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1. Summary
This contribution presents the Characterization Test Results of Xperi VRStream Audio Profile, with the tests conducted according to the 3GPP TS 26.259 specification [1]. The Test 1 results show the Audio Profile at 256, 384 and 512 kbps performing in the range from 85 to 95 MUSHRA points (i.e. all within the “Excellent” range), and the FOA Audio Profile at 128 kbps performing within 5 MUSHRA points of the uncompressed FOA anchor (i.e. also “Excellent” with respect to its equitable reference). An additional test for FOA-only content at 128 kbps also shows performance above 80, i.e. in the “Excellent” quality range. The optional Test 2 was not fully executed before the specified deadlines due to time and resource constraints. For Test 3, the Xperi VRStream Audio Profile renderer is equivalent to the CIBR reference, the two using the same renderer configuration.
2. Test 1: Codec Quality Characterization Over Loudspeakers
2.1 Test Design
Test 1 has been conducted according to the 3GPP TS 26.259 Section 5 using the MUSHRA test methodology ITU-R BS.1534-3 [2].
Two tests were performed: Test 1a and Test 1b. Both tests consisted of ten tracks and five systems under test (plus hidden reference and two low-pass anchors). The same ten post-screened listeners were used, so that the results from Tests 1a and 1b may be combined for statistical analysis.
The following eight test signals were included in each of the MUSHRA trials:
· Reference (uncompressed)
· Content coded at 512 kbps
· Content coded at 384 kbps
· Content coded at 256 kbps
· FOA anchor
· FOA anchor coded at 128 kbps
· 7 kHz low-pass anchor (low-passed reference)
· 3.5 kHz low-pass anchor (low-passed reference)
The FOA conditions have been included in all of the MUSHRA trials since, as it was pointed out during the telco discussions, including the FOA signals in some of the trials and not others would make the statistical analysis of the results challenging. It has been suggested to make the FOA conditions optional for Test 1, but that would amount to not characterizing the FOA profile performance. There have also been suggestions to test the FOA conditions separately (some companies may have chosen this route), but that requires adding one more separate test. Given the above, we decided to include the FOA conditions for all the test materials. This has the added value of assessing how an FOA profile may perform, should one decide to convert various content types to an FOA representation. 
Since testing 128 kbps FOA without the corresponding equitable uncompressed FOA signal would not allow assessing the impact of the compression itself, the uncompressed FOA anchor is included throughout. 
For the HOA-only content, the FOA anchor was created by truncating HOA to FOA. For all the other content, the FOA anchor was created by rendering the source material to FOA with the Audio Profile renderer. The compressed FOA bit-streams have been generated by encoding the FOA anchor with the same Audio Profile encoder configuration as all the other content. 
2.2 Test Processing
The source material and the corresponding metadata have been encoded with the Xperi DTS-UHD VRStream Audio Profile encoded/decoded at the target bit-rates of 256, 384, and 512 kbps, with the FOA content encoded at 128 kbps. The DTS-UHD codec [3] uses a Variable Bit-Rate (VBR) model that guarantees the target bit-rate when measured over a Group of Frames (GoF, an interval between two consecutive sync frames). The GoF duration has been set in these tests to 2 sec; i.e., the codec achieves Constant Bit-rate for each consecutive 2 sec audio segments. All the results correspond to the instantaneous VBR peak rate not exceeding 2.5 times the target bit-rate.
The Xperi VRStream rendering process is based on the CIBR configuration (see 3GPP TS 26.259 Section 6):
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with the following:
· “Documented Loudspeaker Renderer” as described in the DTS VBAP renderer specification ETSI 103 584 [3]
· The same ETSI 103 584 [3] VBAP renderer used for the ESD domain signal conversion to the 7.4.1 loudspeaker configuration per Test 1 specification
The following acronyms are defined to describe the processing of the test material:
· SM: source material
· SM-FOA: source material rendered to the FOA domain
· BS: compressed bit-stream
· HOA-ESD: conversions between ambisonics and ESD
· ESD16-HOA: conversion from ESD-16 to HOA as specified in AHVIC-157 [5]
· HOA-ESD16: inverse of ESD16-HOA
· ESD4-FOA: conversion from ESD-4 to FOA as specified in AHVIC-157 [5]
· FOA-ESD4: inverse of ESD4-FOA
· R-ESD: rendering to the ESD domain
· R-ESD16: rendering to ESD-16
· For Channels/Objects: ETSI 103 584 specification
· For HOA: the HOA-ESD16 conversion
· R-ESD4: rendering to ESD-4
· For Channals/Objetcs: ETSI 103 584 specification
· For FOA: the FOA-ESD4 conversion
· RX-7.1.4: rendering from ESD to the 7.1.4 loudspeaker output
· Per ETSI 103 584 specification

With the above, the test material has been generated as follows:
· Reference (uncompressed): SM → R-ESD16 → RX-7.1.4
· FOA anchor (SM-FOA, uncompressed): SM → R-ESD4 → ESD4-FOA
· Non-FOA Test Signals (compressed): BS → Decoder → R-ESD16 → RX-7.1.4
· FOA Test Signals (compressed): BS → Decoder → R-ESD4 → RX-7.1.4
2.2 Test Material
Test materials were provided by 3GPP and included tracks from the four audio profile proponents. 
	Test
	Track
	Duration
	Content Type

	Test 1a
	8Obj_Music+Bird
	10.560 s
	Object-based (8 Objects)

	
	Capoeira
	11.000 s
	Scene-based (4th Order HOA)

	
	CICP_1A
	9.066 s
	Channel-based (7.1.4)

	
	CosmosTwister
	10.000 s
	Channel-based (7.1.4)

	
	Fork
	12.021 s
	Object-based (10 objects)

	
	HOA6_Musicopter
	12.000 s
	Scene-based (6th Order HOA)

	
	Indiana
	10.072 s
	Channel-based (7.1.4)

	
	leaf_A
	12.000 s
	Mixed (3rd Order HOA + 4 Objects + LFE)

	
	silent_A
	11.997 s
	Mixed (3rd Order HOA + 4 Objects + LFE)

	
	silent_B
	12.000 s
	Channel-based (7.1.4)

	Test 1b
	8Obj_reservoir
	10.560 s
	Object-based (8 Objects)

	
	audiosphere_A
	11.998 s
	Mixed (3rd Order HOA + 4 Objects)

	
	audiosphere_B
	11.997 s
	Mixed (3rd Order HOA + 4 Objects)

	
	CICP19_Festival
	11.456 s
	Mixed (Channels-7.1.4 + Objects)

	
	CosmosJungle
	11.000 s
	Scene-based (6th Order HOA)

	
	DronesAndAnimals
	12.000 s
	Scene-based (6th Order HOA)

	
	JammJam
	10.000 s
	Object-based (12 Objects)

	
	LaLechera
	11.700 s
	Channel-based (7.1.4)

	
	PitStop
	10.000 s
	Channel-based (7.1.4)

	
	Spoon
	12.021 s
	Object-based (12 Objects)


Table 1: Test Items Presented in Tests 1a and 1b

2.3 Listening Environment
The tests were performed in a BS.1116-3 compliant listening lab in XPERI’s Calabasas office over a 7.1.4 speaker layout. 
2.4 Grading Interface
ARL’s STEP software was used to conduct the test and to gather listeners’ data. 
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Figure 1: ARL STEP Software MUSHRA Test Interface
2.5 Listening Panel
[bookmark: _GoBack]The listening panel of this test consisted of eleven XPERI/DTS employees (2 Female, 8 Male) all experienced in taking critical listening tests. Each listener was trained prior to the test as instructed in ITU-R BS.1534-3 Section 4.1. One listener was removed from both tests after being post-screened from Test 1a (to arrive at the same ten listeners for both tests). 
	Test
	Total Participants
	Participants After Post-screening

	TEST 1a
	11
	10

	TEST 1b
	11
	10


Table 2: Listener Participation and Post-Screening
2.6 Results
All results are presented in graphs including average scores and 95% confidence intervals (t-distribution). 
2.6.1 Overall Test 1 Scores
As the same listeners participated in Test 1a and Test 1b, the results from the two tests were combined for statistical analysis. The results are presented in Figure 2.
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Figure 2: Results per System of Test 1a and Test 1b Combined
Observations
· The systems at 256, 384 and 512 kbps perform in the range from 85 to 95 MUSHRA points, i.e. all in the “Excellent” range
· The FOA signals are in the 50 to 60 range, with the 128 kbps compressed test signals less than 5 MUSHRA points lower than the uncompressed FOA anchor

2.6.2 Test 1a
Results for each system in Test 1a can be found below in Figure 3. Figure 4 illustrates how each system scores per test item. 
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Figure 3: Results per System of Test 1a Data
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Figure 4: Results per System and Test Item for Test 1a Data
Note the generally similar observations as for the full Test 1:
· 256, 384 and 512 kbps in the range of 85-95, i.e. all in the “Excellent” range
· 128 kbps FOA performing within 5 MUSHRA points of the uncompressed FOA anchor (both FOA signals considerably lower than the HOA reference)
· Individual test tracks show a bit larger range of scores, as expected, with only a couple of cases where 256 kbps falls under 80 (while 384 and 512 kbps all scoring above 80)
2.6.3 Test 1b
Results for each system in Test 1a can be found below in Figure 5. Figure 6 illustrates how each system scores per test item. 
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Figure 5: Results per System for Test 1b Data
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Figure 6: Results per System and Test Item for Test 1b Data
Again, note the generally similar observations as for the full Test 1:
· 256, 384 and 512 kbps in the range of 85-95, i.e. all in the “Excellent” range
· 128 kbps FOA performing within 5 MUSHRA points of the uncompressed FOA anchor (both FOA signals considerably lower than the HOA reference)
· Individual test tracks show a bit larger range of scores, as expected, with only a couple of cases where 256 kbps falls under 80 (while 384 and 512 kbps all scoring above 80) 
2.6.4 Test 1c
An additional test for FOA has been conducted with the following four HOA content items: Capoeira, CosmosJungle, DronesAndAnimals, and HOA6_Musicopter (i.e., the four HOA-only test items in Test 1). The tests have been performed under the same conditions as Tests 1a and 1b, with the same uncompressed/compressed FOA test samples as processed for Test 1a and 1b. Twelve experienced listeners participated in the test, with ten passing the post-screening process as defined in ITU-R BS.1534-3 Section 4.1.
Results for each system in Test 1c can be found below in Figure 7. Figure 8 illustrates how each system scores per test item.
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Figure 7: Results per System for Test 1c

[image: ]
Figure8: Results per Test Item for Test 1c
Observations:
· FOA at 128 kbps shows performance in the “Excellent” range, above 80, for all test items
3. Test 2: Codec Quality Characterization Over Headphones
Test 2 specified in 3GPP TS 26.259 Section 7 has been marked as Optional. Due to the time constraints, we were not able to execute this test before the specified deadlines.
4. Test 3: Renderer Comparison Test
Test 3 is designed to compare Audio Profile Reference Renderer (Test Signals) with CIBR (Anchors). The test methodology is specified in 3GPP TS 26.259 Section 6. The test methodology is based in Comparison Category Rating (CCR).
The Xperi Audio Profile renderer is based on the CIBR configuration (see 3GPP TS 26.259 Section 6):
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Since our Audio Profile is configured with CIBR, this test reduces to comparing two perceptually-equivalent signals. Specifically:
· AHVIC-140 [6], Sec. 6.10 on Test 3, states: “Proposed Audio Profile shall be configured for an Operating Point providing transparent quality for all Test Materials”
· AHVIC-146 [7], Sec. Re doc 145, states: “There was agreement to split Test 3 in two sessions: one comparing the candidate with CIBR 1st order and another comparing the candidate with CIBR 2nd order.” (Correction: the latter should read 3rd order as per AHVIC-140 Sec 6.9 point 2: 1st order or 3rd order)
In other words:
· The compressed and uncompressed signals in the tests must be, per test requirements, perceptually equivalent
· If not, one would have failed the requirement of configuring the Operating Point to provide transparent quality
· Test 3 split into 1st order and 3rd order which leads to
· Comparing 1st order CIBR to 1st order CIBR, and
· Comparing 3rd order CIBR to 3rd order CIBR
Conclusions:
· Xperi VRStream Audio Profile renderer is equivalent to the CIBR reference (the two using the same renderer configuration)
· Test 3 results in comparing two perceptually-equivalent Test Signals
5. Conclusions
The presented Test 1 results show:
· Xperi VRStream Audio Profile at 256, 384 and 512 kbps performing in the range from 85 to 95 MUSHRA points, i.e. all within the “Excellent” range
· Xperi VRStream FOA Audio Profile at 128 kbps performing within 5 MUSHRA points of the uncompressed FOA anchor, i.e. also “Excellent” with respect to its equitable reference
· An additional test for FOA-only content at 128 kbps also shows performance above 80, i.e. in the “Excellent” quality range
The optional Test 2 was not fully executed before the specified deadline due to time and resource constraints.
For Test 3, the Xperi VRStream Audio Profile renderer is equivalent to the CIBR reference, the two using the same renderer configuration.
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