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--- beginning of change 2 ---
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

spherical coordinates: The coordinate system used in this document is defined such that the x-axis points to the front, the y-axis to the left and the z-axis to the top (see Figure 0). Spherical coordinates are the distance [image: image2.png]
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 QUOTE  
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 QUOTE  

 from the origin, the azimuth [image: image8.png]


 in mathematical positive orientation (counter-clockwise) and the elevation angle [image: image10.png]


 relative to the z-axis (with 0 degrees pointing to the equator and +90 degrees pointing to the North pole).
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Figure 0: Spherical coordinate system
--- end of change 2 ---
--- beginning of change 3 ---
3.2
Symbols

For the purposes of the present document, the following symbols apply:

LAeq
the sound level in decibels equivalent to the total A-weighted sound energy measured over a stated period of time.
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azimuth
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elevation
--- end of change 3 ---
--- beginning of change 4 ---
4.1.1.4
Test method with loudspeaker array and turn table

4.1.1.4.1
Test Conditions

Loudspeaker array 

a)
A calibrated loudspeaker array shall be placed within the free-field volume.

b)
The loudspeaker array shall comprise one or several semi-arcs having a radius greater or equal than 1 meter. The radius shall be reported.
c)
The loudspeaker array shall be composed of N+1 loudspeaker elements. The ambisonic order N shall be reported.
d)
Each loudspeaker in the array shall be calibrated with a frequency response of [at least 100 Hz-20,000 Hz] and minimum phase response.

e)
The coordinates of the loudspeaker elements are defined according to a Gaussian spherical grid [7] of order N. Directions shall comply with Annex B.1 and the N+1 elevations of the spherical grid shall be reported.
Turn table

a)
A turn table with a resolution of 0.5 degrees shall be used. The rotation axis of the turn table and the vertical axis of the semi-arcs shall be aligned The turn table shall be adjusted in height so that the device under test is positioned at the geometric center of the loudspeaker array. 

b)
For measurement, an azimuth step of 180/(N+1) degrees shall be used.

4.1.1.4.2
Measurement

Reference Spectrum measurement

a)
A diffuse-field / random incidence, or multi-field microphone is mounted in the free-field volume such that the tip of the microphone corresponds to the geometric center of the free-field volume and the geometric center of the loudspeaker array.

NOTE 1:
Diffuse-field / random incidence microphones, are described in [5].
Repeat steps b-c) with an azimuth angular resolution of 180/(N+1) degrees:

b)
An exponential sweep sine signal is played over each of the N+1 loudspeakers of the loudspeaker array. 

c)
The impulse response at the geometric center of the loudspeaker array  QUOTE   is measured for each loudspeaker position. 
d)
The magnitude spectrum of the reference sound pressure, P(f), is calculated for the 1/12th octave intervals as given by the R40 series of preferred numbers in [6].

NOTE 2:
For ideal (calibrated) loudspeakers, the P(f) spectra should have equal energy in each 1/12th octave intervals.

Estimated Spectrum measurement

a)
The scene-based audio capture device under test is mounted in the free-field volume such that its geometric center coincides with the geometric center of free-field volume and the geometric center of the loudspeaker array.

b)
Repeat steps b-c) with an azimuth angular resolution of 180/(N+1) degrees::

c)
An exponential sweep sine signal is played over each of the N+1 loudspeakers of the loudspeaker array. The sweep signals shall be identical to the signals used for the reference spectrum measurement.

d)
The impulse response at the geometric center of the loudspeaker array  QUOTE   is measured for each loudspeaker position. 
e)
The magnitude spectrum of the estimated sound pressure, [image: image19.png]P(f)



, is calculated for the 1/12th octave intervals as given by the R40 series of preferred numbers in [6].

Calculation of send frequency response for scene-based audio

The send frequency response for scene-based audio, G(f), is calculated as [image: image21.png]


.

Due to practical constraints (e.g. reflections on turn table), measurements for specific elevations (e.g. < - degrees) may be unreliable and discarded. In this case, the above measurement procedure may be conducted in two phases by measuring only directions for one hemisphere (e.g. top hemisphere, with elevations >0) in each phase. The device under test shall be flipped upside down between the two phases, and this two-phase approach shall be reported. 
--- end of change 4 ---
--- beginning of change 5 ---
Annex A (normative): 
Order dependent directions

The following tables order-dependent directions [image: image23.png]= (M) g j
2" =@, 6", 1<j<k



, where [image: image25.png]


 and [image: image27.png]


 denote the elevations and azimuths in radians, respectively.
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Annex B (normative): 
Directions in Gaussian spherical grid
B.1
Definition
A Gaussian grid of order N consists of 2(N+1)2 points associated to directions [image: image54.png]= (g M
0P = (61", 0.")



, [image: image56.png]
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and [image: image60.png]0<j<2(N+1)



, where [image: image62.png]


 and  [image: image64.png]


 denote the elevation and azimuth, respectively. These directions are defined as follows [7]: The elevations [image: image66.png]
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 are computed as the zeros of the (N+1)-th degree Legendre polynomial 
[image: image70.png]Py.1(cos (6°7)) =0



, while the azimuths are given by [image: image72.png]
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 (in radians) or j.180/(N+1) (in degrees), [image: image78.png]0<j<2(N+1)
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.

Directions in test setup shall comply with the theoretical values  [image: image82.png]


 with an accuracy of +/-0.5 degree for all azimuths and +/-0.5 degree for elevations in the range [-80,+80] degrees. For elevation >80 degrees and <-80 degrees, the accuracy shall be respectively +4/-0.5 degrees and +0.5/-4 degrees.

B.2
Example loudspeaker array
An example implementation with an ambisonic order N = 29 is described below:

-
A turn table with constant step size of 6 degrees and starting at 0 degree (to obtain 60 positions in azimuth).
-
Two fixed semi-arcs of radius 2.5 meters separated in azimuth by 90 degrees with 15 loudspeakers on each semi-arc; the elevations of loudspeakers are given (in degrees) by -85, -80, -74, -68, -62, -56, -50, -44, -38, -32, -27, -21, -15,  -9,  -3,   3,   9,  15,  21,  27,  32,  38, 44,  50,  56,  62,  68,  74,  80,  85, where succesive values are alternatively allocated to each semi-arc.

NOTE: In practice, the elevation of -85 degrees may be replaced by a nearby value (e.g. -82 degrees) to leave room for the mounting structure at the bottom of the loudspeaker array.
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