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1.
Introduction

Within the EAAT WID there is still an open question on what is a suitable receive frequency response mask and analysis method for wideband terminals considering that the equalization procedure for HATS has moved from DRP/ERP to diffuse-field.
Such decision must consider a number of questions such as: 

1 - What is achievable with current form factors and industrial design constraints?

2 - What is the minimum target to deliver wideband communication?

3 - What is the ideal target to deliver wideband communication?

4 - What are the limitations of current measurement equipment and analysis methods?

In contribution S4-110274, Orange provides a valuable insight into question number 3 and addresses what is needed in terms of frequency response to enable an “HD” (high-definition) voice experience.
In other to gain more understanding on the remaining questions and cross-check the results obtained by Orange, the source conducted subjective and objective tests following a slightly different methodology. The procedure applied and results obtained are discussed in this document.

2.
Procedure
2.1. Use of a terminal mock-up
One drawback of conducting the test with real terminals is that several other quality aspects may be confounded in the experiment. Examples of these may include:

Earpiece distortion 

Idle noise

Audio path resolution (e.g. 16bit x 24bit)

Use of dynamic range control techniques (e.g. compression, expansion)

Use of VQE processing in the downlink (e.g. adaptive equalization or volume control, noise suppression)

Different loudness / active speech level in the presentation of the signals

Different sealing characteristics on actual subjects

In order to minimize these confounding effects as much as possible, a terminal mockup using typical dimensions found in current smartphone form factors was used. The mockup has the following acoustic characteristics:

It uses a wideband earpiece. (8x15x2.5mm)

An ECM microphone is positioned right by the earpiece in order to probe the sound pressure level under actual acoustic impedance load conditions.
It must be noted that the mockup constructed does not have the ID limitations typically found in modern smartphones. The use of an earpiece with 8mm width is often difficult to achieve in practice due to the small bezel area available with current large touch-screen displays. Most earpieces will have difficulty in achieving the level of low frequency performance that this part does.
2.2. Mockup earpiece response and use of 1/3rd octave band resolution
Initially, the receive frequency response with diffuse-field correction for the mockup (named as equalization 1) was measured. Figure 1 shows the result in 1/3rd (red) and 1/12th (black) octave band resolutions.
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Figure 1

Note the existance of a very sharp and deep notch at 6 kHz. The notch looks especially problematic when looking at it from a 1/12th octave band resolution perspective. If one attempts to equalize this device with a very narrow filter (in order to meet the mask in 1/12th octave resolution) it will create problems for other holding positions of the device as can be seen in Figure 2:
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Figure 2

Within a range of positioning for the fork in the HATS handset positioner of -4mm to +4mm, up to 15dB of variation in the response could occur at this particular 12th octave band!
This shows that the correction performed may not be meaningful or adequate for all holding positions even when there is only small deviation from the standard ERP position.

The same curve is now plotted in 1/3rd octave bands in Figure 3:
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Figure 3

The curve now shows a less pronounced dip which would result in less correction needed during tuning, minimizing the risk of “overequalizing” the earpiece for certain holding positions.

A secondary drawback of “overequalizing” for this dip is the boosting of quantization noise which, given the 14bit dynamic range of the AMR-WB codec, can become significantly annoying. Also, unless dynamic range compression techniques are used, the crest factor of the speech signal will be increased substantially, limiting the maximum loudness rating that can be achieved with the device. This is due to the high amount of correction boosting necessary at high frequencies.
Last, but not least, due to the properties of the human auditory system [1], such sharp notch is partially masked and, perceptually, more aligned with the response obtained using 1/3rd octave band resolution. (1/3rd octave band filters approximate the resolution of auditory critical band resolution). The notch does not sound as bad as it looks in 1/12th octaves!

This practical example shows that trying to meet a flat frequency response target in a narrow resolution may not always yield the best overall quality of the device. The decision as to whether to attempt to meet a certain frequency response curve is a complex one and involves the assessment of several trade-offs in audio performance.
2.3. Equalizations for subjective testing
10 equalizations were created for the mockup earpiece using a 1/3rd octave graphic equalizer in Adobe Audition (equalizations 4 and 5 are repeats!). These equalizations were designed to create a range of receive frequency response conditions as measured on HATS using 8N of force and standard ERP position.
The equalizations were applied to real speech signals. The receive frequency responses measured on HATS at 8N were then measured for each equalization condition. The responses are plotted against the mask proposed in S4-110466 and shown in figures 4-13:
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Figure 4 – Score = 6.1, CI 95% = 0.8
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Figure 5 – Score = 6.5, CI 95% = 0.7
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Figure 6 – Score = 5.1, CI 95% = 0.8
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Figure 7 – Score = 7.0, CI 95% = 0.8
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Figure 8 – Score = 7.2, CI 95% = 0.6
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Figure 9 – Score = 5.8, CI 95% = 0.7
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Figure 10 – Score = 6.6, CI 95% = 0.8
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Figure 11 – Score = 3.8, CI 95% = 0.6
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Figure 12 - Score = 7.5, CI 95% = 0.7
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Figure 13 – Score = 3.9, CI 95% = 0.6
2.4. Subjective response to equalizations
8 expert listeners (member of Qualcomm speech coding team) were asked to listen to the equalized samples over the terminal mockup, and classify the conditions in terms of “perceived bandwidth” as shown in table 1:

	How would you classify the listening experience with regards to the perceived bandwidth?

	

	10
	Super Wideband

	9
	Excellent Wideband

	8
	Good Wideband

	7
	Fair Wideband

	6
	Poor Wideband

	5
	Can't tell if it is wideband or narrowband

	4
	Excellent Narrowband

	3
	Good Narrowband

	2
	Fair Narrowband

	1
	Poor Narrowband

	 
	 
	 
	 


Table 1 – Perceived bandwidth categories
All conditions in this test were AMR-WB encoded for presentation and there was no Super WB condition, although this was not informed to the subjects. All subjects were familiar with the terminology employed for voice bandwidth classification.
The scope of the task was limited to detecting bandwidth, and made no attempt to identify the best quality condition (which is a function of several factors).
Subjects listened to a total of 40 conditions (4 sentence pairs x 10 equalizations) played in random order through a portable music player connected to the mockup. All conditions were normalized to an active speech level of 85dBSPL with the portable music player set at maximum volume. 
The following instructions were verbally given:


“You are allowed to choose the preferred listening level but don’t change it after the beginning of the test.”
“You are allowed to listen to the condition as many times as needed, but don’t change the votes once the vote is given or change the order of the voting.”
The task was considered quite hard by most subjects (detecting bandwidth in an absolute sense, without being given a reference before hand). The task was further hardened by the fact that several conditions were purposedly muffled and the fact that the equalization for HATS is only true at 8N which was found to be a poor estimate of the actual terminal usage by subjects*. All these aspects are reflected on the high variation of scores within individuals and sentence pairs.
Nevertheless, the averaged results seem reasonable as presented in the next section.

* The microphone adjacent to the earpiece was used to find the actual receive frequency response for each individual when playing samples. The same measurement was repeated on HATS for different forces. The averaged response of individuals corresponded to the response of HATS for approximately 14N. However, responses anywhere from the HATS equivalent of 2N up to over 20N (could not reproduce the force on HATS) were observed.
2.4. Subjective response to equalizations

Table 2 lists the individual and averaged scores for all conditions. The results are considered reasonable and they show that on average:

1 - Subjects were able to correctly detect the conditions that had been low pass filtered at 4 kHz (conditions 8 and 10) and classify them as narrowband. This was true even when the WB conditions were made purposedly muffled. See the significant difference in scores between conditions 7, 9 and 10.
2 – As demonstrated by Orange, it is important to achieve spectral balance between low band and high band. The presence of a dip in the mid band did not seem to affect the scores significantly (see how the repeated equalizations 4/5 seem to outperform equalization 2). This aligns somewhat with what has been observed both by Orange and ETSI, although a better understanding of the reason for this may be needed.
3 – Even though most conditions don’t meet the mask proposed in S4-110466, they can still be properly identified as being wideband, although at a poor or fair rating. 

	EQUALIZATION
	SENTENCE PAIR
	S1
	S2
	S3
	S4
	S5
	S6
	S7
	S8
	AVERAGE
	STDEV
	CI(95%)

	1
	A
	5
	4
	7
	7
	3
	4
	5
	5
	6.1
	2.2
	0.8

	
	B
	3
	7
	9
	8
	6
	6
	9
	10
	
	
	

	
	D
	5
	6
	10
	7
	4
	7
	9
	4
	
	
	

	
	C
	7
	7
	8
	2
	4
	4
	9
	4
	
	
	

	2
	A
	5
	6
	5
	6
	2
	2
	8
	7
	6.5
	1.9
	0.7

	
	B
	5
	8
	4
	8
	9
	6
	9
	8
	
	
	

	
	D
	5
	7
	6
	8
	5
	9
	9
	6
	
	
	

	
	C
	5
	8
	9
	6
	7
	8
	7
	6
	
	
	

	3
	D
	7
	6
	3
	8
	4
	3
	8
	3
	5.1
	2.3
	0.8

	
	A
	5
	6
	5
	5
	2
	2
	10
	4
	
	
	

	
	B
	3
	6
	5
	9
	4
	3
	9
	5
	
	
	

	
	C
	6
	7
	9
	2
	5
	2
	3
	3
	
	
	

	4
	B
	2
	7
	4
	8
	9
	10
	10
	10
	7.0
	2.4
	0.8

	
	A
	6
	6
	9
	7
	2
	7
	8
	6
	
	
	

	
	C
	5
	8
	8
	2
	8
	7
	9
	8
	
	
	

	
	D
	5
	8
	3
	8
	8
	9
	10
	7
	
	
	

	5
	A
	5
	8
	8
	3
	2
	7
	9
	7
	7.2
	1.8
	0.6

	
	C
	8
	8
	9
	7
	8
	7
	9
	10
	
	
	

	
	D
	5
	8
	7
	7
	8
	9
	8
	6
	
	
	

	
	B
	5
	8
	4
	6
	8
	9
	8
	8
	
	
	

	6
	D
	5
	6
	5
	8
	7
	6
	10
	8
	5.8
	2.0
	0.7

	
	C
	3
	6
	4
	4
	7
	3
	9
	5
	
	
	

	
	B
	5
	7
	5
	7
	8
	7
	9
	5
	
	
	

	
	A
	5
	8
	7
	2
	3
	6
	4
	3
	
	
	

	7
	A
	5
	7
	8
	8
	5
	7
	8
	8
	6.6
	2.2
	0.8

	
	C
	3
	8
	7
	9
	6
	8
	7
	7
	
	
	

	
	B
	3
	4
	9
	5
	8
	7
	10
	10
	
	
	

	
	D
	4
	4
	3
	7
	7
	10
	2
	7
	
	
	

	8
	D
	5
	2
	7
	3
	2
	3
	2
	8
	3.8
	1.7
	0.6

	
	B
	5
	2
	7
	5
	4
	5
	3
	4
	
	
	

	
	C
	6
	3
	3
	1
	3
	2
	4
	3
	
	
	

	
	A
	5
	4
	3
	2
	2
	6
	2
	4
	
	
	

	9
	A
	5
	7
	3
	7
	7
	9
	10
	8
	7.5
	2.0
	0.7

	
	D
	5
	8
	9
	8
	9
	8
	10
	10
	
	
	

	
	C
	7
	8
	4
	9
	5
	6
	9
	10
	
	
	

	
	B
	5
	7
	4
	9
	7
	8
	10
	10
	
	
	

	10
	A
	3
	3
	3
	4
	3
	7
	7
	7
	3.9
	1.6
	0.6

	
	B
	2
	2
	3
	3
	3
	6
	3
	4
	
	
	

	
	D
	3
	3
	3
	2
	3
	7
	3
	4
	
	
	

	
	C
	5
	3
	7
	2
	4
	5
	4
	4
	
	
	


Table 2 – Results of subjective testing (bandwidth identification task)
2.5. Conclusions

The exposed in this contribution indicates that the mask proposed in S4-110466 seems sufficient to deliver a wideband impression even in extreme cases (curve barely meeting the mask). However, it is not necessarily sufficient to deliver the best possible wideband experience. 

The source believes that the ultimate decision on whether to attempt to meet a very flat target or not should reside with the audio engineer in charge of the product. Attempting to meet a mask that is too aggressive can have several drawbacks as discussed in section 2.2. We propose the use of 1/3rd octave band analysis for receive frequency response to minimize these problems.

Our proposal is to adopt the mask provided in S4-110466 as a minimum performance specification and discuss on a possible recommended mask during SA4#64 that may be more aligned with the mask proposed in S4-110274.
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