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In this letter, the acoustic noise due to long term evolution 
(LTE) user equipment (UE) is investigated with various 
transmitting powers of the LTE UE by using the Monte Carlo 
method in a practical acoustic noise experiment. 

Keywords: Acoustic noise, audio device, LTE UE power, cell 
radius, Monte Carlo. 

I. Introduction 
The demands for multimedia services have dramatically 

increased in a digital society. The long term evolution (LTE) 
system providing multimedia services, which is regarded as the 
fourth generation (4G) for mobile communication, is spreading 
over many countries, and the number of users is growing 
rapidly. 

It was reported that an acoustic noise is generated from audio 
devices such as speakers and headsets operating at an audio 
frequency band of 20 Hz to 20 kHz due to the transmit 
switching characteristics of LTE user equipment (UE) in a 
situation in which the LTE UE devices are transmitting in close 
proximity to the audio devices [1]. Thus, there is a need to 
investigate the acoustic noise of audio devices caused by the 
LTE UE devices. 

To the best of the authors’ knowledge, although the acoustic 
noise produced by the global system for mobile 
communications (GSM) based on time division multiple 
access (TDMA) has been studied [2]-[5], a study on acoustic 
noise from LTE UE has not been reported yet. 

Being motivated by the possibility of coexistence between 
LTE UE devices and audio devices, we have examined the 
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impact of LTE UE devices on audio devices by using the 
Monte Carlo method in a practical acoustic noise experiment. 
As a result, this letter presents the transmitting power level of 
LTE UE depending on the cell radius so as not to produce the 
acoustic noise of audio devices in the vicinity of LTE UE 
devices. 

II. Characteristics of LTE UE Signal 

It is well known that LTE UE transmits the RF signals that 
are switched on and off according to the time schedule defined 
by 3GPP standards [6]. As shown in Fig. 1, the frame of the 
LTE UE signal with the amplitude (A) has the time period of 
10 ms (T) with a pulse repetition frequency of 100 Hz. A frame 
is divided into 20 slots, each of a 0.5-ms duration. The 
minimum unit of scheduling is a time-frequency block 
corresponding to one subframe with a 1-ms (τ) duration and 12 
subcarriers with a 180-kHz spectrum.  

When transmitting LTE UE signals on the basis of the 
format illustrated in Fig. 1, the signal that has direct current and 
its harmonics in the frequency domain is obtained as in (1) [7]: 
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where n represents the order of harmonics oscillation and 
determines null frequencies at n/τ. 

The spectrum of LTE UE harmonics at the frequency from  
0 kHz to 5 kHz is shown in Fig. 2. The A and duty cycle (τ/T) 
are the parameters that affect the magnitude spectrum of 
harmonics of the LTE UE’s transmitting signal. Figure 2 also 
shows a magnitude spectrum of harmonics according to the 
variation of A and τ/T, respectively. 

In practical situations, the A and τ/T can be changed 
randomly on the basis of the LTE signal transmitting 
mechanism. It is observed in Fig. 2 that the variations of two 
harmonics at 100 Hz are almost the same for both Case 1 and 
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Fig. 1. LTE UE signal format in time domain. 
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Fig. 2. Comparison of harmonics spectrum with variation of A 
and τ/T. 
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Case 2; however, the variations of Case 1 are higher than those 
of Case 2 at 100 Hz and above. Thus, the variations of 
harmonics depend more on the A than on the τ/T. 

Therefore, the transmitting power level of LTE UE in 
accordance with only the variation of A should be considered 
to analyze the impact of the audible harmonics of the LTE UE 
on audio devices.  

III. Monte Carlo Simulation of LTE UE Transmitting 
Power 

In this section, we investigate the relation between the LTE 
UE transmitting power and the cell radius of the LTE radio 
network through Monte Carlo simulation. 

As presented in the previous section, the levels of audible 
harmonics are determined by the LTE UE’s transmitting power 
that is obtained from A. Thus, it is necessary to analyze the 
statistical behaviors of the transmitting power based on the cell 
radius. The Monte Carlo simulation is carried out under the 

 

Fig. 3. Simulation flowchart for calculation of transmitting power.
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power control mechanism of 3GPP standards. A simulation 
flowchart is shown in Fig. 3. 

The transmitting power of LTE UE is determined by using 
power control to compensate for the path loss between a base 
station (BS) and a UE device. Also, the LTE UE is distributed 
randomly within the cell radius. The power control process is 
used to realize the transmitting power distribution of the LTE 
UE according to the variation of the cell radius as follows [8], 
[9]: 
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,     (2) 

where Pmax is the maximum transmitting power, Rmin is the 
minimum power reduction ratio (Pmax/Pmin, Pmin is the 
minimum transmitting power), PL is the path loss between the 
BS and UE, γ (0<γ≤1) is the balancing factor representing the 
channel status, and PLx-ile is the limit value of x percent in the 
cumulative distribution function (CDF). The UE corresponding 
to 1–x percent has a larger value than PLx-ile and transmits the 
maximum power. 

For simulation, it is assumed that the UE antenna radiation 
pattern is omnidirectional and that the BS antenna radiation 
pattern has three-sector cell sites. The urban propagation model 
is selected at 2 GHz and the BS antenna height of 15 m is 
chosen. The simulation parameters, including a balancing  
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Table 1. Simulation parameters. 

Parameter Value 

Cell radius (km) 1, 1.5, 2, 3 

User distribution Uniform 

Propagation model PL=128.1+37.6log(d [km]) 

Maximum UE power 250 mW 

BS antenna gain 15 dBi 

UE antenna gain 0 dBi 

BS 
antenna pattern 

2

3dB
( ) min 12 , mA Aθθ

θ

⎡ ⎤⎛ ⎞⎢ ⎥= − ⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
 

–180≤θ≤180, θ3dB=65°, Am=20 dB
MCL 70 dB 

Balancing factor 0.8 

PLx-ile 133 dB 
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Fig. 4. Distribution of transmitting power of LTE UE. 
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factor, minimum coupling loss (MCL), and PLx-ile, are 
summarized in Table 1 [10]-[12]. 

The CDF of transmitting power obtained from the 
simulation is shown in Fig. 4.  

The simulation result shows that the cell radius is reduced to 
cover the increasing number of LTE UE devices per unit area. 
Also, the reduction of the cell radius leads to a decrease in the 
transmitting power of the LTE UE through the power control 
mechanism. A transmitting power of 10 dBm with a cell radius 
of 1 km is required to meet a CDF of 95%. 

To validate the Monte Carlo simulation results, the field 
measurement of the LTE UE transmitting power is carried out 
in five different areas (apartment complexes A and B, highway, 
shopping mall, and downtown streets) in a city in the Republic 
of Korea. Figure 5 illustrates the dispersions of the measured  

 

Fig. 5. Practical measurement of LTE UE transmitting power. 
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transmitting power. 

For the practical test, 100 UE devices are placed in each of 
the five areas. It is observed that 34% (170 spots) have 10 dBm 
or above and 2.6% (13 spots) have 22 dBm or above. 

IV. Experiment of Acoustic Noise 

An experiment associated with acoustic noise is carried out 
to examine the compatibility between audio devices and LTE 
UE devices. As shown in Fig. 6, to investigate the acoustic 
noise level according to the transmitting power level of the 
LTE UE, we measure the sound pressure level (SPL) using an 
audio level meter and evaluate the acoustic noise level 
according to the response of our subject. 

The experiment is performed in a semi-anechoic chamber to 
prevent interference from external noises. Three models (A, B, 
and C) of the LTE UE are selected and linked with the LTE BS 
emulator for uplink transmission, respectively. The LTE UE is 
spatially separated with the speaker at a distance of 5 cm. Such 
components as the amplifier and the coils inside the speaker are 
influenced by interfering signals generated by the LTE UE. 

The separation distance of each is selected for the worst case 
scenario in the practical situation, as in Fig. 6. Three levels of 
acoustic noise, that is, “inaudible,” “slight,” and “loud,” are 
evaluated by five participants using the mean opinion score test 
method [13]. As expected, the sound pressure level and the 
acoustic noise level increase as the LTE transmitting power 
increases, which is shown in Table 2. 

The background noise level is measured as 42.2 dBA when 
the LTE UE does not operate, and this is used as a reference 
level. The acoustic noise level in a busy traffic area is 70 dBA, 
and it is 40 dBA in the residential area at night [14]. 

As shown in Table 2, the SPL becomes the background noise 
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Fig. 6. Configuration of experiment. 
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Table 2. Maximum SPL and noise level at various LTE UE
transmitting power levels. 

LTE UE power level (dBm) 
 

LTE 
model 0 10 15 22 

A 42.2 42.3 48.1 67.0 

B 42.2 44.7 49.7 70.8 

C 42.2 44.3 47.7 62.4 
SPL 

(dBA) 

Mean 42.2 43.8 48.5 66.7 
Noise level (evaluated 

by five subjects) Inaudible Inaudible Slight Loud 

 

  
level when the transmitting power of the LTE UE is 0 dBm. 
Also, according to our experiments, the subject cannot 
recognize the acoustic noise when the LTE UE operates at or 
below10 dBm. 

Therefore, it is recognized that 10 dBm of LTE UE 
transmitting power is the critical threshold to identify the 
acoustic noise generated by the LTE UE from the viewpoint of 
human hearing sensitivity. 

Considering the results shown in Fig. 4 and Table 2, it is 
clear that a transmitting power of 10 dBm or below with a cell 
radius of 1 km is required to meet a CDF of 95%. Under such 
conditions, the acoustic noise on audio devices does not 
register in terms of human hearing. 

V. Conclusion 

This letter presented the impact of LTE UE transmitting 
power on audio devices. The characteristics of the LTE UE 
signal and the generation of acoustic noise were reviewed. The 
transmitting power of the LTE UE, cell radius, and acoustic 
noise were analyzed through both simulation and practical 
experiment to ensure the compatibility between the LTE UE 

devices and the audio devices. In conclusion, we found that 
acoustic noise is not perceived when the LTE UE transmitting 
power is 10 dBm or below with a cell radius of 1 km on the 
LTE radio network. 
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