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Abstract
[bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101]This document presents listening test results for several configurations of the HOA Transport Format (HTF) [1]. These test results are provided to evaluate the service quality that can be supported by HTF. The source also reiterates its request to accept HTF as a spatial audio format into the IVAS-4 design constraints.
1. Introduction 
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK104][bookmark: OLE_LINK105]If the number of audio channels is limited to N, Higher Order Ambisonics (HOA) with M coefficient channels can only natively be supported when M<=N. For example, if N=8, not even 2nd Order Ambisonics (M=9) can be transported.
[bookmark: OLE_LINK102][bookmark: OLE_LINK103]The HOA transport format (HTF) allows HOA signals to be transported with a fewer number of transport channels, L, where L<M. For example, an HTF processor converts 49 HOA coefficients channels (6th order HOA) into HTF with 8 transport audio channels plus metadata.
The source proposed the V-vector based HOA Transport Format (HTF type 3) as a spatial audio format for IVAS [2]. In response, the contribution [3] requested the following clarification on HTF: 
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]“It would be important to show the service quality impact of downmixing to up to 8 channels. With the HTF format intrinsic quality may be degraded for various types of audio scenes and this impact has not been validated.”
This contribution addresses this request for clarification and reports results of an HTF-based listening test for various types of audio scenes.
2. [bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK72]Listening Test Methodology
Test Content:
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK64][bookmark: OLE_LINK65]To assess the effect of the reduction of the HOA audio channels three HTF configurations were generated using 12 different immersive HOA audio scenes, comprising both synthetically created and recorded content types with HOA orders between 3 (i.e. M=16 HOA channels) and 6 (i.e. M=49 HOA channels). Each item has a duration of about 20 seconds.

Systems under Test:
Three HTF configurations are tested. The three HTF configurations only differ in the final number of HTF transport audio channels: Six transport channels (System 6-TS), eight transport channels (System 8-TS) and ten transport channels (System 10-TS) are tested. 

Listening Test Setup:
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63]To facilitate the assessment of multiple systems the MUSHRA [4] testing paradigm is used for the assessment of the quality degradation. 

The HTF was reconstructed to HOA and rendered for a 22.2 loudspeaker configuration.
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]The hidden reference signals (HR) are generated by rendering the original HOA test items to the 22.2 channel configuration. The hidden anchor signals (LP) are generated by rendering the 0th order coefficient channel of each test items to the same 22.2 channel configuration.

[bookmark: OLE_LINK81][bookmark: OLE_LINK82]The test was carried out in Qualcomm’s 3D Audio listening facility and eight expert listeners participated in the test. These listeners are trained in evaluating spatial audio properties and in assessing audio compression artefacts.

3. Listening Test Results
Figure 1 depicts the average absolute scores of each test item as well as the average overall scores. One can see that overall the perceived audio quality increases with the number of HTF transport channels. The HTF system with 8 and 10 transport channels achieved overall mean scores above 90 MUSHRA points and thus can clearly be considered as “Excellent”. The confidence intervals of these two systems are almost overlapping, suggesting that the perceived quality is nearly similar. Further, for several test items, the scores for these two systems under test are statistically identical to the hidden reference.
The system 6-TS was rated significantly lower. Nevertheless, its 95% confidence interval also extends into the “Excellent” range. The increase from 6 transport channels to 8 transport channels improves the overall MUSHRA score by 14.85 points. An additional increase from 8 to 10 transport channels returns 3.8 more MUSRHA points overall.
[image: ]
Figure 1 - Average Scores of HTF listening test

Table 1- Mean Scores and 95% confidence interval limits
	[bookmark: OLE_LINK56][bookmark: OLE_LINK57]System Under Test
	High
	Low
	Mean

	Hidden Reference (HR)
	100.00
	99.44
	99.74

	Hidden Anchor (LP)
	27.06
	22.20
	24.64

	[bookmark: OLE_LINK38][bookmark: OLE_LINK39]6 Transport Channels (6-TS)
	81.61
	74.66
	78.14

	8 Transport Channels (8-TS)
	94.71
	91.27
	92.99

	10 Transport Channels (10-TS)
	97.83
	95.75
	96.79




4. Summary and Conclusion
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]The listening test results presented in this paper indicate that the HTF with 8 transport audio channels consistently provides excellent service quality across various types of audio scenes.
[bookmark: OLE_LINK106][bookmark: OLE_LINK107]Consequently, the source reiterates its proposal for considering HTF type 3 in the design constraints [5] as a spatial audio format that comprises audio channels plus spatial metadata:

	[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Audio Formats

	The IVAS codec shall support the following [input] formats:
· Channel-based audio, including mono (1.0), stereo (2.0), surround (5.1 and 7.1), [surround + height (5.1+4 and 7.1+4), TBD]
· Scene-based audio, first-order (FOA) and up to [N]-order ambisonics. 
Note: ACN component ordering and SN3D normalization.
· [Spatial audio, [N] up to 8 channels and spatial metadata defined by HTF (ETSI TS 103 589, type 3) and [TBD].]
 [Editor’s Note FFS: Spatial metadata definition for the spatial audio format will require further input.]
· Object-based audio, with support for at least [TBD] individual [mono] object streams. Each audio object shall be defined by [TBD metadata parameters].
[In addition, the IVAS codec shall support combinations of the above, totalling to no more than [TBD] audio streams. 
Note: It will be necessary to specify how capture/presentations could be achieved in mobile communications.]
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