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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 SA4-125 meeting, the initial test methods and metrics for evaluating the receiving side were proposed. During the meeting, some comments regarding the evaluation of the receiving side loudness were included to the permanent document [1].
In this contribution a modified receiving loudness rating (RLR) calculation for binaural headset measurements and binaural calculation for loudness based on ITU-T P.700 are evaluated. Both methods were evaluated from the binaural HATS recording of the mobile phone playback with wired insert-type headset.

2. Discussion
2.1 RLR
Currently, no test method for evaluating receiving loudness rating for binaural headsets is defined in 3GPP TS 26.132 [1]. For evaluating receiving loudness rating of spatial audio with binaural headset, the following method was utilized:
1. Test signal: British-English single talk sequence from ITU-T P.501 [1]
2. Binaural HATS recording
3. The output signal of each artificial ear is power-averaged over the total duration of the analysis
4. The right and left artificial ear signals are voltage-summed for each 1/3-octave frequency band (Wideband frequency range)
5. DRP-ERP correction
6. -6 dB binaural correction
Measurement steps are based on the existing specifications for handset/headset and hands-held hands-free receiving loudness rating measurements.
2.2 P.700
Absolute loudness assessment was done based on the ITU-T Recommendation P.700 [3]. Following steps were performed for the evaluation
1. Test signal: British-English single talk sequence from ITU-T P.501
2. Binaural HATS recording
3. HATS signals diffuse-field equalized
4. Loudness calculations with binaural playback as described in ITU-T P.700
5. Results reported as loudness level (unit phon)

2.3 Evaluation setup
The two methods from sub-sections 2.1 and 2.2 for evaluating receiving loudness with immersive audio were tested and evaluated with simulated input and measurements with HATS. The test signal was British-English single-talk sequence from ITU-T P.501. Directions of the signals were simulated by creating object metadata representing six different source positions. Directions of the evaluated source positions are shown in the Table 1. Distance in the object-metadata was set to the default value. Input signals were further encoded and decoded with the IVAS codec utilizing the highest available bitrate. 
Table 1 Evaluated directions
	Evaluated source directions

	Azimuth
	0°
	90°
	-90°
	180°
	0°
	0°

	Elevation
	0°
	0°
	0°
	0°
	90°
	-90°



Two commercially available mobile phones were evaluated with wired insert-type binaural headset and binaural supra-aural Bluetooth headset. Results of one mobile phone (mobile phone A) and wired insert-type headset are presented in this contribution. Decoded signal was output via the default audio player of the evaluated mobile phones. Furthermore, 50% and 100% volume level steps were evaluated. The loudness and loudness ratings were calculated from the binaural recordings of HATS with Type 3.3 artificial ear. The measurement setup is illustrated in the Figure 1.  
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Figure 1 Measurement setup
It is notable, that since no network simulator was applied for the test setup, the absolute RLR results are not necessarily accurate for the evaluated mobile phone and headset combination under the network conditions. Furthermore, as the default audio player was utilized for the playback, the signal processing chain may not be the same as with communication scenarios. However, as the loudness and loudness rating calculations were based on the same recorded signals, the obtained differences between the evaluation methods with different simulated directions and different volume steps are comparable.
2.4 Evaluation results
Measurement results of the mobile phone A and wired insert-type binaural headset are presented in this sub-section. RLR and loudness based on ITU-T P.700 were calculated from the same binaural captures. The P.700 loudness results and the loudness ratings for all the assessed directions and both volume steps are visualized in the Figure 2 and Figure 3, respectively. Furthermore, the calculated P.700 loudness and RLR values are presented in the Table 1 and Table 2, respectively.
[image: A graph of different colored bars

Description automatically generated]
Figure 2 P.700 loudness levels of the assessed mobile phone A with insert-type headset.
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Figure 3 Loudness rating values of the assessed mobile phone A with insert-type headset.

Table 2 P.700 loudness values
	P.700 [Phon]

	Simulated source position (azi, ele)
	(0°, 0°)
	(90°, 0°)
	(-90°, 0°)
	(180°, 0°)
	(0°, 90°)
	(0°, -90°)

	
	78.71
	77.45
	77.58
	75.52
	77.56
	75.38

	
	104.16
	102.89
	103.01
	101.26
	103.15
	101.14

	
	25.45
	25.44
	25.44
	25.74
	25.59
	25.76



Table 3 Receiving loudness rating values
	RLR [dB]

	Simulated source position (azi, ele)
	(0°, 0°)
	(90°, 0°)
	(-90°, 0°)
	(180°, 0°)
	(0°, 90°)
	(0°, -90°)

	
	16.50
	16.71
	16.59
	18.88
	17.72
	18.69

	
	-7.82
	-7.66
	-7.73
	-6.44
	-6.64
	-5.80

	
	24.32
	24.37
	24.32
	25.32
	24.36
	24.49


The obtained level differences with 50% and 100% volume level steps are within the same range for both P.700 loudness and RLR. Furthermore, the impact of different simulated directions is rather similar for both methods, e.g., signal representing frontal incident produces the highest loudness / lowest attenuation. Small differences with the estimated loudness values for the signals representing +/- 90deg angles are probably due to the minor differences in the headset fit. Furthermore, there is a small variation regarding the simulated incident angle that produces the quietest estimate. In addition, the monaural RLR analysis of the test signals representing frontal incident angle produced nearly equivalent results compared to the calculated binaural RLR value.
Regarding the other measured mobile phone and the Bluetooth headset, no drastic differences were observed. Absolute levels and the impact of volume steps differentiated among the evaluated mobile phones, but the calculated loudness and loudness rating values were consistent across the assessed mobile phones, headset combinations and evaluated source directions.

3. Conclusion
The source has provided results and comparison of traditional loudness rating metric and  ITU-T P.700 loudness metric for assessing receiving side loudness performance. While the utilized test setup doesn’t represent accurately an end-to-end communication setup, the obtained impacts of the evaluated spatial scenarios are comparable. The results indicate, that both methods could produce meaningful results for evaluating the received loudness with an immersive audio input and binaural output. 
As the utilized HRTFs for the binauralization will have an impact on the frequencies above 8 kHz, wideband analysis may not be sufficient for evaluating the loudness of full-band binaural audio. However, the impact of such high frequencies for the loudness is typically rather limited, thus there might not be practical issues whether the analysis is done within the Wideband or Super-wideband/Full-band frequency range.
While loudness rating is well established metric for assessing the receiving side loudness characteristics, it is only intended for Wideband monaural signals. On the other hand, ITU-T P.700 provides clear specification for Full-band binaural signals, which can be seen as an advantage when assessing a receiving side loudness with spatial audio.
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