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1. Introduction
The ATIAS work item develops test specifications for objective characterization of terminals for 3GPP immersive services, including conversational services and non-conversational services. In the previous Audio SWG telco, a discussion about harmonization of various test method proposals was raised up. In this contribution the previously proposed test methods for evaluating the direction of arrival for ambisonics [1] and metadata-assisted spatial audio [2] capture is composed into a single test method. The composed text is proposed to be included ATIAS-1 permanent document [3].
2. Proposal
Proposed changes to be included to the ATIAS-1 permanent document [3]:
[
[bookmark: _Toc532295027]2.3	Direction of arrival 
[bookmark: _Toc532295028]2.3.1	Definition
Direction of arrival (DOA) is defined as the spherical angle  pointing towards the sound source. DOA is relative to the capture device position.
 
[bookmark: _Toc532295029]2.3.2	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 200Hz.
[Test environment noise floor]
[Editor’s note: The test environment noise floor may not have to specified in this clause. Likely, a general clause for the whole specification is sufficient.]
Loudspeaker array 
A real or simulated loudspeaker array comprising L loudspeakers located at a set of predefined directions (ii i=1,...,L , from the geometric center of the loudspeaker array shall be used.

[bookmark: _Toc532295030]2.3.3.1	Measurement for Scene-based audio
For each loudspeaker position (ii i=1,...,L , the following procedure shall be used:
a) The UE under test is connected to a test system composed of a 3GPP wireless system simulator and reference client with an IVAS session established with B-format output. The codec shall be operated with scene-based input format at [512] kbit/s. The audio input format and bitrate shall be reported. The decoder/renderer option shall be FOA.
b) [TBD] test signal of [TBD s] length is played over the loudspeaker.
Editor’s note:	The impact of codec on the test signal needs to be verified before performing the measurements.
c)	The B-format scene-based audio format representation is captured.
d)	The intensity parameter is calculated from the B-format capture   using the equation: 

NOTE:	The intensity is calculated in frequency domain and per subframe. Further steps are thus performed with subframe accuracy.
e)	The direction of arrival estimation   is calculated based on the intensity parameter using the equations:
, 
,
Where the arctan function is assumed to be the computational variant “atan2” that solves the correct quadrant automatically
[bookmark: _Hlk132101080]f)  The estimated direction of arrival (estest is compared to the ground truth angle (ii. [Editor’s note: Potentially in several frequency bands and potentially time averaged. Weighting could be done similarly as in MASA case by estimating subframe energies and energy ratios.] 

If the sending UE is properly implemented in terms of directionality, phase and scaling of Ambisonics components, the DOA metric is expected to correspond to the ground truth angle. The DOA angle calculated from the Ambisonics components from the UE capture system shall be within some tolerances w.r.t. the ground truth angle to the incident sound. 

2.3.3.2	Measurement for Metadata-assisted spatial audio
For each loudspeaker position (ii i=1,...,L , the following procedure shall be used:	
a) The UE under test is connected to a test system composed of a 3GPP wireless system simulator and reference client with an IVAS session established with metadata-assisted spatial audio format output. The codec shall be operated with Metadata-assisted spatial audio input format at [512] kbit/s. The audio input format and bitrate shall be reported. The decoder/renderer option shall be MASA.
b) [TBD] test signal of [TBD s] length is played over the loudspeaker.
Editor’s note:	The impact of codec on the test signal needs to be verified before performing the measurements.
c)	The Metadata-assisted spatial audio format representation is captured. The MASA representation includes estimated source angles and energy-related quantities per time frequency tiles, which are further analysed as follows.
d)	The direct-to-total ratio times energy weighted azimuth and elevation angles are mapped into Cartesian coordinate vectors ,  and  over all subframes and frequency bands:





where  is the index of the frequency bands and  is the index of the subframes.
[Editor’s note: Signal length [TBD] = , where total number of subframes K = 1,2,…k,]
e)	The direction of arrival estimation (estest is calculated based on the mapped Cartesian coordinate vectors using the equations:
, 
,
Where the arctan function is assumed to be the computational variant “atan2” that solves the correct quadrant automatically
f)  The estimated direction of arrival  is compared to the ground truth angle (ii. [Editor’s note: Potentially in several frequency bands and potentially time averaged.]

If the sending UE is properly implemented in terms of directionality and the energy ratio analysis for the MASA metadata, the DOA metric is expected to correspond to the ground truth angle. The DOA angle calculated from the MASA metadata from the UE capture system shall be within some tolerances w.r.t. the ground truth angle to the incident sound.
]
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