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Introduction 

The latest and most likely strongly influencing development 

in mobile communication is the introduction of wideband 

transmission. The motivation is obvious: wideband provides 

a significantly higher quality, higher naturalness and – last 

but not least – high intelligibility of transmitted speech 

compared to “traditional” narrowband telephony. The 

extended bandwidth especially increases quality and 

intelligibility for fricative sounds with a significant amount 

of energy in the higher frequency range. The extended 

bandwidth is less noticeable for low frequency components 

like vowels. Vice versa all kinds of disturbances, such as the 

very critical impairments caused by acoustical echo and the 

transmission of ambient background noise also need to be 

carefully considered in the new scenario: Wideband 

disturbances are often more critical than more band limited 

disturbances. However, the communication over wideband 

mobile networks will give an impulse for better, more 

natural communication and requires high quality terminals. 

Wideband enabled vs. wideband quality 

Many of the first “wideband enabled” mobile phones were 

not acoustically tuned. One simple example of a measured 

frequency response in receiving direction with a “wideband 

enabled” mobile phone mounted to a HATS according to 

ITU-T P.58 (type 3.3 artificial ear) [1] is given in fig. 1.a. 

The bandwidth is very limited, the acoustical components 

are not optimized for wideband transmission. Vice versa the 

frequency response shown in fig. 1.b represents one of the 

latest wideband capable mobile phones. The curve clearly 

demonstrates that the acoustical components are “wideband-

optimized”. 

L/dB[Pa/V]

-30

-20

-10

0

10

20

30

f/Hz100 200 500 2000 5000       

L/dB[Pa/V]

-40

-30

-20

-10

0

10

20

f/Hz100 200 500 2000 5000  
Figure 1: Frequency responses in receiving direction (a (left): non 

optimized acoustics, b (right): optimized acoustics) 

However, apart from the benefit of wideband speech 

transmission typical disturbances like echo are transmitted 

with higher bandwidth as well. The cancellation of high 

frequency echoes was one of the challenges for the 

implemented signal processing. An example is given in 

fig. 2.a. The Relative Approach analysis shown here is 

suitable to detect disturbing echo components [2]. This 

example demonstrates that the echo is mainly audible and 

disturbing in the high frequency range above approximately 

3 kHz.  
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Figure 2: Relative Approach analysis for echo detection (a (left): 

detected echo, b (right): echo-free) 

Latest implementations perform more reliable, one example 

is shown in fig. 2.b. Echo in this wideband capable mobile 

phone is completely suppressed. The Relative Approach 

analysis does not detect any disturbing component. 

Communication in noisy environment 

A further challenge is the transmission and appropriate 

reduction of ambient background noise picked up by the 

microphone. This is especially important because mobile 

communication today often happens in noisy environments. 

In principal the same challenge as for echo disturbances can 

also be seen for the reduction of transmitted noise: the 

attenuation of higher frequencies is often critical, even new 

developments like two microphone solutions are today 

integrated in many mobile phones. Two examples are given 

in fig. 3. These spectrographic analyses are based on a 

transmission of a realistic cafeteria noise from the ETSI 

database [3]. Fig. 3.a shows a continuous transmission and 

attenuation in sending direction of a wideband capable 

mobile phone. Vice versa the analysis in fig 3.b represents a 

device with a strong attenuation in the low frequency range 

that leads to very disturbing, “sharp” high frequency 

components. This sounds unpleasant for the conversational 

partner on the far end side. 
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Figure 3: Relative Approach analysis of background noise 

transmission in uplink (a (left): continuous transmission, b (right): 

strong attenuation limited to the low frequency range) 

The analysis of speech transmission in the presence of 

background noise is today typically carried out based on the 

ETSI model described in [4]. This analysis method refers the 

uplink signal to the original speech and background noise 

signals present in the test room where the mobile phone is 

used. The algorithm provides three quality scores, the 

S-MOS for speech quality, the N-MOS for the quality of 

transmitted background noise and the G-MOS for the 

general impression. These tests are typically carried out for 
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different background noise scenarios like a cafeteria noise, a 

stationary car noise, a train station scenario and an outdoor 

road noise condition. The resulting 12 parameters can best 

be summarized in an ITU-T P.505 “Quality Pie” chart [5].  
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Figure 4: “Quality Pie” charts, speech and noise transmission 

quality (a (left): wideband mobile phone A, b (right): wideband 

mobile phone B) 
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Figure 5: “Quality Pie” charts (a (left): wideband mobile phone C, 

b (right): wideband mobile phone D) 

Fig. 4 shows two examples representing two mobile phones 

with good performance. Device A in fig. 4.a shows higher 

N-MOS scores than S-MOS scores indicating a very 

efficient noise reduction. However, the performance is still 

absolutely acceptable. Note that the minimum requirement 

represented by the inner red circle is derived from the quality 

scores that are met by approximately 30% of wideband 

capable mobile phones currently under development or on 

the market.  

Fig. 5 shows two more extreme examples. The device C 

analyzed in fig. 5.a shows an excellent performance. All 

quality scores significantly exceed the recommended limits 

(inner circle). Vice versa the mobile phone D shown in fig. 

5.b emphasizes the noise suppression. Consequently the N-

MOS scores are very high but speech quality is significantly 

impaired (low S-MOS scores). This is a typical example for 

devices which are excessively tuned to provide a maximum 

noise reduction but impair listening speech quality. 

Discussion of downlink noise reduction 

Another feature being implemented in mobile phones today 

is a noise reduction algorithm in the downlink path. To 

detect such an algorithm a stationary noise (e.g. car noise) is 

applied in receiving direction of the mobile phone. Fig. 6 

shows two typical test results (level vs. time analyses) for 

devices having the feature implemented. After 2.5 s the 

stationary noise is applied in downlink of the phones. After a 

short adaptation time both noise reductions attenuate the 

noise signal by approximately 10 dB. 

The Relative Approach analysis results in fig. 7 show that 

beside the activation of the noise signal after 2.5 s no 

significant audible artifacts are detected in the processed 

downlink signals. Both algorithms are  well implemented. 

However, it is generally recommended to concentrate the 

noise reduction in the uplink path to avoid the cascading of 

two algorithms in the end to end scenario. 

          
Figure 6: Attenuation of downlink noise, examples 
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Figure 7: Relative Approach analyses of downlink noise reduction 

Next Steps 

Wideband speech transmission is also specified over 

Bluetooth connections [6] and first wideband capable 

Bluetooth headsets already exist on the market. The logical 

consequence is that mobile phone manufacturers provide 

wideband Bluetooth capability soon. This is especially 

interesting for the automotive industry since hands-free 

systems in cars don’t have the acoustical limitations as e.g. 

mobile phones. 

From narrowband Bluetooth test results [7] it is known that 

the mechanism to avoid cascaded signal processing in the 

equipment and the mobile phone is often not correctly 

implemented in mobile phones. The consequence is the 

degradation of speech quality. This will certainly be of same 

importance in wideband connections. Thus, wideband 

speech transmission tests over Bluetooth are highly 

recommended in future. 
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