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Abstract—This study demonstrates the importance of designing 

wireless networks along highways efficiently, taking into 

consideration the linear distribution of cells to improve 

performance and preserve communication quality in 

environments with linear structures. Therefore, this paper 

presents an analysis of the Signal-to-Interference Ratio (SIR) 

performance of linear  cellular networks with rectangular shape 

in a highway environment. The log-distance and dual-slope 

propagation models are used to effectively characterize the path 

loss in microcells, providing an evaluation of network 

performance. The impact of user location, antenna height, 

antenna tilt, and propagation channel parameters is also 

considered when calculating the SIR for both rectangular and 

hexagonal cell systems. The simulation results demonstrate how 

these parameters directly affect the effectiveness of both 

networks; nonetheless, the linear station distribution suggests 

better performance than the hexagonal system since it reduces 

interference between neighboring cells and improves signal 

quality. 

  Index terms—Interference Analysis, SIR, Propagation models, 

Linear system, Hexagonal system, Antenna tilt angle.  

I. INTRODUCTION 

HE rapid advancement of technology and modern 

societies' dependence on wireless networks for daily 

communication necessitates the enhancement of 

network performance to guarantee the delivery of high-

quality services [1],[2]. Cellular networks are the basis of 

modern wireless communications, and their efficiency is 

dependent on a particular engineering design that ensures broad 

coverage and optimal signal quality. Transmission station 

distribution is one aspect that has a direct impact on network 

performance. Traditionally, cellular networks use a hexagonal 

arrangement of cells, which is a standard design for efficient 

frequency reuse. However, some environments, such as 

highways, require a different method due to the linear pattern 

of user flow, making hexagonal distribution less efficient.  

One of the most significant difficulties for wireless networks 

is interference. Transmissions from surrounding stations on the 

same frequency can damage the quality of the received signal 

and reduce the SIR. The value of SIR is a key indication of 

wireless service quality, and its performance is 
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determined by station distribution, frequency reuse, and signal 

propagation in the surrounding environment. The network must 

be designed to minimize interference and improve the SIR in 

order to guarantee successful and continuous communications 

[3],[4]. 

Many previous studies have examined the design of cellular 

networks utilizing hexagonal cell distribution, including 

enhancements in frequency reuse and the reduction of 

interference among neighboring stations. However, limited 

research has addressed the effects of employing a linear 

arrangement of transmitting stations, particularly in 

longitudinal settings like highways. In [5], the article presents 

the performance of cellular networks based on predictions of 

interference from neighboring cells. It introduces a 

mathematical model for co-channel interference analysis in 

hexagonal and linear cell configurations using a log-distance 

propagation model to examine the impact of the path loss 

exponent on the downlink signal quality. In addition, for both 

the linear and hexagonal systems, the single cell is shaped like 

a hexagon. 

The primary aim of this study is to do a conceptual comparison 

between two simplified cellular distribution models: the linear 

model and the hexagonal model, inside a controlled 

environment that isolates the structural impact on both 

interference and performance 

So, in this paper, the impact of using a linear approach for 

transmitting station distribution is examined instead of the 

conventional hexagonal distribution, where the single-cell 

configuration for the linear system in this study is designated 

as a rectangular cell, contrasting with that in [5].  

The contributions of this paper are listed as follows: 

• This study employs a wireless cellular system utilizing

rectangular cells along roads , as opposed to traditional

hexagonal cells, to enhance signal quality and network

performance. In addition, the distance between the user and

the base stations and between the user and the right and left

co-channel cells are calculated using the distance calculus

equation with the user's actual coordinates ( )yx, , which

differs from that used in [5].

• The performance of the linear cellular system with rectangular

shape and the hexagonal cell system is assessed by analyzing

the SIR for both systems using various wireless propagation

models, such as log-distance and dual-slope, which

demonstrate signal propagation characteristics in different

environments.

T 
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• The effect of the transmitter antenna tilt angle on the SIR

value is also introduced in this paper, where the SIR

equations in terms of tilt angle for both rectangular and

hexagonal systems are analyzed.

• The impact of several factors on the SIR value for a linear

system, including user distance from the station, cluster size,

attenuation coefficient, antenna height for both transmission

and reception, and antenna tilt angle, is evaluated and

compared with the SIR value for hexagonal systems.

The rest of this article is structured as follows: Section II 

introduces the related works. Section III presents the system 

model. Section IV outlines the formulation for co-channel 

interference, which utilizes two distinct propagation models. 

Section V presents the effect of tilt angle. The paper ends with 

the outcomes of simulations and comparisons and the 

conclusions introduced in Sections VI and VII, respectively. 

II. RELATED WORKS

Numerous facets of the subject that analyze the effects of 

path loss, tilt angle, cell configuration, and propagation model 

on SIR of cellular systems have been extensively studied in 

earlier studies. 

 In [6], the analysis of channel interference across 

communication systems in intelligent transportation contexts 

utilizing modern communication technology is conducted.  The 

impact of frequency and path loss models on spectral efficiency 

over six frequency bands ranging from 2.6 GHz to 73 GHz, 

utilizing one- and two-slope path loss models, is examined in 

[7]. In contrast, [8] investigated path loss  modeling in rural 

fixed wireless networks, where data classification, radio link 

distance splitting, antenna height, topography integration, and 

seasonal fluctuations consideration were all improved by a log-

distance path loss model. Additionally, environmental data 

from the sender and receiver, employing machine learning 

models including artificial neural networks, support vector 

regression, random forest, and gradient tree boosting to predict 

path loss between the vehicle and infrastructure, is utilized in 

[9]. 

 A more recent study introduced a 3GPP path loss model, 

specifically the multi-slope model for linear and non-linear 

scenarios, to increase 5G coverage and efficiency as in [10]. 

Moreover, a study in [5] provided a cellular  network 

performance metrics derived from estimations of interference 

from adjacent cells.  A mathematical model for co-channel 

interference is analyzed in hexagonal and linear cell 

configurations and uses a log-distance propagation model to 

investigate the influence of path loss exponent values on 

downlink signal quality. 

 Research in [11] demonstrated a path loss in vehicular-based 

networks (VANETs) through a field measurement campaign at 

700 MHz and 5.9 GHz in realistic traffic environments. A two-

slope path loss model was used to study the effect of traffic 

density on different environments (high-density urban, low-

density urban, and suburban. Meanwhile, a study in [12] 

focused on the performance of 4G and 5G radio networks in 

field trials on highways. By simultaneously measuring 

important qualitative indicators, it sheds light on networks' 

behavior under fast travel conditions. Finally,  the impact of the 

base station antenna tilt angle on LTE-Advanced channel 

performance in an intercellular interference scenario is 

investigated in [13]. 

III. SYSTEM MODEL

In this section, an introduction to the hexagonal and linear 

systems model is provided. 

A. Hexagonal System

A hexagonal cell structure is depicted in Fig. 1. In this

structure, a central cell and co-channel cells in adjacent tiers are 

taken into account. From this figure, it can be shown that the 

first tier comprises six interfering cells Ti6) ,…Ti2, (Ti1,  

situated at a fixed distance, D , starting from the center of the 

home cell. In comparison, the second tier contains twelve 

interfering cells positioned at a distance of D2  from the center 

of the home cell and a distance of D3  for the third tier 

[14],[15]. 

Fig.1. Interfering cells in a hexagonal arrangement [15]. 

B. Linear System with Rectangular Shape

In a highway environment, a linear system with rectangular

shape is aligned with the straight-line path, as seen in Fig. 2, to 

reduce interference among cells and enhance frequency 

utilization. This system consists of connected segments (cells), 

each designed to be rectangular  in shape, with a length of L and 

a width of W. It is important to note that the distance between 

the base stations is W, and the distance, 𝐷𝐿  , between the

centered cell A and any co-channel cell centers in the first tier 

is equal to 2W for a cluster size N = 2, as shown in Fig. 2(a) 

and equal to 3W for N = 3 as Fig. 2(b), and 4W for N = 4, etc. 

III. FORMULATION FOR CO-CHANNEL INTERFERENCE

The value for the SIR is used to calculate the quality of a 

radio frequency channel. A threshold value is set for the SIR 

coefficient; a value surpassing this threshold signifies that the 

mobile phone is within the service range of the base station in 

a specific cell, whereas a value below this threshold indicates 

that the handoff process should be carried out because the user 

is in the coverage area of another cell that surrounds the 
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mobile's initial cell [3]. The formula for calculating the SIR 

ratio is stated as: 

                        


=

==
K

k k
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S

I

S
SIR

1

                                 (1) 

 

where S represents the signal power received by the mobile 

element from its service base unit, while 𝐼 denotes the 

interference strength from the k-th interfering cell, and  K 

represents the number of cells positioned in the initial tier that 

disrupts the mobile unit within the home cell encircled by these 

K cells [3].  

The selection of the propagation model has an important 

impact on the SIR computation, and this study examined the 

impact of two diffusion types of propagation models: the log-

distance path loss model and the dual-slope model, which are 

described in the following subsections. 

A. Log-Distance Path Loss Model 

The distance-dependent propagation model is the log-

distance model, in which the signal transmission is inversely 

proportional to the path loss propagation exponent. The 

received  power S  by the mobile unit, positioned at a distance d 

from the base service station, is directly proportional to the 

power emitted by the base unit tp  and inversely proportional 

to the distance d  raised to power  γ , 


d , as in (2) [3]:  
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where γ represents the path loss exponent.On the other side, the 

interfering cells around the home cell transmit interference 

power 𝐼, which is proportional to the transmitter's power and 

inversely proportional to 


D  as in: 

                              
D
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where D is the distance between the center original cell and the 

center of any co-channel cells at the first tier. Substituting (2) 

and (3) into (1) results: 
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In addition , Eq. 4 indicates that the value of SIR is dependent 

upon both d and D; thus, to compute these variables, the 

distribution system type must be established, namely whether 

it is hexagonal or linear.  

The formulas for distance and SIR for both systems models 

under the effect of the log-distance path loss model are 

expressed in the following two subsections: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

A.1 For Hexagonal System 

 

In hexagonal cell arrangements,a simplified expressions are 

used to approximate the distances between interfering cells. 

This modeling choice improves mathematical tractability while 

retaining a reasonable level of accuracy. The distance 𝐷 

between the centers of the surrounding cells with the same 
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Fig. 2. The linear system with rectangular shape. 
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frequency as the home cell is determined by the cell radius Rc  

and cluster size N as :  

                                    NRcD 3=                                (5) 

 

Therefore, the SIR value can be determined using Eq. 6, 

assuming the user is placed at the cell's edge (i.e., Rcd = ), as 

referenced in [5].This equation presents an approximate 

expression based on simplified inter-cell distance estimates. 

 

( ) ( ) ( ) 
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A.2 For Linear System with Rectangular Shape 

 

In [5], the distance for the linear system is determined by the 

arrangement of base stations along the roadway, which is 

segmented into linear sections (microcells) of Rc2 in length. 

The distance D between the central cell and any co-channel cell 

centers in the first tier is Rc4  for a cluster size of 2, Rc6 for a 

cluster size of 3, Rc8  for a cluster size of 4, and continues 

accordingly. So, the SIR value was calculated in the first tier 

by: 
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Although the previous approach in [5] is effective for 

modelng uniform distribution on highways, it is based on a 

small set of user locations (e.g., 0.2, 0.4, 0.5, 0.7,1), resulting in 

a simplified representation of user distribution that does not 

reflect the fine-grained variety of the real environment; thus, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the study in this paper takes a different strategy to achieve 

improved precision in establishing the user's location. In this 

case, the distance between the user and the base stations is 

calculated using the distance calculus equation with the user's 

actual coordinates (x, y), as shown in Fig. 3, allowing for a more 

detailed  assessment of the impact of environmental and traffic 

conditions on signal quality. 

 Suppose the home cell's base station is placed at the origin 

(0,0), nd the mobile unit moves in various directions around its 

serving base station while remaining inside its range. 

Therefore, the distance law should be applied when calculating 

the distance between a mobile user and its serving base station 

Ld  as: 

                             
22

yxLd +=                                    (8) 

 

where 𝑥 indicates the user's position on the x-coordinate and y 

represents the user's position on the y -coordinate. The limits 

of the x-coordinate are [-w: +w], and for the y-coordinate are 

[–L: +L]. 

To analyze how co-channel cell interference affects the 

mobile unit's performance, the distance 𝐷𝐿  between the co-

channel cells and the user must be determined. In a linear 

system with a cluster size of equal 2, the mobile unit in the 

home cell is affected by the two co-channel cells K=2 at the 

first tier, and the distances between the user and the right and 

left co-channel cells are calculated as:  
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                   𝐷𝐿 = √(−2𝑤 − 𝑥)2 + (𝑦)2                         (10) 

 

where 𝐷𝐿
̅̅ ̅ is the distance from the mobile unit to the co-channel 

cell located at the right side of the home base station at the 

coordinates (2w, 0), while 𝐷𝐿
̿̿ ̿  signifies the distance from the 

mobile unit to the co-channel cell situated to the left side of the 

home base station at the coordinates (-2w, 0). 

The  value of SIR  for this system is calculated by substituting  

(9) and (10) into (4), which yields: 
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                      Fig.  3. Analysis of rectangular cells   
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Generally, regardless of the value of N, the SIR equation is: 
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B. Dual-slope Path Loss Model 

 

In wireless communication systems, the average received 

power is impacted by physical processes such as reflection, 

diffraction, and scattering. Therefore, analytical models must 

be used to comprehend these effects fully. The dual-slop 

propagation model is one of the most straightforward models 

for examining how the reflected beam affects the received 

signal.  

Despite its simplicity, it offers reasonable estimates, 

particularly in situations when the base station and the receiver 

are in direct line of sight or surroundings with high base 

stations. In this model, transmitted energy is conveyed to the 

receiver in two ways: directly, based on line of sight, and 

indirectly, by perfect reflection from a flat ground surface. The 

physical arrangement of this model is depicted in Fig. 4, where 

the base station's transmitting antenna radiates from a height ℎ𝑏 

above a flat ground surface that perfectly reflects the signal 

[3],[16]. 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Physical arrangement of dual-slop propagation. 

Fig. 4 illustrates that the direct and reflected pathways create 

a geometric triangle, with the path difference dependent on the 

antenna heights and the horizontal distance separating the 

transmitter and receiver. The receiving antenna of the mobile 

unit is positioned at a height ℎ𝑚 above the ground surface, and 

at a distance d in the free space environment from the 

transmitting antenna. In this context, the indirect beam travels 

a distance d1 before being reflected from the ground surface 

and then continues its travel through a distance d2 to reach the 

receiving antenna [3]. The power received 𝑃𝑟   by the user 

depends on the following equation: 
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where k is a constant that depends on the antenna gain and other 

factors that affect the signal transmission, 𝑃𝑡 is the transmitted 

power, 𝑃𝑙  represents the attenuation in the dual-slope model, 

which is usually used in evaluating the performance of 

macrocellular systems and can be determined by : 
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where 𝛾1 and 𝛾2 are path loss exponent values, 𝑑𝑏is the 

breakpoint distance at which a variation in the signal 

attenuation rate occurs due to the transition from one 

propagation system to another and is given by: 

 

                              


mh
b

h

b
d

4
=                                (15) 

where 
b

h , and mh represent the heights of the base station and 

mobile user, respectively, and 𝜆 is the wavelength. Substituting 

(14) into (13) results in (16), which represents the power 

received by the mobile unit, regardless of whether it originates 

from the central cell or interference cells :  

 

                      tP

b
d

d
kdrP

2

11




−

+
−

=













                      (16) 

 

To determine the SIR value, (16) is substituted into (1), 

getting the following equation: 
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where 𝑃𝑟(𝑑) and 𝑃𝑟(𝐷) represent the power received by the 

mobile unit from the central cell and interference cells, 

respectively. 

To compute the distances d and D, it is essential to identify 

the cell distribution system employed in the network, whether 

it is hexagonal or linear, as this distribution has a direct impact 

on how the calculation is performed. The following two 

subsections provide the distance and SIR formulas for both 

systems models under the influence of the dual-slope path loss 

model. 

 

B.1 Hexagonal System 

 

In a hexagonal system, the SIR value can be determined 

using (18), assuming that the user is placed at the cell's edge 

(i.e., 𝑑 = 𝑅𝐶 ) and only the impact of the cells in the first tier is 

considered.This equation also employs a simplified model 

utilizing approximated distances between cells to depict the 

interference scenario. 
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where  𝑃𝑟(𝑅𝐶) denotes the power received by the mobile unit 

from the central cell at 𝑑 = 𝑅𝐶 which is given by: 

 

 

 

ℎ𝑏  

  ℎ𝑚 

𝑑 

𝑑2 

𝑑𝑏 

𝑑1 

342 JOURNAL OF COMMUNICATIONS SOFTWARE AND SYSTEMS, VOL. 21, NO. 3, SEPTEMBER 2025



                   tP

b
d

cR
ckRrP

2

11




−

+
−

=













                       (19) 

 

where ( )cRDrP − , ( )cRDrP + , and ( )DrP  represent the 

power received by the mobile user from the interfering cells 

situated at distances of ( )cRD − , ( )cRD + and (𝐷) meters 

away from the user, respectively, and can be computed as 

follows: 
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B.2 Linear  System with Rectangular shape 

 

In this system, the SIR value can be calculated in the first tier 

by: 
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where  𝑃𝑟(𝑑𝐿) signifies the power received by the user from the 

central cell at a distance 𝑑𝐿 and is expressed by : 
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where 𝑃𝑟(𝐷𝐿
̅̅ ̅) and 𝑃𝑟(𝐷𝐿

̿̿ ̿) denote the power received by the 

mobile user from the interfering cells located at a distance of 

(𝐷𝐿
̅̅ ̅) and (𝐷𝐿

̿̿ ̿), respectively, and can be determined by: 
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The values of 𝑑𝐿, 𝐷𝐿
̅̅ ̅  , and 𝐷𝐿

̿̿ ̿  can be calculated using (8), 

(9), and (10), respectively. 

 

 

 

IV. THE EFFECT OF ANTENNA TILT ON THE CALCULATION OF 

SIR 

 

Antenna tilt is an important design consideration for wireless 

communication systems because it affects signal coverage and 

reduces cell interference. The tilt of the antenna can be adjusted 

to achieve maximum coverage, either mechanically by 

physically moving it or electronically by modifying its 

radiation properties. In order to improve the SIR, antenna tilt is 

essential since it can focus radiation on specific regions, 

minimizing interference and signal leakage to nearby cells 

[13],[17],[18]. Fig. 5 illustrates the analysis of the tilt angle. 

 

 

 

 

 

 

 

 
Fig. 5.  Antenna Tilt Analysis. 

The tilt angle is the angle created by tilting the antenna 

downward from the horizontal plane to the beam's center, and 

it can be determined by [13]: 
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where 𝛼, 
bh , and mh  are an antenna downtilt angle, base 

station high , and mobile high, repectively . 

Therefore, it is possible to use the following formula in order 

to determine the distance d  between the subscriber unit and 

the base station that it serves based on the value of the antenna 

tilt angle: 
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To determine the SIR value, (28) is substituted into (4), 

getting the following equation: 
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While the method of calculating distances is based on the 

system used to distribute the cells, whether it is a hexagonal 

system or a linear system, the equation for calculating the SIR 

varies as follows: 

In a hexagonal system, the SIR value based on the tilt angle 

can be determined by: 
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This equation provides an approximate representation of 

inter-cell distances, enabling a simpler analysis of signal-to-

interference behavior. While in a linear system, the equation of 

SIR is: 
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V. NUMERICAL RESULTS 

 

This section assesses the SIR performances of rectangular 

cells and hexagonal cells in a highway scenario. To provide 

more insights into system performance, the log-distance, dual-

slope propagation models, and the influence of antenna tilt are 

used to calculate the SIR value for both types of cells. The 

MATLAB software version (R2018a) was used to program the 

equations analyzed in this research using the following settings 

in order to compute the SIR values and compare the two distinct 

systems: in the linear system, the cell width w is set to be 2 km, 

with an x -coordinate range of [-1 km, 1 km], and the cell 

length L is set to be 300 m, with a y-coordinate range of [-150 

m, 150 m]. To ensure that both designs have similar coverage 

areas, the hexagonal system, on the other hand, is modeled with 

a cell radius Rc of 1000 m. The simulation results for different 

situations are shown and examined in the following 

subsections.  

 

A.The Effect of Log-Distance Propagation Model 

This subsection presents the SIR performances for both 

systems under different parameters, such as the user's distance, 

cluster size, and path loss exponent value, illustrating the 

impact of the log-distance propagation model.The relationship 

between the SIR value and the user's distance from the base 

station at various locations inside the home cell for both linear 

and hexagonal systems is illustrated in Fig. 6. According to this 

figure, it can be observed that the SIR value for both systems 

decreases as the user moves away from the base station. This is 

because the base station broadcasts stronger signals toward 

nearby users, while signal strength decreases as distance 

increases. Furthermore, users who are farther away from their 

serving base station are more likely to be interfered with by 

nearby stations using the same frequency. It is noteworthy that 

the SIR value for rectangular cells surpasses that of hexagonal 

cells, with a maximum edge value of approximately 55 dB 

compared to around 32 dB for hexagonal cells. 

The cluster size N  is another important element determining 

the SIR performance for both systems, as seen in Fig. 7. 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
a. Linear system. 

 

 

 

 

 

 

 

 

 

b. Hexagonal system. 

Fig. 6. Effect of user location on SIR in log-distance model. 

Different values for cluster sizes are considered in this paper 

to evaluate their effect on the system coverage and the signal 

quality, providing insights on improving cell configurations for 

improved performance. For both systems, it was noticed from 

this figure that increasing the cluster size improved the SIR 

value at the mobile unit; however, the linear system has the best 

SIR performance compared to the hexagonal system for the 

same value of N. For instance, the SIR for a linear system 

increased from 26.76 dB to about 32.26 dB when the cluster 

size N rose from 3 to 4 with the user positioned near the cell 

edge. Meanwhile, with the hexagonal configuration, the SIR 

increased from 8.03 to around 11.35 dB for N=3 and 4, 

respectively. This improvement for both systems, is due to the 

higher reuse distance in the system that has a larger cluster size, 

which minimizes the influence of interference with the 

surrounding cells. 

Fig. 8 depicts the effect of the path loss exponent on the value 

of SIR for the two configurations. This figure shows that the 

values of SIR for both systems are growing vertically  as the 

values of the path loss exponent are increased. In addition for 

the same value of 𝛾, the SIR value is increased exponentially as 

the value of N  increased. For example, the SIR value in a 
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Fig. 7. Effect of Cluster Size on SIR in log-distance model. 

linear system with cluster size N=7 was 20 dB at 𝛾=2 and 

reached about 43.60 dB at 𝛾=4 , as shown in Fig. 8(a). On the 

other side, for the hexagonal system, the value of SIR was 5 dB 

at 𝛾=2 and reached about 17.64 dB at 𝛾=4, as seen in Fig. 8(b). 

The longitudinal distribution of users along the roadway and 

the increasing attenuation of competing signals lead to this 

outcome, which significantly lessens interference with signals 

from far-off stations. 

 

 

 

 

 

 

 

 

 

 

 

a. Linear system 

 

 

 

 

 

 

 

 
b. Hexagonal system. 

 

Fig. 8. Effect of path loss exponent on SIR in log-distance model 

According to the analysis of the SIR performance at different 

values of distance, cluster size N , and path loss exponent, it 

can be observed that the linear system outperforms the 

hexagonal system in all circumstances. This superiority is 

because the distribution of stations in the linear system follows 

a straightforward linear path, and this allocation decreases the 

number of nearby stations using the same frequency, 

minimizing interference and enhancing signal quality. In 

contrast, the hexagonal system has a geometric distribution of 

stations, which increases the number of surrounding stations, 

leading to increasing interference and weakening the signal. 

 

B. The Effect of Dual-slope Propagation Model 

Under the impact of the dual-slope propagation model, the 

SIR performances for both systems are presented in this 

subsection under different parameters such as the path loss 

exponent value, the height of the base station’s antenna, and the 

height of the receiver’s antenna. 

The effect of the path loss exponent value on the SIR 

performance for both systems under the impact of the dual-

slope propagation model is seen in Fig. 9. Fig. 9(a) illustrates 

that for a linear system with N=7, the value of SIR is improved 

from 35.20 dB to 50.50 dB when the path loss exponent value 

𝛾 changed from 2 to 4. On the other hand, for the same value of 

N=7, the SIR's value for the hexagonal system rose from 11.80 

dB at 𝛾=2 to about 18.55 dB at 𝛾=4, as seen in Fig. 9(b).  From 

this figure, it can also be observed that the SIR value for both 

linear and hexagonal systems at the effect of the dual-slop 

model is improved as the value of the path loss exponent 

increases, as was the case with the log-distance model. 

However, the results indicate that the linear system continues 

to outperform the hexagonal system, and this superiority is 

evident when applying the dual-slope model. 

It is important to clarify that the dual-slope model performs 

better than the log-distance model. This is because it takes into 

consideration the difference in attenuation between places close 

to the station, where the signal is stronger, and places farther 

away, where barriers and distance weaken the signal. Because 

of this, the model is more appropriate in actual situations than 

simpler models like long distance. 

Fig. 10 depicts the relationship between the SIR value and 

the height of the transmitting antenna,
bh  i.e., the station's 

height. This figure demonstrates that the SIR value for both 

systems decreases as the height of the transmitting antenna 

increases. This reduction can be attributed to the influence of 

the transmitting antenna's height on signal distribution, where 

the higher the height, the broader the signals are disseminated, 

reducing energy concentration in the desired nearby area while 

increasing interference with signals from other stations 

operating at the same frequency. This effect is more evident in 

the hexagonal system since the number of neighboring stations 

causing interference is greater. 

Fig. 11 shows the relationship between the height of the 

receiver antenna, mh , and the value of SIR. The results 

indicated that the value of SIR decreased as the receiver 

antenna's height increased. This is because increasing the 

antenna's height enhances the reception of interference signals 

from nearby stations operating on the same frequency. The 

impact is more noticeable in the hexagonal system due to the 
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higher number of surrounding stations creating interference 

than in the linear system. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a. Linear system. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

b. Hexagonal system. 

 
Fig. 9. Effect of path loss exponent on SIR in dual-slope Model. 

 
 
 

 

 
 

 
 

 

 
 
 

 

 

 

on SIR. bhEffect of base station height  .10 Fig. 

C. The Effect of The Base Station Antenna’s Tilt  

 

The effect of the transmitter antenna tilt angle on the SIR 

value for both linear and hexagonal systems is illustrated in Fig. 

12 . It was observed that when the tilt angle increased, i.e., 

tilting the base station antenna downward toward the mobile 

user, the SIR value increased significantly. This is because 

orienting the antenna at an appropriate and carefully selected 

angle towards the receiver enhances the concentration of the 

signal received and reduces the damaging effect of interfering 

signals coming from nearby stations. However, while tilting the 

antenna at a specific angle, a balance must be achieved between 

optimal coverage and interference minimization. 
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Fig. 12. Effect of base station antenna tilt angle  on SIR 

VI. CONCLUSION 

 

The research presents an analysis of the SIR performance of 

both linear and hexagonal systems in the highway environment 

using log-distance and dual-slope propagation models. 

According to the results, the linear system performs better than 

the hexagonal system in a variety of factors, including distance, 

cluster size, path loss exponent, antenna height, and antenna tilt 

angles. This superior performance is due to the linear 

distribution of the stations along the highway, which reduces 

the number of surrounding cells that use the same frequency, 

resulting in fewer interference signals and higher signal quality. 

The results confirmed the importance of choosing the 

appropriate design for wireless network distribution, especially 
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in highway environments with linear distribution. The results 

also show the importance of choosing the most  reliable 

propagation models in the calculations, such as the dual-slope 

model, to obtain performance predictions that reasonably 

represent reality . In the future, it is proposed that the effect of 

user density and movement between stations on the network be 

investigated.  

ACKNOWLEDGMENTS 

This work is supported by the College of Engineering / 

Mustansiriyah University.  

 

REFERENCES 

 
[1] S. Hussain, N. Bhadri, and S. Hussain, “Advancements in Wireless 

Communication,” International Journal of Electronics and 

Communication Engineering, vol. 7. pp. 1–4, 2020. doi: 
10.14445/23488549/IJECE-V7I9P101. 

[2] V. Dakulagi and M. Bakhar, “Advances in Smart Antenna Systems for 

Wireless Communication,” Wirel. Pers. Commun., vol. 110, no. 2, pp. 
931–957, 2020, doi: 10.1007/s11277-019-06764-6. 

[3] M. Schwartz, Mobile wireless communications. Cambridge University 

Press, 2013. 
[4] I. H. Ezeh and I. A. Ezenugu, “Challenges of Bandwidth and Power 

Limitations in Cellular Communication: A Review,” IOSR J. Mob. 

Comput. Appl., vol. 7, no. 4, pp. 1–11, 2020, doi: 10.9790/0050-07040111. 

[5] A. Sallomi, S. Hasan, and J. Q. Kadhim, “Maximizing Signal Quality for 

One Dimensional Cells In Mobile Communications,” Wasit J. Comput. 

Math. Sci., vol. 2, pp. 84–91, 2023, doi: 10.31185/wjcms.160. 
[6] Y. S. Song, S. K. Lee, J. W. Lee, D. W. Kang, and K. W. Min, “Analysis 

of adjacent channel interference using distribution function for V2X 

communication systems in the 5.9-GHz band for ITS,” ETRI J., vol. 41, 
no. 6, pp. 703–714, 2019, doi: https://doi.org/10.4218/etrij.2018-0249. 

[7] E. Teixeira, S. Sousa, F. J. Velez, and J. M. Peha, “Impact of the 

Propagation Model on the Capacity in Small-Cell Networks: Comparison 
Between the UHF/SHF and the Millimeter Wavebands,” Radio Sci., vol. 

56, no. 5, p. e2020RS007150, 2021, doi: 

https://doi.org/10.1029/2020RS007150. 
[8] Z. El Khaled, W. Ajib, and H. Mcheick, “Log Distance Path Loss Model: 

Application and Improvement for Sub 5 GHz Rural Fixed Wireless 

Networks,” IEEE Access, vol. 10, pp. 52020–52029, 2022, doi: 
10.1109/ACCESS.2022.3166895. 

[9] Y. Nuñez et al., “Path Loss Prediction for Vehicular-to-Infrastructure 

Communication Using Machine Learning Techniques,” in 2023 IEEE 
Virtual Conference on Communications (VCC), Nov. 2023, pp. 270–275. 

doi: 10.1109/VCC60689.2023.10474798. 

[10] S. A. Dahri, M. M. Shaikh, M. Alhussein, M. A. Soomro, K. Aurangzeb, 
and M. Imran, “Multi-Slope Path Loss Model-Based Performance 

Assessment of Heterogeneous Cellular Network in 5G,” IEEE Access, vol. 

11, pp. 30473–30485, 2023, doi: 10.1109/ACCESS.2023.3261259. 
[11] H. Fernández, L. Rubio, V. M. Rodrigo Peñarrocha, and J. Reig, “Dual-

Slope Path Loss Model for Integrating Vehicular Sensing Applications in 

Urban and Suburban Environments,” Sensors, vol. 24, no. 13, 2024, doi: 
10.3390/s24134334. 

[12] G. Tsoulos, G. Athanasiadou, G. Nikitopoulos, V. Tsoulos, and D. 

Zarbouti, “Empirical Insights into 5G Deployments in Highway 
Operational Environments and Comparative Performance with 4G,” 

Electronics, vol. 13, no. 8, 2024, doi: 10.3390/electronics13081533. 

[13] A. Ameen and S. Radhi, “Optimum Base Station Antenna Tilt Angle for 
Inter-Cell Interference Limited Mobile Cellular System,” Jordan J. Electr. 

Eng., vol. 10, p. 1, 2024, doi: 10.5455/jjee.204-1696884748. 
[14] S. T. Girma and A. G. Abebe, “Mobility Load Balancing in Cellular 

System with Multicriteria Handoff Algorithm,” Adv. Fuzzy Syst., vol. 

2017, no. 1, p. 2795905, 2017, doi: https://doi.org/10.1155/2017/2795905. 
[15] S. T. Girma, D. B. O. Konditi, and C. Maina, “Frequency re-use distance 

calculation in cellular systems based on Monte-Carlo simulation,” Heliyon, 

vol. 5, no. 3, pp. 1–18, 2019, doi: 
https://doi.org/10.1016/j.heliyon.2019.e01302. 

[16] V. E. Ostashev, D. J. Breton, D. K. Wilson, and C. L. Wolsieffer, “Two-

ray Propagation Model with Random Volumetric Scattering,” in 2022 

United States National Committee of URSI National Radio Science 
Meeting (USNC-URSI NRSM), Jan. 2022, pp. 322–323. doi: 

10.23919/USNC-URSINRSM57467.2022.9881407. 

[17] R. Hernandez-Aquino, S. A. R. Zaidi, D. McLernon, M. Ghogho, and A. 
Imran, “Tilt Angle Optimization in Two-Tier Cellular Networks—A 

Stochastic Geometry Approach,” IEEE Trans. Commun., vol. 63, no. 12, 

pp. 5162–5177, Dec. 2015, doi: 10.1109/TCOMM.2015.2485981. 
[18] S. R. Samal, N. Dandanov, S. Bandopadhaya, and V. Poulkov, “Adaptive 

Antenna Tilt for Cellular Coverage Optimization in Suburban Scenario,” 

in Biologically Inspired Techniques in Many-Criteria Decision Making, 
2020, pp. 240–249. doi: https://doi.org/10.1007/978-3-030-39033-4_22. 

 

 
Sarab Kamal Mahmood was born in Baghdad, 

Iraq in 1988. She received her B.Sc. degree in 

Electrical Engineering in 2009, M.Sc. degree in 
Electronics and Communication Engineering in 

2015, both  from  the Mustansiriyah University, 

Baghdad, Iraq.  In 2009, she joined the college of 
Engineering at the Mustansiriyah University in 

Baghdad. Her recent research activities are 

Wireless Communication Systems, Channel 
Coding, Chaotic Modulation, FPGA. Now she is 

a Lecturer at the Mustansiriyah University, Iraq.  

 
 Basma Nazar was born in Baghdad, Iraq in 
1986. She received her B.Sc. degree in Electrical 

Engineering in 2009, M.Sc. degree in 

Electronics and Communication Engineering in 
2015, and her Ph.D. degree in 2025 in 

Communication Engineering all from the 

Mustansiriyah University, Baghdad, Iraq. In 
2009, she joined the college  of Engineering at 

the Mustansiriyah University in Baghdad. Her 

recent research activities are Wireless 
Communication Systems, Multicarrier System, 

Cooperative System, Chaotic Modulation, 

FPGA and Xilinx System Generator based Communication System. Now she 
is a Lecturer at the Mustansiriyah University, Iraq.  

 
Jaafar Qassim Kadhim was born in Baghdad, 

Iraq in 1981. He received his B.Sc. degree in 
Electrical Engineering in 2005, M.Sc. degree in 

Electronics and Communication Engineering in 

2013, and his Ph.D. degree in 2024 in 
Communication Engineering all from  the 

Mustansiriyah University, Baghdad, Iraq. In 

2007, he joined the college of Engineering at the 
Mustansiriyah University in Baghdad. His recent 

research activities are Wireless Communication 
Systems, Speech Signal Processing, Image 

Signal Processing, Cryptography and Computer 

Security, Chaotic Modulation. Now he is a Lecturer at the Mustansiriyah 
University, Iraq. 
 

 

 

 

S. K. MAHMOOD et al.: PERFORMANCE ANALYSIS OF LINEAR CELLULAR NETWORKS ON HIGHWAYS 347

https://www.uomustansiriyah.edu.iq/
https://doi.org/10.1007/978-3-030-39033-4_22



