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Introduction
4 proposed solutions:
· DTS-UHD (responded)
· MAEC

· OMAF 3D Audio Baseline profile (responded)
· spAACe (responded)
1. 
DTS-UHD

	VRStream Submission requirement
	Candidate name
	Fullfilled (Y/N)

	Codec & Reference renderer descriptions

	Definition/specification of the bitstream, decoding and reference rendering process – as reference or by a full text documentation
	 Referenced in ETSI TS 103 491v1.1.1 and TS 103 584v1.1.1
	 Y

	Constraints applicable for streaming, file storage and configurations changes
	 SA40180788 section 4.2, pCR 6.x.x.x
	 Y

	Constraints (if any) on the number and configuration of encoded audio input channels that can be supported at the decoder
	 SA4-180788 section 4.2, pCR 6.x.x.x
	 Y

	Constraints (if any) on the number and configuration of output loudspeaker channels that can be supported by the renderer.
	 TS 103 584 & pCR 6.1.4.x
	 Y

	Reference Renderer motion to sound latency
	 SA4-189788 section 4.4, pCR 6.x.x.x
	 Y

	Complexity of Decoder and Renderer
	 SA4-180788 section 4.5, pCR 6.x.x.x
	 Y

	If applicable, default set of HRTF used for binaural rendering
	 SA4-180788 section 4.6, pCR 6.x.x.x
	Y 

	Interfaces

	Interfaces for file storage and streaming
	 SA4-180788 section 5.1, pCR 6.x.x.x
	 Y

	Interfaces for audio output to binaural headphones and loudspeakers
	 SA4-180788 section 5.2, pCR 6.x.x.x
	 Y

	Interfaces for head tracking
	 SA4-180788 section 5.3, pCR 6.x.x.x
	 Y

	External Renderer API
	 SA4-180788 section 5.4, after review - TS 103 491v1.1.1 chapter 6, pCR 6.x.x.x.
	 Y

	API to specify an external set of HRTFs used for binaural rendering
	 SA4-180788 section 5.5, pCR 6.x.x.x
	 Y

	Signalling

	Signalling for file-based download delivery
	 Generic signalling for .3gp
	 Y

	Signalling for DASH delivery
	 SA4-180788 section 6.2, pCR 6.x.x.x
	 Y

	Audio Quality Characterization Test results

	Codec Quality Characterization Tests
Test 1
• According to 3GPP TS 26.259 Clause 5
• Using Reference Renderer for Reference and Degraded conditions
• Over loudspeakers
• Based on ITU-R BS.1534-3 (MUSHRA)
• Evaluates Basic Audio Quality
	SA4-180786 section 2.6 
	 Y

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Codec Quality Characterization Tests
Test 2 - Optional
- According to 3GPP TS 26.259 Clause [TBD]
- Using Common Informative Binaural Renderer for Reference and Degraded conditions
- Over headphones
- Based on ITU-R BS.1534-3 (MUSHRA)
Evaluates Basic Audio Quality
	 Yet to be finalized 
	 Delayed

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Reference Binaural Renderer Quality Characterization Test (Rendering Test)
Test 3
• According to 3GPP TS 26.259 Clause 6
• Characterize media profile performance with Reference Renderer and optionally but strongly recommended media profile performance with Common Informative Binaural Renderer
• Over headphones with head tracking
• Evaluates the following attributes:
o Spatial Quality
o Artefacts
o Timbre Quality
Overall Quality
	Since we are using CIBR renderer, the applicability of this test is limited. Under review, i.e., could run CIBR 3rd  order vs CIBR 1st order
	 Under review 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Proponents shall provide at least one set of subjective test results for their proposed VRStream Audio Profile.
	 SA4-180786 section 2.6
	 Y

	Proponents shall provide a description of how they generated the bitstreams for the Test Materials.
	 SA4-180786 section 2.2
	 Y


2. MAEC
	VRStream Submission requirement
	MAEC
	Fullfilled (Y/N)

	Codec & Reference renderer descriptions

	Definition/specification of the bitstream, decoding and reference rendering process – as reference or by a full text documentation
	 [1], clauses X.8 (bitstream), X.6 (decoder), X.9 (renderer) 
	 Y

	Constraints applicable for streaming, file storage and configurations changes
	 [1] clause X.2.1
	Y 

	Constraints (if any) on the number and configuration of encoded audio input channels that can be supported at the decoder
	 [1] clause X.2.1.2.5: “There are no constraints on the number and configuration of encoded audio input channels that can be supported at the decoder. Any audio input signal in any configuration is represented efficiently either for reconstruction in FOA audio or for high immersive quality reconstruction with full spatial resolution.”
	 Y

	Constraints (if any) on the number and configuration of output loudspeaker channels that can be supported by the renderer.
	 [1] clause X.3: “There are no constraints on the number and configuration of output loudspeaker channels that can be supported by the reference loudspeaker renderer.

The reference loudspeaker renderer supports a set of predefined relevant output loudspeaker configurations such as 5.1 (ITU-R System B), 5.1.4 (System D), 7.1 (System I) and 7.1.4 (System J). ITU Loudspeaker Systems are specified in ITU-R BS.2051-1 [25]. Also supported is a predefined 7.1.4 output loudspeaker configuration with L/R speakers at +-45 degrees (7.1.4_itu Renderer Output Mode). 

In addition an API is provided that allows specifying renderer matrices for arbitrary loudspeaker configurations and an arbitrary number of loudspeaker channels.“
	 Y

	Reference Renderer motion to sound latency
	 [1] clause X.3.3: “The reference binaural reference renderer of the metadata-assisted EVS coding framework is the Common Informative Binaural Renderer (CIBR), as defined in clause 4.5.1.2. 

A measurement report of the motion to sound latency of that renderer is available in [26]. The reported results show an estimated total motion to sound latency between 27.75ms and 27.8125ms. The estimated latency figures compare favorably with the detection thresholds identified in the 3GPP VR technical report 3GPP TS 26.918 [2], clause 8.3.”
	 Y

	Complexity of Decoder and Renderer
	 [1] clauses X.3.4 (Renderer) and X.2.1.2.6 (Decoder)
	 Y

	If applicable, default set of HRTF used for binaural rendering
	 [1] clause X.3.2: “The default set of HRTF used for binaural rendering is the default HRTF set of the CIBR. It is the KEMAR binaural head HRTF set from the SADIE database [28].”
	 Y

	Interfaces

	Interfaces for file storage and streaming
	 [2] clause 6.2.2
	 Y

	Interfaces for audio output to binaural headphones and loudspeakers
	 [1] clause X.4.2
	 Y

	Interfaces for head tracking
	 [1] clause X.4.3: “The AmbiX Soundfield Rotator of the CIBR exposes the necessary interfaces for head tracking. Details are found in the AmbiX source code distribution [29].”
	 Y

	External Renderer API
	 [1] clause X.4.1
	 Y

	API to specify an external set of HRTFs used for binaural rendering
	 [1] clause X.4.4: “The Binaural decoder of the CIBR does not provide a straightforward method for using external HRTF sets. 

The HOA to Binaural decoder source code of Google’s Resonance Audio project is though prepared to create the data structures for storing the HRTF sets both during compile time and during run time. In the latter case, the HRTFs are read them from a wav file. 

It is not clear if or how this flexibility is realized in Google’s Resonance Audio SDK for relevant mobile operating systems (Android and iOS). However, an implementer would always be able to rely on the Resonance Audio source code and to port it to the respective target platform. This would then enable the possibility to access external sets of HRTFs at runtime.”
	 Y

	Signalling

	Signalling for file-based download delivery
	 [2]: clause 6.2.2.2
	 Y

	Signalling for DASH delivery
	 [2]: clause 6.2.2.4.1
	 Y

	Audio Quality Characterization Test results

	Codec Quality Characterization Tests
Test 1
• According to 3GPP TS 26.259 Clause 5
• Using Reference Renderer for Reference and Degraded conditions
• Over loudspeakers
• Based on ITU-R BS.1534-3 (MUSHRA)
• Evaluates Basic Audio Quality
	[3] 
	Y 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Codec Quality Characterization Tests
Test 2 - Optional
- According to 3GPP TS 26.259 Clause [TBD]
- Using Common Informative Binaural Renderer for Reference and Degraded conditions
- Over headphones
- Based on ITU-R BS.1534-3 (MUSHRA)
Evaluates Basic Audio Quality
	[4] 
	Y 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Reference Binaural Renderer Quality Characterization Test (Rendering Test)
Test 3
• According to 3GPP TS 26.259 Clause 6
• Characterize media profile performance with Reference Renderer and optionally but strongly recommended media profile performance with Common Informative Binaural Renderer
• Over headphones with head tracking
• Evaluates the following attributes:
o Spatial Quality
o Artefacts
o Timbre Quality
Overall Quality
	[5] 
	Y 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Proponents shall provide at least one set of subjective test results for their proposed VRStream Audio Profile.
	[3-5]
	 Y

	Proponents shall provide a description of how they generated the bitstreams for the Test Materials.
	[3-5]
	 Y


3. 
OMAF 3D Audio Baseline profile
	VRStream Submission requirement
	Candidate name
	Fullfilled (Y/N)

	Codec & Reference renderer descriptions

	Definition/specification of the bitstream, decoding and reference rendering process – as reference or by a full text documentation
	 OMAF 3D Audio Baseline Profile
	 yes

	Constraints applicable for streaming, file storage and configurations changes
	  OMAF 3D Audio Baseline Profile
	 yes

	Constraints (if any) on the number and configuration of encoded audio input channels that can be supported at the decoder
	  OMAF 3D Audio Baseline Profile
	 yes

	Constraints (if any) on the number and configuration of output loudspeaker channels that can be supported by the renderer.
	  OMAF 3D Audio Baseline Profile
	 yes

	Reference Renderer motion to sound latency
	  OMAF 3D Audio Baseline Profile
	 yes

	Complexity of Decoder and Renderer
	  OMAF 3D Audio Baseline Profile
	 yes

	If applicable, default set of HRTF used for binaural rendering
	  OMAF 3D Audio Baseline Profile
	 N/A

	Interfaces

	Interfaces for file storage and streaming
	  OMAF 3D Audio Baseline Profile
	 yes

	Interfaces for audio output to binaural headphones and loudspeakers
	  OMAF 3D Audio Baseline Profile
	 yes

	Interfaces for head tracking
	  OMAF 3D Audio Baseline Profile
	 yes

	External Renderer API
	  OMAF 3D Audio Baseline Profile
	 yes

	API to specify an external set of HRTFs used for binaural rendering
	  OMAF 3D Audio Baseline Profile
	 yes

	Signalling

	Signalling for file-based download delivery
	  OMAF 3D Audio Baseline Profile
	 yes

	Signalling for DASH delivery
	  OMAF 3D Audio Baseline Profile
	 yes

	Audio Quality Characterization Test results

	Codec Quality Characterization Tests
Test 1
• According to 3GPP TS 26.259 Clause 5
• Using Reference Renderer for Reference and Degraded conditions
• Over loudspeakers
• Based on ITU-R BS.1534-3 (MUSHRA)
• Evaluates Basic Audio Quality
	 OMAF 3D Audio Baseline Profile 
	yes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Codec Quality Characterization Tests
Test 2 - Optional
- According to 3GPP TS 26.259 Clause [TBD]
- Using Common Informative Binaural Renderer for Reference and Degraded conditions
- Over headphones
- Based on ITU-R BS.1534-3 (MUSHRA)
Evaluates Basic Audio Quality
	 OMAF 3D Audio Baseline Profile 
	yes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Reference Binaural Renderer Quality Characterization Test (Rendering Test)
Test 3
• According to 3GPP TS 26.259 Clause 6
• Characterize media profile performance with Reference Renderer and optionally but strongly recommended media profile performance with Common Informative Binaural Renderer
• Over headphones with head tracking
• Evaluates the following attributes:
o Spatial Quality
o Artefacts
o Timbre Quality
Overall Quality
	 OMAF 3D Audio Baseline Profile 
	yes 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Proponents shall provide at least one set of subjective test results for their proposed VRStream Audio Profile.
	  OMAF 3D Audio Baseline Profile
	 yes

	Proponents shall provide a description of how they generated the bitstreams for the Test Materials.
	  OMAF 3D Audio Baseline Profile
	 yes


4. spAACe

	VRStream Submission requirement
	Candidate name
	Fullfilled (Y/N)

	Codec & Reference renderer descriptions

	Definition/specification of the bitstream, decoding and reference rendering process – as reference or by a full text documentation
	 
	 Yes, Section 6.2.2.2 of [S1]

	Constraints applicable for streaming, file storage and configurations changes
	 
	 Yes, Section 6.3 and 6.4 of [S1]

	Constraints (if any) on the number and configuration of encoded audio input channels that can be supported at the decoder
	 
	Yes, Section 6.2.2.3 of [S1]

	Constraints (if any) on the number and configuration of output loudspeaker channels that can be supported by the renderer.
	 
	 Yes, Section 6.2.2.3 of [S1]

	Reference Renderer motion to sound latency
	 
	Yes, Section 6.2.2.5.3 of [S1].

	Complexity of Decoder and Renderer
	 
	 Yes, Section 6.2.2.4 of [S1] 

	If applicable, default set of HRTF used for binaural rendering
	 
	 Yes, Section 6.2.2.5.4 of [S1].

	Interfaces

	Interfaces for file storage and streaming
	 
	 Yes, Sections 6.3 and 6.4 of [S1],

	Interfaces for audio output to binaural headphones and loudspeakers
	 
	Yes, Section 6.2.2.6 and 6.2.2.5.5 of [S1],

	Interfaces for head tracking
	 
	 Yes, Section 6.2.2.5.5 of [S1]

	External Renderer API
	 
	 Yes, Section 6.2.2.6 of [S1]

	API to specify an external set of HRTFs used for binaural rendering
	 
	 Yes, Section 6.2.2.6.2 of [S1]

	Signalling

	Signalling for file-based download delivery
	 
	 Yes, Section 6.3 of [S1]

	Signalling for DASH delivery
	 
	 Yes, Section 6.4 of [S1]

	Audio Quality Characterization Test results

	Codec Quality Characterization Tests
Test 1
• According to 3GPP TS 26.259 Clause 5
• Using Reference Renderer for Reference and Degraded conditions
• Over loudspeakers
• Based on ITU-R BS.1534-3 (MUSHRA)
• Evaluates Basic Audio Quality
	 
	Yes, see [S2] 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Codec Quality Characterization Tests
Test 2 - Optional
- According to 3GPP TS 26.259 Clause [TBD]
- Using Common Informative Binaural Renderer for Reference and Degraded conditions
- Over headphones
- Based on ITU-R BS.1534-3 (MUSHRA)
Evaluates Basic Audio Quality
	 
	Yes, see [S2] 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Reference Binaural Renderer Quality Characterization Test (Rendering Test)
Test 3
• According to 3GPP TS 26.259 Clause 6
• Characterize media profile performance with Reference Renderer and optionally but strongly recommended media profile performance with Common Informative Binaural Renderer
• Over headphones with head tracking
• Evaluates the following attributes:
o Spatial Quality
o Artefacts
o Timbre Quality
Overall Quality
	 
	Yes, see [S2] 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Proponents shall provide at least one set of subjective test results for their proposed VRStream Audio Profile.
	 
	 Yes, see [S2]

	Proponents shall provide a description of how they generated the bitstreams for the Test Materials.
	 
	 Yes, see [S2]
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