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1. Abstract
[bookmark: _GoBack]Pass-through operation has been proposed as an IVAS design constraint. This contribution takes a closer look at this kind of operation and the potential ramifications on the IVAS codec and its standardization if it becomes a requirement. Based on the discussion presented, the source arrives at the preference that pass-through operation of audio formats that are not directly renderable should not be required since this may lead to potentially non-optimal IVAS codec/renderer designs while not offering clear benefits.  
2. Discussion
What is pass-through operation?
Pass-through operation of an audio codec means that the input audio signal is reproduced at the decoder output. For ideal pass-through operation, the reproduced audio signal is identical with the input audio signal, i.e. the codec is fully transparent.
What is the benefit of pass-through operation?
The potential benefit of pass-through operation depends on the kind of input audio signal, i.e. the encoder input format. There are formats that allow direct playback and other formats that require a renderer for playback.
Formats that allow direct playback are the channel-based input formats like the already agreed mono (1.0), stereo (2.0), surround (5.1 and 7.1) and binaural audio formats. To allow direct playback, the playback system must match the audio format. E.g., direct playback of a 7.1 surround signal requires a properly set up 7.1 surround loudspeaker system. Playback on any playback system that does not correspond to the input format may generally not offer exactly the intended audio experience and requires specific rendering operations for the existing playback system. 
There are other encoder input formats that do not support direct playback on any mono, stereo, surround loudspeaker or (binaural) headphone system under any circumstances. These are scene-based (Ambisonics), object-based or any other input audio formats relying on a metadata description. As above, these formats require specific rendering operations for the used playback system.
From that discussion, it becomes clear that pass-through operation may serve two purposes. In case of a format allowing direct playback and a matching playback system, pass-through operation is what is typically expected as it allows reproducing the exact sound experience of the input audio. As the design constraints are now moving towards a direction where any input format shall be renderable on any playback system, it seems likely that the testing of configurations where the playback system matches the (channel-based) input format will be a natural part of the codec evaluations. This is thus a matter of proper test design. 
For the other cases (i.e., formats that require rendering and/or if there is a mismatch between the input format and the playback system), pass-through operation may serve the purpose to be an intermediate audio representation prior to rendering. Even for these cases it has been suggested as a requirement, such that the input audio would be reproduced at the decoder output. There is though no single “correct” way to render these formats, but rather, a variety of sensible approaches exist, each with their own particular perceptual properties. Any perceptual test in such a scenario would be measuring, concurrently and inseparably, the quality of the system under test (i.e., the IVAS codec) as well as the quality of the particular renderer being used when driven by the system under test. Because there is no guarantee or expectation that results from such a test would rank candidate IVAS systems in the same way had a different common renderer been used, such results would be inherently questionable.
In the discussions it has been argued that pass-through operation offers the following advantages. The source comments on the arguments:

· Preservation of maximum audio quality
The source believes that this argument does not hold since the quality can only be measured with respect to a certain renderer and a given playback configuration. A proof would be required that, at a given bit rate, there cannot be a more efficient representation of the input audio than the input audio format. If, however, at some bit rate there may be a more efficient representation that allows superior quality on a given playback system, the pass-through design constraint would require a conversion back to the input audio format, which in turn would cause unnecessary overhead and be a potential source of quality degradations. 

· Facilitation of testing
This argument assumes that there is a generally agreed renderer (common renderer) that must be used in the evaluation of pass-through operation. This leaves open the question of the achievable performance using the renderer designated by the codec proponent for given target playback systems. Considering the effort for the testing of the designated renderer in conjunction with the codec, it is apparent that the total testing effort is rather increased. A general problem is also if the pass-through performance would constitute a further evaluation criterion, besides the quality of the complete system including the designated renderer. This introduces an additional quality dimension that complicates the choice of the best system. Furthermore, with regards to standardization process and timeline, the extra effort to agree on a common renderer for testing cannot be neglected.  

· Preservation of audio objects to allow object manipulations after decoding (object pass-through)
This feature, if required by design constraint, would introduce additional dimensions that would need to be considered when evaluating multiple competing systems. Unless the objects for which pass-through would be required are coded separately, there may be cross-talk and coding interdependencies of the pass-through objects with other audio signals that are part of the totality of encoder input audio signals. It would hence be necessary to define quality requirements related to the pass-through objects after decoding and related to cross-talk rejection and the avoidance of effects related to potential coding interdependencies. A potential problem is that the feature could likely not consistently be offered at all IVAS operation bit rates. Hence, pass-through operation of objects may be a complication for testing and for the definition of concise codec selection criteria. The source thus believes that no such design constraint should be added unless well justified. The justification should entail analyses of the use cases where the feature would be needed and of potential alternatives to object-pass through with which similar functionality could be enabled. 
· Pass-through operation as a means to produce non-renderable output
Non-renderable codec output might be desirable for certain use cases, like for instance for audio mixing and re-encoding in a conference bridge. The source is open to consider such motivations. However, it does not appear obvious that the input audio format from several sources is necessarily always identical and that the input audio format of any one source is the best possible domain for mixing and re-encoding. This is thus a topic that cannot be resolved without further study.     
What are the potential disadvantages of a pass-through design constraint?
[bookmark: _Hlk4444941]Pass-through operation of audio formats that are not directly renderable imposes a structural constraint on the IVAS codec/renderer system. On the one hand, it is an obvious design goal that the IVAS codec with its designated renderer should produce best possible audio quality. At the same time, a pass-through design requirement would potentially force adapting the codec design such that the input audio format can be optimally recovered at the decoder output. The constraint to offer pass-through operation thus potentially conflicts with the design goal to provide best possible quality in operation with the designated renderer. This may compromise achievable quality in either kind of operation. A further consequence may be increased codec complexity and code size since extraneous operations may be required to convert the audio from some efficient internal representation to the input audio format. From that consideration, it becomes clear that the design constraint of pass-through operation may lead to a suboptimal design of the IVAS codec/renderer system. 
3. Conclusion and Proposal
The discussion has shown that a design constraint of pass-through operation of audio formats that cannot directly be played back may lead to a suboptimal IVAS codec/renderer system design. At the same time, the source considers the arguments so far presented in favour of such a design constraint not very compelling.
The source thus prefers not to impose a design constraint of pass-through operation of audio formats that are not directly renderable until sufficient justification can be provided that outweighs the structural implications of it. 
Pass-through operation of audio formats that can be played back directly falls in another category. It does not compromise the IVAS codec/renderer system. Such kind of pass-through operation should however not be required through design constraints but rather through subjective test designs that evaluate the quality of the reconstructed audio against the quality of the original audio input.
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