Page 4
Draft prETS 300 ???: Month YYYY
TSG SA4#107 meeting	S4-200112
20-24 January 2020, Wroclaw, Poland
Source:	HEAD acoustics GmbH
Title:	Proposal for End-to-end-tests for ATIAS
Document for:	Discussion

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.
This contribution presents a proposal for conducting end-to-end tests of immersive communication systems.
Overview
There are two possible approaches for testing communication systems in general:
· Testing the entire communication system with an end-to-end approach
· Testing a part of the communication system by analysing the transmission between one endpoint and a POI
For immersive communication systems in particular, very different concepts are being considered for the technical realization. Depending on the circumstances, e.g., channel-based or object-based transmission might be used. Thus, there is no fixed point of interconnect (POI) as of yet that is available for all possible realizations which could be used to access the internals of the transmission in order to only evaluate the sending side or receiving side, respectively.
[bookmark: _GoBack]Accordingly, an end-to-end approach for testing immersive communication systems is introduced in the following. Using an end-to-end approach has the implicit advantage that it tests the system in a manner that is identical to the actual use of the system. Additionally, it is independent of the underlying transmission technology, the chosen POI, etc. which also makes the results of an end-to-end evaluation useful for developing tests according to the second approach. A proposal for the second approach can be found in [1].
Static Reference Scenarios
The first reference communication scenario consists of multiple listening and talking head and torso simulators (HATS) in a static arrangement at two locations A and B. As an example, Figure 1 illustrates the situation as a virtual circular distribution with three HATS at location A and three HATS at location B.
[image: C:\Users\magnus.schaefer\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Reference.png]Location B
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[bookmark: _Ref29887570]Figure 1: Example communication scenario
For testing purposes, this scenario can be subdivided into the following test cases which can be used to assess different aspects of the communication system (all cases assume w.l.o.g. that the talking HATS are at location A):
1. Location A: single talking, Location B: single listening
2. Location A: multiple talking, Location B: single listening
3. Location A: multiple talking, Location B: multiple listening
4. Location A: single talking, Location A and location B: multiple listening
Note:	Case #1 can be considered as a “classical” end-to-end telephony situation. 
Any immersive communication system should be able to capture the scenery at Location A and replicate it in a perceptually correct manner at Location B (and vice versa). The original acoustic scene is always considered as the optimum reference. In consequence, any basic qualification methodology has to be reference-based.
The reference recordings for this scenario should be made by positioning all HATS at a single location in the spatial distribution that was chosen (e.g., the circular arrangement from Figure 1) and recording the different signals that are necessary to construct the four different test cases. At the very least, this comprises individual speech sequences from the three top HATS in Figure 1 that are recorded by all six HATS in the arrangement. The test cases with multiple talkers could then be generated by summation of the individual signals as the setup can be expected to be mostly linear.
Recording and playback for systems under test
Testing of the communication system requires a spatial separation of the two groups of HATS. Additionally, there is an important difference between the test cases 1-3 and test case 4 when it comes to actually performing the tests: Recording and playback can be separated for test cases 1-3 while a complete communication system is necessary to conduct tests according to test case 4. Example setups for recording and playback according to test case 3 are shown in Figure 2 and Figure 3. The device under test (DUTSND|RCV) is only exemplarily shown in the middle of the arrangement, its placement is not specified as it heavily depends on the actual communication system that is used. 
The same signals and signal combinations that were used in the reference scenario are also used here. Note that cases with multiple competing talkers shall be recorded directly and not constructed from a summation of signals from single talkers as the results might differ since the devices can not be expected to behave linearly.
[image: C:\Users\magnus.schaefer\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Device_Recording.png]
[bookmark: _Ref29888083]Figure 2: Example recording setup for test case 2
The playback setup consists of the receiving component of the device and a listening HATS.

[bookmark: _Ref29888085]Figure 3: Example playback setup for test case 2

The recorded signals in this setup can then be compared with the recorded signals from the reference measurement.
The setup for tests according to case 4 can be seen in Figure 4.
[image: Device_Playback]
[bookmark: _Ref29888060]Figure 4: Example measurement setup for test case 4
Even though there are no talkers in the vicinity of DUTRCV, the return channel is necessary to evaluate, e.g., the behaviour of the communication system w.r.t. echo.
Perceptual Quality Attributes
The assessment of the performance of the communication system shall be derived from the perception of the users of the system. As the expectations of the users regarding the capabilities of an immersive communication system will go beyond what is expected from a classical telephone connection, this should also be reflected in the assessment. The tests should be a collection of the most relevant criteria that are also used for telephone connections and additional criteria that evaluate the additional capabilities.
The tests should comprise:
· Loudness
· Overall loudness rating (OLR)
· Timbre
· Distortion
· Localization Accuracy
· Naturalness
· Echo Performance
· E.g., upcoming ETSI TS 103 802
· Double Talk Performance
Note: This list is not exhaustive and should be extended with additional criteria if necessary.
Dynamic Scenarios
One aspect that is facilitated by immersive communication systems is not reflected in the tests that were suggested so far: the possibility for listener (or talker) movement. The presented approach can be extended both in the reference scenario (cf. Figure 5) as well as in the playback setup (cf. Figure 6) to allow for translations as well as rotations of the listeners. The same could also be implemented for the talkers – the impact is bigger for the listeners, though.
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[bookmark: _Ref29888020][bookmark: _Ref29888016]Figure 5: Dynamic reference scenario

[bookmark: _Ref29888032]Figure 6: Example playback setup for dynamic scenarios
There are two basically different situations that can be distinguished here: movement between measurements or movement during the measurement. Some considerations for both cases are given in the following.
Movement between measurements
This case can be viewed as a sequential assessment of multiple static scenarios. Accordingly, the same comparisons as before can then be carried out for each position. It should be noted that even fairly small numbers of positions per listener can lead to an extremely high number of measurements. Thus, it seems necessary to select a representative set of positions for the measurements.
Movement during measurements
This case clearly differs from the static case and offers certain challenges from a technical point of view. Firstly, the listener has to be moved as quietly as possible in order to not introduce too much noise. Secondly, movement and acoustic measurement have to be synchronized.
Conclusions
An approach for the assessment of immersive communication systems was presented that is based on end-to-end measurements allowing for a perceptually correct evaluation of the capabilities of the systems. Different test cases and quality attributes were introduced that could be used for the assessment. The approach was described for static as well as dynamic scenarios.
The results of the perceptually correct end-to-end assessment could also form the basis for the analyses at a (still to be defined) point of interconnect of such systems.
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