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8.5
1.
Introduction
At SA4#99 a new work item on “Virtual Reality Support for 5G Conversational Services (5G_VR_Conv)” [1] was proposed and discussed. The work item proposal references the IVAS work item [2] for the audio aspects. Currently, both work items schedule completion by Release 16. However, the IVAS permanent documents, particularly the Performance Requiremens [3] and Design Constraints [4] seem to be in a premature state with many open questions, making a completion by Release 16 unlikely. It is felt that this is due to a lack of clearly formulated use-cases.
The source thus proposes to analyse the use-case outlined in [1] to better understand the requirements on IVAS for VR support for 5G Conversational Services and propose corresponding performance requirements in form of a pCR to IVAS-3.

2.
Analysis of Use-Cases and Implications on Audio

In [1], the following use-case is outlined: “(…) support of scenarios with two-way audio and one-way 360 video, e.g., a remote single user who wears an HMD and participates to a conference will send audio and possibly also 2D video (e.g., of a presentation or screen sharing), but receives stereo or immersive voice/audio and 360 video from the conference room.”
The use-case describes two-way audio with very different characteristics:

a) Conference ( Remote single user

The remote single user will receive high quality audio which represents a 180° or 360° representation of the real or virtual room. For this, at least (binauralized) stereo is necessary as the audio format. In case user-interaction is envisioned (as is the case for an HMD user), for recording of a real room rather Ambisonics (e.g. FOR or HOA up to order 3) is seen as the format of choice. For a virtual room, also objects with a limited amount of metadata (e.g. position) could be the format of choice. The audio targets a high-quality representation and will be accompanied by 180° or 360° video, which is typically dominant with respect to bitrate. Thus, at least WB, but preferably SWB or FB should be supported, and mid to high total audio bitrates seem to be appropriate for this use-case, to ensure good quality:
Stereo: 24.4 – 64.0 kbit/s
Ambisonics (FOA or HOA up to order 3): 24.4 – 128.0 kbit/s
Objects (mono, per object, incl. metadata): 13.2 – 32.0 kbit/s 
The audio is expected to be picked up indoor with equipment implementing state-of-the-art acoustic pre-processing, thus for the described conferencing case the content can be assumed to be clean speech. Other use-cases might however include noisy speech or mixed/music.
b) Remote single user ( Conference

The conference will most likely receive one or multiple remote single users by means of single audio objects (mono). Metadata to e.g. indicate the speaker position is not necessarily required. The audio is only optionally accompanied by (low-bitrate) video, thus audio bitrate is of higher importance:
Objects (mono, per object): 13.2 – 32.0 kbit/s.
The audio is expected to be indoor (especially if an HMD is used) or possibly also outdoor, thus the content is assumed to be either clean or noisy speech. Other use-cases might include mixed/music objects.
In summary, the source thinks the following formats and bitrates are of importance for the 5G_VR_Conv work item:
· Stereo: 24.4 – 64.0 kbit/s

· Ambisonics (FOA or HOA up to order 3): 24.4 – 128.0 kbit/s

· Objects (mono, per object, possibly incl. metadata): 13.2 – 32.0 kbit/s

The source further recommends to focus on these operating points and set the performance requirements accordingly.
3.
Proposed Performance Requirements
Based on the analysis done above, the following performance requirements are proposed (section/table numbering within the following change-marks are relative to IVAS-3):

*** Start change 1 ***

6.1 Stereo Operation

High-level definition of stereo requirements

· For certain correlated stereo content (e.g. speech in conferencing use case, mixed/music, binaural signals), IVAS stereo operation shall be not worse than EVS dual-mono operation at (at least) next higher bit rate or better than EVS dual-mono operation at approx. the same rate. Table 3 describes the details of these requirements. 

· No other content shall be degraded with respect to dual mono operation

Table 3: Stereo requirements.
Dual mono is abbreviated with a “2x”. It is assumed that the EVS coder is running in the bandwidth mode as outlined in the BW column, if not otherwise specified.

Note: for all bit rates / audio bandwidth with no requirement, the following applies: If provided it should be characterized; characterization results shall be used for the decision of inclusion
	Category


	BW


	Bitrate (kbit/s)
	FER


	DTX*
	Stereo Requirements

	Certain correlated content
(Clean speech, Noisy speech, Mixed/Music) 
	WB

SWB

FB
	24.4
	All
	On/Off
	NWT EVS @ 2x 16.4 kbps OR
BT EVS @ 2x 13.2 kbps

	
	
	32
	
	
	NWT EVS @ 2x 24.4 kbps OR
BT EVS @ 2x 16.4 kbps

	
	
	48
	
	
	NWT EVS @ 2x 32 kbps OR
BT EVS @ 2x 24.4 kbps

	
	
	64
	
	
	NWT EVS @ 2x 48 kbps OR
BT EVS @ 2x 32 kbps


* DTX will be tested for stereo if provided.

6.2 Ambisonics Operation

High-level definition of Ambisonics requirements

· IVAS Ambisonics operation shall be not worse than using 4x EVS on individual FOA components W, X, Y, Z at (at least) next higher total rate or better than using 4x EVS on individual FOA components W, X, Y, Z at approx. the same bitrate. For low bitrate operation, IVAS Ambisonics operation shall be not worse than using 3x EVS on individual FOA components W, X, Y (omitting the Z coefficient) at (at least) next higher total rate or better than using 3x EVS W, X, Y (omitting the Z coefficient) on individual FOA components at approx. the same bitrate. 
Table 4 describes the details of these requirements. 

Table 4: Ambisonics requirements.
EVS FOA (W, X, Y, Z) is abbreviated with a “4x”, EVS FOA (W, X, Y) is abbreviated with a “3x”. It is assumed that the EVS coder is running in the bandwidth mode as outlined in the BW column, if not otherwise specified.

Note: for all bit rates / audio bandwidth with no requirement, the following applies: If provided it should be characterized; characterization results shall be used for the decision of inclusion
	Category


	BW


	Bitrate (kbit/s)
	FER


	DTX*
	Ambisonics Requirements

	FOA, HOA2, HOA3 
(Clean speech, Noisy speech, Mixed/Music)

	WB

SWB

FB
	24.4
	All
	On/Off
	NWT EVS @ 3x 9.6 kbps OR
BT EVS @ 3x 8.0 kbps WB

	
	
	32.0
	
	
	NWT EVS @ 3x 13.2 kbps OR
BT EVS @ 3x 9.6 kbps

	
	
	48.0
	
	
	NWT EVS @ 4x 16.4 kbps OR
BT EVS @ 4x13.2 kbps

	
	
	64.0
	
	
	NWT EVS @ 4x 24.4 kbps OR
BT EVS @ 4x 16.4 kbps

	
	
	96.0
	
	
	NWT EVS @ 4x 32.0 kbps OR
BT EVS @ 4x 24.4 kbps

	
	
	128.0
	
	
	NWT EVS @ 4x 48.0 kbps OR
BT EVS @ 4x 32.0 kbps


* DTX will be tested for Ambisioncis if provided.

6.3 Mono objects Operation

High-level definition of Mono objects requirements

· IVAS Mono objects operation shall be not worse than using EVS at the same bitrate. In case objects are accompanied with metadata, the metadata shall not exceed more than 10% of the total object bitrate.
Table 5 describes the details of these requirements. 

Table 5: Mono objects requirements.
It is assumed that the EVS coder is running in the bandwidth mode as outlined in the BW column, if not otherwise specified.

Note: for all bit rates / audio bandwidth with no requirement, the following applies: If provided it should be characterized; characterization results shall be used for the decision of inclusion
	Category


	BW


	Bitrate (kbit/s)
	FER


	DTX*
	Mono objects Requirements

	Clean speech

Noisy speech

Mixed/music
	WB

SWB

FB
	13.2
	All
	On/Off
	NWT EVS @ 13.2 kbps

	
	
	16.4
	
	
	NWT EVS @ 16.4 kbps

	
	
	24.4
	
	
	NWT EVS @ 24.4 kbps

	
	
	32.0
	
	
	NWT EVS @ 32.0 kbps


* DTX will be tested for Mono objects if provided.
*** End of changes ***

4.
Conclusion

This contribution analyses the use-case outlined in the 5G_VR_Conv work-item proposal from the audio perspective and derives suitable audio configurations and bitrates and corresponding performance requirements, based on EVS as a reference codec. These are proposed in form of a pCR. 

The source kindly asks to include the proposed performance requirements into section 6 of IVAS-3 [3].
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