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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 last SA4 125 meeting, the initial test methods and metrics for evaluating the receiving side with spatial audio were proposed [1].
In this contribution, the receiving side testing is further defined by proposing test signals for MASA and SBA input formats. Furthermore, the IVAS codec’s behavior is examined with the proposed evaluation methods and metrics considering the Inter-channel time difference and Source angle dependent band level difference.

2. Proposal
In order to test a receiving side with SBA and MASA input formats, the input signals should be defined according to the evaluated scenario. The following test signals are proposed to be applied for the direction dependent receiving tests with SBA and MASA input formats.
2.1 SBA
When testing a receiving side with SBA input format, following First-order Ambisonics (FOA) test signals could be utilized. The signal corresponding a desired direction is simulated by populating appropriate FOA component with a test signal comprising a suitable phase difference with respect to the W component. The FOA test signal  is defined as follows for 6 different directions:
Table 1: FOA signals for different source positions
	Source azimuth

	Source elevation

	FOA signal 


	0
	0
	

	180
	0
	

	0
	90
	

	0
	-90
	

	90
	0
	

	-90 (270)
	0
	



Signal  is the proposed CS-signal, and  is a phase inverted version of the signal . Furthermore, similar approach can be applied for higher order ambisonics formats if desired.

2.2 MASA
For MASA, similar approach as with the Object input can be utilized. Different signal directions are simulated by creating an associated MASA metadata [2] comprising the spherical indices according to the tested azimuth and elevation directions. Furthermore, the Direct-to-total ratio is set to 1. Other spatial metadata values are set to 0. Same approach can be applied for both mono- and stereo-MASA. The number of transport channels is defined in the descriptive metadata. For other descriptive metadata parameters, default values are applied. The utilized signal for transport channels is the proposed CS-signal.
Applied descriptive metadata values for every MASA metadata frame, as well as applied spatial metadata values for every time-frequency tile in all MASA metadata sub-frames are shown in the Tables 2 and 3, respectively.

Table 2: Applied descriptive metadata for the directional dependent receiving tests with MASA input format
	MASA descriptive metadata parameters
	Assigned values for every metadata frame

	Format descriptor
	Default

	Number of directions
	1 (bit value 0)

	Number of channels
	1 or 2 (bit value 0 or 1), depending on the number of applied transport channels

	Source format
	Bit values 00 (Default/unknown)

	Variable description
	12 bit zero-padding (Default/unknown)



Table 3: Applied spatial metadata for the directional dependent receiving tests with MASA input format
	MASA spatial metadata parameters
	Assigned values for every time-frequency tile in all MASA metadata sub-frames

	Spherical index
	According to the tested azimuth and elevation

	Direct-to-total ratio
	1.0

	Spread coherence
	0.0

	Diffuse-to-total ratio
	0.0

	Surround coherence
	0.0

	Remainder-to-total ratio
	0.0




3. Evaluation
Direction dependent receiving tests considering the Inter-channel time difference and Source angle dependent band level differences with the IVAS codec were evaluated. The processing flow of the evaluation procedure is illustrated in the Figure 1. Channels of the CS-signal is defined based on the tested input format. MASA and Object metadata was manually created according to the tested directions. 
Highest available bitrates were applied for the tests, i.e., for Object input the bitrate was set to 128 kbit/s, and for MASA and FOA the bitrate was 512 kbit/s. The default distance value was applied for Object inputs.
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Figure 1 Processing workflow
3.1 Inter-channel time difference
The results of evaluated Inter-channel time differences for 1 Object, MASA with 1 and 2 transport channels, and FOA input formats are presented in the Table 2.

Table 4: Inter-channel time difference 
	Source azimuth

	Source elevation

	
	
 
	
 
	
 
	
 

	0
	0
	
	0
	0
	0
	0

	180
	0
	
	0
	0
	0
	-5.21

	0
	90
	
	0
	0
	0
	0

	0
	-90
	
	0
	0
	0
	0

	90
	0
	
	770.83
	625
	630.21
	708.33

	-90 (270)
	0
	
	-770.83
	-625
	-630.21
	-708.33



The time differences were calculated by applying cross-correlation for interpolated and band-pass filtered channels of the binaural output signal. Evaluated signal was interpolated with a factor of 4, and band-pass filter was applied for the frequency range of 200 – 2000 Hz. Usage of the cross-correlation was due to the unstable implementation of the transfer function estimate, i.e., the results were not consistent with the subjective evaluations and the group delay estimates. Furthermore, the interpolation was performed in order to obtain higher time resolution for the cross-correlation based delay estimates.
In overall, each of the tested input formats fulfills the initial assumption of the potential requirements. Time-differences of the median plane signals are below 15 . For the signals representing azimuth angles of +/- 90°, the time differences were between 500 – 1000 . Note that the time resolution of the applied cross-correlation delay estimates is ~5.21 .
	
3.2 Source angle dependent band level differences
The results of evaluated Source angle dependent band level differences with 1 Object, MASA with 1 and 2 transport channels, and FOA input formats are presented in the Table 5.
Table 5: Source angle dependent band levels
	Sub-test
	Frequency band

	Source azimuth

	Source elevation

	
	


	


	


	



	A
	

	0
	0
	
	0.35
	0
	0
	0

	B
	
	180
	0
	
	0.1
	0
	0
	0.19

	C
	
	0
	90
	
	0
	0
	0
	0

	D
	
	0
	-90
	
	0
	0
	0
	0

	E
	
	90
	0
	
	14.29
	15.12
	13.93
	13.08

	F
	
	-90 (270)
	0
	
	-14.31
	-15.05
	-13.98
	-13.08

	G
	
	90
	0
	
	3.69
	1.60
	1.54
	3.45

	H
	
	-90 (270)
	0
	
	-3.69
	-1.59
	-1.53
	-3.44




Median plane level differences of each sub-test are presented in the Table 6.
Table 6: Median plane band level differences
	Sub-test
	Requirement

	
	
	
	
	

	LA-LB
	>YAB
	
	7.37
	8.49
	7.93
	6.75

	LA-LC
	>YAC
	
	3.33
	6.15
	5.23
	3.74

	LA-LD
	>YAD
	
	7.17
	10.15
	9.36
	7.16



Analysed frequency bands for level difference calculations were 200 – 800 Hz and 800 – 16000 Hz. Inter-channel level difference was calculated as follows:

where  is the sum of the of the power spectrum bins corresponding to the analysed frequency band. For estimating the power spectrums of the channels, the Welch’s method was applied with FFT length of  and overlap factor of 50%.

4. Conclusion
The test signals for FOA and MASA are proposed to be utilized, when receiving side is tested with those input formats. The ATIAS-1 permanent document [2] is proposed to be updated with the presented test signal definitions.
The presented results indicate that the initial proposals for evaluating Inter-channel time difference and the Source angle dependent band level difference at the receiving side are applicable for the initially proposed directions. Estimated time differences are within the initial assumptions of the acceptable differences. For signals representing directions at the median plane, the time differences are below 15 , and level differences at the analysed band are near 0 dB. Inter-channel time differences of the signals representing the directions of +/- 90° azimuth angles are within the range of 500 – 1000 . 
Furthermore, the level differences at the higher frequency band are above 6 dB, while the level differences at the lower frequency band are below 6 dB. The median plane level differences between sub-tests A and B, as well as A and D are all above 6dB. However, between sub-tests A and C, the median plane level differences are mostly below 6 dB.
For further validation of the Inter-channel time difference, the method for estimating group delay of the transfer function between analysed channels should be clarified. In addition, the analysed frequency band for Source angle dependent band level sub-tests A-F should be defined.
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