3GPP TSG-SA4#117-e meeting		Tdoc S4 (22)0138
14-23 February 2022, Online


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia Corporation
Title:	IVAS MASA spatial speech quality evaluation using EVS 
Document for:	Discussion
Agenda Item:	7.5 – IVAS_Codec

1. Introduction
In [1], potential reference conditions for MASA format were evaluated using P.800 DCR. In this experiment, binaurally rendered conditions based on dual-mono EVS with unquantized spatial metadata were compared against the direct binaural signal and selected P.50 MNRU and ESDRU anchors.
In the present document, the source extends this evaluation to mono-based MASA. An approach similar to the one used in [1], this time based on a single EVS audio channel with unquantized spatial metadata, is used.
2. Experiment description
The following listening test experiment was conducted at the Nokia Technologies listening laboratory located in Tampere, Finland. This experiment generally follows the overall test design description in [1], however, an unmodified P.800 DCR [2] rating scale was used here.
Short summary of the experiment:
· The audio capture use case can be described as “realistic spatial audio communications and user-generated content capture scenarios”
· Audio was recorded in various indoor and outdoor environments using Eigenmike, Eigenmike + external microphone, Ambisonic + external microphone, or a multi-microphone smartphone mockup
· Majority of the captured signals were analyzed with the IVAS MASA C Reference Software [3] except for the smartphone mockup samples that were analyzed using an in-house parametric analysis method
· Binaural rendering was performed using the IVAS MASA C Reference Software [3] package for all conditions.
· The listening was conducted using Sennheiser HD650 headphones in quiet booths [6]
2.1 Test signal recording
Each sample category contains 4 test sequences, each 6-10 seconds in length. All test sequences feature one or more Finnish language sentences spoken by 1-4 native talkers. Some scenarios contain overtalking.
The following provides detailed description of the six different scenarios and the corresponding recording setups:
1. Male talker outside in a park walking slowly around the capture device and describing his position relative to it. For example: “Now I’m talking in front of the device and I will start walking to left of the device”. Smartphone mockup.
2. Four people (2 male, 2 female) reading test sentences in a silent room around a conference table. Overtalking. Eigenmike (raw) at the end of the table.
3. Two male talkers outside (arboretum with birds and people in the background) reading test sentence pairs. Relatively long distance to capture setup. Eigenmike (raw) + external spaced (20 cm) omni pair. For mono MASA, left channel was used as the audio transport channel here.
4. Three talkers (left, center, right) talking outside in the park. Mobile phone mockup.
5. Two male talkers reading test sentences in a fairly noisy kitchen environment (microwave oven, air conditioning running). Ambisonic mic + external spaced (17 cm) cardioid pair. For mono MASA, left channel was used as the audio transport channel here.
6. Four people (2 male, 2 female) reading test sentences around a conference table, background music played back from large loudspeakers. Eigenmike (raw) at the end of the table.
2.2 Detailed test description
Following provides detailed description of the test:
· DCR test methodology
· 16 test subjects
· Six sample categories
· Four randomizations for each 4-listener set
· Four samples per category (one for each listening panel)
· 96 votes casted for each condition
· Total of 24 conditions, 7 Reference conditions, 8 coded reference EVS conditions (with UQ spatial metadata), 9 CuTs.
· Average trial duration: 20 s (8 s reference sample +0.5 s silence + 8 s test sample + 3.5 s voting period).
· Test duration: ~1.4 h per listening panel including instructions, preliminaries, and rest breaks
· Degradation references: P.50 MNRU and ESDRU [4]
· P.50 MNRU Q values of 30, 24, and 18 dB were used
· ESDRU values of 0.85, 0.70, and 0.55 were used
· Condition with no quantization was used as Direct reference condition
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	9
	Nokia-internal IVAS MASA coding system

	
	
	

	Codec references
	
	

	Codec references
	8
	EVS with unquantized MASA metadata operated at 8(WB), 9.6, 13.2, 16.4, 24.4, 32, 48, 64 kbps.
Rendering with the IVAS MASA C Reference binaural renderer [3].

	
	
	

	Other references
	
	

	Direct
	1
	Analysed with the IVAS MASA C Reference software [3]. No transport stream nor MASA spatial metadata compression.
Rendering with the IVAS MASA C Reference binaural renderer [3].

	P.50 MNRU (applied to MASA transport streams)
	3
	Q = 18, 24, 30 dB (output loudness set to nominal level)  

	ESDRU [4] (applied to binaural rendering) 
	3 
	α = 0.55, 0.7, 0.85 (output loudness set to nominal level)  

	
	
	

	Common Conditions
	
	

	Test item generation
	4
	Recordings (see, clause 2.1) analysed using the IVAS MASA C Reference Software [3] in various configurations or using an in-house system.

	Binaural rendering
	1
	Rendering with the IVAS MASA C Reference binaural renderer [3].

	Audio sampling frequency / bandwidth
	2
	48 kHz/SWB except for reference condition EVS@8kbps which used 48 kHz/WB

	Rating Scale
	1
	DCR with instructions for binaural/spatial telephony

	Languages
	1
	Finnish

	Listening System
	1
	Sennheiser HD650 headphones for binaural presentation

	Listening Environment
	1
	No room noise



3. Test results
Figure 1 presents the DCR MOS scores of the listening test with 95% confidence intervals. The CuT scores are omitted.

[image: ]
Figure 1. Mean opinion scores (DMOS) obtained with IVAS MASA C Reference Software for unquantized spatial metadata with EVS reference codec at various bitrates, and P.50 MNRU and ESDRU anchors.
4. Summary
The source conducted a P.800 DCR listening test using IVAS MASA C Reference Software. As also observed previously in [1], the listening test indicates that P.800 DCR is generally a suitable method for evaluation of binaurally rendered spatial speech ranging from low bit rates to transparency.
Furthermore, this experiment provides information for defining suitable reference conditions for MASA format. In this test, references based on a single EVS-encoded audio channel and unquantized spatial metadata were evaluated for mono MASA. Stereo MASA was similarly tested in [1] with the corresponding test design described in Annex I of [5].
The source considers that performance requirements for MASA format can be developed based on EVS-based reference conditions.
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