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Introduction
Testing of immersive communication systems is a more challenging task than testing conventional communication systems. While all the important aspects of conventional systems are still of interest, there are additional degrees of freedom that an immersive system offers which need to be considered in the test design.
We presented the approach to rely on reference scenarios in a previous document [1]. We have conducted measurements of a conferencing situation to provide an example of such a reference scenario. The conferencing setup is briefly introduced and the acoustic transmission paths in the setup are quantified by means of interaural time differences and frequency responses. 
Conferencing Setup
The conferencing setup consists of multiple talking and listening head and torso simulators (HATS) in a static arrangement. Figure 1 illustrates the situation: a circular distribution with three talking HATS and three listening HATS located around a table. The table has a diameter of 100 cm and the HATS are positioned in the group audio terminal position from ITU-T P.341 [2] (i.e. at a distance of 80 cm from the center of the table). The three positions on the talking side of the table are denoted A1, A2 and A3 in the following. The three positions on the listening side are B1, B2 and B3.
The angles between neighboring positions on the talking as well as on the listening side are 45°. There are obvious symmetries in the setup. If only the conferencing setup itself is considered, e.g., the transmissions from A1 to B3, from A2 to B2 and from A3 to B1 would be completely identical. The entire setup is placed in a rectangular measurement chamber with little reverberation, though.  Accordingly, the measurement results are closely matched but not identical as the room is not rotationally symmetric.
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[bookmark: _Ref29887570]Figure 1: Example communication scenario
Two types of signals are measured from each talker (MRP) to each listener (DRP with DF-equalization) with a source level of -4.7 dB Pa at each talker:
· A sequence of utterances in British English from ITU-T P.501 [3]
· A logarithmic sweep 
While the speech sequence can be used to get a realistic impression of such a conferencing situation or for later perceptual assessment of the situation, the swept sine is used for the example analyses in the subsequent section.
Example Measurement Results
As outlined before in [1], the critical aspect that separates an immersive communication system from a regular communication system should be the capability to convey a realistic spatial perception. It is known from studies on human perception that interaural differences in level or time are among the strongest features that are used to localize sound sources. These features can be derived from an analysis of the frequency responses from a sound source to the ears of the listener. Accordingly, it is very important that an immersive communication system can replicate the interaural features to a high degree which implies that the frequency responses should be replicated as well.
Three different transfer paths are considered exemplarily here:
· From A1 to B1 (talker to the left of the listener)
· From A2 to B2 (talker opposite to the listener)
· From A3 to B2 (talker slightly to the right of the listener)
 
Figure 2: The three considered transfer paths
The interaural time differences for these three paths are given in the following table:
Table 1: Interaural time differences for three transmission paths
	Path
	A1 to B1
	A2 to B2
	A3 to B2

	ITD
	-0.375 ms
	0 ms
	0.188 ms



The interaural time differences correspond to the geometry of the setup. They can robustly be determined from an analysis of the binaural impulse response for the transmission path by comparing the delays of the direct paths in the left and right channel.
The frequency responses for the three paths are depicted in Figure 3, Figure 4 and Figure 5.
  
[bookmark: _Ref48314879]Figure 3: Frequency responses from talker A1 to listener B1
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[bookmark: _Ref48314882]Figure 4: Frequency responses from talker A2 to listener B2
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[bookmark: _Ref48314883]Figure 5: Frequency responses from talker A2 to listener B3
The three binaural frequency responses show the expected behaviour. For the case where the talker is to the left of the listener (A1 to B1, in Figure 3), there is a clear difference between the left and the right side for higher frequencies. For the case where talker and listener are on opposite sides of the table (A2 to B2, in Figure 4), the frequency responses are almost identical. The last case where the talker is slightly to the right of the listener (A2 to B3, in Figure 5) is geometrically inbetween the other two cases. Correspondingly, the frequency responses are between the other two cases as well: There are some differences but they are smaller than those for the first case.
What can also be seen is that head shadowing only has a marginal effect for lower frequencies. For higher frequencies, the effect can be substantial as can be seen, e.g., in Figure 3 with a difference of more than 10 dB between 2 kHz and 5 kHz.
Conclusions
An example for a possible reference scenario for an immersive communication system was presented in this contribution. A simple conferencing setup with three talkers and three listeners was measured and analysis results for the transmission paths in this scenario were given.
The setup and the analysis results could be used as a basis to design tests and derive testing criteria for immersive communication systems. In case the proposed reference setup would be used, an immersive communication terminal can be evaluated by measuring e.g., level, ITD and frequency response at the three listener positions (either physically or via corresponding headset rendering). Requirements and/or tolerances can then be derived from the difference to the reference setup.
References

	[1] 
	3GPP SA4, „Proposal for End-to-end-tests for ATIAS,“ in S4-200112, Wroclaw, Poland, 2020. 

	[2] 
	ITU-T Recommendation P.341, „Transmission characteristics for wideband digital loudspeaking and hands-free telephony terminals,“ 03/2011. 

	[3] 
	ITU-T Recommendation P.501, „Test signals for use in telephonometry,“ 03/2017. 




Page: 5/5
image3.png
-10

-15

-30

-35

— left
—— Right

102

10°
Frequency

10%





image4.png
-10

-15

-30

-35

— left
—— Right

102

10°
Frequency

10%





image5.png
-10

-15

-30

-35

— left
—— Right

102

10°
Frequency

10%





image1.png




image2.png




