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Abstract: In order to design and plan for the next generation wireless communications system, for the channel, it is important to use
a suitable model to predict appropriate and optimum frequencies. This paper is regarded as one of the few kinds of research in Iraq
that deals with Millimeter-wave (Mm-waves) communication channels especially for Kut city which is located in eastern Iraq, on the
left bank of the Tigris River, approximately 160 kilometers (99 miles) south of capital city Baghdad. In this article, different impacts
of weather conditions on the strength of the transmitted signal in different environments and scenarios are presented. Moreover, the
behavior of the millimeter-wave under the influence of many obstacles as it travels through the free space and atmosphere was
studied. An NYUSIM simulator package is used to predict the performance of the channel. Two frequencies were used, 38 GHz and
60 GHz to test the channel performance and which frequency is best suited for Kut City environment. The weather database was real
and actual obtained from the Iraqi weather reports authority. Moreover, the technical parameters of the mobile communications
companies for 5G networks in Kut city were obtained and used via NYUSIM. The simulation result showed an agreement with the

38 GHz for its lower path loss and acceptable received power.

Keywords: atmospheric attenuation, mm-Wave propagation losses, weather condition effects, NYUSIM.

1. INTRODUCTION

Millimeter-waves are a wide range of spectrums,
ranging from 30 to 300GHz, also have a bandwidth
between 10 tol mm, which means they will be larger than
infrared waves and smaller than microwave and radio
waves. It is also called the extremely high frequencies
(EHF). It provides a wide range of benefits and
applications for fifth-generation communications systems,
and some will be mentioned as follow: first, the
millimeter-wave could be utilized for transferring huge
types of data, mobile communications, also are used for
the strong speed internets, and it could be very
advantageous, especially in (WPANSs), more applications
and other benefits that provided by the millimeter-Waves
for the fifth generation nowadays and as shown in Fig. 1:

One of the big problems nowadays and with the
development of technology every second is the
atmospheric absorption, with the propagation mechanism
effect.
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Figure 1. mm Wave Applications and Use-cases [1]

These challenges and difficulties are due to rain, fog,
and water vapor. Each of the difficulties has a different
effect on the frequency, at various rates, and also on the
propagation path losses and the power received. Also it
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will cause several propagation mechanisms effect like
scattering, reflection, and diffraction.

At millimeter-wave, it’s important to calculate the
characteristics of the propagated wave. The weather has a
greater impact on millimeter-waves, due to their shorter
wavelength, therefore it can be attenuated easily by the
atmospheric impairment. One of the significant element in
modeling the wireless channel is the (FSPL) referred to
free space path loss, which is very important at
millimeter-wave frequencies, as the permeation losses
and these significant elements are studied and calculated
in section 4 .

This paper makes a significant contribution because it
is one of the few studies in Iraq that focuses on
Millimeter-wave (Mm-wave) communication channels,
notably in Kut. Previous studies [2] and [3] investigated
the best frequencies for Baghdad city, but they relied on
weather data from the internet and for specific cases, as
opposed to the current study, which relied on real and
current data from the Iraqi weather report authority, which
is another contribution of our paper. Furthermore, real
data of some technical parameters belonging to Kut city
local communications mobile companies are obtained in
order to programme the NYUSIM software package.

Different impacts of weather conditions on the
strength of the transmitted signal in different
environments and scenarios are presented. Moreover, the
behavior of the millimeter-wave under the influence of
many obstacles as it travels through the free space and
atmosphere are studied. The calculations of the channel
modeling that was simulated by the NYUSIM package
with the use of real data from Iraqi weather reports were
included in this article for both 38 GHz and 60 GHz
frequency. According to UMi scenario ( urban microcell )
the results were simulated in Line-Of-Sight environment
and the weather impacts are put into consideration during
the simulation run like (rain, fog, temperature and gas) .
For predicting the whole attenuation experienced by
millimeter-Wave signal, the essential use of complicated
channels models is needed, thus leading to the excellent
performance of millimeter-wave.

The article was arranged as follows: section 2
presented an overview of the previous researches on the
impacts of weather conditions and channel modeling,
section 3 stated the atmospheric condition effects that
consist of Rain, fog and gas attenuation in addition to
absorption loss factors, section 4 addressed the mmWave
channel modeling, R.M.S delay spread, path loss,
attenuation and the received power, section 5 mentioned
the channel model supported by the NYUSIM software,
section 6 included the explanation of the simulation
results, while in final section 7 the conclusion is set.

2. Literature survey of previous research

Some of the previously studied were reviewed in this
section based on the year they were published. In [1,] a
simple model for evaluating rain-induced attenuation is
presented. It was discovered that the simple attenuation
models used in their experiment performed admirably in
the critical regions of low percentages of time.

Whereas in [4], the article discussed the interface
between electromagnetic radiation and rain, as well as
some test results in a frequency range ranging from (1-100
GHz). They used a Fortran computer programme for
wavelengths ranging from 30 millimetre (10 GHz) to 3
millimetre (100 GHz) to calculate the attenuation and
phase dispersion caused by evenly distributed rainfall. In
1999, on the other hand.

In [5], the authors discussed how weather and the
atmosphere could affect the operation of millimeter-wave
communications links in [5]. The Friis-free-space
equation is a widely used equation for estimating signal
attenuation due to electromagnetic wave spreading; for
frequencies ranging from 500 megahertz to 10 gigahertz,
the model provides an excellent calculation for
propagation loss. They estimate transmission loss,
molecular resonance of H20, molecular resonance of O2,
and precipitation in this article.

In [6], The effect of fog on mmWave propagation was
investigated in [6]. The haze of fog Based on the gamma
distribution, a Monte Carlo procedure was used to
determine the model propagation, and millimeter-wave
propagation methods at various frequencies were
simulated. It has been determined that the greater the
visibility, the shorter the distance of propagation. In
addition, the lower the frequency, the shorter the
attenuation and the better the transmission. Furthermore,
the impact of fog on mm-wave propagation is quite weak
below 35GHz.

Based on the true estimate range discovered, [7]
discussed the effects of atmospheric variables on the
power of the mmWave range signal that was propagated.
The measurement results showed that the propagation
signal was mitigated as a result of changes in weather
conditions.

Where They discussed the accuracy of high-resolution
radars in mist conditions in [8]. To demonstrate the
quantitative effects of dense fog, they used a machine that
generates fictitious haze. Empirical estimates show
agreement with the expected purposeful outcome.

A study on the influence of atmospheric obstacles on
mm-wave based on long-distance telephone services was
presented in [9]. Using the MATLAB application, they
investigated the effects of sedimentation, mist, and
atmospheric absorption on diffuse millimeter-wave. Next
They presented a space-frequency theory for modelling
wireless communication channels operating at extremely
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high frequencies in [10], which investigated the effects of
atmospheric conditions on millimeter-wave propagation.

The purpose of [11] was to provide a synopsis of the
impact of atmospheric variations on mm-wave
propagation, specifically the blending attenuation caused
by rain rate, mist, water vapour, and oxygen. Finally, it
was determined that the modification of a channel
containing a large amount of information and concepts is
critical for the better dissemination of fifth-generation
wireless communication. The impact of rain on mmWave
communications in tropical areas has been studied in [12].
A specific attenuation has been calculated at various
millimeter-wave frequencies, and its variation has been
assessed as a function of rainfall and frequency. Rain
attenuation is very significant in both the 50 GHz and 60
GHz bands, even at very low rain rates, so these bands of
frequencies can only be used for very short distance
communication.

They discussed the characterization of 5G channels at
millimetre wave using the NYUSIM-based Approach in
Iraq, specifically for Baghdad city, in [2]. The articles
demonstrated how changes in atmospheric conditions
could affect the performance of mmWave transmission.
Following that, in [3,] they investigated the best and most
suitable 5G wave frequencies for Baghdad. For two
months of the year (January and July), at frequencies 28
GHz and 73 GHz, an NYUSIM package was used to
predict channel performance under weather conditions. It
has been discovered that the 28 GHz frequency band is
better suited for Iraqi environments.

The visibility of the 73 GHz and 28 GHz Frequency
Bands MIMO Channels has been investigated in [13] for
Outdoor. The MIMO channel is simulated over a
frequency-selective Rayleigh fading channel using a
practical scenario-relied on (SSCM) statistical spatial
channel model. There were minor differences in path loss,
coverage distance, and other factors between the 73 GHz
and 28 GHz frequencies, so both are suitable for the new
5G system in general. A new planning and deployment
tool for 5G radio networks has been released. The Close
in Free (CI) channel model, which is included in the
NYUSIM 5G radio design tool, is investigated in [14].
The study's goal was to develop new software to address
the shortcomings identified in the NYUSIM tool. [15]
contains a formalised paraphrase. An article discussed the
use of MIMO Antennas and Statistical Channel Modeling
of the Millimeter Wave at 73 GHz and 28 GHz Frequency
Signals. The (AOA) and (AOD) angles, power loss,
power delay profile, and route loss are all simulated in this
study. These simulations use multiple antennas and
account for the effects of weather conditions such as rain,
humidity, and temperature.

3. Atmospheric condition effects
In the study of millimeter wave, there are some
important concepts and terms that must be known to study

the influence of the atmosphere within the wave during its
spread in free space, and some of them are reviewed here:
A. Atmospheric losses

That means when the millimeter wave travels through
the atmosphere it well be absorbed by different
components of atmosphere such as O2 and H20 and
others.
B.  Absorption loss factors

o for example, the losses from gaseous and rain
loss or other obstacles in millimeters
environment.

e At particular frequencies those losses are higher,
corresponding with what’s called (mechanical
resonant) frequency of the gas particles.

o for the aim of forecasting mm Wave propagation
profiling’s, both water vapor and oxygen
resonances have been analyzed vastly.

e  Three main weather condition effects (rain, fog,
and gases) on the mm Wave propagation will be
discussed. An estimation was done to see the
impacts of these three-weather condition is
presented and discussed in section VI (simulation
results). The weather effects are listed as below:

C. Propagation loss as a result of rain

The atmospheric path loss explains only the side of
signal attenuation that takes place when traveling in a
vacuum, however in actuality, no signal can travel in a
vacuum, but it will interface with air molecules, and thus
it will lose energy as the signal travels in the diffusion
path. Rain is considered one of the biggest concerns
facing millimeter-wave diffusion. The attenuation due to
the rain is more at frequencies higher than 100GHz. It
has been concluded that the higher frequencies in
millimeter-wave are not suited for outdoor
communications, and the higher the rainfall, the more
attenuation.

According to Crane's theory, the theoretic prognosis of
rainfall particular attenuation relied on geophysical data
of rainfall rate, the structure of rain, with the air
temperature fluctuation is in (1) and ( 2) in [16]:

eubD—l

4, = ar’E—(0 < D < d) (1)
, eubD -1 Bb. erD Bb. erD
o [ )
(d<D) ()

Whereu = "¢, p = 337017, p = 2.3y-07,

d = 3.8 — 0.6In(r) and path attenuation (Ar) due to rain
are calculated in (dB), the path length is calculated in
meters and the rain rate is evaluated in millimeters per
hour. The rain attenuation coefficients a and b are
polarization-dependent multiplier and frequency.
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D. Propagation loss as a result of fog

Both fog and cloud are made up of water droplets,
however its much smaller as opposed to that of rain-
drops. In general fog-droplets are smaller than 0.01 cm in
size . the effect of both fog and cloud very limited,
however it may be essential in few uncommonly.
According to studies, as the density of liquid water
increases, so does the attenuation.
The Rayleigh approximation for frequency above 200
GHz is useful for clouds and fog consisting exclusively
of tiny droplets, typically 0.01 cm and less, and the
particular attenuation within a fog or cloud may be
expressed as in (3) as in [17]:
Ye(f,T) = K(f,T)M (dB/Km) 3)

Kl is the cloud liquid water of specific attenuation
coefficient (dB/km)/(g/m3), M presents the liquid water
density in the cloud or fog g/m3, where y,. is the specific
attenuation dB/Km within the cloud, T is the cloud liquid
water temperature (K) and f'is the frequency in GHz.

E. Propagation loss as a result of gas

Even in the absence of rain and fog, the atmosphere is
dense with substances that impede signal propagation
along the propagation route. The International
Telecommunication Union suggested a model for
atmospheric gases attenuation that characterizes it like a
function of dry type atmospheric pressure, which is
measured in (hectopascal) and is similar to oxygen
pressure, and water vapour density, which is measured in
g/m3. At a normal temperature of 15 degrees Celsius, the
standard atmospheric pressure is (101325 Pa).
In instances when great precision is not required, for
rapid and rough estimations of specific attenuation. The
particular gaseous attenuation for frequencies over 350
GHz is calculated as in (4) in [21]:

Y=Yo+Vw=01820 f Ny(f) dB/Km (4

Where y ® and y o depict the given attenuations in

dB/km owing to dry air (oxygen, non-resonant Debye
attenuation, and pressure-induced nitrogen), f represents
the frequency in GHz, where N " (f) is the fictitious part
of the frequency-dependent complex refractivity as in (5)
[21]:

N'(f) = 5S;F; + Np(f) (5)

Np(f) is the continuos dry owing to Debye spectrum
and the pressure-induced nitrogen absorption. For
frequencies (f) above (118.750343) GHz oxygen line, the
aggregation should begin at i = 38 rather than at i= 1. The
sum extends over all lines (only oxygen lines higher than

60 GHz) complex must be inserted in the summation, The
line's tensile strength is determined in (6) below and as in
[18]:

S;=a; X 1077 pB3exp[a,(1 —6)] foroxygen (6)
= b, X 1071 e 83> exp[b,(1 — 6)] for water vapour

4. Millimetre wave channel model

In the spectrum band from 500 MHz and 10 GHz, the
attenuation determined by wusing Fries free- space
propagation equation, will have accurate propagation loss.

A. Path Loss & Attenuation Model

In NYUSIM, the close-in free space reference
distance (CI) route loss model based on (1 m) fixed point
is used, for an extra attenuation component because of
different atmospheric attenuation coefficients, as shown in
(7)at[19]:

PLEI(f,d) = FSPL(f,1m)[dB] + 10nlog,,(d) +
AT[dB] + X&! [dB] @)

Whered > 1m

where (f) represent the carrier frequency in gigahertz,
(d) is the 3D transmitter-receiver segregation distance,
(AT) is the atmospheric attenuation term, is a zero-mean
Gaussian random variable with a standard deviation in
(dB). (n) is the Path Loss Exponent (PLE). The function
FSPL (f, 1 m) represents the (Free Space Path Loss) in dB
at a transmitter-receiver separation distance of 1 meter at
the carrier frequency f and is given in (8) as follows:

FSPL(f, 1 m)[dB] = 20l0g10 (4—7'cf><109) _

c

32.3dB + 20 log,,(f)) (8)

where (c) is refered to speed of light, and (f) is the
frequency in gigahertz. In (9) it characterizes the term
(AT):

AT[dB] = a[fn—B]d[m] )

B. Power Received

The received power for a millimeter Wave
communication channel was derived in (10) by adding the
power of each solitary multipath component in time. Friis-
free-space equations describe the relationship between
transmitted and received power.

2
Pr = Pt Gt Gr (4;)2 (10)

C. RMS Delay Spread

In any wireless setting, it is one of the most significant
quantifiable  values. The delay spread of a
communications channel is a measure of its multipath
richness in telecommunications. The change between the
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time of arrival of the earliest major multipath component
and the time of arrival of the later multipath components
may be described in general terms. The spatial properties
of multipath as a function of angle can be described in a
variety of ways. As future mm-Wave wireless systems
rely on directed, adaptive antennas, angle spread is a
propagation parameter that will become increasingly
significant. Angle spread refers to the spatial dispersion of
received signals arriving by multipath propagation, as
evaluated against a mean arrival of an angle or departure.

The arrival of an angle (AOA) for a signal (for
example, radio, optical, or acoustic) is the way from
which the signal (for example, broadcast, visual, or audio)
is received. The direction of propagation of a radio
frequency wave impinge on an antenna array or the
highest signal intensity during antenna rotation can both
be used to make the measurement. [16] The AOA is
determined by calculating the time deferred arrival
(TDOA) between individual array items. An AoA system
contains an antenna array on the receiver side, as
illustrated as in Fig. 2, therefore the phase-shift of the
incoming signal may be measured. The AOA and AOD is
calculated as in (11) below:

MygMps

H= » Yh-1ap aps(Vp)ayg (wp) 11

Where w £ sin (@) and v £ sin (), (UE & BS ) is
the user equipment antenna and the base station antenna
respectively. ags& ajjp are the Array response vectors ,
(Vpand Vp) are the AOA/AOD angle, p refers to number
of paths, H stands for channel. And finally ap is the path

gain.
/l\‘\ — S

=

=

Figure 2. AOA method[16]

Angle Of Departure (AOD): The antenna array is used
to guide the transmitted signal in a certain direction as

shown in (3):

(C
POt

==C
C

Figure 3. AOD method[16]

D. Extra Attenuation Factors

There are different extra factors that will impact the
frequencies higher than 10 GHz, which are attenuation
caused by mist, fog, or rain and absorption caused by
gases or water vapor. A better comprehension of the
aforementioned factors is significant in order to design a
perfect Mm-waves channel model for time-varying
weather and atmospheric conditions. For Mm-
communications waves, [17] the total transmission loss is
as in Fig. 4 and Fig. 5 below:

Sea Lavel Attenuation (dB/km)
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Figure 4. Atmospheric attenuation of electromagnetic

radiation[17]
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Figure 5. Effect of oxygen absorption across the mm-
Wave[17]

The total attenuation is measured as in (12) below:

Attenuation(dB) = 92.45 + 20log,o(dkm) + a+ b +
c+d+e (12)

Where ( a, b, c ,and e ) represents an extra attenuation
(dB) due to water vapor, mist or fog oxygen , and
rainfall respectively. While d is absorption losses (dB)
because of other gases. Path loss depicts a drop in the
energy density of electromagnetic wave when it is
transmitted and spreads through space. while, shadowing
happens fundamentally in Non-Line of Sight (NLOS)
scenarios that caused from obstacles and in turns, allow
important attenuation of signal strength. For a multipath
channel, the statistical power distribution of a received
signal power will be represented by Power Delay Profile
(PDP) as a function of propagation delays. PDP is a
necessary parameter that describe Mm-Wave radio
propagation [17].
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5. CHANNEL MODEL SUPPORTED BY NYUSIM which is 38 and 60 GHz respectively. Table 1 and 2
shows the input parameters for winter and summer in Kut
The channel model that was developed by the New city, Iraq.
York University Wireless Group was based on Mm-wave
and established for frequencies from 0.5 to 100 GHz.
This model generates sample functions of the spatial and TABLE 1. Input parameters for winter
temporal channel impulse response (CIR) from both
directional and omnidirectional channel models that are Parameter Selected Parameter Selected
enhanced by models and measurements of NYUSIM value o ot value
WIRELESS [ 18]. The simulator have two modes, Drop Amount of Power 30 (dBm) an t:::na 8.6°
Based and spatial consistency modes. Fig. 6 depicts a Transmitted (Pt) elevation
screenshot of the NYUSIM’s GUI (graphical user Pressure at the
i 1 h 11 1 b Polarization Co- surface of the 995
interface). Channel impulse responses (CIRs) taps can be zation. Polarization. 1 b (mbar)
generated by NYUSIM that performs Monte Carlo : ear
. . . . . Scenario. UMi. Temperature 8.5°C
simulations at specific separation distances between the The quantity of
transmitter and receiver. Users should provide the range RX;Iocations. 1 Humidity 80%
of T-R separation distances as well as the number of s
p Type of array TX. ULA nfte. 0f. 20(
samples. precipitation hr)
: HPBW TX 10.9°. Environment LOS
antenna azimuth
HPBW.RX . , 800
antenna azimuth LT S (MHz)
HPBW.TX 8.6° Frequenc 38-60
antenna elevation T 4 ¥ (GHz)
TABLE 2. Input parameters for summer
Parameter Selected Parameter Selected
value value
HPBW RX
o Amount of Power o
Transmitted (Py) 30.2 (dBm) alntettz.na 8.6
Figure 6. Graphical User Interface glevaion
Pressure at the
. Polarizati Co- 0 1029
For a PC server with two processors and 96.0 GB otarization Polarization S"rﬁ;f;_t';,f ¢ (mbar)
RAM, one hundred ( 100) CIRs could be generated by : ; S
N X X i Scenario UMi Temperature 50°C
NYUSIM within 22 minutes in different formats as The quantity of
output files ( such as seven for each .mat files, seven sets RX locations . 1 Humidity 17%
of txt files, and five .png files). As seen in the GUI of Type of array TX. LA rate of 0( N
Fig. 6, the NYUSIM channel simulator requires 28 Pprecipitation
parameters for both channel and antenna setting. The HPBW TX 10.9° Environment LOS
, L . . antenna azimuth
GUI's panel antenna characteristics provides 12 input HPBW RX 300
parameters for transmitter and reception antenna arrays, antenna azimuth 10.9° Bandwidth (MHz)
while propagation channel is included in the panel HPBW TX 8.6° Freauenc 38-60
channel characteristics that needs different input antenna elevation i aency (GHz)
parameters [18]. In Table 3 an explanation for the legend
of outputs simulation figures were presented. TABLE. 3 legend of the figures
Parameter Definition
6. Me.thodolo.gy of the work ' N PLE
This section presents an overview of the z standard deviation of shadow fading
methodology of the work model. First of all, weather - S —
.. . Omni Omnidirectional
conditions of Kut city were collected from the weather Dir Directional
Dir_best the path with the most power received
Pr Received power
PL Path loss
PLE Path loss exponent

reports for two seasons, winter and summer. The

minimum and maximum temperatures in Kut city among
these two season were 8.5° and 50° respectively. The

effect of weather condition, Rain, fog and gas is
presented. Two frequencies were chosen for the simulator
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7. Simulation Results

After setup necessary parameters in the GUI of the
NYUSIM, then the following results for 38 and 60 GHz
were obtained after running the channel simulator for two
season namely winter and summer.

1.  Winter season results using frequency 38, and
60GHz

The 3-D Angle of Arrival and Departure are shown in
(7) and (8) respectively for a single link between base
station and user mobile for UMi (Urban Microcell)
scenario (which is an outdoor environments), Line of
Sight (LOS), and T-R separation of 500 meters for winter
season using 38 and 60 GHz.

The AOA and AOD spectrums Fig. 7 and Fig. 8
shows the four multipath taps grouped into four AOA
and AOD respectively. These figures can be used to
study channel impulse response (CIR) that was affected
by antenna beam widths. NYUSIM generates 3-D

there exist three peaks which represents three multipath
taps for omnidirectional measurements while directional
measurements has four peaks which represents four
multipath taps . Here, all parameter used to generate this
PDP curve were included in Tables (1) and (2)

Directional PDP with Strongest Power ‘Omnidirectional Power Delay Profile (PDP)

_ 38 GHz UMi LOS ooy
E 500.0 m T-R Separation 3
8 e 7 =02ns g 38 GHz UMi LOS
5 P = -47.7 dBm &1 500.0 m T-R Separation
2 -100 PL=127.0dB H o+ =184ns
o s o T
PLE=23 30!
o ° =
S .20/ TX Ant. HPBW: 10° AZ, 10°EL € P, =-947 dBm
g TX Ant. Gain: 24.6 dBi 8140 PL=124.7dB
2 440! RX Ant. HPBW: 10° AZ 10° EL oz PLE=22
RX Ant. Gain: 24.6 dBi -150 |
160 0

1800 2000 2200 2400 2600 2800 3000
Absolute Propagation Time (ns)

1800 2000 2200 2400 2600 2800
Absolute Propagation Time (ns)

Figure 9. Power Delay Profile (PDP) directed and omnidirectional at 38
GHz for the winter season

Directional PDP with Strongest Power Omnidirectional Power Delay Profile (PDP)

plotting to represent the Mm-waves that propagates 110
S . 60 GHz UMI LOS
through a 3D space, which is more practical. F %038 m T Beperalion Eml
g o.=04ns 2 60 GHz UMi LOS
1 ’ ' ' §-10 P, =-639 dBm 5 500.0 m T-R Separation
340 AOA Power Spectrum - 3 GHz UM LOS, 500.0 m TR Separation 30 AOD Povrer Spectrum - 38 GHz, UM LOS, 500.0 m T-R Separation : P 1451 B g% /S
i 1 1 z PLE=28 < iy
g2 TX Ant. HPBW: 10° AZ, 10°EL 8 M40 | P, = 1086 dBm
g TX Ant. Gain: 24.6 dBi s PL=138.6dB
140 | RX Ant, HPBW: 10° AZ, 10° EL g 150 | l PLE=26
RX Ant. Gain: 24,6 dBi
160

2000 2500 3000 3500 4000
Absolute Propagation Time (ns)

1800 2000 2200 2400 2600 2800 3000
Absolute Propagation Time (ns)

Figure 10. Power Delay Profile (PDP) directed and omnidirectional at 60
GHz for the winter season

1112 dBn|
104 dBm
== 97dBm

112 dBm
104 dBm
-97 dBm

Fig. 11 and Fig. 12 shows path loss and receive power
charts using 38 and 60 GHz at winter season. For the
Path Loss profile shown in Fig. 10, both 38 and 60 GHz
curves has same behavior when increasing the distance
and they are both decrease for received power profile but
60 GHz will decrease relatively more than 38 GHz curve.

Figure 7. The 3-D of AOD and AOA at 38GHz for winter season

3-D AOA Power Spectrum - 60 Gtiz‘ pMi LOS, 500.0 m T-R Separation  3-D AOD Power Spectrum - 60 Gﬁz. UMi LOS, 500.0 m T-R Separation

180
160
140 =,
o o ——
3120 e
2100 ——
1 126 dBm B —_—
I 121 B 121 dBm = 80 38 GHz
. =  +113dBm = -113 dBm B &0 — 00 GHZ
. 40
Figure 8. The 3-D of AOD and AOA at
20
Fig. 9 and Fig. 10 depict the omnidirectional a
anddirectional of Power Delay Profile (PDP) for the same 100 200 300 400 500

month. The power delay profile (PDP) plots the intensity Distance (m)
of a signal received over a multipath channel as a
function of time delay, and the channel response appears
as a series of pulses that may be used to extract channel

characteristics like delay spread. As shown in Fig. 9,

Figure 11. Path loss chart using 38 and 60 GHz for winter season




»
5
fi

4

1434 258

Hawraa J Saadoon et.al.,: Investigation Of Suitable 5G Millimeter Wave Frequencies For Kut-City in Iraq

Distance (m)

0
E -20 100 200 300 400 500
[
S -40
g -60
2 . = 38 GHz
9 -8 =
5 100 —— 60 GHz
g =
‘o -120
0
& -140
-160
Figure 12. Receive power charts using 38 and 60 GHz for winter
season
2. summer season results using frequency 38 , and 60
GHz

As shown in Table 2, for summer season different
parameters have been used with the same scenario (UMi)
and at Line-Of-Sight (LOS) environment, separation
distance of 500 m at both (38 GHz and 60 GHz) as in
winter season.

The 3-D of Angle of Arrival (AOA) and Angle of
Departure (AOD) are shown in Fig. 13 and 14. Where
Fig. 15 and Fig. 16 depict the omnidirectional and
directional of Power Delay Profile (PDP) at 38 GHz and
60 GHz.

3-D ADA Pov{el Spectrum -}')E GJIL ll"l LVOS, SW‘!I m T-7R Seﬁm\un 3D ApD owcr SPIFUUI'I 35 GBL !Ili Lps, Sﬂq,u mT-R Supgttion

112 dBn| 112 6Bm.
I -105 dBm| I 105 dBm |
97 dém | : | 4rdBm

Figure 13. The 3-D of AOD and AOA at 38GHz for summer season

3-D AOA Power Spectrum - 60 GHz UMi LOS, 500.0 m T-R Separation |  3-D AOD Power Spectrum - 60 GHz, UMi LOS, 500.0 m T-R Separation

118 dBm

118 dBm
[ -110 dBm I 110 dBm
-103 dBm =103 dBm

Figure 14. The 3-D of AOD and AOA at 60 GHz for summer season
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Figure 15. the directional and Omnidirectional of Power Delay Profile

(PDP) at 38 GHz for summer season
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Figure 16. the directional and Omnidirectional of Power Delay Profile

(PDP) at 60GHz for winter season.

The Fig. 17 & Fig. 18 below shows the path loss
different between the 38 GHz and 60 GHz , at UMi
scenario under LOS environment with the effect of the
atmospheric impairments ( humidity, temperature and
pressure) , and it is showing that the path loss for the 60
GHz is higher than the path loss for the 38 GHz. For the
received power at 60 GHz is lower than the received
power at 38 GHz.

180
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Figure 17. Path loss at 60 GHz & 38 GHz
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Figure 18. Received power at 60 GHz & 38 GHz

In the next figures, MATLAB have been used for our
calculations, with the use of weather condition and with
the help of mobile communications companies for 5G
networks in Kut city, the attenuation caused by Rain, Fog
and Gas is presented for various frequencies and different
rain rate and fog visibility. Fig. 19 present the attenuation
caused by rain:

Rain Attenuation (dB/Km)

103

102 f

'

Rain attenuation (dB/Km)

/ r’ . .
7 Figﬂre 19. Rain attenuation
- /

Ligth rain
Moderate rain | 3
Heavy rain

Extreme rain

10?
Frequency (GHz)

1

The attenuation signal that spread through rainfall
areas is calculated in this model. At rainfall region when
the electromagnetic signals spreads through it, it will be
attenuated. Rain attenuation considered as a control
fading mechanism, and it could fluctuate relying on the
year and the location. According to the ITU rainfall
Model Recommendation ITU-R P.838-3 the attenuation
of rain is calculated.

As shown in Fig. 19 the attenuation increase with the
increase of frequency, also four type of Rain rate were
used ( Light rain, Moderate rain, Heavy rain and Extreme
rain). It can be noticed that the attenuation rise with
increased Rainfall. In (10) it depict the attenuation model
of signals that spread through the rainfall regions caused

by rain in MATLAB that were used in this calculation
[23]:
Yr = Kr® (10)

where r is the rain rate and it was taken as (4,16,50,150)
in millimeter per hour respectively. Where ¢ and K
exponent rely on the state of polarization and was taken
as ( Co-polarization), the angle of elevation for the signal
path (0%), and the frequencyup used were from 10 up to
1000 GHz .

Fog attenuation

10°

Attenuation at 100 Km (dB)
3
N

10° [

Ligth Fog
Medium Fog
Heavy Fog

107! .
10’ 102 10°%
Frequency (GHz)
Figure 20. Fog attenuation

The attenuation of signal that spread across clouds
and fog are estimated in this model. Clouds and fog are
from similar atmospheric circumstance. The attenuation
is calculated based on the ITU Recommendation ITU-R
P.840-6.

Figure 20, shows the attenuation caused by fog in
different kinds like (Light Fog, Medium Fog and Heavy
Fog ) for frequencies up to 1000 GHz, where real data
measurement were used from the weather reports
authority for Kut City, it is obvious that with the increase
of fog density the attenuation as well increase specially
for high frequencies. The model attenuation is
implemented for both fields as polarized and the non-
polarized. Equation (11) shows the propagation loss
(attenuation) caused by fog at each frequency in
MATLAB weath using range of frequencies varies from
10 to 1000 Gigahertz, a water density of 0.01, 0.05 and
0.5 g/m? respectively for the three type of fog visibility
[24]:

ye = Ki(f)M (11)

K;(f) quantity is the coefficient of a specific attenuation,
and M is the water density liquid in gm/m?>.
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In Fig. 21 the green circles represent the range of
frequencies that has lower attenuation like 28 GHz and
38 GHz, while the blue circle shows the acceptable
range of frequencies that has attenuation level similar to
attenuation in current communication channels. Red
circles shows the high rates of attenuation in specific
frequencies, so it is viable for indoor communication.

Equation (4, 5 and 6) as was discussed in section 3 were
also used in evaluation the attenuation for gas in
MATLAB, where the frequency range were used from 10
to 1000 GHz, for atmospheric pressure of 1029 kPa,
water vapor density of 7.4 g/m?® and a temperature of
16C.

Table 4. below shows different values that represent
the AOA, AOD, R.M.S Delay spread, Received power
and path loss for 38 GHz frequency at a separation
distance of 500 m and an antenna configuration of 32X8.
The power delay profile (PDP) gives the intensity of a
signal received through a multipath channel as a function
of time delay. The time delay is the difference in travel
time between multipath arrivals. In telecommunication,
the delay spread is a measure of the multipath richness of
a communication channel.

TABLE. 4 AOA, AOD, R.M.S Delay Spread and Received Power For 32X8 Antenna, 38GHz, 500M

e | b | SRt | e | | Elon | Ad oMo | | S by
(ns) (dBm) (degree) (degree) (degree) (degree) (ns)

1 1667 -101.2 39 32 -21.6 211.7 22 131.2 1.4
2 1670 -112.2 3.1 21 -26.2 55.8 20 142.1 7.1
3 1673 -115.6 1.9 25 -24.6 202.6 3 145.5 7.6
4 1677 -107.4 0.9 10 -17.5 47 40 137.4 0.3
5 1680 -114.9 6 28 -22.4 44.1 4 144.4 8.3
6 1684 -121.3 6 30 -23.2 65.5 -1 150.8 6.3
7 1689 -107.9 5.5 34 -21.4 36.1 14 137.9 1.8
8 1693 -115.6 4.7 11 -21.9 40.3 -10 145.6 22
9 1697 -121.9 24 9 -22.4 28.1 17 151.8 2.7
10 1702 -114 39 15 -24.5 207.4 -3 144 3.7




Int. J. Com. Dig. Sys. 11, No.1, 1427-1438 (Jun-2022)

A

2
o

e/ 1437

8. Conclusion

This paper is considered as the first study for the city
of Kut, The centre of wasit province, as well it is one of
the very few studies in Iraq that considered the impact of
different weather condition on the mm Wave.
Furthermore, as another contribution of our paper, the
current study used real data from the Iraqi weather report
authority. In addition, real data of some technical
parameters belonging to Kut city local communications
mobile companies is obtained in order to programme the
NYUSIM software package.

NYUSIM is useful tool to design next generation 5G
communication wireless systems, that make use of
frequency bands of 38-60 GHz. Moreover, this tool (i.e.,
NYUSIM) can know and determine the appropriate
frequencies according to the climate and the geographical
location of the city.

The NYUSIM was used to evaluate the effect of
atmospheric conditions related to Kut, Wasit, Iraq city for
aforementioned frequency bands. Through simulation
measurements, the large separation distance and
frequency bands, will increase path loss, especially for
the frequency 60 GHz. In contrast, increasing separation
distance will decrease the received power using 60 GHz
compared with 38 GHz.

Moreover, the attenuation for each frequency is
increased when the rain rates increase as well. For
temperature condition, the path loss has maximum value
at 60 GHz compared with 38 GHz frequency band. The
38 GHz is better for the received signal, although the
influence of factors is more significant because in
summer, the temperature is more affected, and in the
event of rain, the effect is great. With regard to 60 GHz,
the influence of factors is less on it, and therefore the
attenuation is less, but nevertheless, the received signal is
less by using 38 GHz.

A thorough research on the researches that studied the
effect of the atmosphere and how best to treat it have
been presented. also an overview of difficulties and
challenges faced by the millimeter waves has been taken,
this is important, and it needs to be solved, because it’s a
major pillar of the new fifth generation.
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