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1 Introduction
This contribution presents results of a subjective experiment conducted by Orange and aiming at evaluating the influence of receiving frequency responses for superwideband (SWB)-capable UEs in handset mode.

This work is a continuation of S4-140124 and S4-140125, taking into account the discussion that took place in the SQ SWG during SA4#77.
2 Listening test plan
The P.800 DCR test methodology was used. The same type of headphone as for EVS SWB experiments (Sennheiser HD280 pro) was selected, with diotic rendering. The listening level was set to 73 dB SPL. In total 32 naïve subjects were recruited and split in 4 panels of 8 listeners. No room noise was used.
The test signals consisted of 20 samples (sentence pairs) of 8s in French, with 4 talkers and 5 samples (four samples repeated in each panel and an extra sample for the training phase).

There were 64 conditions in the test, including 4 anchoring conditions and 60 frequency responses under test (freq. resp. 1 to 60). The detailed list of conditions is defined in Table 1.

Table 1: Summary of conditions.

	Condition
	Description

	c01
	Direct (SWB signal)

	c02
	SWB signal (c01) coded by EVS at 24.4 kbit/s

	c03
	SWB signal decimated to 16 kHz (WB signal)

	c04
	WB signal (c03) coded by AMR-WB at 23.85 kbit/s

	c05
	Coded WB signal (c04) filtered by freq. resp. 1

	c06
	Coded WB signal (c04) filtered by freq. resp. 2 

	c07
	Coded WB signal (c04) filtered by freq. resp. 3 

	c08
	Coded WB signal (c04) filtered by freq. resp. 4 

	c09
	Coded SWB signal (c02) filtered by freq. resp. 5 

	c10
	Coded SWB signal (c02) filtered by freq. resp. 6 

	…
	…

	c63
	Coded SWB signal (c02) filtered by freq. resp. 59

	c64
	Coded SWB signal (c02) filtered by freq. resp. 60


The direct (active speech) level was set to -26 dBov. All other conditions were ISO 532B-equalized in loudness with respect to the direct.

It should be noted that all conditions (except c01 and c03) were coded by either a version of an EVS candidate codec or AMR-WB. The use of coded sequences was chosen to get sufficiently realistic conditions. On the other hand, the two codecs (EVS and AMR-WB) were forced to operate around 24 kbit/s so as to limit the potential distortion that could have introduced a significant extra dimension for the listening test.
The codec frequency responses at the selected bit rates were verified to have no strong influence on the target frequency responses under test, which was also another motivation to select an operating point around 24 kbit/s.
3 Acoustic test setup

The headphones used for the listening test were diffuse-field equalized. The frequency responses of the eight different headphones (Sennheiser HD280 pro) used for each pair of listening panels were measured at DRP in an acoustically treated room. The measurements was done using a Bruël & Kjaer 4128 HATS.

The test signal was a full band pink noise signal and its level was adjusted to 90 dB(A).

As can be seen in Figure 1, the 8 headphones had a similar response, and they were considered to be equivalent. The results are presented below for left ear; results obtained for right ear are very similar.
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Fig. 1: Measured headphone responses (left ear) at DRP (x axis = frequency in Hz, y axis = magnitude in dB).
The correction to be applied to the headphones was obtained by subtracting the average headphone response (from left ear) from the diffuse field characteristics given in Recommendation ITU‑T P.58.

The headphone correction was originally computed in 1/3 octave bands and later interpolated in 1/12 octave bands when processing test samples.

4 Frequency responses under test

Most frequency responses used in the experiment were derived from the measurement of 17 real wideband (WB) mobile phones in receiving-side handset mode according to TS 26.132. In the following, the resulting 17 WB frequency responses are referred to as ‘WB frequency responses’.

These WB responses were defined per 1/12 octave band; to be more specific, they comprised 77 magnitude values (in dB) for the given 1/12 octave band center frequencies in the 97-7718 Hz range.  Note that the WB phones were commercial mobile phones that were considered to pass the GSMA HD voice technical requirements and requirements in TS 26.131.

The 60 frequency responses under test (defined per 1/12 octave band) are described below:

· Responses 1 to 4:

Four WB responses (out of 17) were selected.
Note that these responses capture WB acoustics including codec distortion (AMR-WB at 12.65 kbit/s). In the experiment the WB signal was coded by AMR-WB at 23.85 kbit/s before applying WB frequency responses; the AMR-WB frequency response at 23.85 kbti/s was found to have a limited influence on target frequency characteristics; hence no compensation for the AMR-WB coding was implemented.
· Responses 5 to 9:

Five SWB responses at the limit of the ETSI TC STQ mask were taken from S4-140124 (responses #2, #3, #4, #5, #6 in S4-140124). Note that the ETSI mask is specified in ETSI TS 102 924 V1.1.1 (2013-03), clause 6.2.2.
· Responses: 10 to 26:

The 17 WB frequency responses were extended to SWB by stretching selected frequency bands in high frequency. The stretching was implemented by linear interpolation of a portion of WB responses (in dB), the interpolation using the 1/12 octave center frequencies in log domain; 12 values in the 2054-3868 Hz range were interpolated to get 24 values in the stretched 2054-7718 Hz range, while the initial values in the 4097-7718 Hz range were shifted in the higher band (8175-14538 Hz). 
The low-frequency range was kept identical to WB responses; this restriction was intended to evaluate the potential impact on frequency balance, if only high frequencies of a WB phone get extended; furthermore, the rationale for not extending low frequencies was to keep the low-frequency rendering similar to WB acoustics, given that the phone form factor and low-frequency rendering was assumed in this case to stay the same in SWB.

· Responses 27 to 43:

The 17 WB frequency responses were extended to SWB by stretching selected frequency bands in low and high frequency. The high frequency stretching was implemented exactly as in the previous case (see Reponses 10 to 26). The low frequency stretching followed the same approach, except that the stretched band (12 values) was in the 205-387 Hz range.

The low frequency extension was added in this case to provide a better spectral balance; note that the 97-205 Hz range was not stretched, it was only shifted towards lower frequencies to keep similar cut-off characteristics in SWB as in the WB case.

· Responses 44 to 60: 

The 17 WB frequency responses were extended to SWB in 1/12 octave bands by stretching selected frequency bands in low frequency and extending the high frequency range. The low frequency stretching followed a similar approach as in the previous case, except that a smaller portion (4 values) in the 194-230 Hz range was stretched. For the high frequencies, the bandwidth extension was performed by frequency translation similar to spectral band replication (SBR), with an overlap-add (over 4 bands) around 7 kHz between the WB spectrum and the shifted high frequencies. The frequency region that was shifted toward high frequencies was in the 3447-7718 Hz band, and the frequency shifted brought it to the 6494-14538 Hz band, prior to the frequency-domain overlap-add.

5 Processing test plan

We provide in this section an outline of the processing used to generate the test samples for each condition. The ITU-T STL library (G.191 Annex A) was reused for a major part of processing blocks; in some cases detailed below other tools were also used.

5.1 Pre-processing

The input speech signals were in linear 16-bit format and sampled at 48 kHz. Input speech files were processed separately with any concatenation. Note that no algorithmic delay compensation was implemented as this was felt to have no significant influence.
The SWB signal (condition c01) was generated using 2:3 downsampling (with –up HQ2  and  –down HQ3 variants of the STL filter tool), followed by the 14KBP filter (50-14000 Hz) operating at 32 kHz.
The WB signal was generated using the HP50_48KHZ filter (50-Hz high pass filter) operating at 48 kHz and 1:3 downsampling (with the –down HQ3 variant).
The direct (SWB) signal was level-equalized at -26 dBov using the activlev tool (from the VOICEBOX library) which is an implementation of ITU-T P.56.

5.2 Processing / postprocessing
A floating-point version of an EVS codec candidate was used at 24.4 kbit/s with with SWB input/output and DTX off.

The reference fixed-point code of AMR-WB was used at 23.85 kbit/s with DTX off; note that the input and output signals of AMR-WB were rounded to 14 bits using the scaldemo tool.
Frequency responses (when applicable) and headphone correction were jointly applied at 48 kHz. To do so, all files were resampled to 48 kHz using the HQ2 and/or HQ3 variants of the STL filter tool. The spectral characteristics defined by 1/12 octave bands and divided by 2 (in dB) were mapped to FIR impulse responses of 2048 coefficients at 48 kHz using the firls routine in MATLAB and the input signal (either WB or SWB) was FIR filtered using the filtfilt routine (forward filter followed by backward filter, which explains the division by 2, in dB).
The ISO 532B equalization for all conditions (except the direct condition) was performed at 48 kHz with respect to the direct signal resampled at 48 kHz. This loudness equalization was based on the Genesis Acoustics toolbox (see: http://www.genesis-acoustics.com/en/index.php?page=33)
6 Presentation and analysis of test results

6.1 Basic observations
Test results are summarized in Figure 2. The average scores and standard deviation are detailed in Annex A.
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Fig. 2: Summary of test results (DMOS).

It can be noted that all tested conditions scored lower than the SWB reference (condition c01). As detailed in Annex A, differences in quality between male and female talkers could be observed depending on the frequency responses. Some frequency responses gave better results for female talkers (freq. resp. 13, 14, 16, 19, 22, 47, 53, 58), while one frequency response (freq. resp. 37) gave better results for male talkers.

All frequency responses under test scored lower than the SWB signal coded by EVS (condition c02). The frequency responses listed below had better quality than the WB filtered signal (condition c03):
8, 18, 25, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 44, 45, 47, 52, 53, 54, 57, 59

Compared to the AMR-WB coded signal (condition c04), some frequency responses were judged as more degraded than condition c04 these frequency responses are listed below:

1, 2, 3, 4, 26, 43, 60.

6.2 Discussion
The frequency responses were further analyzed by keeping only the test conditions that passed the following criterion: DMOS > threshold for both male and female talkers. Note that frequency responses are presented here including the ISO 532B loudness equalization factor to reflect the relative level used during the test.
For threshold = 3.5, it can be noted that the responses are quite consistent overall and they fit reasonably well in the ETSI TC STQ mask (in red in Figure 3), with two main exceptions. First, the lower limit of the ETSI mask extends to 50 Hz because it is defined for the headset mode, which differs from the handset case considered in this contribution. Second, the upper limit of the ETSI mask provides extra headroom in high frequencies which does not seem justified based on the frequency responses under test fulfilling the criterion DMOS > 3.5. Note also that the dip in the lower limit of the STQ mask may not get much justification here, but this is also because no specific frequency response including such a dip was included in the test.
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Fig. 3: Loudness-adjusted frequency responses with DMOS > 3.5 for both male and female.
Increasing the threshold to 3.9, one can observe in Figure 4 that the frequency responses get even more homogenous in shape. Especially some responses that had a high-frequency boost or too unbalanced behaviour got eliminated. The same observations on the ETSI TC STQ mask can be made in this case.
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Fig. 4: Loudness-adjusted frequency responses with DMOS > 3.9 for both male and female.
When threshold = 4.1, the number of frequency responses got limited, and one can observe in Figure 5 that the overall characteristics get very similar in terms of balance and flatness in most of the frequency range.
One important aspect studied here is the consistency between scores for male and female talkers. With this criterion some corner cases, which correspond to responses that amplify a bit too much either low or high frequency bands, are eliminated. Figure 5 validates that a rather flat frequency response seems to be preferable to ensure good ‘robustness’ against gender type.

Based on these findings, it seems that an appropriate mask for SWB acoustics could be defined by modifying the ETSI TC STQ mask, in particular to avoid going too far in low frequencies skipping the dip for the lower limit, and taking a flat higher limit. A margin of at least +/-4 dB seems to be required for the lower/upper limit.
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Fig. 5: Loudness-adjusted frequency responses with DMOS > 4.1 for both male and female.
7 Conclusions and proposal
This contribution presented a methodology to evaluate frequency responses in a way that is consistent with the TS 26.132 principles, i.e. with P.58 diffuse-field equalization. This approach has the advantage to allow reusing P.800 speech databases and it relies on a test environment similar to the one used for codec testing (e.g. EVS).
The test results clearly showed an influence of frequency responses on the quality perceived by naive listeners. An analysis of test results allowed deriving some useful criteria to discriminate frequency responses, which can help defining principles to derive a mask in SWB.

According to these findings it is confirmed that it is important to define an appropriate mask for SWB terminal acoustics in order to ensure an increased quality experience for the end user with respect to the current wideband voice experience. It is also foreseen that a mask with quite flat lower and upper limits with a shape derived from ETSI TC STQ mask could answer that purpose.

Further work in headset or handheld handsfree mode may be considered. 
Annex A: Table of subjective test results
The average scores (and standard deviation) were computed on the complete set of raw scores for all talkers, male talkers or female talkers. 
Table 2: Test results per condition.

	
	all
	female
	male

	
	average
	std
	average
	std
	average
	std

	Reference 
	4,82
	0,46
	4,83
	0,46
	4,81
	0,47

	EVS
	4,65
	0,58
	4,64
	0,55
	4,66
	0,62

	WB signal
	3,33
	1,09
	3,28
	1,12
	3,38
	1,08

	AMRWB
	2,98
	1,14
	3,05
	1,16
	2,92
	1,12

	1
	2,71
	0,98
	2,63
	1,05
	2,80
	0,91

	2
	2,34
	0,98
	2,41
	1,02
	2,28
	0,95

	3
	2,45
	0,96
	2,53
	1,04
	2,36
	0,88

	4
	2,27
	0,88
	2,36
	0,97
	2,19
	0,79

	5
	3,35
	0,96
	3,33
	1,01
	3,38
	0,92

	6
	3,13
	1,03
	3,09
	1,02
	3,16
	1,06

	7
	2,77
	1,14
	2,70
	1,11
	2,84
	1,17

	8
	3,77
	1,02
	3,73
	1,12
	3,80
	0,91

	9
	3,50
	1,12
	3,36
	1,10
	3,64
	1,12

	10
	3,41
	0,99
	3,41
	1,02
	3,41
	0,97

	11
	3,15
	0,91
	3,25
	0,85
	3,05
	0,97

	12
	2,84
	0,94
	2,91
	0,94
	2,78
	0,95

	13
	3,47
	0,92
	3,63
	0,92
	3,31
	0,91

	14
	2,80
	1,07
	3,06
	1,04
	2,53
	1,05

	15
	2,99
	0,96
	3,06
	0,94
	2,92
	0,98

	16
	2,77
	1,00
	3,00
	0,99
	2,55
	0,96

	17
	2,94
	0,89
	3,02
	0,95
	2,86
	0,81

	18
	4,00
	0,85
	4,06
	0,83
	3,94
	0,87

	19
	3,17
	0,88
	3,42
	0,87
	2,92
	0,82

	20
	3,27
	0,93
	3,36
	1,00
	3,17
	0,86

	21
	2,94
	0,87
	2,92
	0,90
	2,95
	0,84

	22
	2,89
	0,90
	3,05
	0,90
	2,73
	0,88

	23
	3,30
	0,87
	3,42
	0,85
	3,19
	0,89

	24
	2,81
	0,89
	2,89
	0,91
	2,73
	0,88

	25
	3,70
	0,82
	3,70
	0,81
	3,69
	0,83

	26
	2,23
	0,96
	2,25
	1,02
	2,20
	0,89

	27
	3,61
	0,97
	3,58
	1,00
	3,64
	0,95

	28
	3,72
	0,96
	3,59
	1,06
	3,84
	0,82


Table 2: Test results per condition (cont’d).
	29
	3,41
	0,96
	3,31
	0,99
	3,52
	0,93

	30
	4,29
	0,63
	4,20
	0,60
	4,38
	0,65

	31
	4,10
	0,89
	4,14
	0,89
	4,06
	0,89

	32
	3,76
	1,05
	3,63
	1,09
	3,89
	0,99

	33
	3,65
	0,91
	3,61
	0,87
	3,69
	0,96

	34
	3,95
	0,78
	3,88
	0,77
	4,03
	0,80

	35
	4,03
	0,86
	3,92
	0,84
	4,14
	0,87

	36
	4,42
	0,67
	4,36
	0,72
	4,48
	0,62

	37
	4,13
	0,80
	3,97
	0,87
	4,30
	0,68

	38
	4,05
	0,78
	4,11
	0,80
	4,00
	0,76

	39
	4,26
	0,79
	4,17
	0,83
	4,34
	0,74

	40
	3,87
	0,87
	3,81
	0,96
	3,92
	0,78

	41
	3,68
	0,93
	3,72
	0,88
	3,64
	0,98

	42
	3,38
	1,03
	3,31
	0,99
	3,44
	1,07

	43
	2,57
	0,95
	2,58
	0,91
	2,56
	1,01

	44
	3,63
	0,92
	3,63
	0,95
	3,64
	0,90

	45
	3,59
	0,85
	3,67
	0,82
	3,52
	0,87

	46
	3,08
	0,92
	3,03
	0,93
	3,13
	0,92

	47
	4,12
	0,79
	4,23
	0,77
	4,00
	0,80

	48
	3,26
	1,04
	3,34
	1,04
	3,17
	1,05

	49
	3,16
	1,04
	3,11
	0,96
	3,22
	1,12

	50
	3,04
	0,87
	3,02
	0,81
	3,06
	0,94

	51
	3,40
	0,91
	3,47
	0,87
	3,33
	0,94

	52
	4,34
	0,72
	4,30
	0,71
	4,38
	0,75

	53
	3,73
	0,90
	3,92
	0,91
	3,53
	0,85

	54
	3,68
	0,90
	3,69
	0,85
	3,67
	0,94

	55
	3,30
	0,89
	3,34
	0,84
	3,27
	0,95

	56
	3,22
	0,90
	3,30
	0,90
	3,14
	0,91

	57
	3,79
	0,84
	3,89
	0,80
	3,69
	0,87

	58
	3,09
	0,90
	3,28
	0,92
	2,91
	0,85

	59
	3,90
	0,93
	3,98
	0,85
	3,81
	1,01

	60
	2,59
	1,02
	2,66
	1,07
	2,53
	0,96


Annex B: Frequency responses under test
Bitmap figures describing the simulated frequency responses 1 to 60 can be found in attachment.
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