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1. Abstract
The discussion on pass-through operation in this group has been ongoing. This contribution considers previous arguments made in support of pass-through operation and proposes alternatives. It concludes that pass-through operation is neither necessary nor desirable.
2. [bookmark: _GoBack]Discussion
For the IVAS codec, pass-through operation is the idea that the codec shall reproduce the same audio format at the output of the decoder as at the input of the encoder. The following list summarizes and reviews the arguments made in this group to support such operation.
· Tradition 
[1]: “Traditionally, speech and audio codecs are neutral with respect passing through the input format also to the output, i.e. the format on input is also expected to be transmitted as is. It is not clear to the source why IVAS should break with this concept.”
Traditional speech and audio codecs support a relatively narrow set of possible input formats (e.g. 1.0, 2.0, 5.1, etc.). IVAS, on the other hand, is expected to support a wide range of input formats, possibly in combination. Such flexibility can potentially result in quite a large number of input audio tracks. For example, a 5th-order HoA scene with 16 mono objects would involve a total of 52 audio tracks. IVAS is, in addition, a mobile audio codec, intended to be used under bitrate and computational complexity constraints. From this perspective, it is not practical to expect such a codec to be able to decode every single track independently.
· Preservation of maximum audio quality [1][2]
It has been argued that the only way to guarantee maximum audio quality is by enabling pass-through mode, and that any internal, compact representation of the input audio would entail a perceptible degradation in quality. This assumption incorrect in certain cases, as explained below.

For input formats that may be directly auditioned via headphones or loudspeakers (i.e., mono, stereo, binaural, and multi-channel), there is certainly a corresponding ideal listening system compared to which any other system would involve some loss of information related to upmixing or downmixing. However, even for such systems, it is not necessarily the case that such differences are always perceptible. Certainly, for input formats that cannot be directly auditioned, and which require rendering, such as scene- and object-based audio, the perceptible spatial properties are not only constrained by the input format but also by the listening instrument (i.e., either headphones or the particular loudspeaker layout being used). Therefore, the primary concern with regards to preservation of audio quality should be whether the IVAS codec is able to produce sufficient quality for the supported renderer output formats of the default renderer, and not whether an arbitrarily complex set of encoder input tracks can be faithfully reproduced at the decoder. As previously stated by the source [3], misguided attempts to individually preserve and reproduce every single input track and the output of the IVAS codec, in an effort to preserve maximum audio quality, are likely to instead result in subpar audio quality when bitrate constraints are taken into account, since such pass-through operation prevents the codec from exploiting commonalities between the input audio tracks in order to make efficient use of bitrate in a perceptually mindful way.


· Facilitation of testing [1][2][4][5]
[1]: “When comparing rendering technology currently on the market, a high degree of artistic freedom can be observed. This makes the comparison of codecs bound to their individual renderer-technology extremely difficult, because of the differences in the rendering. Only the pass-through mode in combination with a common (evaluation) renderer allows for a fair comparison between candidates, which is seen as an important sampling point when evaluating different candidates submitted for selection or when comparing candidates to reference codecs for the performance requirements.”

It is true that the particular renderer or renderers used during testing would likely affect testing outcomes. However, the use of a common renderer does not necessitate pass-through operation. As explained in an accompanying contribution to this meeting by the source [6], it is possible to generate reference signals for scene- and object-based content by rendering the input directly to a common loudspeaker layout. The candidate codecs can then be evaluated against this reference by setting their default renderers to the same common loudspeaker layout. The same approach can work for evaluation of headphone output. Pass-through operation is, therefore, not the only way to allow for a fair comparison between candidates, and as discussed in the previous point, it is possibly a very inadequate way to perform such a comparison with regards to efficient use of bitrate.

· Preservation of artistic intent [2][4]
[4]: “Any IVAS solution shall aim for faithful reproduction of the input content. Only then the original intent can be preserved. If a reference would be omitted, test results become a matter of the listeners’ taste and the original intent could be compromised, potentially leading to effects such as a vastly different spatial image, which is especially important in case of audio-visual content, where the audio must match the visual content.”

For the case of scene- and object-based content, artistic intent can only be expressed in relation to one or more rendering formats, as it is not possible for content creators (i.e., artists) to listen to the content they are creating (whilst they are creating it) without a functioning renderer. Similarly, listeners (at the receiving end) will experience content using a particular rendering format (either headphones or a specific loudspeaker layout). When these two facts are considered, it becomes clear that preservation of individual object and scene components by the codec is not necessary for the preservation of artistic intent under practically feasible use cases, and that this aspect can be sufficiently evaluated by the use of a common reference renderer and, in the case of loudspeakers, a common reference layout, as discussed in [6].

· Binaural pass-through [7]
It has been stated that pass-through operation is necessary for cases where 2-channel input has been pre-binauralized. The group’s agreement to have binaural audio as an encoder input format and to have direct presentation for binaural audio has sufficiently addressed this issue.

· Preservation of audio to allow manipulations after decoding [1][5][8]
[1]: “Only the pass-through mode guarantees an unrestrained flexibility: Especially for interactive use-cases, a transmission of channels, objects and SBA components is crucial, because only this allows manipulation on receiver side (e.g. rotation, amplification/attenuation) as needed for these use-cases. This holds true especially for use-cases in the context of 3DoF or conferencing. A rendering performed before transmission would destroy this flexibility.” 

The source agrees that post-decode audio manipulation capability is an important concern and this is addressed further by the source in an accompanying input metadata proposal [9]. However, rather than pass-through operation, what will typically be required is the ability to group certain audio components that are intended to be subjected to the same transformations at the receiving end. This ability can enable 3DOF and 6DOF use cases while still allowing the IVAS codec to make efficient use of bitrate. Further discussion on this topic is provided by the source in [10] for the specific case of objects.  

· External rendering support [1][2][5]
[1]: “An interface for an external renderer is an important key component for manufacturers. It allows the use of individualized rendering technology and is thus important for differentiation. The pass-through of channels, objects and SBA audio could act as such interface and would allow for unrestrained quality for such external renderer technology.”
[5]: “Pass-through operation is however not only useful for objects but will, for any input format, be required when an application would use the codec as a compression engine, e.g. for audio aimed for a specific playback system, such as 5.1 multi-channel content, or for ambisonics signals intended for a certain renderer.”
While the source recognizes the importance of an external renderer interface, it is not clear how the existence of an external renderer interface automatically leads to pass-through operation. It is indeed true that pass-through operation could act as an external renderer interface. However, pass-through operation is potentially a clearly suboptimal external renderer interface if codec bitrate efficiency is a concern. It is the view of the source that each proponent should be allowed to design and submit a suitable external renderer interface that optimally matches the design and properties of the codec.

3. Conclusion and Proposal
For the reasons outlined above, the source concludes that pass-through operation is not necessary for evaluation of IVAS candidates, nor is it desirable for operation of the IVAS codec under practical usage scenarios where bitrate and complexity efficiency is desired. It is proposed that alternative solutions for evaluation and use of the codec, such as those proposed in [6][9][10] be examined and considered by the group.
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