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Introduction
The latest version of Pdoc ATIAS-1 [1] already contains an initial proposal for stereo capture in send direction, which already addresses two important measures of inter-channel time/level difference. However, several details regarding test method, test signal, level, analysis, etc. are still missing. For the completion of this test method, a test series was conducted.
Test setup
The test setup of the measurement series is illustrated in Figure 1 and corresponds to the handheld hands-free UE as described in clause 2.1.4 of ATIAS-1 [1]. In order to simulate a stereo-capable UE, a stereo microphone (configurations with either X-Y or A-B setup) was positioned at a distance of 42 cm in front of the head-and-torso-simulator (HATS), which is equipped with a mouth simulator according to ITU-T P.58 [2].
To realize different angles of the talker, the microphone was mounted on a turntable and rotated around its vertical center axis from -90° to +90° in steps of 15°. The position of 0° corresponds to the default position, i.e., HATS is facing the microphone/UE.
[image: ]
[bookmark: _Ref156899539]Figure 1: Test setup for stereo capture
As a test signal, the British-English single talk sequence as described in clause 7.3.2 of ITU-T P.501 [3] was calibrated to an active speech level [4] of -1.7 dBPa at the mouth reference point (MRP).
To apply a typical/reasonable sensitivity, the captured stereo signals at 0° position (left and right channel almost identical) were calibrated to -26 dBov active speech level [4]. This calibration factor was then used to calibrate the recordings of each rotation. For each microphone configuration (A-B, X-Y), the calibration factor was determined again.
The calibrated stereo signals were then passed to the IVAS encoder/decoder to simulate a transmission at all available bitrates (from 13.2 to 160 kbit/s).
Analysis
Inter-channel time difference (ICTD[footnoteRef:1]) [1:  The terms ILD/ITD are typically used in the context of binaural recordings and directly correspond to head-related level and time differences. For stereo, the same definition might not apply, as we are mainly interested in "technically maintaining" a given time/level between two channels. For this reason, these measures are denoted differently in the present document as ICLD/ICTD.] 

ICTD is determined via the envelope  of the segmental cross-correlation function  between left and right channel signals () by means of the Hilbert transformation.
		
		
[bookmark: _Hlk156902360]		

The segment duration T equals 8192 samples and an overlap of 50% was used. The ICTD is then determined as the time lag of the averaged envelope, that provides the maximum value:
[bookmark: _Hlk156903349]		
		

Inter-channel level difference (ICLD)
In general, ICLD is calculated as the level difference between left and right channel:
		
To determine  and , different level calculation methods were considered:
· Active speech level (ASL) according to ITU-T P.56 [4],
· Delta-Level versus time analysis according to [5] with a time constant of 35 ms. Level aggregation is carried out by determining 15% and 85% percentiles of the resulting level difference versus time (denoted as Perc85/15 in the following). The principle is illustrated in Figure 2.
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[bookmark: _Ref156913929]Figure 2: Examples of level-vs-time percentile analysis

Test results
ICTD
Uncoded
The results for ICTD calculation and without any subsequent coding are shown in Figure 3. As expected, the A-B configuration provides a better resolution in time than X-Y. The distance between left and right microphone is approximately 11 cm, the minimum/maximum values of ~0.32 ms also seem to be reasonable.
[image: ][image: ]
[bookmark: _Ref156923967]Figure 3: ICTD results versus angle, for A-B (left) and X-Y (right) configuration

IVAS stereo mode
The calibrated stereo speech recordings were offline encoded/decoded with IVAS codec at different bitrates in stereo output format (latest floating-point version). The results for ICTD analysis are shown in Figure 4
[image: ][image: ]
[bookmark: _Ref156937876]Figure 4: ICTD results with IVAS encode/decode, for A-B (left) and X-Y (right) configuration

ICLD
Uncoded
The results for the two different ICLD calculation methods and without any subsequent coding are shown in Figure 5. For both microphone configurations (A-B, X-Y) as well as for both calculations, the expected ICLD trend can be observed. The percentile measure obtains slightly higher values in magnitude, as it considers positive/negative peaks in the delta-level-vs-time graph. It can be observed that ICLD values up to ~12 dB can be achieved.
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[bookmark: _Ref156922680]Figure 5: ICLD results versus angle, for A-B (left) and X-Y (right) configuration

IVAS stereo mode
The calibrated stereo speech recordings were offline encoded/decoded with IVAS codec at different bitrates in stereo output format (latest floating-point version). The results for ICLD analysis are shown in Figure 6 (ASL) and Figure 7 (percentile).
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[bookmark: _Ref156939167]Figure 6: ICLD results (ASL) with IVAS encode/decode, for A-B (left) and X-Y (right) configuration
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[bookmark: _Ref156939169]Figure 7: ICLD results (percentile) with IVAS encode/decode, for A-B (left) and X-Y (right) configuration

Conclusion
The document presented initial results of a test series for stereo capture. Measurement setup, test signal and analysis methods for ICLD and ICTD were introduced. In a first step, data for two different microphone configurations (A-B, X-Y) was collected and analyzed to determine the expected range for both measures.
Surprisingly, the "traditional" ASL measure shows very similar performance as the percentile analysis of the delta-level-vs-time analysis, which should address temporal fluctuations in level.
In a second analysis step, IVAS encoder/decoder was applied in stereo mode at all available bitrates. For ICTD and all considered ICLD methods, the IVAS codec seems to maintain these important spatial properties of the stereo signal, even at lower bitrates.
Beside the robustness of the IVAS codec, the investigation illustrated the magnitude of ICTD and ICLD that can be expected for UEs with a form factor typical for handheld hands-free. Possible performance requirements could be derived based on these (idealized) results. On the other hand, the best-possible time and level differences in stereo mode also depend on the maximum distance between the input microphones / its form factor.
TBD: Annex A provides a full description of the test method, which is proposed to replace the existing clause 4.8 in Pdoc ATIAS-1.
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Annex A: Description of test method
TBD – the source volunteers to provide a detailed description, if the general 
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