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1. Introduction
The work item LiQuImAS [1] has, as the first of its objectives, to identify and agree on a minimum set of relevant perceptual audio quality attributes (e.g. timbre, localization, overall quality, etc.) for the assessment of immersive audio systems relevant to 3GPP. This document presents a discussion on the topic of audio quality attributes/descriptors.
2. Audio Quality Attribute Elicitation
The perceptual measurement of the Audio Quality of Immersive Audio Systems is a multidimensional problem that includes several quality attributes [2]. These quality attributes can be thought of as being organized in a hierarchical structure. At the top layer, there is a basic or overall audio quality that encompasses all aspects of the listening experience. At lower layers of the hierarchy, attributes can be elicited through a vocabulary development process. One example of such a process, recently utilized by Francombe et.al in [3] is shown on Fig.1.
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Figure 1 - Audio Quality Attribute Elicitation Process
It is obvious that the replication of such methods does not produce a completely identical set of attributes. The attributes derived are highly dependent on the stimulus chosen during the word elicitation process, and different panels of assessors may come up with different vocabularies. Therefore, many different audio quality attributes have been proposed in the literature. Examples of audio quality attributes found are available e.g. in Zacharov, Pedersen and Pike (2016) [4]; Choisel and Wickelmaier (2006) [5]; Rumsey and Zelinski (2005)  [6], Lindau et. Al (2014) [7] and Guastavino and Katz (2004) [8]. A list of the attributes found in those references is provided in Appendix A.
Nonetheless, some commonality can be observed by a careful analysis of the attributes in Appendix A. With some degree of orthogonality, attributes can be roughly clustered in the following categories:
· Signal artefact related attributes
· Noise artefact related attributes
· Spatial related attributes
· Timbre related attributes
· Loudness related attributes
· Dynamics related attributes

In addition to the cluster of attributes above, there are also certain attributes that are highly idiosyncratic and do not fit exactly into any of the categories above. E.g. clarity, presence, transparency, etc. Nonetheless, they exhibit a material degree of correlation with the categories above and may be mostly covered by the other attributes categories.
 
3. The Sound Quality Wheel
In assisting with the visualization of the hierarchical structure inherent to spatial audio quality, an “attribute wheel” (donut chart presentation) has been proposed [4]. Figure 2 illustrates the first three layers of the “attribute wheel” in [4].

· OVRL = Basic audio Quality
· TRAN = Transparency
· LOUD = Loudness
· DYNA = Dynamics
· SPAT = Spatial
· TIMB = Timbre
· BASS = Bass
· MIDR = Mid-Range
· TREB = Treble
· ARTF = Artefacts
· SIGN = Signal Related Artefacts
· NOIS = Noise Related Artefacts
· NOTE: Lower layers from [4] are not shown here for brevity.

The source understands that the deeper a listening test goes in the hierarchical structure of quality descriptors, the narrower the diagnostic of the source of the basic/overall audio quality degradation. However, this increased diagnostic capability comes with the following caveats: (1) test time is significantly increased; and (2) several attributes of lower layers may never be exercised during the test, simply because the Immersive Audio System block under test does not trigger degradation for those attributes.
Therefore, the source proposes to limit assessment to the first category layer, except for “Artefacts”, which the source sees value in distinguishing further between signal and noise related artefacts for certain types of tests. It is further proposed that “Loudness” is left out of the assessment as, for most 3GPP purposes, loudness is normalized prior to sample presentation. Finally, it is also proposed that the “Dynamics” cluster be handled under the “Signal” cluster.

4. Proposals on Quality Attributes for Audio Capture Tests
For the purposes of 3GPP’s LiQuImAS Audio Capture (including all system components prior to encoding) listening tests, the source proposes the following:
1. All tests shall include a “basic audio quality” (or overall) attribute, corresponding to the 1st hierarchical audio quality layer.
2. The following attributes should be adopted for the 2nd layer:
a. Noise Related Artifacts;
i. Rationale: Noise in the capture system can be a significant source of degradation for the basic audio quality.
b. Timbre;
i. Significant distortions to timbre can also be a significant source of degradation for the basic audio quality with certain sound field capture techniques.
c. Signal Related Artifacts;
i. Certain front-end processing techniques can have impact to the signal integrity, other aspects such as saturation are also covered by this dimension.
d. Spatial Quality;
i. All aspects of spatial audio quality, such as localizability, envelopment, source width, height, depth and distance, are covered here.
3. Because a capture system has no ideal reference for comparison, the source further proposes that systems are evaluated either against the listener’s “internal reference”, as e.g. proposed in the SAQI work [7], or through ABX or Comparison Category Rating tests.

5. Quality Dimensions for Audio Coding and Transmission Tests
For the purposes of 3GPP’s LiQuImAS Audio Coding and Transmission listening tests (including all system components prior to rendering, starting with the encoding process), the source proposes the following:
1. All tests shall include a “basic audio quality” (or overall) attribute, corresponding to the 1st hierarchical audio quality layer.
2. The following attributes should be adopted for the 2nd layer:
a. Signal Related Artifacts;
i. All perceived distortions to the signal imposed by the encoding/decoding and transmission process.
b. Noise Related Artifacts [OPTIONAL]
i. This dimension should be included only if it is expected that the systems under test will generate such degradation.
c. Timbre [OPTIONAL]
i. This dimension should be included only if it is expected that the systems under test will generate such degradation (e.g. mixed bandwidth tests, etc.)
d. Spatial Audio Quality;
i. All distortions to the spatial audio quality, such as localizability, envelopment, source width, height and distance, are covered here.
3. Because a capture system has an ideal reference for comparison, (i.e. the signal prior to encoding) the source further proposes that audio coding and transmission systems are evaluated through a DCR / MUSHRA based evaluation. 

6. Conclusions
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Example of "Attribute Wheel” donut chart for visualization
of hierarchical nature of mult-dimensional audio quality
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