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Introduction

The latest draft of Pdoc IVAS-8a [1] outlines the IVAS codec selection tests still on a relatively high-level. The present contribution presents the background of designing test plans for selection tests with Scene-Based Audio (SBA) content and makes concrete test plan proposals for this input format.

Background

The purpose of the selection tests is to test the IVAS codec candidate(s) against the performance requirements in order to determine its/(their) suitability to be selected as new 3GPP IVAS codec standard. The performance requirements are defined in Pdoc IVAS-3 (latest draft: [2]). The art of designing a good test plan is to make sure that the tests expose the codec under test and the reference codec/systems with relevant operations. This is to obtain statistical evidence whether the relevant operation modes/bit rates of the codec(s) under test meet or exceed their performance references. Since the IVAS codec will offer operation at a broad range of bit rates, the tests must be split in several experiments testing only a subset of operation modes/bit rates in each experiment.

For SBA content, draft Pdoc IVAS-8a currently foresees two P.SUPPL800 tests at bit rates up to 96 kbps (IVAS codec bit rate) and two BS.1534 (Mushra) tests for rates above 96 kbps. While the document already contains in square brackets certain assumptions on test factors/parameters such as number of conditions and operation modes, this contribution makes an attempt to discuss and propose potential (example) test plans on a more concrete, detailed level.

Example test plans

Firstly, example test plans will be developed for P.SUPPL800 testing, secondly, for BS.1534 (Mushra) testing. 

P.SUPPL800 tests

Discussion
As shown in table 1 of draft Pdoc IVAS-8a [1] two P.SUPPL800 tests with FOA audio content are catered for, one with clean speech source material and one with speech+background source material. 

	Exp
	Input Format
	Source Material
	Listening environment
	Bitrates kbps
	FER/Jitter
	DTX
	Headtracking
	Nb of test Conditions

	1
	Stereo
	Clean speech
	Headphones
	≤ 48
	≤ 3% 
	Y
	No
	10

	2
	Stereo
	Speech+Background
	Headphones
	≤ 48
	≤ 3%
	Y
	No
	10

	3
	Stereo
	Mixed & Music
	Headphones
	≤ 48
	≤ 3% 
	N
	No
	10

	4
	FOA
	Clean speech
	Headphones
	≤ 96
	≤ 3%
	Y
	
	10

	5
	FOA
	Speech+Background
	Headphones
	≤ 96
	≤ 3% 
	Y
	
	10

	6
	Objects
	Clean speech
	Headphones
	≤ 96
	≤ 3%
	Y
	
	10

	7
	MASA
	Clean speech
	Headphones
	≤ 96
	≤ 3%
	Y
	
	10

	8
	MASA
	Speech+Background
	Headphones
	≤ 96
	≤ 3% 
	Y
	
	10



Comments were received on this outline that the ‘clean speech’ category is not well defined, that higher FER numbers should be included and that ACR testing might be good for tests with higher FERs. The source does not necessarily agree on the need to carry out ACR tests but generally agrees with the other comments. In addition, the number of 10 test conditions may be lower than necessary. In addition, for tests with clean speech, tests with DTX enabled may not be the priority if the number of test conditions is limited.

Experimental main factors
Below are proposed outlines for experiment 4 with clean speech FOA input/source material and for experiment 5 with speech+background FOA input/source material. Main factors to be varied in the tests are:
· Clean speech/speech+background
· For exp 4, clean speech should be used. The source is of the opinion that very low background noise that may occur in realistic recordings of FOA content should fall in this category. Unrealistic ‘clinically’ clean speech should rather not be used. SNR should be high but still such that a slight noise floor remains audible.
· For exp 5, the source is of the opinion that realistic background sound may include music, street, car, office, cafeteria noise and possibly nature sounds. SNR should be low to medium.
· Room reverberance
· Reverberance is a property connected with many natural recording environments. Reverberant audio is often a challenge for speech/audio codecs. The source believes that environments without and with reverberance should be covered in the tests.
· Talker positions
· Varying talker positions with respect to the capture point both in terms of direction and distance should be covered.
· Overtalk
· Overtalk (double talk) is frequently happening especially in conferencing scenarios. It is often challenging for speech/audio codecs. The source believes that cases without and with overtalk should be covered in the tests with clean speech. In the tests with background sounds, it is suggested not to use overtalk to limit the number of confounding factors.
· Bit rates
· There are 7 IVAS bit rates (16.4, 24.4, 32, 48, 64, 80, 96 kbps) with associated performance requirements. It is suggested to cover all these bit rates in the tests. The rate of 13.2 kbps has only an associated performance objective but no requirement. Testing that operation point is thus less critical. The rate of 16.4 kbps has the performance requirement of better than multi-mono EVS at 3*7.2 kbps or not worse than 4*7.2 kbps. For the clean speech experiment with DTX off, test plan economics do not allow testing both requirements and it is therefore suggested to test only against not worse than multi-mono at 4*7.2 kbps in an informal way. A failure of this operation point should not be counted.
· Audio bandwidth
· IVAS operation is required for WB, SWB and FB audio input-output. It is not possible to cover all audio bandwidths in the selection tests. It is rather suggested to test at the maximum available bandwidth, which is FB or SWB for IVAS and FB, SWB or WB for multi-mono EVS, depending on the bit rate
· DTX
· DTX is an important feature to save transmission bandwidth. The DTX feature should just be covered in the experiments. On the other hand, experience shows that DTX behaviour with clean speech content where the speech pauses are essentially silent, is generally uncritical. The source believes for the sake of accommodating more order other conditions that DTX does not need to be tested in the clean speech experiment (exp 4). In contrast, DTX on and off should be tested in experiment 5 with background sounds.
· FER/Jitter
· Good frame loss behaviour is critical for the IVAS codec. It is proposed to cover frame loss in the clean speech experiment. Tests at multiple loss rates/delay-jitter profiles may be difficult given the experimental constraints in the selection tests. The source suggests testing at 5% loss rate rather than 3% to have a more demanding test. 

Experimental outline
· Six categories of content types.
· 36 subjects, four listening panels ([five/six] subjects per panel), each panel with an independent randomization.
· Six samples per category (one for each listening panel).
· [bookmark: _Hlk83751150]Randomizations constructed under “partially-balanced/randomized blocks” experimental design described in “Practical procedures for subjective testing”, [ITU-T Handbook, 2011].
· Every condition has 36 different samples passed through it (6 categories x 6 panels). Each of these are voted on by the [5/6] subjects in the panel, giving: (36 samples x [5/6] subjects/panel) = [180/216] votes per condition.
· 36 test conditions x 6 blocks/categories = 216 DCR trials.
· Expected average trial duration: 17 s (6.5 s reference sample +0.5 s silence + 6.5 s test sample + 3.5 s voting period).
· Expected test duration: ~2 h per listening panel. Test duration comprises 50% of actual listening/voting time (60 min) and 50% test overhead including orientation, instructions, preliminaries, and rest breaks
· The listening sessions should be split into a number of sub-sessions with breaks in between to allow for the subject to relax. This is to avoid listener fatigue.
 
Factors and conditions (P.SUPPL800 Exp4: clean speech)
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	7
	IVAS candidate operated at 16.4, 24.4, 32, 48, 64, 80 and 96 kbps with DTX off at 0% FER

	
	7
	IVAS candidate operated at 16.4, 24.4, 32, 48, 64, 80 and 96 kbps with DTX off at 5% FER

	
	
	

	Codec references
	
	

	Codec references
	7
	Multi-mono EVS operated at 
4*7.2, 4*8, 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32 kbps with DTX off at 0% FER


	
	7
	Multi-mono EVS operated at 
4*7.2, 4*8, 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32 kbps with DTX off at 5% FER

	
	
	

	Other references
	
	

	Direct
	1
	Nominal input level

	P.50 MNRU (applied to all FOA components)
	4
	Q=tbd dB (all: nominal level)

	ESDRU [P.811] 
	3 
	α = 0.55, 0.7, 0.85 (output loudness forced to nominal level after application of ESDRU)  

	
	
	

	Common Conditions
	
	

	Test item generation: pre-processing incl. spatialization
	1
	[Model-based relying on convolution of raw mono clean speech sentences convolved with (FOA) Spatial Room Impulse Responses respective various talker positions relative to a capture point and spatial (FOA) ambient noise mixing]

	Binaural renderer
	1
	FOA to binaural (external) rendering according to [tbd]

	Audio sampling frequency/bandwidth
	2
	48 kHz/maximum available audio bandwidth

	Content types (categories)
	6
	6 Different environments and talker interactions

	Kind of samples
	1
	Sentence pair uttered by different talkers and genders (3 male and 3 female)

	Number of samples
	4
	per content type

	Input frequency mask
	1
	Flat

	Nominal output loudness
	1
	-26 LKFS ([ITU-R BS.1770-4])

	Listening Level
	1
	73 dB SPL

	Listeners
	[30/36]
	Naïve Listeners

	Randomizations
	6
	6 panels of 6 listeners

	Rating Scale
	1
	DCR with modified instructions according to [P.SUPPL800]

	Replications
	1
	

	Languages
	2
	tbd

	Listening System
	1
	High-quality headphone for diotic presentation

	Listening Environment
	1
	No room noise



Content type categories (P.SUPPL800 Exp4: clean speech)
	Category 
	Room 
	Reverb 
	Level [dB]
	Background 
	Snr [dB]
	Overtalk [s]
	Bandwidth 

	cat 1
	dry room
	low
	-26
	low_office
	45
	1
	max

	cat 2
	dry room
	low
	-26
	low_office
	35
	-1
	max

	cat 3
	small conf room
	medium
	-26
	low_office
	45
	1
	max

	cat 4
	small conf room
	medium
	-26
	low_office
	35
	-1
	max

	cat 5
	open office space
	high
	-26
	low_office
	45
	1
	max

	cat 6
	open office space
	high
	-26
	low_office
	35
	-1
	max




Factors and conditions (P.SUPPL800 Exp5: speech+background)
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	7
	IVAS candidate operated at 16.4, 24.4, 32, 48, 64, 80, 96 kbps with DTX off at 0% FER

	
	6
	IVAS candidate operated at 16.4, 24.4, 32, 48, 64, 80 kbps with DTX on at 0% FER

	
	
	

	Codec references
	
	

	Codec references
	8
	Multi-mono EVS operated at 
3*7.2, 4*7.2, 4*8, 4*9.6, 4*13.2, 4*16.4, 4*24.4, 4*32 kbps with DTX off at 0% FER


	
	7
	Multi-mono EVS operated at 
3*7.2, 4*7.2, 4*8, 4*9.6, 4*13.2, 4*16.4, 4*24.4 kbps with DTX on at 0% FER

	
	
	

	Other references
	
	

	Direct
	1
	Nominal input level

	P.50 MNRU (applied to all FOA components)
	4
	Q=tbd dB (all: nominal level)

	ESDRU [P.811] 
	3 
	α = 0.55, 0.7, 0.85 (output loudness forced to nominal level after application of ESDRU)  

	
	
	

	Common Conditions
	
	

	Test item generation: pre-processing incl. spatialization
	1
	[Model-based relying on convolution of raw mono clean speech sentences convolved with (FOA) Spatial Room Impulse Responses respective various talker positions relative to a capture point and spatial (FOA) ambient noise mixing]

	Binaural renderer
	1
	FOA to binaural (external) rendering according to [tbd]

	Audio sampling frequency/bandwidth
	2
	48 kHz/maximum available audio bandwidth

	Content types (categories)
	6
	6 Different background noise types and levels

	Kind of samples
	1
	Sentence pair uttered by different talkers and genders (3 male and 3 female)

	Number of samples
	4
	per content type

	Input frequency mask
	1
	Flat

	Nominal output loudness
	1
	-26 LKFS ([ITU-R BS.1770-4])

	Listening Level
	1
	73 dB SPL

	Listeners
	[30/36]
	Naïve Listeners

	Randomizations
	6
	6 panels of 6 listeners

	Rating Scale
	1
	DCR with modified instructions according to [P.SUPPL800]

	Replications
	1
	

	Languages
	2
	tbd

	Listening System
	1
	High-quality headphone for diotic presentation

	Listening Environment
	1
	No room noise



Content type categories (P.SUPPL800 Exp5: clean speech)
	Category 
	Room 
	Reverb 
	Level [dB]
	Background 
	Snr [dB]
	Overtalk [s]
	Bandwidth 

	cat 1
	car
	low
	-26
	car noise
	20
	-1
	max

	cat 2
	open air
	low
	-26
	street music
	15
	-1
	max

	cat 3
	mid size room
	medium
	-26
	music
	20
	-1
	max

	cat 4
	mid size rtoom
	medium
	-26
	shopping mall
	15
	-1
	max

	cat 5
	open office space
	high
	-26
	office noise
	20
	-1
	max

	cat 6
	open office space
	high
	-26
	cafeteria
	15
	-1
	max




BS.1534 (Mushra) tests

Discussion
As shown in table 2 of draft Pdoc IVAS-8a, two Mushra tests with Scene-Based Audio content are catered for, one with FOA source material and one with HOA source material. 

	Exp
	Input Format
	Source Material
	Listening environment
	Bitrates kbps
	FER/Jitter
	DTX
	Headtracking
	Nb of test Conditions

	1 a,b,c
	Stereo
	Generic Audio
	Headphones
	
	≤ 0%
	N
	No
	3

	2 a,b,c
	5.1
	Generic Audio
	5.1
	
	≤ 0%
	N
	No
	3

	3 a,b,c
	7.1.4
	Generic Audio
	7.1 + 4
	
	≤ 0%
	N
	No
	3

	4 a,b,c
	FOA
	Generic Audio
	Headphones
	
	≤ 0%
	N
	
	3

	5 a,b,c
	HOA3
	Generic Audio
	Headphones
	
	≤ 0%
	N
	
	3

	6 a,b,c
	Objects
	Generic Audio
	Headphones
	
	≤ 0%
	N
	
	3

	7 a,b,c
	MASA
	Generic Audio
	Headphones
	
	≤ 0%
	N
	
	3



Comments were received on this outline that the ‘Generic Audio’ category is not well defined. The source is of the opinion that it should mean both naturally recorded and artificially generated scenes covering, e.g., speech, music (vocal and instrumental), nature sounds, synthetic sounds, ambient sounds, and any mixes thereof.

Experimental main factors
Below are proposed outlines for experiment 4 with FOA input/source material and for experiment 5 with HOA3 input/source material. Main factors to be varied in the tests are:
· Source material
· The source material should meet the requirements defined in the test plan. 
· Bit rates
· There are 6 IVAS bit rates (128, 160, 192, 256, 384, 512 kbps) above the upper limit for P.SUPPL800 tests. It is suggested to cover all these bit rates in the tests. It is suggested that the three lower bit rates (128, 160, 192 kbps) should be tested in exp 4 with FOA input format while the three higher bit rates (256, 384, 512 kbps) should be tested in exp 4 with FOA input format 
· Audio bandwidth
· IVAS operation is required for WB, SWB and FB audio input-output. It is not possible to cover all audio bandwidths in the selection tests. It is rather suggested to test at the maximum available bandwidth, which is FB.

 
Factors and conditions (Mushra Exp4: FOA / Generic Audio)

To make the experiment practically feasible it is split into 3 sub-experiments (4a,b,c): 
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	1
	IVAS candidate operated at 
128 kbps (exp 4a), 
160 kbps (exp 4b), 
192 kbps (exp 4c).

	
	
	

	Codec references
	
	

	Codec references
	2
	Multi-mono EVS operated at 
4*24.4 kbps, 4*32 kbps (exp 4a), 
4*32 kbps, 4*48 kbps (exp 4b),
4*48 kbps, 4*64 kbps (exp 4c).


	
	
	

	Other references
	
	

	Hidden Reference
	1
	Direct, Nominal input level

	LP7 anchor
	1
	7kHz lowpass filtered direct signal: nominal level

	LP3.5 anchor
	1
	3.5kHz lowpass filtered direct signal: nominal level

	
	
	

	Common Conditions
	
	

	Test item generation
	1
	According to material collection procedure for IVAS selection Mushra tests.

	Binaural renderer
	1
	FOA to binaural (external) rendering according to [tbd]

	Audio sampling frequency/bandwidth
	2
	48 kHz/FB

	Input frequency mask
	1
	Flat

	Nominal output loudness
	1
	-26 LKFS ([ITU-R BS.1770-4])

	Listening Level
	1
	Adjusted by listener

	Listeners
	[12-16]
	Experienced Listeners

	Randomizations
	12
	Individual per listeners

	Rating Scale
	1
	Continuous Mushra scale from 0-100 [ITU-R BS.1534]

	Replications
	2
	

	Listening System
	1
	High-quality headphone for diotic presentation

	Listening Environment
	1
	No room noise




Factors and conditions (Mushra Exp5: HOA3 / Generic Audio)

To make the experiment practically feasible it is split into 3 sub-experiments (5a,b,c): 
	Main Codec Conditions
	
	

	Codec under Test (CuT)
	1
	IVAS candidate operated at 
256 kbps (exp 5a), 
384 kbps (exp 5b), 
512 kbps (exp 5c).

	
	
	

	Codec references
	
	

	Codec references
	2/2/1
	Multi-mono EVS operated at 
4*64 kbps, 4*96 kbps (exp 5a), 
4*96 kbps, 4*128 kbps (exp 5b),
4*128 kbps (exp 5c).


	
	
	

	Other references
	
	

	Hidden Reference
	1
	Direct, Nominal input level

	LP7 anchor
	1
	7kHz lowpass filtered direct signal: nominal level

	LP3.5 anchor
	1
	3.5kHz lowpass filtered direct signal: nominal level

	
	
	

	Common Conditions
	
	

	Test item generation
	1
	According to material collection procedure for IVAS selection Mushra tests.

	Binaural renderer
	1
	FOA to binaural (external) rendering according to [tbd]

	Audio sampling frequency/bandwidth
	2
	48 kHz/FB

	Input frequency mask
	1
	Flat

	Nominal output loudness
	1
	-26 LKFS ([ITU-R BS.1770-4])

	Listening Level
	1
	Adjusted by listener

	Listeners
	[12-16]
	Experienced Listeners

	Randomizations
	12
	Individual per listeners

	Rating Scale
	1
	Continuous Mushra scale from 0-100 [ITU-R BS.1534]

	Replications
	2
	

	Listening System
	1
	High-quality headphone for diotic presentation

	Listening Environment
	1
	No room noise





Conclusion and Proposal

The contribution has provided example test plans for IVAS codec selection tests with SBA content. This exercise is believed useful at least for vetting the assumptions of draft Pdoc IVAS-8a on dimensioning the tests. It has been demonstrated that all bit rates and essential operation modes of IVAS with SBA content can be tested in selection.
The source believes that the developed test plans could even serve as a basis for the actual IVAS codec selection tests with SBA content. If the group agrees, they could be transferred to the corresponding sections in Pdoc 8a, in square brackets to indicate that they build the basis for further edits. 
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