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Abstract 

This paper evaluates the cell coverage percentages of millimeter waves for the 5th generation cellular 

system. First, a survey on the recent pioneering works and results for channel model characterizations 

and development for 5th generation systems were conducted, and then a theoretical formula for 

calculating the cell coverage area was developed. The cell coverage percentage was evaluated for the 28 

GHz, 38 GHz, and 73 GHz propagation channel models. The obtained results reflected an increase in the 

path loss due to increased frequency and densification of the urbanization structure.  

  

Keywords: 5th Generation cellular system; millimeter waves; cell coverage percentages; wireless 
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1. Introduction 

Since the deployment of the first generation cellular mobile communication systems four decades ago, 

the wireless communications industry has seen a great expansion and increase in terms of system 

capacity, coverage, application support, level of  service, and quality of service [1-4].  The main factors 

determining the cellular system’s network performance are capacity design and coverage design. The 

capacity design of the  cellular network or network segment determines the maximum number of 

customers that can be served by the whole network or network segment at any given time [5, 6]. On the 

other hand, coverage planning, and design determine quality of service and the level of service provided 

by the network in any given area. A network with excellent coverage planning is going to have fewer 

dark areas (areas under deep shadowing) inside the system, which accordingly leads to fewer dropped 
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calls and connections. To improve the network coverage, an excellent understanding of signal 

propagation in the cellular system is required. There has been a lot of work proposed in the literature on 

large-scale signal propagation and channel characterization [6-10].These studies statistically determine 

the effects of signal attenuation due to path loss and shadowing as the distance between the transmitter 

and receiver increases in typical urban and suburban settings 

2. Survey on the Propagation Channel Measurement for the 5th Generation Cellular System 

To address the emerging bandwidth needs of the future internet of people and internet of things, the 

use of millimeter-wave at the 30 GHz-300 GHz band is proposed  [11-14]. The available spectrum in this 

band is 200 times greater than the whole current cellular spectrum allocated to the wireless systems of 

today. This large spectrum clearly contributes to the overall system data rate 𝐑, which upper bounded by 

the capacity 𝐂 relation[15] as shown in equation (1). 
 

𝐑 ≤ 𝐂 = 𝐦 (
𝐖

𝐧
) 𝐥𝐨𝐠𝟐 (𝟏 +

𝐒

𝐈 + 𝐍
) (1) 

 

Where: 𝐑 represents the cellular system's upper-bound data rate, 𝐦 represents the system's spatial 

multiplexing gain factor, which increased with the use of multiple antennas [16, 17], 𝐧 is the system load 

factor, which reduced with the increase in network densification. 𝒘 Represents the total bandwidth or 

the system allocated spectrum and 𝐒, 𝐍, 𝐈 represent the desired signal power, noise power and total 

interference power. The total system interference of the next generation wireless cellular system will be 

greatly reduced by making use of excellent and intelligent power control and channel and resource 

scheduling strategies.  

Electromagnetic signal at the millimeter wave band tends to have reasonably small wave length, which 

enables the deployment of larger numbers of antennas which is called massive multiple input multiple 

output (massive MIMO) technology in a small area [18-20]. This feature also represents an additional 

surplus point in the system design according to the relation explained in equation (1).  

Recently, several specialized research groups have been working on channel characterization and 

developing channel models at the millimeter wave band. These groups include: METIS2020, COST 

IC1004, ETSI mm Wave SIG, 5G mm-Wave Channel Model Alliance, MiWEBA, mm-Magic,  and 

NYU WIRELESS [11, 21-25]. The developed empirical models (based on extensive channel 

measurement and statistical characterization on the millimeter wave), advocate that perfect channel path 

loss and shadowing parameter can be perfectly predicted. Thus, these models can be used for system 

design, prototyping and performance testing at this stage for the next generation system design. Also 

some talented results in this area shows that the deployment of intelligent self configuration algorithms 

can compensate the path loss and shadowing effect at high data rate [15]. 

The reported NYC channel models developed from the  channel measurement data collected from the 

city centre of New York at 28 GHz, and 73 GHz and at UT at 38 GHz, showed a comparable pattern and 

characteristics [11]. These channel measurements and characterizations also point toward the fact that 

the smaller wavelengths introduce an increased sensitivity of the channel propagation models to the 

scale of the environment and show some frequency dependence of the path loss as well as an increased 

occurrence of signal blockage.  Additionally, the penetration loss is highly dependent on the material 

and tends to increase with frequency. On the other hand, shadowing fading and angular spread 

parameters are larger, and the boundary between line-of- Sight (LOS) transmission and  None-line-of- 
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Sight (NLOS) transmission depends not only on transmit antenna heights but also on the local 

communication environment (urbanization elements in the communication environment) [26]. The 

small-scale wireless fading characteristics of the channel such as delay spread and angular spread and 

the multipath richness is somewhat similar over the frequency range, which is encouraging result for 

enlarging the available on hand 3GPP models to the wider frequency range at the millimeter wave 

band[18, 24]. 

The measurements and channel modelling conducted by the NYU and UT research groups report that 

the none-line of sight channel at 28 GHz, 38 GHz and 73 GHz has a general path loss 𝐏𝐋 relation of the 

form[11] 

𝐏𝐋 = 𝛂 + 𝟏𝟎𝛃𝐥𝐨𝐠𝟏𝟎(𝐝) + 𝛏[𝐝𝐁] 
(2) 

With the parameter values shown in table (1). These results are reported in this work purposely to be 

used to evaluate cell coverage percentages in typical a cellular system as shown in section 3. 
 

Table 1:Path loss models as reported in[11, 27] 

Channel Propagation model Model Parameter values 

28 GHz 38 GHz 73 GHz 

𝐏𝐋 = 𝛂 + 𝟏𝟎𝛃𝐥𝐨𝐠𝟏𝟎(𝐝) + 𝛏[𝐝𝐁] 
𝛏~ℕ(𝟎, 𝛔𝟐), 𝐝 𝐢𝐧 𝐦𝐞𝐭𝐞𝐫𝐬  

𝛂 = 𝟕𝟐, 𝛃
= 𝟐. 𝟗𝟐, 

𝛔 = 𝟖. 𝟕𝐝𝐁 

𝛂 = 𝟔𝟒, 𝛃
= 𝟑. 𝟐 

, 𝛔 = 𝟏𝟏. 𝟔𝐝𝐁 

𝛂 = 𝟖𝟐. 𝟕, 𝛃
= 𝟐. 𝟔𝟗 

, 𝛔 = 𝟕. 𝟕𝐝𝐁 

 

Recently, a lot of attention has been paid to the underused frequency spectrum in the millimeter wave 

range. This is because there isn't a lot of carrier bandwidth in the wireless communication system. The 

latest channel measurements and investigations confirm that typical wireless systems of today will work 

at these ranges of frequencies. This paper evaluates the cell coverage percentage at 28 GHz, 38 GHz, 

and 73 GHz. Understanding cell coverage percentages for these different bands is vital information for 

system designers and operators of future 5th generation cellular systems.   
 

3. Materials and Method 

In this section, we develop the formula for the coverage percentage which will be used in the 

simulation to evaluate cell coverage percentage at different frequencies. The concept of the cell coverage 

percentage is defined as the percentage of the cell area that has some received power 𝐏(𝐝) greater than 

or equal to some predefined threshold value 𝐏𝐭𝐡𝐫. The derivation of cell radius inaccuracy  developed in 

[28] is purposely reintroduced in this work to mathematically define the concept of cell coverage 

percentage. 
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Figure 1: Illustration of cell coverage area and outage 

For typical cellular system cell as shown in figure 1. We define the received power at some distance 

𝐏(𝐝) 

𝐏(𝐝) = 𝐏𝐭 − 𝛂 − 𝟏𝟎𝛃𝐥𝐨𝐠𝟏𝟎(𝐝) + 𝛏 (3) 

Where: 𝐏(𝐝) represent the received signal power at distance 𝐝 from the base transmitter unit and 𝛏 is a 

normally distributed random variable with variance𝛔𝟐. From figure 1, the percentage of the covered area 

is the area over the contour of radius 𝐝 where 

𝐏(𝐏(𝐝) ≥ 𝐏𝐭𝐡𝐫) = 𝟏 − 𝐅 (
𝐏𝐭𝐡𝐫−𝐏(𝐝)

𝛔
) = 𝐐(

𝐏𝐭𝐡𝐫−𝐏(𝐝)

𝛔
) (4) 

 And we can evaluate the coverage area percentage𝐜𝐨𝐯 by integrate the indicator probability function 

of the form: 

𝐜𝐨𝐯 =
𝟏

𝛑𝐑𝟐 ∫ ∫ 𝐏(𝐏(𝐝) ≥ 𝐏𝐭𝐡𝐫)
𝐑

𝟎

𝟐𝛑

𝟎
𝐫𝐝𝐫𝐝𝛉 

=
𝟐

𝐑𝟐
∫ 𝐫𝐐(𝐚 + 𝐛𝐥𝐧

𝐫

𝐫
)𝐝𝐫

𝐑

𝟎

 
(5) 

By considering  𝐚 =
𝐏𝐭𝐡𝐫−𝐏(𝐑)

𝛔
 , 𝐛 =

𝟏𝟎𝛃𝐥𝐨𝐠𝟏𝟎𝐞

𝛔
  and 𝐑 ≥ 𝐫, 𝐝 = 𝐫 the expression in (5) yields the flowing 

closed form solution given by: 

𝐜𝐨𝐯 = 𝐐(𝐚) + 𝐞𝐱𝐩 (
𝟐−𝟐𝐚𝐛

𝐛𝟐 ) 𝐐(
𝟐−𝐚𝐛

𝐛
) (6) 

Furthermore, mathematically we can define the cell outage probability 𝐜𝐞𝐥𝐥 𝐨𝐮𝐭𝐚𝐠𝐞 as: 

𝐜𝐞𝐥𝐥 𝐨𝐮𝐭𝐚𝐠𝐞 = 𝟏 − 𝐜𝐨𝐯 (7) 

Which intuitively define the percentage of the area inside the cell where the received power is less than 

the threshold value 𝐏𝐭𝐡𝐫 
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4. Results and Discussion 

The channel models reported in Table 1. were evaluated and compared with the theoretical formula for 

wave propagation equation was used to evaluate the path loss as function of frequency and distance in 

idealized conductions (free space propagation environment). 

𝐏𝐋(𝐟, 𝐝) = 𝟐𝟎𝐥𝐨𝐠𝟏𝟎(√𝐆𝐋
𝛌

𝟒𝛑𝐝
) 

(8) 

Where 𝛌 is the transmitted signal wavelength, 𝐝 is the distance between the transmitter and receiver 

and 𝐆𝐋 = 𝐆𝐭𝐆𝐫 is the total transmit and receive antenna gain. 

Figure 2. shows the evaluation of the developed propagation models as given in Table 1 compared 

with the idealized path loss model for the free space channel. At 28 GHz, 38 GHz, and 73 GHz bands, 

there are an average of 30 dB differences between the free space channel and the urbanization channel. 

Thus, a typical system designer should consider the free space as a minimum Path loss value plus 30 dB 

typical urbanization effect for outdoor propagation in addition to an average of 20 dB loss for indoor 

systems and 1.4 dB rain loss in special cases. 

 

 

Figure 2: Path loss model evaluation at 28 GHz, 38 GHz and 73 GHz Vs the idealized free space model 

 

Figure 3. shows the evaluation of cell coverage percentage area at 28 GHz, 38 GHz and 73 GHz Vs the 

distance between the transmitter and receiver, taking into account  𝐏𝐭𝐡𝐫 = −𝟏𝟏𝟎𝐝𝐁 and  𝐏𝐭 = 𝟑𝟓𝐝𝐁. As 

shown Figure 3, there is a frequency dependency on the coverage area percentage, which can be 

reasoned back to the dependency of the shadowing and path loss exponent parameters on the frequency 

range. Given that the measurements on 28 GHz and 73 GHz are both conducted using similar conditions 

at NYU (propagation environment, transmit antenna height, receive antenna height, types of antenna, 

and antenna gain), it shown that at 200 m we have 74% cell coverage at 73 GHz while having 88% cell 

coverage at 28 GHz.  This result clearly point out the frequency dependency of cell coverage percentage 

10
1

10
2

10
3

90

100

110

120

130

140

150

160

(Transmitter -Receiver Separation [m]

 C
h
a
n
n
e
l 
P

a
th

 l
o
s
s
 i
n
 [

d
B

]

 

 

NYC model for 28 GHz-NLOS

Free space  28 GHz

NYC model for 73 GHz-NLOS

Free space 73 GHz

NYC model for 38 GHz-NLOS

Free space 38 GHz

https://doi.org/10.47959/AJET.2021.1.1.12


  

               African Journal of Engineering & Technology (AJET) 

AJET 3 (2023) 1    http://doi.org:10.47959/AJET.2021.1.1.12 

 
https://doi.org/10.47959/AJET.2021.1.1.12  

© 2023 The Authors. Published by SRF. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). 

 
6 

on the frequency band on millimeter waves range and suggest that the system designer should consider 

this variation when consider design handover and system adaption algorithms (adaptation in data rate, 

modulation, coding, power control, interference control …etc). 

 

 

Figure 3: Cell coverage area percentage evaluation at 28 GHz, 38 GHz and 73 GHz 

 

Figure 4, shows the cell outage evaluation at the 28 GHz, 38 GHz and 73 GHz frequency vs the 

distance between the transmitter and the receiver taking into account  𝐏𝐭𝐡𝐫 = −𝟏𝟏𝟎𝐝𝐁  and  𝐏𝐭 =
𝟑𝟓𝐝𝐁. As shown Figure 4, there is a frequency dependency on the outage probability, which can be 

articulate to the dependency of the shadowing and path loss exponent parameters on frequency range. It 

shown that at 200 m we have 26% outage at 73 GHz while having 12% outage at 28 GHz.  This result 

suggests that the engineering optimization should consider this variation. 
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Figure 4 : Cell outage evaluation at 28 GHz, 38 GHz and 73 GHz 

 
 

5. Conclusion 

 

In this work, we compared the developed empirical path loss models at millimeter waves with the 

basic idealized reference model for free space channel. We found that there is a 30 dB difference 

between the free space channel model and the developed urbanization channel at 28 GHz, 38 GHz and 

73 GHz. Furthermore, we evaluate and compare the cell coverage percentage for the developed models. 

It has been shown that at 200 m, we have 74% cell coverage at 73 GHz while having 88% cell coverage 

at 28 GHz. Both results suggest that there is a large range of channel variation in the millimeter wave 

band due to path loss and shadowing in a typical urban area. This variation should be considered in the 

system adaptation and interference control algorithm design for the future 5th generation cellular 

systems. 
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