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1. Introduction
The draft processing plan in [1] is so far to a large extent populated with processing modules from the EVS codec standardization, which may or may not be of relevance for the IVAS processing. At the latest Audio SWG call, there was an input on collaborative test and script development [2], in which it was proposed to develop common processing scripts at 3GPP Forge and this approach seemed to have a broad support. 
Although initial processing scripts are not yet available, it may be assumed that the processing plan does not need to specify every detail in a similar way as was necessary for EVS. Comments on the processing details may also be handled in relation to the development of the common set of scripts. Further, whether a processing stage outputs a file or just an array would be implementation details which are not always necessary to mention in the processing plan. Based on this reasoning, and aiming for simplification, some updates are proposed for IVAS-7a. Further, there are draft proposals on missing processing stages for pre-processing, reference, anchor, and codec conditions, which for example includes level normalization procedures.
2. Proposal
Given that file-based processing using external tools may not be required for the IVAS, the scripts may, e.g., be written in Python using certain functions of standard libraries. In this case, WAV-files may be utilized for storing the input/output audio samples. It is proposed to add an editor’s note to clause 3.5 to reflect this.
Processing diagrams have been updated and simplified to not include details on file-based processing and file formats. It is basically flow charts of the processing but with some indication of the data flowing between the blocks. Proposals on alternative diagrams are welcome if such mix of a flow chart and block diagram is felt confusing. 
Further, processing stages are updated to include metadata-assisted spatial audio (MASA) and exclude combined audio input formats, in line with IVAS design constraints in IVAS-4 [3].
A new section on common pre-processing is introduced. This includes placeholders for high-pass filtering and resampling stages, and a proposed generic processing diagram for level adjustment using BS.1770. The proposal comprises rendering to stereo/binaural or 7.1+4 audio formats, which should match the playback format used for listening. Further, it includes an iterative process to handle potential non-linear aspects of the rendering and level measurement.
MNRU and ESDRU processing is outline with a further step of post-normalization to mitigate the effect of loudness changes due to the MNRU/ESDRU processing.
The processing diagrams for stereo and binaural audio have been simplified, and now includes a reference to the common pre-processing and are merged into a single figure for JBM and non-JBM conditions.
New draft processing diagrams for multi-channel audio, scene-based audio, metadata-assisted spatial audio (MASA) and object-based audio are proposed as basis for further discussion.
Annex A shows the proposed updates implemented into IVAS-7a.
3. References
[1] Pdoc IVAS-7a: Processing plan for selection phase, v0.7.0
[2] Tdoc S4aA230020: Collaborative Test and Script Development using 3GPP Forge, Fraunhofer IIS
[3] Pdoc IVAS-4: IVAS Design Constraints, v1.0.0
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3.1 
3.2 
3.3 
3.4 
Audio format
Editor’s note: Depending on processing scripts, WAV audio files may be considered.
The format of input/output audio files is headerless PCM with samples stored in 16-bit 2’s complement little endian format. For multi-track audio, the audio tracks are sample-wise interleaved in the order specified by the corresponding configuration in Table 5.
(…)
[
4 [bookmark: _Toc127278274]
4.1 
Pre-processing
[bookmark: _Toc127278275]Pre-processing stages
Editor’s note: The ordering of stages, e.g., level adjustment and resampling, may require further study. For instance, should level normalization be done before or after band limitation?


Figure 1: Common pre-processing for input audio
[bookmark: _Toc127278276]High-pass filtering
Editor’s note: TBD
[bookmark: _Toc127278277]Level adjustment


Figure 2: Level adjustment using BS.1770
[bookmark: _Toc127278278]Resampling
Editor’s note: TBD
[bookmark: _Toc127278279]Processing for anchor conditions
[bookmark: _Toc127278280]MNRU/ESDRU
Editor’s note: Rendering is currently not specified.
Note: ESDRU is only available for stereo/binaural audio.


Figure 3: Processing for MNRU/ESDRU conditions. Rendering is bypassed when audio format is already stereo/binaural/7.1+4.
]
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[bookmark: _Toc127278281]Processing for stereo inputs
[bookmark: _Toc271115799][bookmark: _Toc96359518]Pre-processing
Step 1: De-interleaving of 48 kHz stereo input file


Figure 1: Pre-processing for stereo input
Step 2: Windowing and high-pass filtering per 48 kHz left/right channel file


Figure 2: Windowing and high-pass filtering (48 kHz)
Step 3: Interleaving of high-pass filtered left/right channel files


Figure 3: Interleaving of high-pass filtered channels (48 kHz)
Step 4: Level adjustment, resampling, concatenation and low/high level scaling
Note: Resampling from 48 kHz to corresponding sampling rate for WB, SWB processing.


Figure 4: Level adjustment (48 kHz) 

[bookmark: _Toc22800605][bookmark: _Toc96359519][bookmark: _Toc127278282]Reference conditions
Level normalization for stereo is assuming (virtual) loudspeakers at  azimuth for both loudspeaker and binaural rendering.  Editor’s note: Binaural presentation of stereo is not covered in the figures below and is for further discussion.




Figure 85: Processing of for stereo Reference reference conditions.
[bookmark: _Toc127278283][bookmark: _Toc96359520]CuT conditions (non-JBM)



Figure 96: Processing for stereo CuT processing for non-JBM conditions. The Error insertion / Network simulation EID is bypassed for error-free/non-JBM conditions.
[bookmark: _Toc96359521]CuT conditions (JBM)


Figure 7: CuT processing for JBM conditions.
]
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[bookmark: _Toc22800606][bookmark: _Toc96359522][bookmark: _Toc127278284]Processing for binaural audio inputs
[bookmark: _Toc96359523][bookmark: _Toc127278285]Pre-processing
Editor’s Note: TBD, likely similar to stereo pre-processing.
[bookmark: _Toc22800607][bookmark: _Toc96359524][bookmark: _Toc127278286]Reference conditions
Editor’s Note: Resampling step of the pre-processing may depend on the experiment.



Figure 118: Processing of for binaural audio rReference conditions.
[bookmark: _Toc127278287][bookmark: _Toc96359525]CuT conditions (non-JBM)



Figure 129: Processing for binaural audio CuT processing for non-JBM conditions. Error insertion / Network simulationThe EID is bypassed for error-free/non-JBM conditions.
[bookmark: _Toc96359526]CuT conditions (JBM)


Figure 10: CuT processing for JBM conditions.

]
[
[bookmark: _Toc22800608][bookmark: _Toc96359527][bookmark: _Toc127278288]Processing for multi-channel audio inputs
[bookmark: _Toc127278289][bookmark: _Toc22800609][bookmark: _Toc96359528]Reference conditions
Editor’s Note: Resampling step of the pre-processing may depend on the experiment.
Editor’s note: Rendering is currently not specified.


Figure 14: Processing for multi-channel audio reference conditions

[bookmark: _Toc127278290]CuT conditions
Editor’s note: Rendering is currently not specified.


Figure 15: Processing for multi-channel audio CuT conditions

[bookmark: _Toc127278291]Processing for scene-based audio inputs
[bookmark: _Toc127278292]Reference conditions
Editor’s Note: Resampling step of the pre-processing may depend on the experiment.
Editor’s note: Rendering is currently not specified.


Figure 16: Processing for scene-based audio reference conditions

[bookmark: _Toc127278293]CuT conditions

Editor’s note: Rendering is currently not specified.
Figure 17: Processing for scene-based audio CuT conditions

[bookmark: _Toc127278294][bookmark: _Toc22800610][bookmark: _Toc96359529]Processing for metadata-assisted spatial audio (MASA) inputs
[bookmark: _Toc127278295]Reference conditions
Editor’s Note: Resampling step of the pre-processing may depend on the experiment.
Editor’s note: Rendering is currently not specified.


Figure 18: Processing for MASA reference conditions

[bookmark: _Toc127278296]CuT conditions

Editor’s note: Rendering is currently not specified.
Figure 19: Processing for MASA CuT conditions

[bookmark: _Toc127278297]Processing for object-based audio inputs
[bookmark: _Toc127278298]Reference conditions
Editor’s Note: Resampling step of the pre-processing may depend on the experiment.
Editor’s note: Rendering is currently not specified.


Figure 20: Processing for object-based audio reference conditions

[bookmark: _Toc127278299]CuT conditions
Editor’s note: Rendering is currently not specified. It may be performed by the IVAS decoder or be carried out by an external renderer.


Figure 21: Processing for object-based audio CuT conditions

[bookmark: _Toc22800611][bookmark: _Toc96359530][bookmark: _Toc127226610]Processing for combined audio inputs
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