follows the processing in Figure 1 without any audio signal coding.

2.2 Experiment 1: ACR
The ACR experiment was conducted to evaluate the perceived quality and listener preference among the systems without dependence on any common reference rendering.
20 listeners participated in the test. 

	Main Codec Conditions
	
	

	Codec under Test (CuT)
	17
	Candidate IVAS MASA coding system.

	
	
	

	Codec references
	
	

	Codec references 1
	8
	Dual-mono EVS (2x EVS) with unquantized MASA metadata operated at 2*8 (WB), 2*9.6, 2*13.2, 2*16.4, 2*24.4, 2*32, 2*48, 2*64 kbps.
Rendering with IVAS MASA C Reference Software. See Figure 1.

	Codec references 2
	8
	FOA signal encoded and decoded with EVS (4x EVS) with bitrates: 4*7.2 (WB), 4*8 (WB), 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32, 4*48 kbps.
Rendering with a convolution renderer. See Figure 2.

	Codec references 3
	8
	FOA signal encoded and decoded with EVS (4x EVS) with bitrates: 4*7.2 (WB), 4*8 (WB), 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32, 4*48 kbps.
Rendering with IVAS MASA C Reference Software. See Figure 3. 

	
	
	

	Other references
	
	

	Direct
	1
	Analysed using the IVAS MASA C Reference Software. No transport stream nor MASA spatial metadata compression.
Rendering with IVAS MASA C Reference Software.

	FOA Direct rendering
	1
	Rendering with a convolution renderer.

	P.50 MNRU (applied to MASA transport streams)
	3
	Q = 14, 20, 26 dB (output loudness set to nominal level)  

	ESDRU (applied to binaural rendering) 
	3 
	α = 0.4, 0.55, 0.7 (output loudness set to nominal level)  

	Bandwidth limited mono
	3
	Bandwidth limited mono (From W channel). 4 kHz (NB), 8 kHz (WB), and 16 kHz (SWB)

	
	
	

	Common Conditions
	
	

	Test item generation
	2
	Recordings in FOA (2 sample scenarios) or Eigenmike (2 sample scenarios). See clause 2.1.

	Background environment
	4
	1. Outdoors, music from a BT loudspeaker. 
2. Outdoors, distant lawn mower, birds chirping, and people walking in the background. 
3. Indoors, kitchen, some appliances, ventilation noise. 
4. Indoors, background music played from a large 5.1 loudspeaker system.

	Binaural rendering
	2
	Binaural rendering using IVAS MASA C Reference Software or a convolution renderer.

	Audio sampling frequency / bandwidth
	2
	48 kHz/SWB except for reference conditions using EVS at 7.2 kbps or 8 kbps, which used 48 kHz/WB

	Rating Scale
	1
	ACR 

	Languages
	1
	Finnish

	Listening System
	1
	Sennheiser HD650 headphones for binaural presentation

	Listening Environment
	1
	No room noise



Figure 4 presents the overall results, where CuT scores have been omitted.
We can make the following observations. Firstly, conditions using the IVAS MASA C Reference Software are generally preferred over corresponding conditions rendered using the convolution renderer. This is seen both for the two unquantized conditions (see conditions ‘Direct MASA C-ref’, ‘Convolutional FoA rend’) and when comparing the two sets of 4x EVS coded FOA conditions.
Secondly, the 2x EVS + UQ metadata reference conditions score the highest among the impaired conditions (and they appear to reach the saturation region), which was also expected since these conditions have very few spatial degradations due to use of unquantized spatial metadata.
Thirdly, we see that without comparison to a reference, listeners often prefer transparent mono quality over degraded spatial signals, if reasonably high bandwidth is maintained. For voice content, even Direct WB mono (see condition ‘Mono WB’) can score well.
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Figure 4. ACR test results, N=20.

2.3 Experiment 2: DCR
The DCR experiment was conducted to evaluate the perceived quality degradations of the systems relative to a common reference rendering.
20 listeners participated in the test.
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	8
	Candidate IVAS MASA coding system

	
	
	

	Codec references
	
	

	Codec references 1
	8
	Dual-mono EVS (2x EVS) with unquantized MASA metadata operated at 2*8 (WB), 2*9.6, 2*13.2, 2*16.4, 2*24.4, 2*32, 2*48, 2*64 kbps.
Rendering with IVAS MASA C Reference Software. See Figure 1.

	Codec references 2
	8
	FOA signal encoded and decoded with EVS (4x EVS) with bitrates: 4*7.2 (WB), 4*8 (WB), 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32, 4*48 kbps.
Rendering with a convolution renderer. See Figure 2.

	Codec references 3
	8
	FOA signal encoded and decoded with EVS (4x EVS) with bitrates: 4*7.2 (WB), 4*8 (WB), 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32, 4*48 kbps.
Rendering with IVAS MASA C Reference Software. See Figure 3. 

	
	
	

	Other references
	
	

	Direct
	1
	Analysed using the IVAS MASA C Reference Software. No transport stream nor MASA spatial metadata compression.
Rendering with IVAS MASA C Reference Software.

	FOA Direct rendering
	1
	Rendering with a convolution renderer.

	P.50 MNRU (applied to MASA transport streams)
	2
	Q = 16, 24 dB (output loudness set to nominal level)  

	ESDRU (applied to binaural rendering) 
	2 
	α = 0.4, 0.7 (output loudness set to nominal level)  

	Mono
	2
	Bandwidth limited mono (From W channel). 4 kHz (NB) and 16 kHz (SWB)

	
	
	

	Common Conditions
	
	

	Test item generation
	2
	Recordings in FOA (2 sample scenarios) or Eigenmike (2 sample scenarios). See clause 2.1.

	Background environment
	4
	1. Outdoors, music from a BT loudspeaker. 
2. Outdoors, distant engine noise, birds chirping in the background. 
3. Indoors, kitchen, some appliances, ventilation noise. 
4. Indoors, lively cafeteria.

	Binaural rendering
	2
	Binaural rendering using IVAS MASA C Reference Software or a convolution renderer.

	Audio sampling frequency / bandwidth
	2
	48 kHz/SWB except for reference conditions using EVS at 7.2 kbps or 8 kbps, which used 48 kHz/WB

	Rating Scale
	1
	DCR 

	Languages
	1
	Finnish

	Listening System
	1
	Sennheiser HD650 headphones for binaural presentation

	Listening Environment
	1
	No room noise



Figure 5 presents the overall results, where CuT scores have been omitted.
We can make the following two observations. Firstly, the FOA conditions processed according to Figure 2 and using the spherical-domain convolution renderer appear to score relatively lower than in the corresponding ACR test. This can be assumed as the effect of comparing different renderers, since the Direct reference (condition ‘Direct MASA C-ref’) is based on the MASA format rendering.
Secondly, the difference between 2x EVS + UQ metadata conditions and 4x EVS FOA conditions appears more pronounced than in the ACR test. Stronger saturation effect can also be observed for the 2x EVS + UQ metadata conditions.
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Figure 5. DCR test results, N=20.

3. Summary & Proposal
In this document, we present the results of two P.800 experiments: one ACR and one DCR test. The experiments were conducted to evaluate the performance of three potential reference system configurations and the corresponding reference conditions for MASA format inputs.
By using FOA (or HOA) signals originating, e.g., from FOA microphone or Eigenmike captures to generate MASA format input signals, it is possible to reuse original captures for Ambisonics input format as MASA input format test items. This approach can simplify the practical recording task for IVAS testing.
In these experiments, the original FOA signals were processed and rendered binaurally using three different reference systems based on various combinations of the EVS codec, the IVAS MASA C Reference Software [2], and/or a typical spherical-domain convolution renderer.
With the ACR test methodology, we can show that the processing chains using the IVAS MASA C Reference Software are preferred by the listeners over the direct FOA rendering based on convolution. Based on expert evaluation the largest difference between the two rendering approaches is in the directional accuracy. Sound source locations remain more distinct and easier to follow, when using the MASA format at the rendering stage. These findings suggest using the IVAS MASA C Reference Software can provide a more relevant and demanding target for evaluating the IVAS coding performance for the format. As shown also in the DCR experiment, comparisons with different renderers furthermore complicate testing of coding systems and should be avoided.
Based on these two experiments, the source considers that the MASA format performance requirements under consideration in IVAS-3 [1] are suitable. The approach based on EVS coding of the MASA transport channels and unquantized metadata is a reference corresponding to ideal quality targets. The approach based on multi-EVS coding of the FOA component signals provides a much more realistic spatial degradation reference, and it is therefore important to include. On the other hand, this requires using an Ambisonics source for the processing, which can limit characterization of the IVAS MASA format. If other sources are available, using them at least in the Characterization phase is encouraged.
We propose to agree on the MASA format performance requirements documented in IVAS-3.
We further propose to take the findings from the two experiments into account when putting together the processing and test plans.
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