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Rezumat: Articolul precizează legătura dintre parametrii electroacustici ai telefoanelor 

mobile, calitatea semnalului vocal percepută de utilizator şi performanţele reţelelor privind 
transmisia semnalului vocal. Sunt prezentaţi toţi parametrii electroacustici ai telefoanelor mobile şi 
schema generală de măsurare a acestora. Este descrisă măsurarea parametrului SLR (Sending 
Loudness Rating) în prezenţa diferitelor tipuri de zgomot ambiant. Este analizată influenţa 
diferitelor tipuri de zgomot ambiant asupra acestui parametru, pentru un telefon mobil supus 
testării şi este propusă o nouă limită maximă pentru nivelul zgomotului ambiant.    
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Abstract:  Article states the link between electroacoustic parameters of mobile phones, user-

perceived quality of voice signal and voice signal transmission performance of networks. Are 
presented all electroacoustic parameters of mobile phones and the general scheme of their 
measurement. Is described measurement of SLR (Sending Loudness Rating) parameter in the 
presence of different types of ambient noise. It is analyzed the influence of different types of ambient 
noise over this parameter to a mobile phone under testing and proposed a new maximum limit for 
the ambient noise level. 
 
 

1. Introduction 
 

The perceptual quality of a mobile communications network is described by three functional 
indicators: 

 

a. Network accessibility; 
b. Broadcasting range; 
c. Speech signal parameters. 

 
At each of the receiving end of a duplex communication (fig.1), the quality of the speech 

signal is determined by both the link transmission performance and mobile phone characteristics.  
 
 

 
Fig. 1     Mobile phones link between two mobile networks 
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The speech signal quality at the user terminal is better described by the following parameters:  
 

- R, as to ITU-T G.107 [1];  
- MOS (Mean Opinion Score), as to ITU-T P.800 [2] 
-      PESQ (Perceptual Evaluation of Speech Quality), as to ITU-T P.862 [3]. 

 
R parameter is an objective indicator that results from the E – model which defines the 

channel performance between two electro-acoustic transducers (microphone at the emitting end and 
loudspeaker at the reception end). R parameter can be turned into MOS parameter, according to 
ITU-T G.107, appendix B[1].  

PESQ is an objective indicator that compares the signal X(t) at the emitting end with the 
signal Y(t) at the receiving end of the link.  

Table 1 shows out the link quality described by R, MOS and PESO parameters and the user 
satisfaction that the parameters are providing  (ITU-T Rec. G.109) [4]. 

 
Table 1    Link quality description with R, MOS and PESQ parameters 

 

R MOS PESQ Link 
quality 

User 
satisfaction 

90 ≤ R < 100 4,34 ≤ MOS ≤ 5 4,18 ≤ PESQ < 4,5 Excellent Very satisfied 
80 ≤ R < 90 3,6 ≤ MOS < 4,34 3,52 ≤ PESQ < 4,18 Good Satisfied 

70 ≤ R < 80 3,1 ≤ MOS < 3,6 3,18 ≤ PESQ < 3,52 Medium Some unsatisfied 
users  

60 ≤ R < 70 2,58 ≤ MOS < 3,1 2,83 ≤ PESQ < 3,18 Weak  Many unsatisfied 
users 

50 ≤ R < 60 1 ≤ MOS < 2,58 -0,5 ≤ PESQ < 2,83 Bad  Almost all users are 
unsatisfied  

 
 
The user satisfaction results from the link quality parameters, and that is including mobile 

phones performances. For example, R = 100 is the highest R value of a perfect mobile phone 
carrying out electroacoustic parameters nominal values within 3G terminals ETSI TS 126 131 [5] or 
GSM terminals TS 151 010-1 [6]. 
 
 

2.  Mobile phones speech transmission parameters   
 

The electroacoustic parameters of handset/headset GSM/3G mobile phones are: 
 

a) Sending/receiving sensitivity/frequency characteristics  
 

Sending: represents the mobile phone power – frequency transmission figure in voice band, 
at the radio or digital audio interface, when a voice band constant acoustic power is inputting a 
microphone. 

Receiving: represents the mobile phone power – frequency receiving figure at the 
loudspeaker, in voice band, when digital signals are inputting the radio or digital audio interface. 
Digital signals should be equivalent to vocal band constant power analog signals. 

 

b) Sending/Receiving Loudness Rating (SLR)/(RLR) 
 

Sending: represents the speech signal transmission losses between the mobile phone 
microphone and the radio or digital audio interface. SLR = 5...11 dB. 
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Receiving: represents the speech signal losses in receiving condition, between the radio or 
digital audio interface and the loudspeaker. RLR =  -1...+5 dB. 

 

 c)  Sending/Receiving distortion 
 

Sending: represents the signal distortion in transmission condition, defined by the signal 
power-to-total distortion power ratio. Psophometric filtering at the digital audio/radio interface and 
microphone sinus input apply.  

Receiving: represents the signal distortion in receiving condition, defined by the signal 
power-to-total distortion power ratio. Psophometric filtering at the loudspeaker and a sinus-wise 
signal at the digital audio/radio interface apply. 

 

d) Out-of-band send/received signals 
 

Sending: represents the transmission loss (dB) defined by the off-vocal band power – to – 
vocal band power ratio. An up to 8 kHz constant acoustic power applies.  

Receiving:  represents the off-vocal band receiving power – to – receiving vocal band power 
ratio (dB). Sinus-wise constant vocal power feeds the digital audio/radio interface. 

 

e) Sending/Receiving noise 
 

Sending: represents the noise level generated by the mobile phone at the digital audio 
interface or at the radio interface. The ambient noises at the microphone must be less than 30 dBA 
(max. -64 dBm0p) 

Receiving: represents the acoustic noise level of the mobile phone speaker when no signal is 
received from the speech decoder. (max. -54 dB(Pa)A). 

 

f)  Ambient noise rejection (ANR) 
 

ANR represents the ambient noise transmission losses (dB). ANR is defined by ETSI TS 
151 010-1[6].  ANR ≥ 3 dB 

 

g) Sending delay (Ts) and receiving delay (Tr) 
 

Sending: represents the time ranging from the instant of employing the microphone and the 
instant the signal reaches the radio interface. Ts ≤ 74 ms.  

Receiving: represents the time interval between the moment the radio signal feed the mobile 
phone antenna and the moment the speech signal reaches the speaker. Tr ≤ 72 ms 

 

h) Side Tone Masking Rating (STMR) 
 

STMR represents the local attenuation of the speech signal between the microphone and the 
speaker of the same mobile phone. STMR = 8...23 dB 

 

i)  Listener Sidetone Rating (LSTR) 
 

LSTR represents the scattered ambient noise attenuation between the microphone and the 
speaker of the same mobile phone. LSTR ≥ 15 dB 

 

j) Side tone distortion 
 

Side tone distortion designates the distortions caused by local effects, namely the 3rd 
harmonic – to – the fundamental frequencies ratio. STMR is measured at the speaker with sinus 
input at the microphone. D ≤ 10% 
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k) Echo Loss  
 

Echo loss represents the terminal coupling loss (TCLw) from the input to the output of the 
system network simulator reference speech codec. The attenuation coefficient includes both the 
electric and the acoustic echoes. TCLw ≥ 46 dB. 

 

l) Stability Loss 
 

Stability loss represents the attenuation within the speech band, from the digital input to the 
digital output of the phone speech codec. The stability loss is measured in the presence acoustic 
echo control and noise worst scenarios. (min. 6 dB) 
 

Extreme limits of these parameters produce the minimum acceptable quality. (ex. R = 70). 
   
 

3.  Method for speech transmission parameters measurement 
 

Figure 2 is a photo picture of a testing system that provides speech transmission parameters 
measurements.  

 
 

 
Fig. 2     Configuration for mobile phones electro-acoustic parameters measurement  

 
 

SS (Simulator System) is defined in ETSI TS 126 132 [7] and simulate the radio access 
network. SS adjusts all-range signal levels at the mobile phone according to standard specifications. 

HATS (Human Head And Torso Simulator) is defined by Recommendation ITU-T  P. 58 
[8] and contain artificial mouth and artificial ear according to ITU-T Rec. P. 57 [9]. ERP is Ear 
Reference Point. 

AM (Artificial Mouth) is designed to generate ambient noise, according to ITU-T Rec. P. 
51 [14]. 
 

Mobile phone is placed on the HATS head. A clamping device changes the pressure on the 
artificial ear within the range 2 ... 13N. 

LRGP establishes the microphone position to face artificial mouth of HATS [13].  
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The ambient noise is maximum 30 dB for handset mobile phone, according to ETSI EN 300 
903 [15]. However this level is more difficult to be obtined even into an anechoic room. The 
proposed method is focused on the different acustic noises effects on mobile phones measured 
parameters; the actual measurement is performed for SLR. These noises are generated by an 
artificial mouth (AM).  

The main purpose is to determine the different ambient noise effects on SLR. While other 
measurement approaches  were performed accordind to the standard specs [13], [14], [15] and they 
have properly worked for a maximum ambient noise level set at 30 dB, in our approach the ambient 
noise level was set at 40, 50, 60, 70 and 80 dB respectively. 

SLR (Sending Loundness Rating) is a mobile phone parameter presenting a certain 
sensitivity under ambient noise conditions. The SLR measurement and the achieved parameters 
values for a mobile phone are presented; these values were achieved under different ambient noise 
conditions. 

 
 
4.  SLR measurement 

 
SLR is the speech signal loss between the microphone and the radio/digital audio interface. 

SLR should be ranged between 5dB and 11dB, for both  handset and headset conditions. 
The measurement process is performed to accomplish the following steps: 

 

-   place the mobile phone on HATS according to LRGP condition; 
-   set the hold force at 8N; 
-   connect mobile phone to SS using a radio channel; 
- HATS feeds MRP  (Mouth Reference Point) with a -4.7dB(Pa) artificial speech 

acoustic signal [10].  
- male and female artificial speech sequences are supplied for 10 seconds each. The first 

10 second sequence is used to compensate the echo and/or to dump the noise; 
- the ambient noise generator (AM) provides white noise, office noise, caffee/public 

noise, leveled at 40, 50, 60, 70 and 80 dB (SPL, Sound Pression Level) respectively. 
 

SS estimates the emission sensitivity (Si) at each measuring frequency Fi according to the 
equation: 

                  
Si = 20 lg (Vi/Pm)      (1) 

 

where Pm = - 4,7 dB(Pa), Si is in dB, Vi (V) is the first order momentum of male and female 
speech signal levels at Fi (see table 2). 

 
Table 2    SLR Fi test frequencies and weighting coefficient Wi 

 

Band Fi (Hz) Wi 
Factor Band Fi 

(Hz) 
Wi 

Factor 
4 200 76.9 11 1000 50.1 
5 250 62.6 12 1250 59.1 
6 315 62 13 1600 56.7 
7 400 44.7 14 2000 72.2 
8 500 53.1 15 2500 72.6 
9 630 48.5 16 3150 89.2 

10 800 47.6 17 4000 117 
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- SLR is given by the equation [11]: 
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where:    - m  =  0,175;  
               - N1 = 200 Hz and N2 = 4000 Hz;  

      - Wi is an emission weighting coefficient for the Fi frequency. This coefficient is applied 
only for SLR measurement. 

 
SLR measurement characterizes a mobile phone sensitivity under ambient noise conditions.  

The white noise was generated electronically while other noises were records of true ambient 
noises. Table 3 presents SLR measurements results. 

 
Table 3   SLR measurements results under ambient noise conditions  

 

Noise type MRP noise level (dBA) 
40 50 60 70 80 

White 9,6 9,4 9,1 8,6 -- 
Office room 9,5 9,2 8,7 -- -- 
Caffee shop  9,6 9,1 8,5 7,8 -- 
Public area 9,6 9 8,1 7,4 6,7 

 
 
Noise levels lower than 40 dBA have little effects on SLR. The public area noise produced the 

highest effectiveness on SLR causing error to increase with 2,9 dB when the noise level reached 80 
dBA. 
 
 

5. Conclusions 
 
The SLR factor of a mobile phone has been found to depend effectively on the ambient 

noise level and noise nature.  
The cell phone better rejects white noise while public area noise rejection factor is much 

worse. This is proven by  SLR measured values.  
The measured values of SLR in high level public area noise condition decreased with 2.9 dB 

when the noise level increased with 40 dB (from 40 dBA to 80 dBA), a particularly unacceptable 
value in laboratory conditions. An ambient noise leveled at 40 dBA caused only a small variance of 
the SLR measured values (± 0.1 dB).  

Also the measurement proved that noise levels lower than 40 dBA have little effects on 
SLR. Our method for all electroacustic parameters measurement set a maximum value at 40 dBA 
for ambient noise, except for the “Sending noise” parameter. The “Sending Noise” parameter 
measurement should be performed for an ambient noise leveled at 30 dBA. This is particular for our 
approach. The current references ([12], [13], [14]) set the maximum ambient noise level at 30 dBA, 
but our measurement leads to realiable results also for a maximum noise level set at 40 dBA. A 
mobile phone quality parameters could be assessed for an ambient noise level slightly higher than 
the standard specs.  

Therefore, a maximun 40 dBA noise level should be tolerated into an anechoic room to run 
SLR tests. 
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