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Abstract—  In today’s world of communication electromagnetic signal when travel through free space may get 

affected by various impairments of environment like free space loss, rain attenuation loss, gaseous loss, foliage loss, 

humidity, atmospheric attenuation, fog,  and so on. These losses are severe in high frequency region of millimeter wave 

communication. Nonline of sight communication range is limited due to this reason.  Accurate and precise measurements 

and analysis helps to suggest better model and design of millimeter range advance communication system.  Though no 

model is hundred percent correct but by effective modelling it is possible to measure these losses accurately and precisely. 

The models are suggested by taking into consideration tropological and temperate region. This paper briefs impact of 

these loss parameters in tropical region like India for millimeter wave communication in the range 30GHZ to 300GHZ 

with   simulation results and data analysis. 
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I. INTRODUCTION 
 

When electromagnetic signal get travelled through the atmosphere, it has been impacted by various atmospheric 

impairments like free space loss, rain attenuation loss, gaseous loss, brightness temperature, foliage loss, fog, and humidity. 

It became very essential to analyse the fact as it is affecting cellular communication in the high frequency region ie. 30GHz 

to 300GHz. Free space loss and rain attenuation loss has greater impact as compare to other types of losses. In the world 

of wireless where channel gets impacted by various types of interferences we can’t ignore the performance degradation 

because of these atmospheric constituents. It is not possible to avoid loss of signal due to environment but with accurate 

measurement and highly predictive models it is possible that losses can be accurately measured which will be useful in 

design of advance communication systems. When electromagnetic wave gets travelled through the space the energy is 

transferred in the form of photons. When these photons collide with molecules of particle the phenomena like absorption 

and emission takes place. Even some energy will get scattered. When energy of an electron moving in higher orbit is equal 

to energy of photon, electromagnetic wave will get absorbed. When this energy is not equal phenomena of emission takes 

place. Globe has been categorised into temperate region and tropical region. ITU has published their own standard as a 

reference. India, Africa comes in tropical region. Data can be collected by site measurments or meterological centres. It is 

analysed and used as a reference to calculate losses. Due to medium effects some other attenuation losses are also imposed. 

Sum of free space loss (FSL) and medium loss (Lm) is referred as basic transmission loss (Lb). 

             Lb = FSL * Lm                                                    (1) 

Where Lb: Basic Transmission Loss, Lm: Medium Loss   FSL: Free Space Loss, Similarly 

                Lb (dB) = FSL (dB) * Lm (dB)                        (2) 

By considering transmitting and receiving antenna     

  LT (db) = Lb (db) – Gt (dbi) – Gr (dbi)                         (3) 

L: Total transmission loss, Gt : Gain of transmitting antenna with respect to isotropic antenna,  Gr: Gain of receiving 

antenna with respect to isotropic antenna.         System loss is given by 

                Ls = System loss = 10 log (Pt / Pr)                (4) 
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Where Pt: power transmitted to input of transmitting antenna, Pr: Power received at the output of transmitting antenna.          

Combining relations, 

            Ls (dB) = Pt (dBm) – Pr (dBm)              (5) 

A number of medium losses are atmospheric absorption loss, reflection loss, scattering of radio waves due to irregularities 

in the atmospheric refractive index, diffraction loss due to obstructions, radio precipitation due to rain and snow, temporal 

climatic sources such as fog and cloud, coupling loss, polarization loss, and multipath adverse effects. . The paper briefs 

few important with their simulation results like free space loss, rain attenuation, gaseous loss, foliage loss, loss due to 

humidity and cloud.  

A. Free Space Loss:-  

In telecommunication, free space path loss is the loss in signal strength of an electromagnetic wave that would result from 

a line of sight path through free space with no obstacles nearby to cause reflection and diffraction. It doesn’t include gain 

of the antennas used at transmitter and receiver or any loss associated with hardware immperfections. Free space path loss 

is proportional to the square of the distance between transmitter and receiver and also proportional to the square of the 

frequency of the radio signal. Transmitted signal attenuates over a distance because the signal is being spread over larger 

area. This form of attenuation is known as free space loss. Which can be expressed in terms of ratio of power radiated to 

the power received by an antenna. Free space is an ideal condition without any energy absorption or adverse propagation 

effects. Power falls off proportional to the ratio of wavelength over distance squared. Free space is an ideal condition 

without any energy absorption or adverse propagation effects. Power falls of proportional to net antenna gain. Model 

designed may not be highly accurate for general environments. Radiation of radio power Pt by an isotropic antenna in free 

space results in power flux density Po at a distance d.   

      Po = Pt / 4πd2 = Eo2 / 2ηo                 (6) 

Pt: Transmitter power in watts.                                             d:  Distance from transmitter antenna in meters.               E0: 

Electric field magnitude in V/m.                                  ηo = Free space intrinsic impedence i.e. 120πΩ. Considering 

transmitting antenna gain Gt, the power flux density p will be  

P = Pt.Gt / 4πd2                                 (7) 

Using a receiving antenna   with an effective aperature area, the received signal power will be   

       Pr = P * Ae                                (8) 

According to EM wave theory    

     Ae = Gr * λ2 / 4 π                               (9) 

By manipulating the last three relations following formula is derived 

            Pr = Pt. Gt. / 4 π d2   Gr. * λ2 / 4 π         (10) 

               Pr =  Pt Gt Gr λ2 / (4 π d) 2     (11) 

To calculate free space loss using above relation and assuming   

             Gt = Gr = 1       (12) 

       FSL = 10 log Pt / Pr      (13) 

      FSL = -10 logλ2 / (4 d) 2       (14) 

       FSL= 20 log 4 d / λ      (15) 

          λ  = c/f                      (16) 

  FSL = 20log 4π *f*d / c                               (17) 

By putting C = 3 * 108 m/s 

     FSL (dB) = 32.4 + 20 log (f) + 20log (d)    (18) 

     FSL (dB) = 92.4 + 20log (f) + 20log (d)     (19) 

A convenient way to express free space path loss in dB 

      FSL (dB) = 10log (Pt/Pr) = 20 log 4πd / λ               (20) 

     FSL (dB) = 10 log10(4π / (c*d*f)2         (21) 

     FSL (dB)  = 20 log10(4π/ c*d*f)                   (22) 

     FSL(dB)  = 20 log (f) + 20 log (d) + 20 log (4π / c)  (23) 

     FSL(dB)  = 20 log (f) + 20 log (d) – 147.55             (24) 
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For other antennas we must take into account gain of the antenna which yields following free space loss equation 

Pt/Pr = (4π) 2d2 Gt Gr λ2     (25)                                                Using the relation between 

antenna gain and effective area 

  LdB = 20log(λ) + 20log(d) – 10log(At. Ar)               (26) 

For antenna dimension and separation, the longer the carrier wavelength, lower the carrier frequency and higher is the free 

space  path loss. Equation indicates as frequency increases free space path loss also increases. We can compensate this loss 

with antenna gains also. An increase in frequency results an increase in loss measured by 20logf. If we take into account fix 

antenna area and gain, the change in loss is measured actually by a decrease in loss at higher frequencies. 

TABLE I 

FREE SPACE PATH LOSS: LOS 

Frequency 

(GHz) 

Path 

Loss(dB) 

100m 

Path 

Loss(dB) 

1km 

Path 

Loss(dB) 

100km 

30 101.98 121.98 141.98 

60 108 128 148 

120 114.09 134.09 154.09 

180 117.54 137.54 157.54 

240 120.04 140.04 160 

300 121.98 141.98 161.98 

 

B) Rain Attenuation Loss:-        

Attenuation of a signal is the reduction in amplitude when it passes through a medium dissipates its energy. It is usually 

measured in decibles. Attenuation due to rain may be negative when gain is positive. The rainfall attenuation is a 

phenomenon relative to the rainfall rate and frequency. Rain attenuation process consists of absorption and scattering, 

which results an increase in path loss, limiting coverage area, and consequently degrading performance. Some of the 

properties of rain attenuation are: 1) Rain attenuation is directly related to better communication. 2) Rain attenuation can 

be measured and predicted. Rain attenuation is as old as communication research. Rain attenuation is higher for 

frequencies above 1GHz. Heavy rain affects communication and related applications mostly in tropical countries. Rain 

generates a Doppler frequency in case of communication and that Doppler frequency deteriorates the carrier frequency 

shifting and introduces additional phase noise. Rain is one of the most dominant degrading factor. It attenuates the signal 

and creates a large amount of noise in the receiving end. Rain offers a dispersive medium for the propagation of radio 

signals causing signal distortion. The performance and reliability of radio link degraded mainly due to rain. The medium of 

propagation is important in rain attenuation study. There are two types of air medium ie. Clear air medium and Non- clear 

air medium. Non clear air contains rain particle and dust. Hydrometeors means there is only water in the atmosphere. 

Different forms of water remains in the atmosphere like rain, fog, snow, cloud, hail, mist etc. Radio wave faces different 

types of scattering due to all those particles. The shape of a rain drops are like spheres but the force of the air on the base 

of the drop flattens into oblate spheroids. The most common scattering in the communication is Rayleigh scattering. Rain 

scatter naturally being weather dependent, values vary considerably with time and space. Received signal strength is 

proportional to transmitter power, volume of antenna beam intersection, particle density, scattering function. Rain 

attenuates the energy in the radio wave so the scattered power at the receiver will be reduced. Non spherical raindrop 

above 4mm has an effect called depolarization which means the base become concave and therefore different 

polarizations will propagate through different speeds which contain rain. Hail and snow causes very high losses. Cloud 

causes significant loss at high frequency. At the base of clouds a melting layer forms, where ice particle melt and becomes 

rain.This is fairly turbulent region containing a mixture of rain, ice and snow. Scintillation is a phenomenon of amplitude 

fluctuation in which wave or any data carrying signal scattered by rain drop. Rain attenuation plays havoc in millimeter 

wave band. Absorption is due to oxygen and water vapour only. Rain attenuation can be modelled by Physical and 

Empirical methods. In Physical method, theoretical or analytical model is suggested. Physical behaviour involved in 

attenuation process. Not all input parameters required for analysis.  
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In empirical method strict dependence on measured data and their failure to relate to physical process involved. It gives 

rainfall rate for entire globe by dividing it into five zones by cumulative distribution. Data is available from data collection 

center or metrological data.   

                                 A = a R b                           (27) 

A: Specific attenuation in dB/Km.                                        R: Rain rate in mm/hr.                                                          

where a & b are functions of polarization and frequency. To convert rain fall data into rain rate, divide the given data by 

observation time 10min, 20min, etc.  

                                  Rd = L * 60/T                                          (28) 

Rd: Rain rate in mm/hr                                                 

L: Max. rain fall interval in mm for time interval Tmin. The attenuation due to rain calculated from the ratio of power flux 

in to the power flux out.      

Loss = 10 log P(o) /P(r)                                          (29)                                            As the wave propagates through 

volume of rain its intensity decays exponentially. The raindrops are assumed to be spherical which causes attenuation. The 

attenuation is due to both energy absorption losses in the rain drops and to scattered energy by water droplets from the 

incident ratio of wave as shown in fig.1 below. Each drop contributionsare different from other drops. 

 
Fig.1 Interaction of incident radio wave in a rain filled medium.   

Contributions of the drops are additive. The problem of spatial inhomogeneity of rainfall intensity is taken into account by 

using an effective path length. Where the path is divided into small volumes of spherical water drops. As the radio wave 

propagates through it the reduction and dispersion occurs on the signal amplitude caused by each rain drops called rain 

attenuation. The total attenuation in the direction of wave propagation is given. The probability of signal penetrating rain 

drop Pr(o) and leaving rain drop Pr(r) and volume of spherical, uniformly distributed rain drop is shown in figure 2.  

 
Fig.2Volume of spherical, uniformly distributed rain drops 
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A=  dl                                    (30) 

 

Where A: Total attenuation, Specific attenuation (dB/km) along with rain volume in km. The path is divided into small 

incremental volumes, where the rainfall is almost uniform. The rain fall rate in each small volume is associated with a 

corresponding attenuation called specific attenuation. Therotical and empirical methods are used to calculate specific 

attenuation. Because of variation in rain drop size modelling the integration of raindrop size distribution N/(D) is used 

with Mie scattering theory to calculate specific attenuation  in dB/km as :          

             4.434 Q ext (D, λ, m) * N (D)                     (31) 

 

Where D: raindrop diameter in mm. N(D) : Number of raindrops per m3 function of D and can be determined from drop 

size distribution model. This model describes number and size of precipitation particle. One of the important parameter in 

modelling and calculation of rain attenuation. Gamma distribution and lognormal distribution is used now a days especially 

in tropical regions. Number and sizes got from the models used to calculate Q extinction. It is a hypothetical area which 

describes the radiation being scattered by a particle. It depends upon radius r, wavelength λ, refractive index for water m, 

and permittivity in addition to the shape and size of the particle. Empirical procedure based upon approximate relation 

between attenuation and rain rate R(mm/hr) where the specific attenuation   depends upon rain rate and regression 

coefficients of the frequency and  polarisation.                 

           

                                kRa                                                 (32)                 

 

   k & a: Regression coefficient which depends upon DSD, temperature, polarization of radio wave . Attenuation also 

depends upon plane of polarization of electromagnetic radiations due non spherical nature of rain drops. Vertically 

polarized wave attenuated less than horizontally polarized. 

Fig.3 below shows Transceiver with RF modules. Received signal will be processed and digitized using A/D convertor and 

output is observed on the PC. 

 
Fig.3 Experimental Setup 
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Fig.4 Rain attenuation 

 

C.Gaseous losses :-  

Radio waves in millimeter wave band have high atmospheric attenuation. They are absorbed by the gaseous in the 

atmosphere .They have short range and used for terrestrial communication over about a kilometre. Absorption by 

atmospheric gaseous is significant factor throughout the band and increases with frequency. It is maximum at few specific 

absorption lines mainly those of oxygen at 60 GHz & water vapour at 24 GHz. The molecular absorption experienced 

during radio wave propagation through the atmosphere at mm wavelength is primarily due to water vapour and oxygen. At 

frequencies in the windows between these absorption peaks millimeter waves have much less atmospheric attenuation and 

greater range. So many applications use these frequencies. Total gaseous absorption in the atmosphere Aa (dB) over a path 

length ro (km) is given by: 

A a =                                                 (33) 

 =  +                     (34) 

Specific attenuation in dB/Km.  

& :  are the contributions by oxygen and water vapour.  Transmission losses occurs when millimeter wave 

travelling through the atmosphere are absorbed by molecules of oxygen, water vapour, and other gaseous atmospheric 

constituents. These losses are greater at certain frequencies coinciding with mechanical resonant frequencies of the gas 

molecules.  

 
Fig.5 Specific Gaseous Attenuation 

Fig.5 shows specific gaseous attenuation by water vapour and oxygen. Both are at the surface of Earth and Mars. Fig.5 

gives qualitative data on gaseous losses. It shows several peaks that occur due to absorption of the radio signal by water 

vapour and oxygen.  
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At these frequencies absorption results in high attenuation of the radio signal and therefore short propagation distance. 

For current technology the important absorption peak occurs at 24GHz & 60GHz. The spectral regions between the 

absorption peaks provide windows where propagation can more readily occurs. The transmission windows are at about 

35GHz, 94GHz, 140GHz, 220GHz. Attenuation by atmospheric gases depends upon frequency, elevation angle, altitude 

above sea level and water vapour content. It is relatively small compared to rain attenuation. Below 10GHz attenuation 

due to atmospheric gaseous is less than 0.01dB/km, while above 10GHz attenuation starts increasing severely, especially 

for low elevation angles. Water vapour and oxygen are the main contributors to the gaseous attenuation in the frequency 

range below 30GHz with a maximum occuring at 22.5GHz. The attenuation due to oxygen absorption exihibits almost 

constant behaviour for different climatic conditions whereas attenuation due to water vapour varies with temperature and 

absolute humidity. The principle interaction between radio waves and gaseous constituents is molecular absorption from 

molecules. Accurate prediction of atmospheric attenuation can be determined using quantum physics and absorption laws. 

Absorption attenuation of radio wave results from a quantum level change in the rotational energy of molecules. Spectral 

line absorption occurs when a quantised system such as a molecule interacts with an electromagnetic radiation field and 

makes a transition between two quantum states of the system.The resonance lines those are most significant of water 

vapour are 22.3GHz, 183.3GHz and that of oxygen  are 57GHz, 63GHz and 118.74GHz. The specific attenuation at a 

given frequency can be calculated by summing the effects of all the significant resonance lines. 

 

D.Foliage Loss:- 

 Establishment of a reliable link between antennas of the fixed wireless system is often desired while having path loss due 

to obstructions existing in the vicinity.[14] Foliage is a significant feature in the degradation of the electromagnetic signal. 

The electromagnetic signal attenuation due to trees in the urabn, suburban and rural areas leads to foliage loss. The Graph 

below shows impact of foliage loss in the millimeter wave range. 

 
Fig.6 Foliage Attenuation 

In the vicinity of 1kilometer if we go on increasing frequency foliage attenuation goes on increasing. At 50 GHz it is 41db 

but at 100GHz it is 51 dB. Latter it goes on increasing at slower rate. It is essential to consider this loss while designing 

line of sight or near line of sight links. 

E.Attenuation by Cloud & fog:-  

   It is very similar to cloud only, fog contacts the ground and cloud do not. Fog is usually described in terms of visibility. 

Because reduced visibility is the characteristics of fog. It is given by:        

V2 = 3.92 / γop      (35) 

γop: Extinction coefficient at optical frequency.   For V2 > 1 atmosphere is defined as hazy. Cloud in general opaque to 

visible and IR radiation. Attenuation of electromagnetic radiation by water droplets in the cloud is due to both absorption 

and scattering.  
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The radii of cloud water droplets range from a minimum of 1Am to 301Am and the maximum particle distribution occurs 

around 3pm to 6pm. Thus cloud will attenuate IR and visible radiation more severely than they will RF radiation.Typically 

cloud thickness ranges from 1km to 6km. Clouds are opaque to visible and IR radiations because vertical transmittance 

through such clouds would be less than 0.005%. In the RF range the cloud water droplets are much smaller than the 

radiation wavelength. According to Mie theory attenuation will be much less than visible/IR radiation. Usually attenuation 

is expressed as a function of liquid water content which in clouds generally ranges from 1 to 2.5gm/m. The attenuation 

cofficients by small water droplets is given by: 

 

  γ  = 0.438 M / 2 dB/km                               (36)                 

 

   where M: liquid water content in g/m. Equation is valid for both cloud and fog in which water droplets are small with 

diameters of the order of 10pm to 50pm. The attenuation of RF Radiation by clouds is much less than IR radiation. For 

any sensor whose wavelength is greater than 0.5cm the attenuation by cloud is only about 1dB for any 1km thick cloud 

with 1gm/m3 liquid water content. 

 

 
FIG. 7 FOG/CLOUD ATTENUATION 

From fig.7 it is clear that attenuation below 10GHz is very small. It is .0001dB at 50GHz while 0.001GHz at 150 GHz. 

After that it rises slowly for the path length of 1km. 

 

II. CONCLUSION 
 

It is crystal clear that electromagnetic signal which when travels through space get impacted by various environmental 

parameters and attenuated more or less severely. A simulation models suggested for precise measurement of various 

parameters like free spaceloss, rain attenuation, foliage loss, gaseous attenuation, fog and cloud losses gives very good 

approximation in the millimeter range which helps to suggest better simulation model and to improve quality reception for 

indoor and outdoor mobile communication system and proposed system design parameters for 5G. Rain attenuation, free 

space loss, gaseous losses like water vapour plays an important role in millimeter wave mobile communication that may be 

line of sight or non line of sight. Suggested simulation models will be applicable and designed by considering tropical 

region and are useful to achieve good performance from communication systems, for efficient utilization of large 

millimeter spectrum available in 5G with the help of millimeter wave technology to run high speed applications in IOT, 

D2D communication, cloud and so on.   
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