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Introduction
This contribution addresses requirement definitions for binaural receive tests in which interaural time differences (ITD) and interaural level differences (ILD) are evaluated. The contribution pursues two objectives:
1. provide guidance on appropriate binaural requirements definition, and
2. advocate a tolerance scheme defined for continuous angles.
The proposals are currently applicable for the following tests:
· ATIAS PDoc 0.8.0, Sec. 5.3: Receiving with binaural rendering: inter-channel time difference
· ATIAS PDoc 0.8.0, Sec. 5.4: Receiving with binaural rendering: source angle dependent band level difference
In these tests, signals are rendered to different directions and the ITD and ILD in the resulting binaural signal are examined. In order to determine reasonable target values, we have conducted an experiment where we evaluated HRTF sets of a large number of subjects.
The tests are only carried out for a discrete number of directions. Nevertheless, we advocate to use an angle-continuous requirements scheme. When carrying out the tests, only the directions prescribed in the test shall be validated against the tolerance scheme. Optionally, additional directions may be tested that should fall within the tolerance scheme. This is no harsh requirement but serves as a guideline for implementors.
Horizontal Plane ITDs and ILDs
For our experiment, we considered a total of 235 HRTF sets from three publicly available database (Aachen, ARI, and HUTUBS; six broken sets have been excluded). As an excitation signal, the speech signal from clause 7.3.2 of Recommendation ITU-T P.501 was used.
The following figure shows the statistics of the (broadband) ITD over all subjects in the horizontal plane. The ITD depends only slightly on the excitation signal.
The results of the IVAS internal renderer are shown in red. Over a wide angle range, the IVAS binaural renderer is close to the average HRTF. For information, also the results for rendering with reverberation are shown with dashed lines.
A suitable tolerance scheme is shown in blue. The tolerance scheme is chosen by hand. Ideally all tested HRTFs fall within the mask, but at least the 5% and 95% percentile. Obvious outliers, which are most likely caused by measurement inaccuracies during HRTF acquisition, most likely due to subject movement, do not need to be considered.
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ILD can be measured either broadband or bandwise. Broadband ILD depends strongly the frequency characteristics of the excitation signal. In contrast, band-wise ILD has low signal dependency.
The band-wise ILDs for HRTF sets and the IVAS renderer and possible tolerance schemes for octave bands with center frequencies 500Hz, 1000Hz, 2000Hz, 4000Hz and 8000Hz are as follows.
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The curve for binaural rendering with reverberation “BINAURAL_ROOM_IR” does not meet the tolerance scheme. This is expected behavior since reverberation reduces the maximum amount of achievable for ILD. If binaural rendering with reverberation is to be tested, the tolerance scheme may be adjusted accordingly.


Requirements for Elevated Directions
The above proposal applies only in the horizontal plane. For elevated directions, an idea is to apply the requirement that holds for the direction in the horizontal plane on the same cone of confusion. For a given direction with azimuth  and elevation , the tolerance scheme for
is considered. For instance, for , the requirement for  is considered. No requirements should be made for low elevations .
Unfortunately, mapping elevated directions to the horizontal plane gives slightly different ILD and ITD values. This is shown in the following by means of results for the frontal plane (calculated on a subset of 81 HRTF sets for performance reasons). On the one hand, one can see that the horizontal plane tolerance scheme can be applied to  without any concerns. On the other hand, one can see that other directions do not fit well into the requirements defined for the horizontal plane. Further consideration is needed here.
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Conclusion
First, our results provide guidance on appropriate ITD and ILD requirements definition. They give a ballpark for ITD and ILD values and assess variance over subjects.
Second, we have advocated the use of a continuous-angle tolerance scheme. We have provided useful examples of how suitable tolerance schemes could look like in the horizontal plane. We have also formulated initial thoughts on how to deal with elevated directions. The extent to which the tolerance scheme should be tightened or widened, and whether simplifications in the curve shape should be made, remains to be discussed.
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