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Abstract—Nowadays, the world is turning into technology, fast
internet and high signal quality. To ensure high signal quality, the
network planners have to predict the pathloss and signal strength
of the transmitted signal at specific distances in the design stage.
The aim of this research is to provide a generalized pathloss model
to suit the urban area in Muscat Governorate in the Sultanate of
Oman. The research covers 5G network pathloss in the Muttrah
Business District (MBD) area. It includes Close In (CI) model and
Alpha Beta Gamma (ABG) model with 3.45GHz. The results of 5G
models were compared with real experimental data in MBD by
calculating Root Mean Square Error RMSE. Other cells at MBD
area were used for reverification. To validate the modified
pathloss models of 5G, they were applied at different cells in
Alkhoud area. Furthermore, this paper also deals the effect of
Specific Absorption Rate (SAR) on the human brain for ensuring
safety due to close proximity to cell towers. The SAR values were
calculated indirectly from the electric field strength of different
antennas. Calculated results were compared with the international
standards defined limits on the human brain.
Keywords—pathloss; prediction; 5G; RMSE; CI model; ABG
model; SAR
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I. INTRODUCTION

HE 5G is nowadays a communication standard. It came to
overcome the former networks’ challenges and
shortcomings. 5G network is providing high speed internet and
higher bandwidth with data rate of more than 10Gbps. Its
latency is around 1ms or less. It is lower than 4G latency by ten
times [1]. 4G is focusing only on data transfer rate, the 5G is
concentrating on Enhanced Mobile Broadband (eMBB), UltraReliable and Low Latency Communication (URLLC) and
Massive Machine Type Communication (mMTC). It means 5G
technology is ready to increase the number of users and
connected devices. It can contain 1million connections in 1km2.
The 5G technology changes the meaning of communications. It
outperforms other technologies. Based on 5G, new technology
revolutions are built. It moves from communication between
people to things communication. Internet of things is the main
application supported by 5G. In this generation, connected
devices will be via an intelligent communication network. In
5G, the virtual network becomes part of any new network. The
5G reliability motivates all life aspects to employ the
technology. The new situation in COVID-19 pandemic changes
the lifestyle. Health care, education, businesses and other
sectors are using extensive online networks. The pandemic
highlights the technology’s ability to cover the demands by a

critical secure network. The new technology in the cellular
network creates new opportunities for people and organizations.
It facilitates all difficulties. Smart health care (eHealth), elearning, smart transportation, big data analysis, virtual
network, smart cities, block chain, clouds, IoT, AI and other
terms become familiar to all society categories [2]. 5G
subscribers are increasing rapidly as a result of these
applications.
With the high demand for the network, we pay our attention
in this research on how the operators will provide an efficient
network with high quality. It requests the operator to plan the
network properly to reach this goal. The well planned signal
propagation needs pathloss prediction tools. The pathloss
prediction models are introduced in this paper for 5G network.
The attenuation which may happen on signals can be predicted
in the design stage. Thus, the parameters can be decided early
to reduce losses. There are many propagation models studying
the pathloss and predicting the signal strength at a specific
distance for 5G cellular network in urban terrain. None of these
models are specified for the Sultanate of Oman. This research
objective is to develop Pathloss prediction models suitable for
proposed urban areas for 5G cellular network to be used by RF
planners. The research depends on Omantel collected data from
MBD area. The research also aims to verify the developed
models by applying them in different cells in MBD and Alkhoud
areas and calculating RMSE as error indicator using (1). The
RMSE calculation depends on finding the error between
experimental pathloss and predicted pathloss. The RMSE
should be limited [3].
𝑅𝑀𝑆𝐸 = √

∑(P𝑚 −𝑃𝑟 )2
(𝑁−1)

(1)

Where,
Pm: Experimental Pathloss [dB]
Pr: Predicted Pathloss [dB]
N: Number of experimental values
Moreover, this research targets to calculate the SAR value
and conformity of the results with international standards. As
there are rapid spread of new technologies and high demand of
smart applications, the service providers have to provide enough
network coverage. These lead them to provide more base
stations. This part of the research will brief how the new
technologies are safe for different mechanisms especially for the
human brain.
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II.

STUDIES AND RESEARCH

A. 5G Studies and Research
Referring to a study done by researchers from Bangladesh
in 2020 [4], the researchers used ABG and CI models to choose
the best modulation systems for 5G using 28GHz with different
filters. The resulted BER gave good results with CI model in
most calculations comparing to ABG model. Considering the
new technologies in the research which was done in 2017 in
Kuwait [5] for 5G technologies with 28GHz, the researchers
found that the Ericsson model is the best for the urban
environment. The researchers in [6] did a study in 2017 in
Malaysia using 15GHz in 5G network. They employed
microcell propagation model and Okumura-Hata model.
However, they recommended implementing the CI, Floating
Intercept (FI) and ABG models as they were more efficient as
per their findings.
Similar to the above researches, many other researches
were done around the world specifying their results for specific
locations indoor or outdoor. These researches focused on
identifying an appropriate model for a specific location with a
particular frequency or modifying existing models to suit their
environment similar to this research objective. Practically no
model can suit all environments perfectly.
In general, none of these studies were done in the Sultanate
of Oman covering 5G networks. The research [3, 7, 8] were
done in the Sultanate of Oman for 2G,3G and 4G networks using
the Okumura Hata model, the Extended Sakagami model and
the Cost231 model. Unlike this current research which covers
5G network pathloss prediction models.
B. SAR Studies and Research
There were several previous studies, done by different
researchers studying SAR effect on different human tissues. The
research [9] was done in China. The researchers used
simulations to study SAR resulted from 5G network. The
research presented the SAR values on the human brain resulted
from antennas operated at 2.6GHz and 3.5GHz. The SAR values
were 0.217 W/kg and 0.285 W/kg respectively. They concluded
the SAR value which reached to the brain was 0.25 from total
SAR.
A different methodology was followed in [10]. The
researchers used ESM 120 meter and ESM 140 meter to
measure the SAR resulted from phones which were connected
to 900MHz network. The maximum resulting SAR was
0.5mW/kg. Another study was done in India in 2020 [11]. It
focused on the effect of SAR on the children’s head and how
they differ from an adult. Their research resulted in higher SAR
on children’ head than adults resulted from mobile phone
radiations due to low thickness of children tissues.
The researchers from Sri Lanka did a research in 2019 to
calculate SAR on the human brain and eye which resulted from
antenna operated at different frequencies through simulations
[12]. They summarized their work by proposing that the SAR
depended on the electric properties of tissue and not on the
shape or size. Many other research was done internationally in
different aspects. They included SAR which resulted from
phones, base stations or other radiation sources. The researchers
followed different ways to find SAR values. Simulation
softwares, measurement tools and using SAR equations support
to find SAR.

III. PATHLOSS MODELS
A. Close-in (CI) Free Space Reference Distance Model
Close-in model is based on the relationship between
pathloss and distance. Equation )2( is used to calculate CI model
[13]. Where (3) is free space pathloss 𝑃𝐿𝐹𝑆(do) at reference
distance do =1m. Where do is close-in reference distance and λ
is wavelength.
Equation )4( is the new expression of 𝑃𝐿𝐹𝑆(do) after
substituting do=1m in (3). Where frequency (f) in Hz and speed
of light (c) is in meter are replacing λ. Pathloss Exponent PLE
(n) differs with different environments. PLE demonstrates the
relation between signal strength and distance and how the signal
decreases when distance grows. Table I lists PLE values [14,
15]. The table I shows that with availability of obstacles
between transmitter and receiver, the PLE value increases. For
example, in free space n=2, means less pathloss and high
received power. The PLE increases with availability of
obstructions.
In this research n is chosen to be between 2.7-3.5 for urban
area. The pathloss will be calculated with different n values
within this range.
𝑑
𝑃𝐿[𝑑] = PLFS(𝑑𝑜 ) + 10n Log10 ( )
(2)
𝑑𝑜

𝑃𝐿𝐹𝑆[𝑑𝑜 ] = 20 Log10 (
𝑃𝐿𝐹𝑆[𝑑𝑜 ] = 20 Log10 (

4𝜋𝑓
𝑐

4𝜋𝑑𝑜
𝜆

(3)

)

) when 𝑑𝑜 = 1𝑚

(4)

TABLE I
PATHLOSS EXPONENT VALUES FOR DIFFERENT ENVIRONMENTS [14]
Environment
Free space
Urban area cellular radio
Shadowed urban cellular radio

PLE (n)
2
2.7-3.5
3-5

In building line of sight

1.6-1.8

Obstructed in building

4-6

Obstructed in factories

2-3

B. ABG Model
Alfa, Beta, Gama model considers distance and frequency.
In contrast with CI model which is affected by one exponent (n),
the ABG model is affected by α, β, γ. Where α and γ are distance
and frequency coefficients. β is an optimized offset value for
PL in dB [4]. α, β, γ values will be determined from Table II for
different environments. These values are the ITU
recommendation for above roof top propagation in different
environments taking into account frequency range and distance
range. Equation (5) is ABG pathloss expression 𝑃𝐿ABG (f, d) [4].
Where d is distance between MS and BS in meters and f is the
frequency in GHz.
For pathloss calculation, α, β, γ are chosen to suit NLoS
with frequency 2.2-66.5GHz from Table II.
𝑃𝐿𝐹𝑆 𝐴𝐵𝐺 [𝑓, 𝑑] = 10α Log10 (𝑑) + 𝛽 + 10γ Log10 (𝑓𝑐 )

(5)
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TABLE II

Pathloss Coefficients [16]

Frequency range
(GHz)
2.2-73

Distance range
(m)
55-1200

2.2-66.5

260-1200

Type of environment

LoS/ NLoS

α

β

γ

Urban high-rise, Urban low-rise/
Suburban
Urban high-rise

LoS

2.29

28.6

1.96

NLoS

4.39

-6.27

2.30

TABLE III
RMSE for MBD_5G_Cell 325

IV. 5G PATHLOSS EXPERIMENTAL RESULTS
5G network was tested initially in MBD concentrating on
Cell-325. Its results were used to generalize the models. The BS
height was 30m, while the used MS height was 1.5m. The
network was tested at 3.45GHz frequency. The drive test was
done to collect real pathloss. After 5G pathloss models were
employed to predict signal pathloss, the following outcomes
were achieved. CI model was examined with different Pathloss
Exponent (PLE) values. PLE was selected from 2.7-3.5 for the
urban area environment. The selected exponents from this
range were: 2.7, 3, 3.2 and 3.5.
The α, β, γ values of the ABG model were selected from
Table II to suit NLoS urban area equal to 4.39, -6.27, 2.30
respectively. The predicted pathlosses of Cell-325 with the CI
model and the ABG model, are shown in Fig.1 in addition to
experimental pathloss values. Calculating the pathloss using the
original CI model with PLE=2.7 and ABG model gave less
difference from experimental data as compared to CI model
with PLE=3,3.2 and 3.5. Both predicted path losses were
greater than the experimental values by more than 30dB in some
distances. As they were designed originally for different
environments considering more affected factors in the worst
situation than this research environment.

Pathloss Model

MBD_5G_Cell 325
RMSE (dB)

PLE

CI model

31.07
38.20
43.02
50.31

2.7
3
3.2
3.5

ABG model

35.68

-

Modified CI model with PLE=2.7:
𝑑
𝑃𝐿[𝑑] = PLFS(𝑑𝑜 ) + 2.7 ∗ 10Log10 ( ) − 31.07

(6)

Modified CI model with PLE=3:
𝑑
𝑃𝐿[𝑑] = PLFS(𝑑𝑜 ) + 3.0 ∗ 10Log10 ( ) − 38.20

(7)

Modified CI model with PLE=3.2:
𝑑
𝑃𝐿[𝑑] = PLFS(𝑑𝑜 ) + 3.2 ∗ 10Log10 ( ) − 43.02

(8)

Modified CI model with PLE=3.5:
𝑑
𝑃𝐿[𝑑] = PLFS(𝑑𝑜 ) + 3.5 ∗ 10Log10 ( ) − 50.31

(9)

𝑑𝑜

𝑑𝑜

𝑑𝑜

Modified ABG model:

𝑑𝑜

𝑃𝐿𝐹𝑆 𝐴𝐵𝐺 [𝑓, 𝑑] = 10α Log10 (𝑑) + 𝛽 + 10γ Log10 (𝑓𝑐 ) − 35.68 (10)

This step should help to predict pathloss close to
experimental pathloss. To check their effectiveness, the
previous test should be repeated. Cell-325 pathloss was
predicted again by modified equations. Fig. 2 shows the
predicted and the experimental pathloss.

Fig.1. Pathloss for MBD-5G-cell325 Using CI and ABG models

The error between predicted pathloss and experimental
pathloss were calculated through RMSE as in Table III. CI
model with PLE=2.7 followed by ABG model gave lower
RMSE matching the pathloss prediction. In the CI model, as
PLE values increased the predicted pathloss increased resulted
in high RMSE. In order to get a suitable model for Muscat area,
the original models should be modified. By utilizing RMSE in
the original models’ (6) to (10) were generated to reduce the gap
between predicted pathloss and experimental pathloss. The
RMSEs were subtracted from the original equations. The RMSE
comprises of all known and unknown factors in each model.

Fig.2. Pathloss for MBD-5G-cell325 Using modified CI and ABG models

The new RMSE values are listed beside the original model
RMSE in Table IV. The RMSE values of all models are close to
each other. The PLE equal to 3.2 which was used in the CI
model gave the lowest RMSE after the models’ modification.
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TABLE IV
RMSE for MBD_5G_Cell-325

Pathloss
Model

CI model
ABG model

MBD_5G_Cell-325
RMSE (dB)
RMSE
After model
(dB)
modification
31.07
9.24
38.20
9.11
43.02
9.08
50.31
9.13
35.68
9.87

PLE
2.7
3
3.2
3.5
-

Modified ABG model produced high RMSE. The CI model
with PLE=3.2 was the best in the tested area with RMSE equal
to 9.08dB. In general, the modified models predicted very close
pathloss to experimental values. The resulted RMSE values of
all modified models in the 5G network are acceptable. They
indicate model efficiency in MBD area.
To confirm the outputs, the modified ABG model and
modified CI model were examined with different cells in MBD
and Alkhoud. They worked with the same frequency 3.45GHz.
Cell-23 was selected for this purpose in MBD area. Its height
was 20m. It was lower than Cell-325 height. Fig. 3 displays the
Cell-23 experimental pathloss with predicted pathloss as a
function of distance in meter for both models.

Contrary to Cell-325, the covered area by Cell-23 was quite
better with fewer obstructions. Consequently, the drive test
measurements provided low values. The experimental pathloss
were less than 90dB. This observation raises the RMSE.
Additional investigation was done in Alkhoud area. The tested
area in Alkhoud was served by three cells in different directions
Cell-33, Cell-34 and Cell-35.
The cells were examined by modified models to check the
models’ performance in the new area by calculating RMSE.
Their experimental and predicted pathloss are displayed in
Fig.4, 5 and 6. The modified models performed accurately in
Alkhoud area. All results show high efficiency in the new
locations. The RMSE results from Cell-33, 34 and 35 are listed
in Table VI.

Fig.4. Pathloss for Alkhoud-5G Cell-33 Using modified CI and ABG models

Fig. 3. Pathloss for MBD-5G-cell-23 Using modified CI and ABG models

Table V listed calculated RMSE between experimental and
predicted pathloss of cell-23. The recorded RMSE was 13.39dB
for the modified ABG model. Whereas, it was 12.58dB for the
CI model with PLE=2.7 after model modification. The CI model
gave the best result but this time with PLE equal to 2.7. The
results of both models are very close to each other. They are
accepted while there were some variances between Cell-325 and
Cell-23 representing in surrounding buildings and antenna
height.

Fig.5. Pathloss for Alkhoud-5G Cell-34 Using modified CI and ABG models

TABLE 5
RMSE for MBD_5G_Cell-23 using modified models

Pathloss Model
CI model

ABG model

MBD_5G_Cell-23
RMSE (dB)
After models modification
12.58
12.90
13.08
13.30
13.39

PLE
2.7
3
3.2
3.5
-

Fig.6. Pathloss for Alkhoud-5G Cell-35 Using modified CI and ABG models

Although there are limited available 5G network, the used
models with the selected areas were working fine and giving a
good guide for the 5G network planner in the design stage.
Generally, both the CI model with PLE 2.7-3.5 and the ABG
model were working properly in the urban environment in
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Muscat areas. The CI model outperforms the ABG model. The
5G models’ performance summary is illustrated in the chart in
Fig.7 with reference RMSE line equal to 6dB.
TABLE VI
RMSE for Alkhoud_5G_Cell-33, 34 and 35 using modified models

Alkhoud_5G
RMSE (dB) using modified models
Pathloss Model
CI model

ABG model

Cell-33
10.51
10.76
11.01
11.49
13.46

Cell-34
11.72
11.08
10.76
10.44
10.59

Cell-35
9.50
9.59
9.70
9.96
11.48

PLE
2.7
3
3.2
3.5
-
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unrestricted environments for the frequency range 100 kHz to 6
GHz [18]. Whereas FCC limits for SAR is 1.6 W/kg [11, 18,
19]. Experimental electric field, E (V/m), magnetic field, H
(A/m) and power density, Pd (W/m2) were compared with
accepted ICNIRP standards [19]. TRA team concentrated on
evaluation of frequency, wavelength of RF signal, transmitted
power from the antenna and distance from base stations [20].
Different research was done previously on SAR. They
studied the effect of SAR on the human body parts. The
researchers concentrated on different sources of the EM field.
Some of these works simulated the human body parts and how
they will be affected by different frequency ranges. In those
research, the simulation outcomes were compared with
standards. In addition, there are measurement tools measuring
SAR in the human body. SAR meter (ESM 120) in Fig.8 is an
example of these tools. In some research, it is employed for real
time SAR measurements.

16

RMSE (dB)

14
12
10
8
6
4
2
0

MBD 325

ABG

MBD 23

CI(n=2.7)

Alkhoud33

CI(n=3)

Alkhoud34

CI(n=3.2)

Alkhoud35

CI(n=3.5)

Fig.7. RMSE comparison of 5G network

V. SPECIFIC ABSORPTION RATE SAR
A. SAR Overview
In conjunction with the rapid increase in the availability of
communication networks and renewable requirements to keep
up to date with technology, the service providers must be careful
about the effects of electromagnetic waves on Organisms.
Worldwide, there are many standards that control the
availability of these, by limiting the allowed radiated power
through different electromagnetic elements such as base
stations. Including 5G technology in the cellular networks
causes public concern due to its high frequency [10]. ICNIRP,
IEEE, and FCC are related international organizations providing
guidelines, standards and limitations [11]. In the Sultanate of
Oman, Telecommunications Regulatory Authority (TRA)
regulates everything related to the frequencies and the
communications spectrum and usage. This is in addition to The
Environment Authority, which also evaluates the negative
impacts of different radiation on the environment. These
organizations did several studies to provide the standards as per
the international permissible limitations.
Specific Absorption Rate (SAR) is one of the most
important parameter related to radiations. It is the measurements
of absorbed radio frequency RF energy by the human body [11].
It is linked with how much human body tissue absorbs power
when faced the EM field [10, 17]. Its unit is (W/kg), which
describes the dependency of SAR on absorbed power (W) by
human tissue per unit mass of the tissue (kg) [11]. The
determined limit of SAR by ICNIRP is 2W/kg. The IEEE
specifies SAR equal to 2W/kg for the human head in

Fig.8. SAR meter (ESM 120) [21]

This tool determines the SAR from wireless sources like
base stations. Different studies mentioned the effect of SAR on
the human brain. They concluded with accepted ranges. SAR
level differs between different tissues. In the human head, the
scalp and skull are absorbing electromagnetic signals more than
the brain. Where the brain is receiving only 0.25 of SAR value.
It is about 0.125 times the scalp SAR value [9]. The researchers
in [12] concluded that the SAR value was affected mostly by
electrical properties of tissues more than its shape and size. It
was more in children’s head than adults due to its low thickness
[11]. In this research, SAR was found by indirect calculations
from electric field intensity by (8) [17].

𝑆𝐴𝑅 =

𝜎𝐸 2
2𝜌

(8)

Where σ (sigma) specifies the electrical conductivity of
human body parts in S/m [11]. There are different conductivity
values for different body tissues. The conductivity values are
affected by frequency ranges. As frequency increases, the
specific tissue conductivity increases. In SAR calculations of
this work, the conductivity is 0.91 S/m and 2.59 S/m were used
to calculate SAR for 800MHz and 3.45GHz respectively. ρ
(rho) is the mass density (body tissue density). It is measured in
kg/m3 [11, 17]. The brain mass density is equal to 1030 kg/m3
[22]. E, The electric field strength is calculated by (9) [23].
Where S is power density in W/m2 and Z is the impedance in Ω.
The power density and impedance are found with (10) and (11)
respectively [24]. The power density S depends on base station
transmitted power Pt in watt, antenna gain G and distance in
meter [23]. As distance d from transmitter increases, the power
density decreases. Consequently, the electric field and SAR
decrease. Table VII lists the dielectric properties of the human
brain which are implemented in the study for 800MHz and
3.45GHz.
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𝜇

𝑍 = 𝑍𝑜 √ 𝜀 𝑟 𝑤ℎ𝑒𝑟𝑒 ∴ 𝑍𝑜 = 377Ω (free space)
𝑟

(9)

25

(10)

20

(11)

SAR (µW/kg)

𝐸 = √𝑆 ∗ (2 ∗ 𝑍)
𝑃𝑡 G
𝑆 = 4∗𝜋∗𝑑
2

15
10
5

TABLE VII
Dielectric properties of the human brain [22, 24, 25]

800 MHz
0.91 S/m

3.45 GHz
2.59 S/m

Permittivity εr

53.252

47.379

Mass density ρ

1030 kg/m3

1030 kg/m3

Permeability μr

1

1

0

SAR (µW/kg)

6
4
2
0
600

800

1000

Distance (m)
Fig.9. SAR of MBD_4G_Cell-237

500

5
0
0

100

200

300

400

Distance (m)

500

600

700

Fig.12. SAR of Alkhoud_4G Cell-34

As shown in these figures, SAR values of used antennas are
very small compared with standards. They didn’t exceed 25
µW/kg. The same calculations were repeated with 5G network
coverage at 3.45GHz by using suitable dielectric properties.
Fig.13 and 14 illustrate the calculated SAR at 5G network
in MBD and Alkhoud area. The 5G network SAR values are
higher than the 4G network SAR due to high transmitted power
and high frequency. The transmitted powers at the 4G in this
research were 18.2dBm in MBD and 15.2dBm in other
locations. On the other hand, the transmitted power of the 5G
network was 34.9dBm. In 5G, the SAR exceeds 3000 µW/kg.
But It didn’t reach limitations as per standards. In general, by
following the guidelines and standards, we can safely conclude
that the organisms under discussion will be safe from the
negative impact of EM radiation at these particular frequencies.
While the users will benefit from new technologies with highspeed data transfer rate.
800

SAR (µW/kg)

10

SAR (µW/kg)

400

10

8

400

300

15

B. SAR Experimental Results
In this study, the SAR was calculated on 4G (800MHz) and
5G (3.45GHz) networks in different locations in Muscat
Governorate. After applying the equations of SAR calculation
in 4G network at MBD, Alkhwair, Algubrah and Alkhoud areas,
the resulted SAR are presented in Fig.9, 10, 11and 12. The
figures explain the inverse relation between SAR and distance.
As distance increases, the SAR decreases.

200

200

Fig.11. SAR of Algubrah_4G Cell-287

Very clearly, SAR value is impacted by frequency which
specifies the conductivity. Also, the distance from a radiation
source and antenna parameters (transmitted power and antenna
gain) change the SAR values.

0

100

Distance (m)

SAR (µW/kg)

Frequency
Conductivity 𝜎

0

8
6
4
2

600
400
200
0

0
0

100

200

300

Distance (m)

400

Fig.10. SAR of Alkhwair_4G Cell-98
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0

100

200

300

400

500

Distance (m)
Fig.13. SAR of MBD_5G Cell-325
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SAR (µW/kg)

4000
3000

[8]

2000
[9]

1000
0
0

500

1000

1500

2000

[10]

Distance (m)
Fig.14 SAR of Alkhoud_5G Cell-33

[11]

CONCLUSION
The objective of this research is to identify pathloss models
suited for Muscat Governorate in the Sultanate of Oman for 5G
networks. The research aim was achieved by employing
different pathloss models on the 5G network working at
3.45GHz. The calculations were done via models’ equations
using MATLAB. This study was the first in the region. From
the tested pathloss models and calculated RMSE at 5G network,
the modified CI model with PLE range (2.7-3.5) can be used in
MBD and Alkhoud for 5G network pathloss prediction. The
resulted SAR values from research calculations are lower than
the standard limitation.
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