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Abstract—Multiple Input Multiple Cutput {(MIMO) and massive
MIMO ies play a signil role in mitigating five
generation (3G) channel propagation impairments. These
impai increase as freq y il and they become
worse at millimeter-waves {(mmWaves). They include difficulties
of material penetration, Line-of-Sight (LoS) i ity, small

Statistical Analysis of 5G Channel Propagation using
MIMO and Massive MIMO Technologies

Zaid Ahmed Shamsan
Electrical Engineering Department
College of Engineering
Imam Mohammad Ibn Saud Islamic University {IMSIL)
Riyadh, Saudi Arabia
shamsan(iieee. org

signal attenuation, coverage area limitations, and, most notably,
high penetration losses. Due to the higher frequency of
mmWaves, free space loss is much higher especially when an
isotropic antenna is used, and many materials cause very high
absorption  loss, while diffraction is less  noticeable.
by

cell coverage, weather circumstances, etc. This paper simulates
I the 50 channel at the E-band frequency using the Monte Carlo
approach-based NYUSIM tool. The urban microcell (UMi) is the
icati i of this si ion. Both MIMO and
massive MIMO) use uniformly spaced rectangular antenna arrays
(URA). This study investigates the effects of MIMO and massive
MIMO on LoS and Non-Lo% (NLoS) environments. The
. . - i and P

the Power Delay Profile (PDP), Root Mean Square (RMS) delay
I spread, and small-scale PDP for both LoS and NLoS
environments. As expected, the wide variety of the results showed
that the massive MIMO antenna outperforms the MIMO
I antenna, especially in terms of the signal power received at the

end-user and for longer path lengths.

Keywords-MIMO; massive MIMO; millimeter-waves; channel
ion; path loss exy RMS delay spread; received

P
power
I I INTRODUCTION
I Massive Multiple Input Multiple Output (MIMO) and
Millimeter-waves {mmWaves) are two key technologies of 5G
I wireless systems that deliver high data rates, support multiple
users, and provide very low latency. The use of mmWaves for
I the 5G systems is still in the experimental stage. Classically,
the mmWaves belong to the frequency spectrum from 30 to
300GHz [1]. Some frequency bands of the first part of this
frequency spectrum, up o 100GHz (as well as the traditional
I wireless mobile generation bands) are dedicated to the 5G
system because they offer a huge amount of unutilized or
I under-utilized spectrum frequencies, compared to the lower
bands. The E-band (71-76 and 81-86GHz) |2, 3] can be
I represented by T3GHz and it is one of the main frequencies
allocated to 5G systems. It is well recognized that the spectral
bandwidth is directly proportional o the amount of transmitted
data rate. However, using the mmWaves for mobile
I communication exposes several propagation challenges, eg.

I Corresponding author: Zaid A Shamsan

quently, mmWave signal goes under high blockage, and
most of the time propagation tends to be Line-of-Sight (LoS) -
based [4]. To mitigate mmWave disadvantages, several
technologies have been introduced, such as small cell coverage,
beamforming, MIMO and massive MIMO antennas, efc.
Massive MIMO-OFDM has been considered as one of the most
desired technologies for broadband wireless systems and is
worldwide recognized as the 5G wireless communication basis.
It is more flexible and adaptable to stay active, especially if
developed for a high number of antennas or massive MIMO [1,
3].

This paper will discuss the 73GHz channel and signal
propagation using MIMO and massive MIMO technologies in
urban microcell area. In [5], the T3GHz frequency band proved
to be power-efficient and robust against atmospheric variations.
Both omnidirectional and directional channel models were used
due to the fact that they are widely adopted by the industry and
researchers for proper designing of wireless systems and
antenna arrays in supporting massive MIMO systems by
employing  spatial diversity andior beamfbrming  gain
respectively [6, T]. For this purpose, the Monte Carlo approach-
based NYUSIM simulator (NYUSIM v3.0) was utilized to
apply MIMO-Orthogonal Frequency-Division Multiplexing
(OFDM) and massive MIMO technologies and generate
Channel Impulse Responses (CIRs) from both omnidirectional
and directional channel models at 73GHz [8-10]. This
simulator can be also used in the THz band [11].

IL MIMO AND MASSIVE MIMO TECHNOLOGIES

Generally, three methods can be planned to improve the
wireless network efficiency, namely deploving extreme access
points, using wide frequency spectrum, and increasing the
spectral efficiency. The foreseen wireless systems will utilize
small base station coverage and thus will require by default
many access points to cover all considered areas. Also, new
spectral bands will be exploited to support the efficiency of the
wireless network. However, the spectral efficiency always
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Making decisions in volatile markets can be a difficult and trying task for many managers. However, due to advances
in analysis and technology. managers now possess an arsenal of statistical methods and forecasting techniques to help
them aptly navigate the fluidity and uncertainty of the financial markets.

The Business Reference Guide series is designed to provide a solid foundation for the research of various business
topics. This volume offers an expansive overview of forecasting and statistical analysis. The essay collection is sepa-
rated info several sections that examine statistical analysis and its influence on decision making as well as the methods
and theories behind effective business forecasting.

This volume begins with an essay by Ruth A. Wienclaw that discusses the different elements involved in the study of
statistics and data analysis and how they impact business efforts and management processes. Data analysis can offer
organizations many benefits, including decision facilitation, profit maximization. and hypothesis testing. To assist in 26

decision making, managers will often employ descriptive and inferential statistics. Descriptive statistics typically take
the form of graphs and other simple means of summarizing data, whereas inferential statistics generally deal with
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