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4.3.9
Analysis of Ambisonics

Ambisonics is being deployed in commercial, over-the-top VR streaming services. For many of the available commercial services, First Order Ambisonics (FOA) using 4 channels of audio is employed, but also, Higher Order Ambisonics adoption is increasing. Ambisonics is a relevant VR audio format for consideration by 3GPP.

There is the question whether FOA would be a suitable VR audio representation for 3GPP VR applications. The test results in Clause 6.1.3 show that significant localization quality can be lost when truncating the spherical harmonic series from HOA to FOA. However, the scope of the above test results is limited. First, the evaluated quality dimension was localization quality rather than overall quality. Second, the use of a test methodology with binaural rendering using generic HRTFs may limit the ability to correctly localize and externalize sound sources for certain subjects, which would even affect the reference conditions of the listening tests. Third, the complete VR QoE involves visual and audio media components. The visual component may provide important spatial cues in addition to the auditory cues which may have significant influence on the perceived localization quality.
In addition to the initial version of this document, experiments were performed and documented to assess whether FOA could be a suitable audio format for 3GPP VR applications, and if the existing 3GPP speech and audio codecs are capable of encoding the Ambisonics component signals with adequate quality. 
The test results in Clause 6.1.5 complement the assessment of localization quality. The listening test evaluated overall quality and spatial localization (direction and localization blur) for 1st, 2nd, and 3rd order Ambisonics by rendering using a circular array of 16 loudspeakers in two levels. Additionally, anchors in form of 0th order Ambisonics (mono), stereo and first-order Ambisonics with attenuated gradient signals were used. The results indicated an increased overall and localization quality going from first-order Ambisonics to higher orders, but also statistically significant improvements over the mono and stereo conditions, i.e. what is achievable using existing 3GPP speech and audio services.
The additional test results in Clause 6.1.6 show that the 3GPP EVS codec is capable to encode first-order Ambisonics with adequate quality. This shows the potential for 3GPP VR audio services utilizing the EVS codec as a multi-purpose speech and audio codecs for conversational and streaming use cases. 
10.1
Conclusion on Ambisonics audio aspects

While technology trends in the VR area seem manifold, there are strong indications that scene-based VR audio representations based on Ambisonics are highly relevant. Audio test results presented in this version of the technical report show that the 3GPP EVS codec can be used to encode a variety of immersive audio content using a first-order Ambisonics format. 

It was further shown that first-order Ambisonics can provide a significantly better spatial quality for immersive audio signals relevant for VR use cases than what can be achieved by existing 3GPP speech and audio services operating in mono or stereo. Subjective tests have also shown that the localization qualities of first-order ambisonics are significantly lower than for higher-order Ambisonics representations, which suggests there should be a long term work to develop and select solutions that would be able to provide substantially higher VR QoE than obtained by solutions utilizing existing 3GPP codecs.
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