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1. Introduction

In ETSI STQ standards TS 202 737 and 739 for VoIP terminals and TS 103 737 and 739 for wireless terminals, receive measurements are made using HATS and a diffuse field correction as given in ITU-T recommendation P.58 is applied instead of an DRP to ERP correction. 

Reasons and advantages of this choice are explained in this contribution. Some results for existing terminals are also given at the end of the present document.
2. Acoustic orthoreference condition

Reference for a telephonic communication is supposed to be a conversation between a talker and a listener in free field at a 1 m distance.
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It can be represented by a response curve as given below, which emphasizes frequencies above 1 kHz:
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3. Transmission between two terminals

Handset to handset
No diffraction exists in this case: signal is directly reproduced at ERP.

In order to obtain a global transfer function comparable to the one given above, it is necessary to introduce a pre-emphasis for high frequencies.

Handset to handsfree

In this case a diffraction exists for the listener and a transfer function comparable to the one presented above is naturally produced and is not needed.

4. “Classical”method to apply pre-emphasis for handset communication

Pre-emphasis is commonly applied in send response curve and receive response curve is flat as in TS 26.131 release 6 (wideband part):
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This method is used for measurement using artificial ear (in accordance with ITU-T recommendation P.57) or HATS.
Pro: Simple to realize (microphone response corresponds to target curve)

Con: When communication with a handsfree system, there is unneeded emphasis.

5. “New” method by using diffuse field correction

In the proposed method, target curves are flat, but receive response curve is measured using diffuse-field correction. It introduces diffraction of head. In practice, it introduces an emphasis on high frequencies in receiving side.
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Pros: No more problems for communication with handsfree system. System is more representative of real use.

Cons: More difficult to realize as microphone has to be flat and high frequencies have to be increased in receiver. Measurements are more complex (on receive side).
Note 1: Diffuse field correction
Each HATS has its own diffuse field correction which, while being in accordance with P.58, can largely differ between two devices:
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This correction is used for introducing a correction for transfer function during communication between two handsets and not for obtaining a real diffuse field measurement 

So the correction to be used in the measurement has to be the same for each HATS device. The standard value given in P.58 will be used, not the real correction.

Note 2: Preferred wideband response curve (STQ)
Some experiments have shown that preferred (in terms of quality for the user) response curves in wideband receive are not necessarily flat.

STQ limits given in TS 103 739 are the following:
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We can assume that the same approach may be applicable for narrowband but no studies have been conducted on this subject for obtaining such preferred limits for narrowband.

6. Adjusting a handset response to obtain a good perceived quality

In this example the phone used is a corded narrowband VoIP terminal for professional use. Although this is not a 3GPP, we use the example to show that a subjective approach can be used to give a response fully compatible with diffuse field correction.
Original response curves:
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Send response curve
Receive response measured on HATS with DRP to ERP correction
Response curves after subjective optimization (using DSP internal equalizer):
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Send response curve
Receive response measured on HATS with DRP to ERP correction
which gives the following receive response curve when using diffuse field correction:
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Note: Optimization has been done using internal equalizer. A relatively flat response curve has first been obtained in the send direction. After that the receive response curve has been modified to obtain a good perceived quality for the communication handset to handset. Two or three talkers (male or female) have been used and two or three listeners.
7. Response curves of existing mobile phones (using AMR WB)
Five different wideband mobile phones (using AMR-WB) have been tested using HATS.

The respective response curve is given with the following conditions:

· Limits given in 3GPP TS 26.131 Release 9 with DRP-ERP corrections
· Limits given in 3GPP TS 26.131 Release 9 with diffuse-field corrections

· Limits given in ETSI TS 103 739 (same as in Section 4, note 2 of the present contribution) with diffuse-field corrections
Limits of TS 26.131 using DRP-ERP correction:
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Device 4
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Device 5

Three of the terminals tested are in conformance with mask, but there is no margin.
Limits of TS 26.131 using diffuse fied correction: 
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Device 5

We can see that with the exception of Device 3 for low frequencies and Device 5 which presents a rather uneven response, all these mobile phones can fulfil the existing requirement of TS 26.131 when using diffuse field correction.

Furthermore adequacy with mask is better when using diffuse field than DRP to ERP correction (with margin).
Limits of TS 103 739
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Device 5

The 5 tested terminals are in concordance with requirements of TS 103 739. 

8. Conclusion
We propose to use diffuse field correction for measurements in the receiving side.

Using diffuse field correction for testing the receive part of terminals show some advantages which are explained in this document. Furthermore, we can see from the measurement in Section 7 that diffuse field correction is compatible with existing wideband 3GPP mobile phones (using AMR-WB).

It is possible to use existing mask of TS 26 131 Release 9 even with tighter tolerance, or mask as given in TS 103 739.
The results of Section 7 are given for wideband, which corresponds to the more difficult challenge for the terminal, but it would make sense to apply it also for narrow band.
It is preferable to use the same testing method whatever the bandwidth. Such harmonization was not done in Release 8 when the wideband part of TS 26.131/26.132 was revised due to a limited scope of the work item. 
Results given in Section 6 even if quite partial go in this way.
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