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1 Introduction
T-doc S4(12)0060 describes a common framework for conducting P.835 subjective tests. One of the open questions is on the choice of proper filtering for the reference conditions. This document analyzes the proposal of using the ITU-T G.191 MSIN filter in combination with ITU-T G.191 LP35 for narrowband and LP7 for wideband.
2 Intended scope
The P.835 test proposed in S4(12)0060 is not a mixed bandwidth test and frequency response is not one of the audio quality dimensions being spanned by the reference condition set. It is the source’s view that the frequency response of the reference set should therefore be harmonized across tests and as close as possible to the typical frequency response of the test conditions. It must also be realizable with readily available software tools (e.g. from ITU-T G.191)
3 High frequency response

For the send path of real terminals, the response is limited in the upper frequency range by the low-pass characteristics of the speech codec since this is the last element in the terminal’s speech processing chain. This upper limit is common for all terminals.

Figure 1 illustrates a comparison between the frequency response of the AMR-NB 12.2kbps (as obtained by offline encoding and decoding) and the LP35 filter. The frequency response is for a 144s long American English speech sequence. The processing chain follows the proposal in S4(12)0060, and includes the HQ3 and HQ2 filters from ITU-T G.191. The final processed sample is converted to 48kHz sampling rate in Adobe Audition using high-quality setting and no pre/post filter. The response is then calculated using the freqresp demo tool from ITU-T G.191.

Figure 2 illustrates a comparison between the frequency response of the AMR-WB 12.65kbps (as obtained by offline encoding and decoding) and the LP7 filter. The frequency response is for a 144s long American English speech sequence.. The processing chain follows the proposal in S4(12)0060, and includes the HQ3 filter from ITU-T G.191. The final processed sample is converted to 48kHz sampling rate in Adobe Audition using high-quality setting and no pre/post filter. The response is then calculated using the freqresp demo tool from ITU-T G.191.
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Comparison of frequency response between (LP35+HQ3+HQ2) and (HQ3+HQ2+AMR-NB) filters for American English real speech content
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Figure 1
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Comparison of frequency response between (LP7+HQ3) and (HQ3+AMR-WB) filters

for American English real speech content
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Figure 2
It can be seen from Figure 1 that the LP35 filter is a good approximation to the AMR-NB 12.2kbps response, although it contains a little bit more of high frequency energy at the upper end.

In Figure 2 however, the LP7 filter is shown to pass more energy in the 5 to 7kHz region than the AMR-WB 12.65kbps speech codec. Above the 7kHz, both the AMR-WB 12.65kbps codec and LP7 filters are strongly attenuated.

The results for the AMR-NB 12.2 kbps speech codec with American English speech are comparable to Figure 15.1 of 3GPP TR 26.975 where the AMR frequency response in the presence of tones is reported.
The results for the AMR-WB 12.65 kbps speech codec with American English speech are comparable to Figure 26.2 of 3GPP TR 26.976 where the AMR-WB frequency response in the presence of white noise is reported.
4 Low frequency response

For the low frequency response, terminals can exhibit a high-pass behaviour that is additional to the speech codec high-pass characteristic. The nature of mobile telephony introduces environments where this high pass characteristic may be desired and often done intentionally (through adaptive or fixed means) to reduce environmental, wind and handling noise and other strong low frequency noise behaviour that can cause front-end saturation. 
It is therefore difficult to set a harmonized high pass characteristic. In the past, the MSIN has been used in 3GPP TS 26.077 to model the high pass behaviour of narrowband terminals for the purposes of SNRi activity.
Figure 3 compares the frequency response of three wideband terminals (used for the 3GPP ANR round robin tests) with clean speech. It can be seen that the response in the low frequency is significantly different between terminals but the MSIN can be seen as a rough approximation of the average behaviour. The MSIN is also a good fit to the current WB send frequency response mask.
The frequency response for the terminals is taken from output of the system simulator to MRP. Real speech samples (british english) from ITU-T P.501 were used in the recordings.

[image: image3.emf]10

1

10

2

10

3

10

4

-15

-10

-5

0

5

Frequency[Hz]

Response[dB]

Comparison of frequency response between (LP7+HQ3+MSIN) filter and Round-robin terminals in the send path


Figure 3
5 Conclusions

Although the proposed MSIN + LP35 (narrowband) and MSIN + LP7 (wideband) filters can not represent the exact terminal behaviour, they can be seen as a good approximation. The use of LP7 may require some consideration since it actually has better response in the 5kHz to 7kHz region than real terminals or the AMR-WB codec. The source would not recommend use of higher cut-off point filters (e.g. 7.8kHz) based on these observations.
