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1. Introduction

Within the ART_LTE-SUPER building block, frequency response masks for sending and receiving directions need to be agreed. It is desirable to base such agreements on subjective test data. However, the experimental design is not straight forward. It is therefore very welcome to see inputs on this topic in S4-140069 and S4-140124.

Since the number of test conditions for a subjective study can easily grow very large, before proceeding, we are suggesting to first consider the baseline “flat” response in some detail. We find this is also valuable when defining reference conditions for e.g. DCR tests.
2. Goals for the TS 26.132 test definition

Before defining limits for frequency responses, we should try to validate that our measurements are on stable ground. To discuss limits as deviations from a flat curve, we should ideally first validate that flat curves produce an uncoloured result, for un-coded fullband speech.
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Figure 1 A proposed goal for the objective test methodology is to produce a subjectively uncoloured result, for measured flat curves after applying appropriate corrections
Even when this goal is reached for a given headphone type, it may not transfer to a different type of headphone, but this may need to be considered in the requirements.

An additional goal is that the frequency response shaping is partitioned between sending and receiving sides in suitable manner (at present the sending response for WB is recommended to be flat with reference to MRP, it could also be referenced at 50 cm or 1 m distance).
3. Goals for the TS 26.131 requirements

An optimum curve, for the selected codec and operating point, may be flat or may deviate from flat, as discussed in S4-140069. Around this optimum, tolerances are made with the following in mind:
· Subjective ratings, e.g. from studies discussed in S4-140124 and S4-140069. We should for instance make sure SWB is distinguished from WB.
· Limitations of the test equipment, for the SWB/fullband range
· Users’ varying preference in frequency response
· Variations over headphone types. Some use cases may benefit from a relatively leaky device since it doesn’t cause low-frequency noise from walking and running (occlusion effect) and it doesn’t isolate the user from the surrounding. Some users may prefer insert type with a bass boost and effective isolation, etc. This variety should be allowed to exist.
· Professional headphones that are proven and appreciated as high-quality monitoring instruments for e.g. radio production, classical music production, provide useful anchors. If we are setting limits in a 3GPP context, we should make sure such devices are safely within specification. Otherwise we should realize we are probably on the wrong track by asking for something more demanding for consumer goods.
· Handset mode specifics
4. Fidelity
The goal described above in 2 could be rephrased as a goal to reach maximum fidelity for measured flat curves. It is however not known to the source what response curve that produces maximum fidelity within the context of a telephony speech service. For binaural recording/reproduction, the goal is to recreate the signals at the eardrums for the individual listener. For non-binaural applications, including diotic and monotic presentation of a mono signal (of recorded speech at the mouth), out-of-head localisation is in general not expected to occur and it is not known whether re-creating the spectral characteristics produces maximum fidelity. In addition, using HATS instead of humans to derive the correction curves produces additional differences.
If we were using a DRP-to-diffuse-field correction curve that made a flat curve “sound flat”, we would obtain a “what-you-see-is-what-you-get” situation. Such correction curve could be said to have WYSIWYG properties. The curve might be identical to the present HATS DRP/DF curve of P.58 but there are some signs that this is not the case.
5. Preference

It can be debated whether fidelity or preference is the goal. It can also be debated whether e.g. maximum fidelity for speech reproduction or maximum preference for reproduction of commercially released music is the most important for end consumers.

It might be so, that the curve of maximum fidelity is also the preferred curve but we are not aware of any proof that this is the case, even if we stay within the context of speech (not music). In any case, the maximum fidelity case provides a good starting point for finding the maximum preference and the tolerable deviations to set limits.

It can be noted that HRTF:s to the eardrum show a significant high-frequency boost and studies on preference (with materials that are not binaural recordings) so far showed that subjects prefer less boost than seen in the HRTF:s, see [3] and [4].
6. Are we at WYSIWYG?

When judging a headphone’s character for speech reproduction subjectively and viewing its measured response, we should not see conflicts. Does the curve below correspond with the subjective impression of Sennheiser HD 600? E.g., will it sound better with a 10 dB boost at 6 kHz?
[image: image2.emf]10

2

10

3

10

4

-30

-20

-10

0

10

20

30

Diffuse-filed corrected, mean over 5 positionings

[Hz]

[dB]

 

 


Figure 2 HD 600 diffuse-field corrected according to P.58

If not, we have an issue that could possibly be addressed by using an alternative DRP/DF correction or by adding another correction on top of the DRP/DF correction.
If we can validate that the subjective impression corresponds to the measurements, we are in a good situation to move forward.
7. Sending response

For subjective experiments, the speech recordings might be done at some distance from the mouth, like 50 cm. This is well motivated; it accounts for the first part of the ortho-reference communication condition; recordings at larger distances are problematic from an SNR perspective; recordings at MRP may show issues with plosives “p”, “b” etc.
However, a terminal having a flat sending curve is calibrated to MRP why the final result (send + receive) will not be the same as presented in subjective experiments with such recordings. Should we account for this effect on the send or the receive side? It was so far not explicitly accounted for.

An additional effect is the difference in mouth directivity for humans and HATS which needs to be dealt with separately.
8. Possible ways forward

[image: image3.emf]Find DRP/DF curve 

with ”WYSIWYG 

properties”

Find preferred curve 

and acceptable limits

Make variations 

around the flat curve

Flat = fidelity 

Use HATS DRP/DF 

curve such as P.58

Preferred curve may 

not be found

Make variations 

around the flat curve

Flat = ? 

Use DF-equalized 

headphones as they 

are

Preferred curve may 

not be found, 

conditions may not be 

close to measured flat

Make variations 

around the flat curve

Equalize headphones 

to flat response

Equalize headphones 

to flat response


Figure 3 Overview of some different approaches

The method for checking the fidelity is not straight forward and requires further discussion.
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Figure 4 One method for validating fidelity could be to compare a real-life face-to-face conversation (ortho-reference communication condition) with recording/reproduction. The listener could compare with/without headphones. If the spectral characteristics are perceived to be similar when the measured responses are flat, the test method produces the expected result. The experiment could be done for monotic and diotic reproduction.
9. Conclusion

Before starting subjective studies with a certain headphone reproduction, it would be valuable to validate that the procedures planned to be outlined in TS 26.132 produce a “what-you-see-is-what-you-get” situation.
In particular, for subjective studies where subjects rate degradations against a reference condition (DCR), it would be natural that the reference condition:
· Has maximum fidelity by some definition
· Measures flat

We look forward to reviewing other companies’ input to the questions and suggestions raised in this contribution.
10. Appendix
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Figure 5 ITU-T P.58 DF/DRP curve
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Figure 6 HD 600 at DRP, five times repositioned (there was no attempt to eliminate the slight variation in leaks seen in the measurements)
References

[1] DELTA, Qualcomm Incorporated; S4-140069 Procedure for identification of optimal handset receive mask with coded speech
[2] ORANGE; S4-140124 Test plan for SWB mask evaluation experiments
[3] G. Lorho; “Subjective Evaluation of Headphone Target Frequency Responses,” in AES Convention 126, 2009.
[4] Olive. &. Welto; ”The Relationship between Perception and Measurement of Headphone Sound Quality,” in AES Convention 133, 2012.
[5] Sony Mobile Com. Japan, Inc; S4-130129 On Super Wideband and Fullband Acoustics and comments regarding LS from ETSI STQ (S4-121397)















� Peter Isberg, Sony Mobile Communications. Email: peter.isberg@sonymobile.com





1 (5)

