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Abstract: This work compares large -scale propagation path loss for use over entire microwave and millimeter-wave 

(mmWave) radio spectrum with a frequency-weighted path loss exponent. This is used in the design of fifth-generation 

wireless system in urban macro cell, urban microcell, and Indore office and shopping mall scenarios. Here compare the 

accuracy and sensitivity using measured data from 30 propagation measurement data sets from 2 to 75 GHZ in this work, 

the input files contain path loss values obtained with the “Wireless in site” ray tracer by Romcom. For the indoor scenario 

and for outdoor scenario. The indoor scenario refers to a customizable conference room and bedroom in which removed 

furniture and electronic equipments hence the name “complex”, “Semi complex” and “Simple”. The outdoor vehicles to 

infrastructure (V2I) NLOS communication scenario is based on two types of horn antennas and a constantly aligning 

mechanism between Tx and Rx antenna beams. Comparative analysis will be shown for path loss analysis using these 

scenarios using MATLAB Software. 

 

Index Terms: Millimeter wave, path loss models, prediction accuracy, 5G 

 

Introduction  

 

I. INTRODUCTION 

Antenna can be defined as " the transition between a guided EM wave and a free-space EM wave and vice-versa as we can see in 

Figure (1): 

 
Fig. 3.1. The antenna as a transition structure, for a transmitting antenna and for a receiving 

Antenna can be made as a transmitter or as a receiver, it is reciprocal device, as shown in figure 3.1 an antenna represents the area 

of transition between free-space wave and guided wave. Thus, an antenna is a transducer or transition device, between a guided 

wave and free-space wave, or vice versa. The guiding device or transmission line can be either a coaxial line or a hollow pipe 

(waveguide).  

The antenna system can be modeled as an electrical circuit, as in Figure 3.2 we can see A transmission-line Thevenin equivalent of 

the antenna system in the transmitting mode, where the source is represented by an ideal generator, the transmission line is 

represented by a line with characteristic impedance Zc, and the antenna is represented by a load ZA [ZA = (RL + Rr) + jXA] connected 

to the transmission line. RL is referred to the conduction and dielectric losses associated with the antenna structure so RL = Rc + Rd 

while Rr , is used to represent the radiation resistance, which represents radiation by the antenna. The reactance XA is used to 

represent the imaginary part of the impedance associated with radiation by the antenna. The aim here is to transform all the energy 

from the generator to the to the radiation resistance Rr, but this is ideal case. 
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Fig. 3.2. Transmission- line Thevenin equivalent of antenna in transmitting mode 

A. MAXWELL’S EQUATIONS  

Electromagnetic theory is fundamental to understanding of microwave antennas and its present form was founded by James Clerk 

Maxwell (1831-1879), whose efforts led to the discovery of electromagnetic waves, the laws of electromagnetism that Maxwell put 

together in the form of four equations are presented in Table 3.1: 

Table 3.1.  Generalized Forms of Maxwell's Equations 

Differential Form  Integral Form  Remarks  

∇ ∙ 𝐃 = ρv ∮ 𝐃. d𝐒 = ∮ ρvdv Gauss's law  

∇ ∙ 𝐃 = 0 ∮ 𝐁. d𝐒 = 0 Nonexistence of isolated magnetic 

charge  

∇x𝐄 = −
∂𝐁

∂t
 ∮ 𝐄. dI = −

∂𝐁

∂t
∫ 𝐁. d𝐒 

Faraday’s law  

∇x𝐇 = 𝐉 +
∂𝐃

∂t
 

∮ 𝐇. dI = ∫ (J +
∂D

∂t
) . dS 

Ampere’s circuit law  

 

The first and the second are Gauss’ laws for the electric and magnetic fields, the third is Faraday’s law of induction, the forth is 

Ampere’s law as amended by Maxwell to include the displacement current ∂D/∂t.  

 ∂D/∂t in Ampere’s law is displacement current term which is essential in predicting the existence of propagating electromagnetic 

waves. The quantities E and H represent the electric and magnetic field intensities and are measured in units of [volt/m] and 

[ampere/m], respectively.  

The quantities D and Β are the electric and magnetic flux densities and are in units of [coulomb/m2] and [weber/m2], or [Tesla].  

The quantities ρ and J are the volume charge density and electric current density (charge flux) of any external charges (that is, not 

including any induced polarization charges and currents.) They are measured in units of [coulomb/m3] and [ampere/m2]. The right-

hand side of the second equation is zero because there are no magnetic monopole charges.  

Radiators are written as "destined" (usually in the form of a rod or wire) in the form of a destined antenna by Webster's Dictionary 

to obtain or receive radio waves. Antenna is the transitional structure between free-space and a guiding device, as shown in Fig. 

1.1. A navigation device or transmission line can take the form of a coaxial line or a hollow pipe (waveguide) and it is used to 

transfer electromagnetic energy from transmittance source to antenna or antenna to receiver. In the former case we have a 

transmitting antenna and later, a received antenna. 

B. TYPES OF ANTENNAS 

Now we will introduce and discuss some variations of different antenna types that will give a glimpse of what will happen in the 

rest of the book. 

a. Wire Antennas 

b. Aperture Antennas 

c. Microstrip Antennas 

d. Array Antennas 

e. Reflector Antennas 

f. Lens Antennas 

C. ANTENNA PARAMETERS  

In order to understand the performance of an antenna, definitions of various parameters are necessary, that are used to characterize 

the performance of an antenna when designing and measuring antennas. We can classify antenna parameters in to two kinds, first 

antenna parameters from the field point of view which include the radiation pattern, beam width, directivity, gain, polarization and 

http://www.ijsdr.org/


ISSN: 2455-2631                                                        © October 2020 IJSDR | Volume 5 Issue 10 

IJSDR2010047 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 321 
 

the bandwidth, and the second antenna parameters from the circuit point of view which include input impedance, radiation 

resistance, reflection coefficient, return loss, VSWR and bandwidth.  

D. RADIATION PATTERN  

The radiation pattern of an antenna is a plot of the radiated field/power as a function of the angle at a fixed distance, which should 

be large enough to be considered far field. 

 
Fig. 3.3. Radiation lobes and beam widths of an antenna pattern 

Since the radiation pattern is the variation of the radiated electric field over a sphere centered on the antenna, r is constant and we 

have only θ and φ variations of the field. We can normalize the field expression such that its maximum value is unity: 

𝑓(𝜃, 𝜙) =
𝐸𝜃

𝐸𝜃(max  )
                                                    (3.1) 

Where f (θ,φ) is the normalized field pattern and Eθ (max) is the maximum value of the magnitude of Eθ over a sphere of radius r. 

Radiation Pattern Lobes can be classified into major or main, minor, side, and back lobes as shown in Figure 3.3, a major lobe (also 

called main beam) is defined as “the radiation lobe containing the direction of maximum radiation.” A minor lobe is any lobe except 

a major lobe.  

There are three common radiation patterns that are used to describe an antenna's radiation property:  

Isotropic- An ideal lossless antenna having equal radiation in all directions, Directional- An antenna having the property of 

radiating or receiving electromagnetic waves more effectively in some directions than in others and Omnidirectional- An antenna 

having an essentially non directional pattern in a given plane and a directional pattern in any orthogonal plane. Directional or 

omnidirectional radiation properties are needed depending on the practical application. Omnidirectional patterns are normally 

desirable in mobile and hand-held systems. 

E. BEAMWIDTH  

The definition of beamwidth of an antenna pattern is the angular separation between two identical points on opposite side of the 

pattern maximum. There are a number of beamwidth in an antenna pattern. The Half-Power Beamwidth (HPBW) is the most 

important one, which is defined by IEEE as: “In a plane containing the direction of the maximum of a beam, the angle between the 

two directions in which the radiation intensity is one-half value of the beam”, the First Null Beamwidth (FNBW) is defined as the 

angular separation between the first nulls of the pattern. Both the HPBW and FNBW are shown in Figure 3.3.  

F. DIRECTIVITY 

Directivity is very important antenna parameter which defined as the ratio of the radiation intensity in a given direction from the 

antenna to the radiation intensity averaged over all directions. The average radiation intensity is equal to the total power radiated 

by the antenna divided by 4π. Simply, the directivity of a nonisotropic source is equal to the ratio of its radiation intensity in a given 

direction over that of an isotropic source. In mathematical form, it can be written as  

D = D(𝜃, 𝜙) =
U(𝜃,𝜙)

U0
=

4πU(𝜃,𝜙)

𝑃𝑟𝑎𝑑
                                     (3.2) 

If the direction is not specified, it implies the direction of maximum radiation intensity (maximum directivity) expressed as:  

Dmax = D0 =
Umax

U0
=

4πUmax

Prad
                                          (3.3) 

Where, 

D = directivity (dimensionless)  

D0= maximum directivity (dimensionless)  

U = radiation intensity (W/unit solid angle)  

Umax = maximum radiation intensity (W/unit solid angle)  

U0 = radiation intensity of isotropic source (W/unit solid angle)  

Prad = total radiated power (W) 

G. MICROSTRIP ANTENNAS 

In recent years Microstrip antennas have been one of the most important topics in antenna theory and design, and are increasingly 

used in a wide range of modern microwave systems. Microstrip "patch" antenna can be defined as that antenna which made from 

patches of conducting material on a dielectric substrate above a ground plane. Microstrip antennas are used because of their low 

cost, Low weight, low size, with simple feed.  
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• Microstrip Antenna Advantages and limitations:  

Microstrip antenna has many benefits when comparing with other microwave antennas types. These advantages are:  

 Low weight, low size, and thin profile configuration.  

 Ease to design and fabricate.  

 Low fabrication cost.  

 Many designs readily produce linear or circular polarization Dual frequency and dual polarization can be achieved easily.  

 Can easily conform to a curved surface of a vehicle or product.  

 It is easy to be integrated with microwave integrated circuits.  

 Feed lines and matching networks can be fabricated simultaneously with antenna structure.  

 An array of microstrip antennas can be used to form a pattern that is difficult to synthesize using a single element.  

 Smart antennas can be designed when microstrip antennas are combined with phase shifters or PIN-diode switches. 

Disadvantages are:  

 Narrow bandwidth (1%), while mobiles need (8%). 

 Lower gain (~6 dB)  

 Poor antenna efficiency. 

 Sensitivity to environmental factors such as temperature and humidity. 

 An array suffers presence of feed network decreasing efficiency.  

II. RESULT AND ANALYSIS 

Path loss formulas  

PL𝐶𝐼𝐹(𝑓, 𝑑)[dB] = FSPL(𝑓, 1 𝑚)[dB] + 10log10(𝑑) (𝑛(1 − 𝑏) +
𝑛𝑏

𝑓0
𝑓) + 𝑋𝜎

𝐶𝐼𝐹            (4.1) 

𝑋𝜎
𝐶𝐼𝐹 = 𝐴 − 𝐷(𝑎 + 𝑔𝑓)                                        (4.2) 

𝜎𝐶𝐼𝐹 = √∑ 𝑋𝜎
𝐶𝐼𝐹2

𝑁
= √∑(𝐴−𝐷(𝑎+𝑔𝑓))

2

𝑁
                       (4.3) 

𝜕 ∑(𝐴−𝐷(𝑎+𝑔𝑓))
2

𝜕𝑎
= ∑ 2𝐷(𝑎𝐷 + 𝑔𝐷𝑓 − 𝐴) = 2(𝑎 ∑ 𝐷2 + 𝑔 ∑ 𝐷2𝑓 − ∑ 𝐷𝐴) = 0                      (4.4) 

𝜕 ∑(𝐴−𝐷(𝑎+𝑔𝑓))
2

𝜕𝑔
= ∑ 2𝐷𝑓(𝑎𝐷 + 𝑔𝐷𝑓 − 𝐴) = 2(𝑎 ∑ 𝐷2𝑓 + 𝑔 ∑ 𝐷2𝑓2 − ∑ 𝐷𝐴𝑓) = 0          (4.5) 

Which can be simplified to  

𝑎 ∑ 𝐷2 + 𝑔 ∑ 𝐷2𝑓 − ∑ 𝐷𝐴 = 0             (4.6) 

𝑎 ∑ 𝐷2𝑓 + 𝑔 ∑ 𝐷2𝑓2 − ∑ 𝐷𝐴𝑓 = 0      (4.7) 

𝑎 =
∑ 𝐷2𝑓 ∑ 𝐷𝐴𝑓− ∑ 𝐷2𝑓2 ∑ 𝐷𝐴

(∑ 𝐷2𝑓)2−∑ 𝐷2 ∑ 𝐷2𝑓2                     (4.8) 

𝑔 =
∑ 𝐷2𝑓 ∑ 𝐷𝐴− ∑ 𝐷2 ∑ 𝐷𝐴𝑓

(∑ 𝐷2𝑓)2−∑ 𝐷2 ∑ 𝐷2𝑓2                       (4.9) 

𝑛 = 𝑎 + 𝑔𝑓0                                        (4.10) 

𝑏 =
𝑔𝑓0

𝑎+𝑔𝑓0
                                             (4.11) 

A. Bedroom Scenario 

 

Condition 1: Complex Bedroom Scenario  

 

 
Fig. 4.1. Complex Bedroom Scenario with V2I NLOS scenario, 7deg/25dBi antenna and Beam Aligning 

Fig.4.1 represents four graphical output analysis of Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) NLOS 

communication scenario and 7 deg/ 25 dBi antenna as beam aligning. The analysis of observation data for the condition shows path 

loss parameter as 𝑛 = 5.5981.5981𝜎 = 1.117676nd 𝑑𝑂 =  68.0048 at TX-RX distance. For bedroom scenario distribution of 𝑥𝜎  

gives 𝑚𝑢 = 0.06895151nd 𝜎 = 1.1176 . for V2I condition measured PL values are 𝑛 = 2.7167 .7167𝜎 = 4.112929nd 𝑑𝑂 =
61.3846 similarly for beam aligning antenna 𝑚𝑢 = 0.06510303nd 𝜎 = 4.1129. 
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Fig.4.2. Complex Bedroom Scenario with V2I NLOS scenario, 7deg/25dBi antenna and no Beam Aligning 

Fig.4.2 represents four graphical output analysis of Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) NLOS 

communication scenario and 7 deg/ 25 dBi antenna as no beam aligning. The analysis of observation data for the condition shows 

path loss parameter as 𝑛 = 5.5981.5981𝜎 = 1.117676nd 𝑑𝑂 =  68.0048 at TX-RX distance. For bedroom scenario distribution of 

𝑥𝜎  gives 𝑚𝑢 = 0.06895151nd 𝜎 = 1.1176. For V2I condition measured PL values are 𝑛 = 6.2019.2019𝜎 = 6.530909nd 𝑑𝑂 =
61.3846 similarly for no beam aligning antenna 𝑚𝑢 = 0.2156969nd 𝜎 = 6.5309. 

 

 
Fig. 4.3. Complex Bedroom Scenario with V2I NLOS scenario, 22deg/15dBi antenna and Beam Aligning 

Fig.4.3 represents four graphical output analysis of Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) NLOS 

communication scenario and 22 deg/ 15 dBi antenna as beam aligning. The analysis of observation data for the condition shows 

path loss parameter as 𝑛 = 5.5981.5981𝜎 = 1.117676nd 𝑑𝑂 =  68.0048 at TX-RX distance. For bedroom scenario distribution of 

𝑥𝜎  gives 𝑚𝑢 = 0.06895151nd 𝜎 = 1.1176. For V2I condition measured PL values are 𝑛 = 2.7092.7092𝜎 = 4.023535nd 𝑑𝑂 =
61.3846 similarly for beam aligning antenna 𝑚𝑢 = 0.05635353nd 𝜎 = 4.0235. 
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Fig. 4.4. Complex Bedroom Scenario with V2I NLOS scenario, 22deg/15dBi antenna and no Beam Aligning 

Fig.4.4 represents four graphical output analysis of Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) NLOS 

communication scenario and 22 deg/ 15 dBi antenna as no beam aligning. The analysis of observation data for the condition shows 

path loss parameter as 𝑛 = 5.5981.5981𝜎 = 1.117676nd 𝑑𝑂 =  68.0048 at TX-RX distance. For bedroom scenario distribution of 

𝑥𝜎  gives 𝑚𝑢 = 0.06895151nd 𝜎 = 1.1176. For V2I condition measured PL values are 𝑛 = 4.7057.7057𝜎 = 4.208888nd 𝑑𝑂 =
61.3846 similarly for no beam aligning antenna 𝑚𝑢 = 0.009730808nd 𝜎 = 4.2088. 

 

Condition 2: Semi Complex Bedroom Scenario 

 
 

 
Fig.4.5. Semi Complex Bedroom Scenario with V2I NLOS scenario, 7deg/25dBi antenna and Beam Aligning 

Fig.4.5 represents four graphical output analysis of semi complex bedroom scenario with outdoor vehicle to infrastructure (V2I) 

NLOS communication scenario and 7 deg/ 25 dBi antenna as beam aligning. The analysis of observation data for the condition 

shows path loss parameter as 𝑛 = 5.2027 .2027 𝜎 = 1.5851 51nd 𝑑𝑂 =  68.0048  at TX-RX distance. For bedroom scenario 

distribution of 𝑥𝜎  gives 𝑚𝑢 = 0.16328 28nd 𝜎 = 1.5851 . for V2I condition measured PL values are 𝑛 = 2.7167 .7167 𝜎 =
4.112929nd 𝑑𝑂 = 61.3846 similarly for beam aligning antenna 𝑚𝑢 = 0.06510303nd 𝜎 = 4.1129. 

 

 
Fig. 4.6. Semi Complex Bedroom Scenario with V2I NLOS scenario, 7deg/25dBi antenna and no Beam Aligning 

Fig.4.6 represents four graphical output analysis of Semi Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) 

NLOS communication scenario and 7 deg/ 25 dBi antenna as no beam aligning. The analysis of observation data for the condition 

shows path loss parameter as 𝑛 = 5.2027 .2027 𝜎 = 1.5851 51nd 𝑑𝑂 =  68.0048  at TX-RX distance. For bedroom scenario 

distribution of 𝑥𝜎  gives 𝑚𝑢 = 0.16328 28nd 𝜎 = 1.5851 . for V2I condition measured PL values are 𝑛 = 6.2019 .2019 𝜎 =
6.530909nd 𝑑𝑂 = 61.3846 similarly for beam aligning antenna 𝑚𝑢 = 0.2156969nd 𝜎 = 6.5309. 
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Fig. 4.7. Semi Complex Bedroom Scenario with V2I NLOS scenario, 22deg/15dBi antenna and Beam Aligning 

Fig.4.7 represents four graphical output analysis of Semi Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) 

NLOS communication scenario and 22 deg/ 15 dBi antenna as beam aligning. The analysis of observation data for the condition 

shows path loss parameter as 𝑛 = 5.2027 .2027 𝜎 = 1.5851 51nd 𝑑𝑂 =  68.0048  at TX-RX distance. For bedroom scenario 

distribution of 𝑥𝜎  gives 𝑚𝑢 = 0.16328 28nd 𝜎 = 1.5851 . For V2I condition measured PL values are 𝑛 = 2.7092 .7092𝜎 =
4.023535nd 𝑑𝑂 = 61.3846 similarly for beam aligning antenna 𝑚𝑢 = 0.05635353nd 𝜎 = 4.0235. 

 

 
Fig. 4.8. Semi Complex Bedroom Scenario with V2I NLOS scenario, 22deg/15dBi antenna and no Beam Aligning 

 

Fig.4.8 represents four graphical output analysis of Semi Complex bedroom scenario with outdoor vehicle to infrastructure (V2I) 

NLOS communication scenario and 22 deg/ 15 dBi antenna as no beam aligning. The analysis of observation data for the condition 

shows path loss parameter as 𝑛 = 5.2027 .2027 𝜎 = 1.5851 51nd 𝑑𝑂 =  68.0048  at TX-RX distance. For bedroom scenario 

distribution of 𝑥𝜎  gives 𝑚𝑢 = 0.16328 28nd 𝜎 = 1.5851 . for V2I condition measured PL values are 𝑛 = 4.7057 .7057 𝜎 =
4.208888nd 𝑑𝑂 = 61.3846 similarly for beam aligning antenna 𝑚𝑢 = 0.009730808nd 𝜎 = 4.2088. 

III. DIVERSITY 

(A)  Equal Gain Combining 

 
Fig. 4.17. Diversity of antenna with equal Gain Combining and SNR 

(B) MRC  
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Fig. 4.18. Diversity of antenna with MRC and SNR 

Fig. 4.17 shows the diversity of antenna beam for equal gain combining (EGC) and SNR ratings. It represents that as number of 

receiving antenna increases SNR value get less path loss as when number of antenna are less. Where as in fig 4.18, it is represented 

that with MRC parameter observation SNR shows no path loss whatever be the number of antenna are considered. 

 

s

.

n

o 

Scenario 

PL parameter 

Scenario 

PL parameter 

n sigma n sigma 

1 Complex Bedroom 5.5981 1.1176 V2I_NLOS_07deg25dBi_BeamAligning 2.7167 4.1129 

2 Complex Bedroom  5.5981 1.1176 V2I_NLOS_07deg25dBi_ no BeamAligning 6.2019 6.5309 

3 Complex Bedroom  5.5981 1.1176 

V2I NLOS scenario, 22deg/15dBi antenna and Beam 

Aligning 2.7092 4.0235 

4 Complex Bedroom  5.5981 1.1176 

V2I NLOS scenario, 22deg/15dBi antenna and  no Beam 

Aligning 4.7057 4.2088 

5 Semicomplex Bedroom  5.2027 1.5851 V2I_NLOS_07deg25dBi_BeamAligning 2.7167 4.1129 

6 Semicomplex Bedroom  5.2027 1.5851 V2I_NLOS_07deg25dBi_ no BeamAligning 6.2019 6.5309 

7 Semicomplex Bedroom  5.2027 1.5851 

V2I NLOS scenario, 22deg/15dBi antenna and Beam 

Aligning 2.7092 4.0235 

8 Semicomplex Bedroom  5.2027 1.5851 

V2I NLOS scenario, 22deg/15dBi antenna and  no Beam 

Aligning 4.7057 4.2088 

 

I. CONCLUSION 

The purpose of this work is to provide a path loss model for mmWave transmissions in a use-case scenario.  path loss exponent and 

shadowing factor parameter are generated for analysis of diversity and sensitivity. These path loss values can be obtained via 

measurements using channel sounders and various antennas, or can be estimated with a ray tracer.   

The work also plots the path loss values and the curves for the model, as soon as it extracts the path loss exponent and the standard 

deviation of the shadowing factor.  A secondary plot shows the distribution of path loss values that represents the mechanism of 

estimating the shadowing factor value. 

The input contains path loss values   obtained with the "Wireless InSite" ray tracer by Remcom. 

The "PL model" uses 6 path loss files for the indoor scenario and 4 files for the outdoor scenario for analysis.  The indoor scenario 

refers to a customizable conference room and bedroom in which we can remove furniture and electronic equipment; hence, the 

names “complex," "semi complex," and "simple."  The outdoor Vehicular-to-Infrastructure (V2I) NLOS communications scenario 

is based on two types of horn antennas and a constantly aligning mechanism between Tx and Rx antenna beams.  

The analysis shows that at different scenarios different parameters works for antenna propagation and this helps the one to establish 

it. 
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