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[bookmark: _Toc449760506]Summary
This document contains the results from the subjective audio tests performed by Dolby to show the performance of the selected ISAR split rendering feature of IVAS [3] at operating bitrates 384 kbps and 512 kbps (specified in TR 26.865 [2] clauses 6 (Physical Design Constraints)). Presented are the results of tests for input formats SBA-HOA3, MC 7.1.4, ISM 4 and MASA.

[bookmark: _Toc339023611]Key Acronyms
CuT		Condition under Test
HOA	            Higher Order Ambisonics
IVAS	            Immersive Voice and Audio Services
ISM	            Independent Streams with Metadata
MASA	            Metadata-Assisted Spatial Audio
MC	            Multi Channel
ISAR               Immersive Audio for Split Rendering
LL		Listening Laboratory
MUSHRA	Multi Stimulus test with Hidden Reference and Anchor
BT		Better than
NWT               Not worse than
DoF                Degree of Freedom


1. Introduction
Dolby performed headphone listening experiments similar to the BS.1534-1, BS.1534-2, BS.1534-3 and BS.1534-4 defined in ISAR Pdoc on Testing Aspects for Phase/Track 2/a [4]. In these new evaluations the default ISAR configuration was used at bitrates of 512 kbps and 384 kbps. The experiments and corresponding input formats are listed in Table 1.

Table 1: Overview of experiments and associated input formats
	Exp.
	Input format

	BS1534-1-LR
	SBA-HOA3

	BS1534-2-LR
	MC 7.1.4

	BS1534-3-LR
	ISM 4

	BS1534-4-LR
	MASA



2. Motivation
To test ISAR performance at 384 and 512 kbps. These bitrates are specified in TR 26.865 [2] clauses 6 (Physical Design Constraints) as recommended bitrates for ISAR operation.

3. Test material
[bookmark: _Toc376813499][bookmark: _Toc365738723][bookmark: _Toc332969178][bookmark: _Toc332971928][bookmark: _Toc228691329][bookmark: _Toc332795415][bookmark: _Toc332969180][bookmark: _Toc332971930][bookmark: _Toc376813509][bookmark: _Toc376813514][bookmark: _Toc376813519][bookmark: _Toc376813524][bookmark: _Toc376813529][bookmark: _Toc376813534][bookmark: _Toc376813536][bookmark: _Toc332795417][bookmark: _Toc332969182][bookmark: _Toc332971932]The test material for the BS.1534 tests was the same as specified for the ISAR track-A solution selection tests, i.e., it was obtained after cross-check of the processing as specified in the ISAR Pdoc on Testing Aspects for Phase/Track 2/a [4]. 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 [5]. High-quality stereo headphones (Sennheiser HD650 or similar) were used for all experiments. 
A test user interface in accordance to ITU-R BS.1534 [5] 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 each 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 [4], 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 [5]. 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 ISAR operating at 512kbps)

	c05 (CuT2)
	3-DOF system 2 under test (IVAS@512kbps split-rendered with ISAR operating at 384kbps)




9. Results
A summary of the test results is shown below. 

a. Experiment BS1534-1-LR
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 and c03 against c05 (DF = 95). The p-values were adjusted for multiple comparisons using the Bonferroni method. The conclusion of the test is as follows:
· The 512kbps ISAR condition (c04) is better than (BT) the 0-DOF (c03) condition.
· The 384kbps ISAR condition (c05) is better than (BT) the 0-DOF (c03) condition.


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

	c01 (REF)
	98.34

	c02 (LP7)
	40.323

	c03 (0DOF)
	76.4375

	c04 (CuT1)
	94.74

	c05 (CuT2)
	95.073




Table 4:  T-test results
	Hypothesis
	p-value
	Result
	Conclusion

	c04 <= c03
	6.13E-22
	Hypothesis rejected
	c04 BT c03

	c05 <= c03
	3.02E-22
	Hypothesis rejected
	c05 BT c03




Figure 1:  Plot of test results

b. Experiment BS1534-2-LR
The per-condition mean scores are shown in Table 5. Table 6 shows p-values of a single-sided Student’s Dependent Groups t-tests comparing c03 against c04 and c03 against c05 (DF = 95). The p-values were adjusted for multiple comparisons using the Bonferroni method. The conclusion of the test is as follows:
· The 512kbps ISAR condition (c04) is better than (BT) the 0-DOF (c03) condition.
· The 384kbps ISAR condition (c05) is better than (BT) the 0-DOF (c03) condition.


Table 5:  Per-condition mean MUSHRA scores
	Condition
	Mean score

	c01 (REF)
	98.73

	c02 (LP7)
	39.24

	c03 (0DOF)
	74.7396

	c04 (CuT1)
	93.1875

	c05 (CuT2)
	92.09375



Table 6:  T-test results
	Hypothesis
	p-value
	Result
	Conclusion

	c04 <= c03
	7.72E-62

	Hypothesis rejected
	c04 BT c03

	c05 <= c03
	9.42E-55

	Hypothesis rejected
	c05 BT c03




Figure 2:  Plot of test results

c. Experiment BS1534-3-LR
The per-condition mean scores are shown in Table 7. Table 8 shows p-values of a single-sided Student’s Dependent Groups t-tests comparing c03 against c04 and c03 against c05 (DF = 95). The p-values were adjusted for multiple comparisons using the Bonferroni method. The conclusion of the test is as follows:
· The 512kbps ISAR condition (c04) is better than (BT) the 0-DOF (c03) condition.
· The 384kbps ISAR condition (c05) is better than (BT) the 0-DOF (c03) condition.


Table 7:  Per-condition mean MUSHRA scores
	Condition
	Mean score

	c01 (REF)
	99.04

	c02 (LP7)
	40.531

	c03 (0DOF)
	76.9375

	c04 (CuT1)
	92.03125

	c05 (CuT2)
	90.61458333



Table 8:  T-test results
	Hypothesis
	p-value
	Result
	Conclusion

	c04 <= c03
	3.79E-25

	Hypothesis rejected
	c04 BT c03

	c05 <= c03
	7.74E-24

	Hypothesis rejected
	c05 BT c03




Figure 3:  Plot of test results

d. Experiment BS1534-4-LR
The per-condition mean scores are shown in Table 9. Table 10 shows p-values of a single-sided Student’s Dependent Groups t-tests comparing c03 against c04 and c03 against c05 (DF = 95). The p-values were adjusted for multiple comparisons using the Bonferroni method. The conclusion of the test is as follows:
· The 512kbps ISAR condition (c04) is better than (BT) the 0-DOF (c03) condition.
· The 384kbps ISAR condition (c05) is better than (BT) the 0-DOF (c03) condition.


Table 9:  Per-condition mean MUSHRA scores
	Condition
	Mean score

	c01 (REF)
	98.51

	c02 (LP7)
	41.031

	c03 (0DOF)
	82.1771

	c04 (CuT1)
	95.1875

	c05 (CuT2)
	94.07291667



Table 10:  T-test results
	Hypothesis
	p-value
	Result
	Conclusion

	c04 <= c03
	3.07E-39

	Hypothesis rejected
	c04 BT c03

	c05 <= c03
	1.13E-36

	Hypothesis rejected
	c05 BT c03




Figure 4:  Plot of test results

10. Conclusion
The ISAR listening tests BS.1534-1-LR, BS.1534-2-LR, BS.1534-3-LR and BS.1534-4-LR were performed in accordance with [4] and [5]. The systems under test obtained scores in the “Excellent” range in all experiments. In all experiments, the systems under test’s mean scores were statistically better than the 0DOF reference at a confidence level above 95%.
It is proposed to document this result as part of the IVAS technical report [6] and the ISAR technical report [7].
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