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--- beginning of change 1 ---
[bookmark: _Toc524258972]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
--- end of change 1 ---

--- 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  from the origin, the azimuth  in mathematical positive orientation (counter-clockwise) and the elevation angle  relative to the z-axis (with 0 degrees pointing to the equator and +90 degrees pointing to the North pole).example: text used to clarify abstract rules by applying them literally.
[image: ]
Figure 0: Spherical coordinate system

[bookmark: _Toc524258975]--- 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.
	azimuth
	elevation

--- end of change 3 ---

--- beginning of change 4 ---

[bookmark: _Toc524258985]4.1.1.4	Test method with loudspeaker array and turn table
[bookmark: _Toc524258986]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.

[bookmark: _Toc524258987]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  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  is measured for each loudspeaker position. 
e)	The magnitude spectrum of the estimated sound pressure, , 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 .
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 repeated in two phases by measuring only directions for one hemisphere (e.g. top hemisphere, with elevations >0) in each phases and 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 ---
[bookmark: _Toc524259010]
--- beginning of change 5 ---
Annex A (normative): 
Order dependent directions
The following tables order-dependent directions , where  and  denote the elevations inclinations and azimuths in radians, respectively.
	Index 
	
	

	1
	1.5707960
	0

	2
	-0.3398371.910633
	0

	3
	-0.3398371.910633
	2.094395

	4
	-0.3398371.910633
	-2.0944



	Index 
	
	

	1
	1.5707960
	0

	2
	-0.7902772.361073
	0

	3
	0.3632071.207589
	-1.95668

	4
	0.3632071.207589
	1.956682

	5
	-0.8443822.415178
	-1.95668

	6
	0.0097571.561039
	-3.14159

	7
	-0.8443822.415178
	1.956681

	8
	0.2451281.325668
	0.687124

	9
	0.2451291.325667
	-0.68712



	Index 
	
	

	1
	1.5707960
	0

	2
	0.7166980.854098
	0

	3
	-0.4611732.031969
	1.119907

	4
	-1.0343102.605106
	-0.25283

	5
	0.4921741.078622
	1.155586

	6
	-0.1658121.736608
	2.040481

	7
	-0.4611722.031968
	-1.38118

	8
	-0.1658131.736609
	0.270692

	9
	0.001916
	-2.20417

	10
	0.6537090.917087
	2.297267

	11
	0.6537090.917087
	-2.80293

	12
	-0.1926801.763476
	3.010956

	13
	-1.0790562.649852
	2.154919

	14
	0.0019151.568881
	-0.63529

	15
	0.6168340.953962
	-1.41973

	16
	-0.8873262.458122
	-2.46809



	Index 
	
	

	1
	1.5707960
	0

	2
	0.7475780.823218
	0

	3
	-0.1683241.73912
	-2.00759

	4
	0.8464990.724297
	1.927637

	5
	0.2345151.336281
	-1.41208

	6
	0.6991650.871631
	-2.10001

	7
	0.3070911.263705
	2.512927

	8
	0.1306491.440147
	1.667633

	9
	-0.6775172.248313
	1.442383

	10
	0.1368431.433953
	-0.60062

	11
	-1.3172692.888065
	0.329968

	12
	-0.4331182.003914
	-1.18621

	13
	-0.2318641.80266
	2.983332

	14
	0.1742421.396554
	-2.69222

	15
	-0.5999852.170781
	0.507602

	16
	-0.3820091.952805
	2.208977

	17
	-0.0093941.58019
	0.952319

	18
	-1.0138132.584609
	-1.71565

	19
	0.6961990.874597
	0.934402

	20
	-0.6021392.172935
	-0.38654

	21
	-1.0419212.612717
	2.675958

	22
	-0.6231112.193907
	-2.62842

	23
	0.0540561.51674
	0.165012

	24
	0.8554890.715307
	-1.02504

	25
	0.8082430.762553
	-3.13121



	Index 
	
	

	1
	1.5707960
	0

	2
	-0.4541002.024896
	0

	3
	0.3237391.247057
	-1.19666

	4
	-1.1753812.746177
	0.184066

	5
	0.9472210.623575
	0.124282

	6
	-0.1936981.764494
	-2.84022

	7
	0.5002811.070515
	-1.84701

	8
	-0.6635292.234325
	0.698758

	9
	-0.6133322.184128
	2.280239

	10
	-0.5880432.158839
	-2.28482

	11
	0.9466450.624151
	-2.37569

	12
	0.3333111.237485
	2.883411

	13
	0.9673740.603422
	-1.18504

	14
	0.4368541.133942
	-2.76846

	15
	0.5101411.060655
	0.763488

	16
	-0.0638111.634607
	-0.46491

	17
	0.0482661.52253
	-2.27504

	18
	-0.1483921.719188
	1.762138

	19
	0.9457350.625061
	2.804486

	20
	-0.1257771.696573
	-1.69175

	21
	-0.2415181.812314
	-1.0321

	22
	-0.0638241.63462
	0.509415

	23
	-1.2403922.811188
	-1.95737

	24
	0.5421721.028624
	-0.567

	25
	0.0436471.527149
	2.319619

	26
	-0.2910451.861841
	2.853233

	27
	-0.8411012.411897
	-3.07101

	28
	-1.2138912.784687
	2.113132

	29
	-0.7066262.277422
	-1.50877

	30
	-0.7746252.345421
	-0.65404

	31
	-0.7074452.278241
	1.464227

	32
	0.9908420.579954
	1.373127

	33
	-0.1226641.69346
	1.112751

	34
	0.5986140.972182
	2.113949

	35
	0.3066901.264106
	0.057137

	36
	0.3819341.188862
	1.457925




	Index 
	 
	

	1
	1.5707960
	0

	2
	0.7201440.850652
	0

	3
	-0.3083651.879161
	3.024454

	4
	0.0684311.502365
	2.080642

	5
	-0.4956772.066473
	-2.21373

	6
	-0.0187791.589575
	-2.03598

	7
	0.4260431.144753
	1.678014

	8
	-0.2597421.830538
	0.964363

	9
	0.1793201.391476
	-3.03552

	10
	-0.2496181.820414
	-2.70206

	11
	1.0741830.496613
	0.581055

	12
	-0.7811722.351968
	-2.80103

	13
	0.4578491.112947
	0.550136

	14
	0.5239511.046845
	-1.98436

	15
	-0.0062461.577042
	-0.51212

	16
	-0.7885072.359303
	-1.1411

	17
	0.2281811.342615
	-2.48765

	18
	-0.4181101.988906
	-1.62282

	19
	-0.5126882.083484
	-0.57506

	20
	0.5721400.998656
	2.286204

	21
	-0.8675762.438372
	-0.08741

	22
	-0.6247992.195595
	0.547028

	23
	-0.4466872.017483
	1.878965

	24
	-0.7896672.360463
	2.746717

	25
	1.0477630.523033
	-0.76025

	26
	0.2471921.323604
	-1.01978

	27
	0.7201430.850653
	1.162107

	28
	-0.0818191.652615
	1.507148

	29
	0.2260401.344756
	1.062706

	30
	0.7090880.861708
	-2.68135

	31
	-0.2490961.819892
	-1.08377

	32
	0.5739590.996837
	2.91352

	33
	1.0691210.501675
	2.939099

	34
	0.1353811.435415
	-1.53966

	35
	-0.0575041.6283
	0.473238

	36
	-0.9753692.546165
	-1.95522

	37
	-0.6660362.236832
	1.294994

	38
	-1.1469222.717718
	0.887936

	39
	-0.3570701.927866
	2.427548

	40
	0.2006421.370154
	-0.01608

	41
	-0.9650842.53588
	1.97199

	42
	0.6816660.88913
	-1.35341

	43
	0.1124341.458362
	2.651183

	44
	0.5284751.042321
	-0.57647

	45
	1.0036270.567169
	1.857517

	46
	-1.2759742.84677
	-0.77916

	47
	1.0511020.519694
	-2.01121

	48
	-1.3150792.885875
	3.087768

	49
	-0.3266941.89749
	-0.00446


--- end of change 5 ---
--- beginning of change 6 ---
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 ,  and , where  and   denote the elevation and azimuth, respectively. These directions are defined as follows [7]: The elevations  are computed as the zeros of the (N+1)-th degree Legendre polynomial , while the azimuths are given by  (in radians) or j.180/(N+1) (in degrees), .
Directions in test setup shall comply with the theoretical values   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 +0.4/-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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