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Abstract. This paper presents the effect of rain rate, humidity, and temperature at multiple
frequencies in the millimeter-wave band in Mosul city. The fifth-generation has several
candidate frequencies above 10 GHz, such as 28, 37, 60, and 73 GHz. The results show
that the attenuation due to weather factors does not represent a problem for short distances
but Losses increase with frequency, and at a large distance (1 km), they become very large.
Keywords: 5G, channel model, NYUSim

1 Introduction
Humanity witnessed rapid growth and development in mobile wireless communication in
the last few decades. This evolution consists of generations (G) and foreseen generations are
still coming in the future. Mobile wireless generations started with first-generation (1G) then
followed by 2G,3G,4G and then the upcoming 5G which is still under research. These
generations differ from each other incapacity, data rate, services, latency, technologies, and even
challenges. [1]

2 Fifth-generation
The demand for higher mobile data rates increases year after year in a dramatic manner
especially in the last few years, which pushed existing mobile technology to its limits according
to the Cisco report.[2]
The fifth-generation is still under study but it will give the user a revolutionary experience
that he did not go through it before.[1]
The fifth-generation is expected to have great and important changes not only in the term
of bandwidth but it will change the fundamental purpose of cell phones. The user is going to
experience something like never before. The 5G will support worldwide wireless web
(WWWW).[3]
The work on 5G requirements, which is divided into two stages, is done by the different
organizations. The first stage concentrates on the 5G vision, which includes use cases and high
abilities of the 5G network.[4] In this stage, ITU released its vision testament and determined
the abilities of 5G in 2015.[5] The third-generation partner project (3GPP) also searched use
cases and abilities of 5G in 2015. Next Generation Mobile Networks (NGMN) identified more
use cases and abilities and published it in a white paper in the same year.[6]In the second stage,
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the attention was on high detailed deployment scenarios and requirements of each scenario. The
most remarkable report in stage 2 is IMT-2020, which is introduced by the International
Telecommunication Union-Radio communication Sector (ITU-R).[7]

3 Keys of 5G
Ten features play important role and have the main contribution to the emergence of
the fifth generation of mobile systems, these are some of them:
3.1 Various radio access technology types
5G will not use a specific type of radio access technology (RAT) but it will use different
types of RAT starting from using enhanced versions of previous generations' RATs in
addition to new RATs.[8]
3.2 Hyperdense small-cell deployment
In order to meet the high increase in mobile data traffic cell sizes are made smaller which
also has leverage on energy and spectral efficiency. This technique is also called
heterogeneous Networks (HetNet).[8], [9]
3.3 New backhaul links
5G relays on small cells densification to achieve 1000X capacity, therefore; backhaul link
needs to be able to carry the tremendous data traffic. The motivation of backhaul redesigning
is the very high cost of using fiber cables to make a connection between base stations (BS)
and cellular networks.[2]
3.4 Machine Type Communication (MTC)
It is another important feature of 5G, which provides a connection between large numbers
of devices.[10]
3.5 Millimeter-Wave RATs
The rapid growth of the number of devices and mobile data traffic in indoor and outdoor
scenarios, huge unlicensed bandwidth available in the millimeter-wave band and the small
wavelength open the way to build small antennas and massive antenna arrays. Massive
MIMO enables pencil-beam forming to achieve high spatial spectrum reuse and signal-tointerference ratios.[10], [11]
3.6 New spectrum allocation
Mobile data traffic and the number of connections are expected to increase in an exponential
manner after 2020.[4]The current spectrum shortage becomes more obvious with the
increasing demand for larger capacity. The current bandwidths below 6 GHz are not
satisfying 5G requirements while the millimeter wave band has abundant bandwidth making

its major part of 5G. Current researches interested in 28 GHz band, 38GHz band, 60GHz
band and E-band (71–76 GHz and 81–86 GHz).[12]

4 Losses at millimeter waves
The stakeholders are paying attention to the frequencies in the region between 30-300
GHz due to the large bandwidth which is available in this region. The signals at frequencies
above 30 GHz cannot propagate for many miles as those below 30 GHz. In the millimeter-wave
bands, factors that were neglected at low frequencies are taken into the account.
4.1 Free space loss.
Loss, frequency, and distance can be related in a mathematical expression which is shown in
equation 1. It is assumed that the transmitter (Tx) and receiver (Rx) have isotropic antennas.
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Where LFSL is the free-space loss, d is the distance between transmitter and receiver, and λ is
the wavelength.[13]
4.2 Atmospheric losses.
Besides free space loss, there are raindrops and oxygen’s molecules that can cause additional
losses. Some frequencies suffer larger attenuation than others do because of the mechanical
resonant frequencies of the gas molecules.
4.2.1 Rain.
Raindrops are not alike in the term of size and not quite near radio wavelength’s size. Figure 1
shows attention caused by different rain rates. [13]

Fig.1: Losses due to rain at millimeter-wave band.[13]

4.2.2 Atmospheric Gaseous.
When the signal travels through the atmosphere, it suffers from attenuation due to oxygen, water
vapor, and molecules of other gases that absorb signal energy.
4.3 Scattering/ Diffraction.
A signal transmitted by the transmitter can reach the receiver even if the line of sight between
Tx and Rx is absent because a signal gets reflected or diffracted from objects that are near the
receiver. The millimeter-wave signals have short wavelengths that lead to low diffraction.[13]

5 Simulation and results
The researchers at New York University had developed a simulator based on data
collected in New York Cityand Daejeon, Korea for urban macro and urban micro. The simulator
is called NYUSim. NYUSim is a statistical spatial channel model.[14]The results of the
simulation in this paper are taken from NYUSim to study the weather factor effect on 5G in
Mosul city. Weather parameters such as temperature, humidity, and rain rate have been taken
from the Iraqi meteorological organization and seismology of Mosul station for the period 1988
to 2007.
5.1 Loss vs distance at 28 GHz.
A simulation had been made for a 4X4 MIMO system, where antenna consists of a 4X1 uniform
linear array (ULA) of HPBW 23.8° in E-plane and 44.7 in H-plane with 0.5 λ spacing between
elements.[15]. The signal is transmitted from the base station at power 30 dBm in the urban
microcell scenario. The simulation made in months February and August at distances 10, 100
and 1000m. The results of the simulation are plotted in Figure 2.

Fig. 2. path loss of 28 GHz with a distance.

5.2 Loss vs distance at 37 GHz.
In the same way of the 28 GHz simulation, a simulation had been made to show path loss of
37 GHz signal at different distances. The simulation parameters like transmit power, and
scenario of interest is not changed. The antenna consists of 5 elements with HPBW 15.2˚ in Eplane and 45˚ in H-plane at both transmitter and receiver with 0.6 λ spacing between
elements.[16]. The simulation also made in February and August and the results of simulation
gathered and plotted in Figure 3.

Fig. 2. path loss with a distance of 37 GHz.

5.3 Loss vs distance at 60 GHz.
To see how loss changes with distance at 60 GHz, the following simulation parameters utilized:
8 elements antenna array at Tx and Rx with 50° and 20° HPBW in E and H plane respectively
with 0.5 λ spacing between elements.[17], [18]The simulation made for February and August
weather conditions and the results of simulation is plotted in Figure 4.

Fig. 3. path loss with distance at 60 GHz.

60 GHz suffers from higher attenuation compared to other frequencies due to oxygen
absorption; therefore, it is not preferable for outdoor scenarios. 60 GHz usually used for wireless
local area networks (WLAN) for the indoor scenario.[19]
5.4 Loss vs distance at 73 GHz.
Loss due to weather factors at 73 GHz is calculated in a simulation. The antenna used for 73
GHz is horn antenna of beam width 10° in E-plane and 10° in H-plane.[20] The transmitter
power and scenario are the same as the previous simulations. Weather factors of February and
August were used. Figure 5 shows the results of the simulation.

Fig. 4. loss with a distance of 73 GHz.

6 Conclusions
The attenuation due to weather factors does not represent a problem for short distances.
The rain has the largest impact on the signal power level and its effect increases with rain rate
and distance. The loss difference between winter and summer for 28 GHz is about 1 dB in
Mosul. The loss difference between winter and summer is about 2 dB for 37 GHz, about 4 dB
for 60 GHz and about 2 dB for 73 GHz. Losses increase with frequency and at a large distance
like 1 km, they become very large.
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