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[bookmark: _Toc532295016]<<BEGINNING OF MODIFIED CLAUSE>>
[bookmark: _Toc532295011]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	J. Fliege und U. Maier: "A two-stage approach for computing cubature formulae for the sphere," Dortmund University, 1999.
[3]	ISO 3745 - Annex A: "Acoustics - Determination of sound power levels and sound energy levels of noise sources using sound pressure -- Precision methods for anechoic rooms and hemi-anechoic rooms - Annex A: General procedures for qualification of anechoic and hemi-anechoic rooms".
[4]	ISO 1996 Acoustics: "Description, measurement and assessment of environmental noise".
[5]	ANSI S1.4: "Specifications for Sound Level Meters".
[6]	ISO 3: "Preferred numbers – Series of preferred numbers".
[7]	B. Rafaely, “Analysis and design of spherical microphone arrays,” IEEE Transactions on Speech and Audio Processing, no. 13, 2005, pp. 135 – 143
[8]	M. Poletti, “Unified Description of Ambisonics Using Real and Complex Spherical Harmonics,” Ambisonics Symposium 2009, June 25-27, 2009, Graz, Austria.
<<END OF MODIFIED CLAUSE>>
<<BEGINNING OF MODIFIED CLAUSE>>
4	Objective Test Methodologies for Immersive Audio Systems
[bookmark: _Toc532295017]4.1	Objective Test Methodologies for Assessment of Immersive Audio Systems in the Sending Direction
[bookmark: _Toc532295018]4.1.1	Diffuse-field Send Frequency Response for Scene-based Audio
[bookmark: _Toc532295019]4.1.1.1	Introduction
This test is applicable to UEs capturing scene-based audio (e.g. First and Higher Order Ambisonics).
NOTE: Currently, the test method uses a periphonic loudspeaker array for generation of a diffuse-field. Additional loudspeaker setups for the derivation of the diffuse sound field are under consideration.
	General test conditions
Free-field propagation conditions
-	The test environment shall contain a free-field volume, wherein free-field sound propagation conditions shall be observed. 
-	The free-field sound propagation conditions shall be observed down to a frequency of 200 Hz or less.
-	Qualification of the free-field volume shall be performed using the method and limits for deviation from ideal free-field conditions described in [3].
Test environment noise floor
Within the free-field volume, the equivalent continuous sound level of the test environment in each 1/3rd octave band, Leq(f), shall be less than the limits of the NR10 curve, following the noise rating determination procedures in [4].
[bookmark: _Toc532295020]4.1.1.2	Definition
The Diffuse-field Send Frequency Response for Scene-based Audio is defined as the transfer function, , between:
, the estimated sound pressure magnitude spectrum obtained from a diffuse-field scene-based audio capture and reference synthesis at the geometric center of a free-field volume; and
, the sound pressure magnitude spectrum obtained from a diffuse-field microphone recording the same diffuse field at the origin of a spherical coordinate system.
Figure 1 describes a typical block diagram for the scene-based audio sending direction with measurement points when using a periphonic loudspeaker array.


Figure 1: Scene-based audio capture block diagram for sending direction measurements
Definition of Equivalent Spatial Domain
The equivalent spatial domain representation, w(t), of a Nth order Ambisonics soundfield representation c(t) is obtained by rendering c(t) to K virtual loudspeaker signals wj (t), 1  j  K, with K = (N+1)2. The respective virtual loudspeaker positions are expressed by means of a spherical coordinate system, where each position lies on the unit sphere, i.e., a radius of 1. Hence, the positions can be equivalently expressed by order-dependent directions j(N)=(j(N),  j(N)), 1  j  K, where j(N) and  j(N) denote the inclinations and azimuths, respectively. These directions are defined according to [2] and reproduced in Annex B A for convenience.
The rendering of into the equivalent spatial domain can be formulated as a matrix multiplication:
w(t) = ((N,N))-1 c(t),
where ()-1 denotes the inversion.
The matrix (N,N) of order N with respect to the order-dependent directions j(N) is defined by:
(N,N) := [S1(N)    S2(N)    …    SK(N)],
with: 
j(N) := [S00(j(N))    S-1-1(j(N))    S-10(j(N))    S-11(j(N))    S-11(j(N))    …    SNN(j(N))]T , 
where Snm() represents the real valued spherical harmonics of the order n and degree m as defined in. [8].
The matrix (N,N) is invertible so that the HOA representation c(t) can be converted back from the equivalent spatial domain by:
c(t) = (N,N)·w(t)

<<END OF MODIFIED CLAUSE>>
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