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Abstract ─ Firstly, the finite-difference time-domain 
(FDTD) method was used to calculate electric fields 
emitted from a long-term evolution (LTE) femtocell 
placed at the left-hand side of an empty office at 
frequencies of 700, 860, 1990, and 2600 MHz. After 
validating the accuracy of the FDTD method, the FDTD 
method was used to calculate electric field distributions 
inside the office, with and without the presence of 20 
people and furniture for the LTE femtocell placed near 
the center of a horizontal plane with a distance of 1.0 m 
from the ceiling and transmitting a power of 10 dBm. 
Simulated electric fields at most of the locations on the 
horizontal plane with a height of 1.0 m above the floor 
for the office with and without the presence of 20 people 
and furniture are found in the range of -10 to -30 dBV/m, 
which means a good signal will be picked up in the office. 
The maximum power density emitted from the LTE 
inside the office and maximum localized SAR induced 
in a standing person are far below the ANSI/IEEE safety 
standard for public exposure in uncontrolled environments. 
 
Index Terms ─ Electric field, femtocell, LTE, RF 
exposure, SAR. 
 

I. INTRODUCTION 
Recently, indoor wireless networks have increased 

interest in LTE [1-3] femtocell developments. Through 
self-optimized configuration and backhaul costs, a LTE 
femtocell can considerably lower the delivery cost per 
bit and make it more cost effective for operators to invest 
in LTE wireless networks. In the near future, LTE 
femtocells will play a key role in enterprise and metro 
deployment areas for indoor wireless communications. 
With the increasing use of indoor wireless networks, 
there is a challenge to provide a better coverage, higher 
cell capacity, and higher data rates for mobile 
applications in the initial design and planning. Therefore, 
EM field distribution and variability, wave propagation, 
and path loss of LTE femtocells in different indoor-
environments such as offices, airports, railway stations, 
etc. should be well studied in order to ensure an adequate 
coverage and good performance for indoor wireless 

communications. Indoor wave propagation and path loss 
have been extensively studied, leading to improved 
coverage and capacity within office buildings [4-11]. 
The study of indoor EM field distribution and variability 
for indoor LTE planning and design is not available. EM 
field strengths at users’ locations inside an office should 
be guaranteed above a threshold level in order to meet 
the best radio frequency (RF) condition where it is free 
from interference. 

On the other hand, people are great concerned about 
the potential health hazards due to RF exposure from 
femtocells in everyday life inside indoor environments 
such as offices, schools, laboratories, and homes. The 
biological effect of long-term exposure to RF propagation 
is simply not known yet with certainty. Additionally, it 
is impossible to say that exposure to RF radiation, even 
at levels below safety standards and exposure guidelines, 
is totally without potential health risks. The potential 
health hazards resulting from biological effects may 
include cancers, neurological disorders, allergies, 
fatigue, sleep disturbance, dizziness, loss of mental 
attention, headaches, grogginess, memory problems, 
ringing in the ears (tinnitus), etc. Therefore, the study of 
long-term exposure due to RF field emission is 
especially important, since people spend most of their 
life-time in indoor environments. To access the potential 
health hazards due to RF fields, the specific absorption 
rate (SAR) in human bodies in close proximity to LTE 
femtocells is an important parameter for assessment. 
Some safety standards and exposure guidelines for 
human exposure at RF frequencies have been 
recommended by several national and international 
organizations such as the National Council on Radiation 
Protection and Measurements (NCRP) [12], the American 
National Standards Institute/Institute of Electrical and 
Electronics Engineers (ANSI/IEEE) [13], and the 
International Commissions on Non-Ionizing Radiation 
Protection (ICNIRP) [14]. These safety standards and 
guidelines define basic restriction and reference levels 
for human exposure at different frequencies. In the last 
few years, a few studies have focused on RF exposures 
in outdoor environments. Some reports about RF 
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exposure in outdoor environments are available in the 
literature [15-19]. A few reports about exposure to RF 
fields emitted from femtocell in indoor environments are 
also available in the literature [20-24]. 

Therefore, it is an important trade-off issue for RF 
engineers to design a safe indoor environment with LTE 
femtocells and also to keep RF field intensities above a 
threshold level for good indoor wireless communications. 
In this paper, the FDTD method [25] was first used to 
calculate electric fields emitted from a LTE femtocell 
placed at a fixed location inside an empty office. The 
validity of the FDTD method was checked by comparing 
numerical results of electric field distributions with 
measurement data obtained using a Narda Model NBM-
3006 high frequency selective radiation meter [26]. After 
validating the accuracy of the FDTD method, the FDTD 
method was used to calculate electric field distributions 
for the LTE femtocell placed at the center of a horizontal 
plane with a distance of 1.0 m from the ceiling inside the 
office with and without the presence of 20 people and 
furniture. Localized SARs induced in 20 people were 
also calculated for the 20 people standing up and sitting 
on 20 metallic chairs in front of 20 wooden desks inside 
the office. Numerical results of localized SARs were 
used to verify whether the office complies with safety 
standards and guidelines for human exposure to RF 
fields at frequencies of 700, 860, 1990, and 2600 MHz. 
 

II. THE FDTD MODEL 
The FDTD method [25] is a direct solution for 

Maxwell’s time-dependent curl equations. It is based on 
space-time mesh sampling of the unknown electromagnetic 
(EM) fields within and surrounding the object of interest. 
Due to its accuracy and simplicity, the FDTD method has 
been widely applied in antenna design, electromagnetic 
interference (EMI), EM wave propagation and scattering 
problems, design of microwave circuits, photonic device 
design, bioelectromagnetics, and many electromagnetic 
problems. In the FDTD solution procedure, the coupled 
Maxwell’s equations in differential form are solved for 
various points of the scatter as well as the surrounding in 
a time-stepping manner until converged solutions are 
obtained. Following Yee’s notation and using centered 
difference approximation on both the time and space 
first-order partial differentiations, six finite-difference 
equations for six unique field components within a unit 
cell are obtained. In these six finite-difference equations, 
electric fields are assigned to half-integer (n+1/2) time 
steps and magnetic fields are assigned to integer (n) time 
steps for the temporal discretization of fields. To ensure 
numerical stability, the time step δt is set to δ/(2Co), 
where δ and Co are the cell size and the speed of light, 
respectively. The center difference approximation ensures 
that the spatial and temporal discretizations have second-
order accuracy, where errors are proportional to the 
square of the cell size and time increment [25]. An 

important problem encountered in solving the time-
domain electromagnetic-field equation, by the FDTD 
method, is the absorbing boundary conditions. Several 
absorbing boundary conditions (ABC) have been proposed 
in the FDTD method such as second-order Mur [27], and 
Liao [28], and perfectly matched layer (PML) [29]. 
Liao’s ABC and PML require a lot of memory. Second-
order Mur absorbing boundary conditions are among the 
most frequently cited, and work in many cases. In our 
formulation, the second-order Mur approximation of 
absorbing boundary conditions [27] is used for the near-
field irradiation problems. The second-order Mur 
absorbing boundaries are employed because they do not 
require much memory and have a reasonable accuracy. 
In this study, the external absorbing boundaries are 
placed at a distance of 8 δ on all sides of the scattering 
object as shown in Fig. 1, where δ is the cell size. 
 

 
 
Fig. 1. FDTD model with 202×402×97=7876788 cubic 
cells. The cell size is 5 cm. 
 

III. DESCRIPTION OF THE OFFICE AND 
LTE FEMTOCELL 

Research work was conducted in an office on the 
tenth floor of building 7 at Yuan Ze University as shown 
in Fig. 2. The office has a dimension of 19×9×3.65 m 
and consists of two reinforced concrete slabs (ceiling and 
floor) with a thickness of 20 cm, two reinforced concrete 
walls with a thickness of 15 cm, two concrete block walls 
with a thickness of 15 cm, two wooden doors with a 
thickness of 5 cm, seven glass windows with a thickness 
of 1 cm, and four square reinforced concrete columns 
with a side length of 80 cm. The floor plan and detail 
dimensions of the empty office are shown in Fig. 2 (b). 
Relative dielectric constants and conductivities of 
various materials used for constructing the office at 
frequencies of 700, 860, 1990, and 2600 MHz [30-35] 
are listed in Table 1. Figure 3 (a) shows a LTE femtocell 
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consisting of four larger and four smaller dipole radiators 
designed for operating at frequencies of 698~960 and 
1710~2700 MHz, respectively. The larger and the 
smaller radiators have dimensions of 11×3 and 4×1.5 cm 
respectively. The larger and smaller radiators are mounted 
on two different metallic plates with heights of 10 and  
5 cm, respectively. Metallic plates are designed to increase 
the electric field strength in air. The larger and smaller 
metallic plates have dimensions of 30×30 and 15×15 cm, 
respectively. Two large radiators are opposite each other 
and are separated by a distance of 18 cm, and two small 
radiators, also opposite each other, have a distance of  
8.2 cm between them. The LTE femtocell is designed to 
have radiation patterns normal to metallic plates with a 
gain of 6.1~9.8 dBi in frequency bands of 698~960 and 
1710~2700 MHz. 
 

 
 (a) Illustration of the office 

 
(b) Floor plan of the office with indication of the LTE 

femtocell 
 
Fig. 2. The office and dimensions of walls, windows, 
doors, columns, and slabs. 
 

IV. SIMULATION AND MEASUREMENT 
Measurements of electric fields emitted from the 

LTE femtocell, placed at a height of 1.0 m above the 
floor on the left-hand side of the empty office as shown 
in Fig. 2 (b), were made at 700, 860, 1990, and 2600 MHz. 
The LTE femtocell was fed with a continuous sine wave 
generated from a signal generator Anritsu MG3694B at 
frequencies of 700, 860, 1990, and 2600 MHz. The 
emitting power of the LTE femtocell was set to be  
10 dBm. Electric fields on a horizontal plane with a 
height of 1 m above the floor inside the empty office 
were measured by using a Narda Model NBM-3006 high 

frequency selective radiation meter. The Narda Model 
NRM-3006, having an isotropic E-field probe with three 
axis antennas, is designed to measure RF and microwave 
fields over the frequency range from 27 MHz to 6.0 GHz. 
The Narda Model NBM-3006 has an ultra-wide dynamic 
range from 50 V/m to 200 V/m for the frequency range 
of 27 MHz-6.0 GHz. Before starting measurements, a 
fast frequency scanning had been performed to ensure 
that background signals were excluded and measured 
frequencies were clean. In measurement, any two 
adjacent test points were kept at a distance of 50 cm and 
the Narda Model NRM-3006 was set by a very narrow-
band of 1 kHz for each measured frequency. Maximum-
hold measurements of all present signals were executed 
for about 3 minutes at each measured location. It took 
about 32 hours to measure electric fields at 684 grid 
points in the empty office for each frequency. 
 

 
 (a) The LTE femtocell 

 
 
(b) Measurement locations of source fields at front, left, 

right, top, and bottom surfaces 
 
Fig. 3. Picture of the LTE femtocell and locations of 
source fields. 
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In order to model the entire problem space with a 
uniform cell size of 5 cm, the spaces occupied by the 
LTE femtocell and the glass window were replaced by 
two different equivalent materials with many uniform 
cells. The equivalent material is obtained by the effective 
material property technique [36]. The formula of the 
effective material property technique is described as 
following: 
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where εair and Vf are the relative dielectric constant of air 
and volume fraction occupied by the metallic material or 
the glass in a unit volume, and  are the real and 
imaginary parts of the equivalent complex relative 
permittivity , and *

/ gmε is the complex relative 
permittivity of the metallic material or the glass, 
respectively. It should be noted that, the imaginary part 

of  can be expressed by , where σeq is the 

conductivity of an equivalent material, ω is the angular 
frequency, ε0  is the dielectric constant of air, respectively. 
Equivalent materials in the spaces occupied by the LTE 
femtocell and the glass window were obtained by 
assuming volume fractions of 0.023 and 0.20 for the 
copper and the glass, respectively. Relative dielectric 

constants and conductivities of the equivalent materials 
in the spaces occupied by the LTE femtocell and the 
glass window are listed in Table 1. The office model has 
202×402×97=7876788 cubic cells with cell size of 5 cm. 
For FDTD simulations, the measurement results of 
electric fields in the vicinity of the LTE femtocell were 
used as the initial sinusoidal time varying electric fields 
(source fields) in the FDTD model. The measurement 
locations of source fields at front, left, right, top, and 
bottom surfaces are shown in Fig. 3 (b). The measured 
electric fields in the vicinity of the LTE femtocell in x-, 
y-, and z-axis at various frequencies are listed in Table 2. 
In FDTD simulations, all materials were assumed to be 
non-magnetic ( µr = 1.0). Simulation and measurement 
results of electric field distributions on a horizontal plane 
with a height of 1 m above the floor inside the empty 
office at 700, 860, 1990, and 2600 MHz are shown in 
Figs. 4-7. It took about 2-4 hours to run a FDTD 
simulation with 7876788 cubic cells in a HP work station 
depending on the frequency to be simulated. From Figs. 
4-7, it is shown that measurement data make a good 
agreement with simulation results. It is also found that 
the field strength near the LTE femtocell has a maximum 
value of about 15 dBV/m and decays rapidly to about  
-30 dBV/m as the separation distance from the LTE 
femtocell increases from 0 to 19 m. 
 

 
Table 1: Relative dielectric constants and conductivities of various materials 

Frequency 700 MHz 860 MHz 1990 MHz 2600 MHz 

Materials εr σ (S/m) εr σ (S/m) εr σ (S/m) εr σ (S/m) 

Glass 5.22 5.71×10
-4

 5.21 7.04×10
-4

 5.19 1.90×10
-3

 5.17 2.93×10
-3

 

Space occupied by glass 1.40 2.53×10
-5

 1.40 3.12×10
-5

 1.39 8.48×10
-5

 1.39 1.31×10
-4

 

Wood 2.99 8.51×10
-3

 2.98 1.10×10
-2

 2.96 2.26×10
-2

 2.95 3.14×10
-2

 

Concrete block 4.75 9.73×10
-3

 4.62 1.31×10
-2

 4.53 2.70×10
-2

 4.42 4.02×10
-2

 

RC wall/ Slab/Column 6.25 1.16×10
-2

 6.13 3.25×10
-2

 5.98 6.51×10
-2

 5.90 1.02×10
-1

 

Iron 1.00 1.07×10
7
 1.00 1.07×10

7
 1.00 1.07×10

7
 1.00 1.07×10

7
 

Copper 1.00 5.80×10
7
 1.00 5.80×10

7
 1.00 5.80×10

7
 1.00 5.80×10

7
 

Space occupied by femtocell 1.07 5.67×10
-12

 1.07 8.56×10
-12

 1.07 4.58×10
-11

 1.07 7.82×10
-11

 
Muscle 55.8 0.88 55.2 0.93 53.3 1.59 52.49 1.83 

Computer case 1.00 1.07×10
7
 1.00 1.07×10

7
 1.00 1.07×10

7
 1.00 1.07×10

7
 

Epoxy resin substrate 4.15 3.12×10
-3

 4.13 3.71×10
-3

 4.04 8.06×10
-3

 3.99 1.02×10
-2

 

Plastics 2.54 3.32×10
-5

 2.51 3.96×10
-5

 2.35 8.58×10
-5

 2.25 1.09×10
-4

 
Equivalent material of computer 

case 1.06 2.66×10
-11

 1.06 4.01×10
-11

 1.06 2.15×10
-10

 1.06 3.66×10
-10

 

Interior of computer 1.47 1.53×10
-4

 1.46 1.83×10
-4

 1.46 4.10×10
-4

 1.45 5.28×10
-4

 

Monitor 1.72 8.16×10
-6

 1.71 9.85×10
-6

 1.66 2.26×10
-5

 1.63 2.99×10
-5
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After checking the accuracy of the FDTD method, 
the FDTD method was used to study electric field 
distributions on a horizontal plane with a height of 1.0 m 
above the floor of the office with and without the 
presence of 20 people and furniture. In the study, a 
homogeneous model having a height of 180 cm and 
constructed with 808 cubical cells was used to model a 
standing or sitting person as shown in Fig. 8. To ensure 
an exposure minimization and to provide a more 
homogeneous field strength distribution (better signal 
coverage) in the office, the LTE femtocell was placed 
near the center of a horizontal plane having a distance of 
1.0 m from the ceiling. The 20 people were simultaneously 
assumed to stand up or sit on 20 metallic chairs in front 
of 20 wooden desks as shown in Fig. 9. Figure 10 shows 
a computer model consisting of a mainframe and one 
monitor used for FDTD simulations. Equivalent electric 
properties of the interior of the mainframe are obtained 
from the effective material property technique [36] by 
assuming volume fractions of 0.1, 0.4, and 0.5 for the 
copper, epoxy resin substrates, and air located inside the 
interior of the mainframe, respectively. Equivalent 
electric properties of the computer case are obtained by 
assuming volume fractions of 0.02 and 0.98 for the iron 
and air, respectively. Equivalent electric properties of the 
monitor are obtained by assuming volume fractions of 
0.05, 0.35, and 0.6 for the copper, plastics, and air 
occupied in the monitor, respectively. Relative dielectric 
constants and conductivities of various equivalent 
materials used for constructing the computer at 
frequencies of 700, 860, 1990, and 2600 MHz [30-35] 

are listed in Table 1. Figures 11-14 show the comparison 
of electric field distributions on a horizontal plane with a 
height of 1.0 m above the floor for the office with and 
without the presence of 20 people and furniture at 700, 
860, 1990, and 2600 MHz, respectively. It is clear  
that the presence of 20 people and furniture affects 
distribution of the electric field strengths inside the office. 
The electric field strengths in the vicinity of 20 wooden 
desks have 5-10 dBV/m drops due to the impact of 
shadowing effect of the 20 people and furniture as shown 
in Figs. 11-14. It is also found that the electric field 
strength in the back of a metallic chair has a very low 
value of about -100 dBV/m. From Figs. 11-14, electric 
field strengths at most locations on the horizontal plane 
with a height of 1.0 m above the floor for the office with 
and without the presence of 20 people and furniture are 
found in the range of -10 to -30 dBV/m at 700, 860, 1990, 
and 2600 MHz. Since the basic sensitivity requirement 
for a user terminal is -83.61 dBV/m (based on -110 dBm 
which is corresponding to a power density of 5.8×10-12 W/m2 
[33]), the minimum electric field strength of -30 dBV/m 
obtained inside the office means a good signal will be 
picked up in the office. According to ANSI/IEEE 
standards for public exposure in uncontrolled environments, 
the maximum permissible exposure at frequencies of 
700-2600 MHz should be below 4.6-17.3 W/m2. It is 
clear that the maximum power density emitted from the 
LTE femtocell is about 1.326×10-4 W/m2 (converted 
from -10 dBV/m) which is far below the ANSI/IEEE 
standard for public exposure. 

 
Table 2: Measured electric fields in the vicinity of the femtocell in x-, y-, z-axis at frequencies of 700, 860, 1990, and 
2600 MHz. Locations of E-field sources related to the x, y, and z coordinates are front surface (92~95, 360, 24~28) δ, 
left surface (92, 361~362, 24~28) δ, right surface (95, 361~362, 24~28) δ, top surface (92~95, 360~362, 29) δ, and 
bottom surface (92~95, 360~362, 23) δ. Τhe cell size δ is 5 cm 

 700 MHz 860 MHz 
E-field (V/m) Front Left Right Top Bottom Front Left Right Top Bottom 

Ex 
 4.17 1.23 1.77 1.80 2.67 5.92 0.48 2.72 1.27 1.95 

Ey 
 1.82 1.41 1.69 0.67 1.31 3.88 1.22 2.12 1.67 1.39 

Ez 1.70 0.43 0.84 2.09 1.19 4.65 0.20 0.97 0.75 2.13 

 1990 MHz 2600 MHz 
E-field (V/m) Front Left Right Top Bottom Front Left Right Top Bottom 

Ex 5.01 0.41 0.94 0.43 1.00 6.17 0.69 1.66 0.50 1.31 

Ey 2.43 0.10 0.55 0.39 0.49 5.63 0.41 0.76 1.09 0.50 

Ez 4.40 0.12 0.13 0.73 1.09 4.35 0.61 0.56 0.58 1.68 
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 (a) Measurement 

 
 (b) Simulation 

 
(c) Comparison of measured and simulated electric 

fields at lines A, B, and C 
 
Fig. 4. Measurement and simulation results of electric 
field distributions on a horizontal plane with a height of 
1 m above the floor inside the empty office at 700 MHz. 
 

 
 (a) Measurement 

 
 (b) Simulation 

 
(c) Comparison of measured and simulated electric 

fields at lines A, B, and C 
 
Fig. 5. Measurement and simulation results of electric 
field distributions on a horizontal plane with a height of 
1 m above the floor inside the empty office at 860 MHz. 
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 (a) Measurement 

 
 (b) Simulation 

 
(c) Comparison of measured and simulated electric 

fields at lines A, B, and C 
 
Fig. 6. Measurement and simulation results of electric 
field distributions on a horizontal plane with a height of 
1 m above the floor inside the empty office at 1900 MHz. 
 

 
 (a) Measurement 

 
 (b) Simulation 

 
(c) Comparison of measured and simulated electric 

fields at lines A, B, and C 
 
Fig. 7. Measurement and simulation results of electric 
field distributions on a horizontal plane with a height of 
1 m above the floor inside the empty office at 2600 MHz. 
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 (a) Standing up (b) Sitting on a chair 
 
Fig. 8. A homogeneous human model constructed with 
808 cubical cells. The cell size is 5 cm. 
 

 
 
Fig. 9. Locations of 20 people and furniture inside the 
office. 
 

   
 (a) Monitor (b) Mainframe 
 
Fig. 10. A computer model used for FDTD simulations. 
 

 
 (a) Empty office 

 
 (b) 20 people sitting on metallic chairs 

 
 (c) 20 people standing up 
 
Fig. 11. Comparison of electric field distributions on a 
horizontal plane with a height of 1.0 m above the floor 
for the office with and without the presence of 20 people 
and furniture at 700 MHz. 

462 ACES JOURNAL, Vol. 31, No. 4, April 2016



 
 (a) Empty office 

 
 (b) 20 people sitting on metallic chairs 

 
 (c) 20 people standing up 
 
Fig. 12. Comparison of electric field distributions on a 
horizontal plane with a height of 1.0 m above the floor 
for the office with and without the presence of 20 people 
and furniture at 860 MHz. 
 

 
 (a) Empty office 

 
 (b) 20 people sitting on metallic chairs 

 
 (c) 20 people standing up 
 
Fig. 13. Comparison of electric field distributions on a 
horizontal plane with a height of 1.0 m above the floor 
for the office with and without the presence of 20 people 
and furniture at 1990 MHz. 
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 (a) Empty office 

 
 (b) 20 people sitting on metallic chairs 

 
 (c) 20 people standing up 
 
Fig. 14. Comparison of electric field distributions on a 
horizontal plane with a height of 1.0 m above the floor 
for the office with and without the presence of 20 people 
and furniture at 2600 MHz. 
 

In addition, the EM absorption in 20 people was also 
studied. The dielectric constants and conductivities of 
muscle tissue used for the homogeneous human model at 
various frequencies were obtained from the published 
literature [38] as shown in Table 1. The mass density of 
muscle was adopted to be 1040 kg/m3. The human body 
was assumed to stand up or sit on a metallic chair in front 
of a wooden desk. After having obtained the induced 
electric field by the FDTD method, the localized SAR in 
each human body was calculated by the following 
equation: 
    W/kg          2/  SAR 2 ρσ E= , (2) 
where σ,  ρ, and  Ε  are the conductivity, mass density of 
muscle, and electric field induced in the human body,  

respectively. N = 808 is total number of cubical cells 
used in a human model. Figures 15-18 show localized 
SARs induced in the 20 people at 700, 860, 1990, and 
2600 MHz, respectively. It is found that the maximum 
localized SARs of 1.07×10-5 and 9.14×10-6 W/kg are 
induced in the person numbered 5 when standing up and 
sitting on a metallic chair at 860 MHz, respectively. The 
minimum localized SARs of 4.03×10-11 and 2.21×10-11 W/kg 
are induced in the person numbered 12 when standing up 
and sitting on a metallic chair at 2660 MHz, respectively. 
From Figs. 15-18, it is obvious that standing people tend 
to have a higher SAR value than sitting people. This is 
because a standing person is much closer to the LTE 
femtocell than a sitting person. It is clear that the 
maximum localized SAR of 1.04×10-5 W/kg induced  
in the standing person numbered 5 is far below the 
ANSI/IEEE safety standard of 1.6 W/kg for public 
exposure in uncontrolled environments. Furthermore, 
the maximum localized SAR of 1.04×10-5 W/kg is also 
far below the SAR levels of 1-4 W/kg which can be 
subject to biological effects [39]. 
 

 
 
Fig. 15. Localized SARs induced in 20 people standing 
up and sitting on metallic chairs at 700 MHz. 
 

 
 
Fig. 16. Localized SARs induced in 20 people standing 
up and sitting on metallic chairs at 860 MHz. 
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Fig. 17. Localized SARs induced in 20 people standing 
up and sitting on metallic chairs at 1990 MHz. 
 

 
 
Fig. 18. Localized SARs induced in 20 people standing 
up and sitting on metallic chairs at 2600 MHz. 
 

V. CONCLUSIONS 
In this paper, the FDTD method was first proposed 

to calculate electric field distributions inside an empty 
office for a LTE femotcell placed at the left-hand-side of 
the office at frequencies of 700, 860, 1990, and 2600 MHz. 
The measurements of electric field distributions inside 
the empty office were carried out by a Narda Model 
NBM-3006 high frequency selective radiation meter. 
The validity of simulation results of electric field 
distributions is further checked by measurement data. 
After validating the accuracy of the FDTD method, the 
FDTD method was used to calculate electric field 
distributions on a horizontal plane with a height of 1 m 
above the floor of the office with and without the 
presence of 20 people and furniture for the LTE 
femtocell placed near the center of a horizontal plane 
with a distance of 1.0 m from the ceiling and transmitting 
a power of 10 dBm. It is found that furniture and people’s 
existence affects distribution of the electric field 
strengths inside the office. The electric field strengths in 
the vicinity of 20 wooden desks have 5-10 dBV/m drops 
due to the impact of shadowing effect of 20 people and 

furniture. EM field distribution and variability are an 
important issue in the design of indoor wireless networks. 
Simulated electric fields at most of all locations on the 
horizontal plane with a height of 1.0 m above the floor 
for the office with and without the presence of 20 people 
and furniture are found in the range of -10 to -30 dBV/m 
which means a good signal will be picked up in the office. 
According to ANSI/IEEE standards for public exposure 
in uncontrolled environments, the maximum power 
density of 1.326×10-4 W/m2 emitted from the LTE 
femtocell is far below the ANSI/IEEE safety standard of 
4.6-17.3 W/m2 for public exposure at frequencies of 700-
2600 MHz. Localized SARs induced in the 20 people 
due to radiation from the LTE femtocell were also 
evaluated. It is found that the maximum localized SAR 
of 1.04×10-5 W/kg is induced in the person numbered 5 
when standing up at 860 MHz. The minimum localized 
SAR of 7.67×10-12 W/kg is induced in the person 
numbered 12 when sitting on a metallic chair at 2660 MHz. 
It is found that standing people tend to have a higher 
SAR value than sitting people. This is because a standing 
person is much closer to the LTE femtocell than a sitting 
person. It is also found that the maximum localized SAR 
of 1.04×10-5 W/kg induced in a standing person is far 
below the ANSI/IEEE safety standard of 1.64 W/kg for 
public exposure in uncontrolled environments. Knowledge 
of electric field distributions and RF exposures is useful 
for indoor wireless network planning. The FDTD 
method provides a time efficient and cost effective 
solution for calculating electric fields emitted from LTE 
femtocells inside an office environment without 
measurements and for checking the EM absorption for 
public exposure to LTE femtocells. 
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