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[bookmark: _Toc449760506]Summary
This document contains the results from a subjective audio test performed by Dolby to show the performance of ISAR with AAC-ELDv2 (defined in TS 26.117 [2]). Presented are the results for BS1534 (MC 7.1.4) test.

[bookmark: _Toc339023611]Key Acronyms
CuT		Condition under Test
MC		Multi-Channel
IVAS		Immersive Voice and Audio Services
ISAR               Immersive Audio for Split Rendering
LL		Listening Laboratory
MUSHRA	Multi Stimulus test with Hidden Reference and Anchor
BT		Better than
AAC-ELD        Advance Audio Coding-Enhance Low Delay
MeCAR           Media Capabilities for Augmented Reality
DoF                Degree of Freedom


1. Introduction
Dolby performed a BS.1534 headphone listening experiment by using AAC-ELDv2 as the transport codec for ISAR. The experiment input format is listed in Table 1.

Table 1: Test experiment and input format

	Exp.
	Input format

	BS1534
	MC 7.1.4



2. Configuration/Motivation
The motivation for this test is as follows:
· AAC-ELDv2 decoding capabilities are specified for 5G Media Streaming services [2] and support is required or recommended for certain device types used for AR services [3]. It is thus of interest to understand if devices with AAC-ELDv2 capabilities can benefit from ISAR split rendering solutions.   
· To test the BINAURAL SPLIT PCM mode of ISAR as described in [4]. 
· To test a lower bitrate that is currently not supported with default transport codecs in ISAR. This test includes ISAR bitrate of 256 kbps (AAC-ELDv2 operating at 160 kbps and ISAR 3DOF pose correction metadata at 96 kbps).
The tested configuration is thus to operate the IVAS/ISAR split rendering feature using the AAC-ELDv2 codec. Specifically, instead of using the LCLD or LC3plus codecs for the coding of the binaural audio transport channels, these channels are accessed through the PCM interface and encoded with AAC-ELCv2. At the post-renderer, the AAC-ELDv2 decoded binaural audio signal is fed into the post-renderer through the PCM interface.  
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The test material for BS.1534 tests was critical 7.1.4 audio material. 
Audio material 
· Clean speech, music, critical audio items
Head pose trajectories
· Static within range [+-20 degrees]
· Dynamic within range [+-20 degrees]
· Sinusoidal [0.25 Hz]
· Triangular [0.5 Hz]
IVAS and ISAR processing was done based on IVAS floating point code (details given below). 
· GIT repo: https://forge.3gpp.org/rep/ivas-codec-pc/ivas-codec
· commit ID: e11198a7

4. Test procedure
The tests were carried out in a blind fashion. The identity of the conditions under test was not shown to the test subjects.

5. Listening Environment        
The tests were performed in acoustically treated listening rooms at Ittiam Systems that conform to the requirements of ITU-R BS.1534 [6]. High-quality stereo headphones (Sennheiser HD650 or similar) were used for all experiments. 
A test user interface in accordance to ITU-R BS.1534 [6] was used. To ensure unbiased testing, the test interface presented the test items and test conditions in pseudo-random order, with a different pseudo-random presentation order used for each test subject. 

6. Test subjects
Eight expert listeners were used for the test. 
The source used experienced, trained listeners who are frequently involved in BS.1534 tests and who are already familiar with the user interface that was used in the tests. It was therefore unnecessary to provide any specific test instructions. In accordance with [5], the test subjects were not involved in developing the split rendering features or the involved codecs in any of the systems under test. The test subjects had no knowledge of the systems under test.

7. Post Screening
The source applied post-screening rules to the test results according to ITU-R BS.1534 [6]. It was not necessary to exclude any listener.

8. Test conditions
A description of test conditions is given in Table 2.

Table 2:  Description of test conditions 

	Condition
	Description

	c01 (REF)
	Hidden reference: Native coding system (IVAS@512kbps rendered to post renderer pose)


	c02 (LP7)
	LP7 anchor: Hidden reference, 7Khz LP filtered

	c03 (0DOF)
	0-DOF native transcoding reference (IVAS@512kbps binaurally rendered to pre-renderer pose, IVAS stereo coded@256kbps)


	c04 (CuT1)
	3-DOF system 1 under test (IVAS@512kbps split-rendered with AAC-ELDv2 + ISAR pose correction with a total bitrate of 256 kbps)

	c05 (CuT2)
	3-DOF system 2 under test (IVAS@512kbps split-rendered with AAC-ELDv2 + ISAR pose correction with a total bitrate of 384 kbps)

	c06 (CuT3)
	3-DOF system 3 under test (IVAS@512kbps split-rendered with ISAR @ 384 kbps using default transport codec)





9. Results
A summary of the test results is shown below. Full results with statistical analysis are shown on the attached spreadsheet.

a. Experiment BS1534
The per-condition mean scores are shown in Table 3. Table 4 shows p-values of a single-sided Student’s Dependent Groups t-tests comparing c03 against c04, c03 against c05 and c05 against c06 (DF = 79). The p-values were adjusted for multiple comparisons using the Bonferroni method. The conclusion of the test is as follows:
· At a 95% confidence level, both AAC-ELDv2 conditions (c04 and c05) are better than (BT) the 0DOF reference c03.
· The 384kbps AAC-ELDv2 condition (c05) is not worse than (NWT) the 384kbps ISAR condition using the default transport codec (c06).

Table 3:  Per-condition mean MUSHRA scores
	Condition
	Mean score

	c01 (REF)
	98.54

	c02 (LP7)
	44.51

	c03 (0DOF)
	75.44

	c04 (CuT1)
	88.90

	c05 (CuT2)
	92.99

	c06 (CuT3)
	92.16



Table 4:  Single-sided T-test results
	Null Hypothesis
	Alternative Hypothesis
	p-value
	Result
	Conclusion

	µ(c06) = µ(c05)
	µ(c05) > µ(c06)
	0.41
	Null Hypothesis cannot be rejected
	c05 NWT c06

	µ(c04) = µ(c03)
	µ(c04) > µ(c03)
	7.41x10^-29
	Null Hypothesis rejected
	c04 BT c03

	µ(c05) = µ(c03)
	µ(c05) > µ(c03)
	1.01x10^-37
	Null Hypothesis rejected
	c05 BT c03





Figure 1:  Plot of test results


10. Conclusion
The ISAR BS.1534 listening test with AAC-ELDv2was performed in accordance with [5]. The systems under test obtained scores in the “Excellent” range. In this experiment, the mean scores of all system under test conditions were statistically higher than the 0-DOF reference at a confidence level above 95%. At the same bitrate of 384 kbps, the subjective quality of AAC-ELDv2 + ISAR was found to be statistically equivalent to the default ISAR system.
It is proposed to document the tested configuration in TS 26.249 [4] under track-B solutions and to add the evaluation results to the ISAR technical report [6].
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