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Abstract

The Massive Multiple Input multiple Output (MIMO) antenna is some sort of multiple antennasystems,
that is used to massively make better use of spectral efficiency, robustness to interference, increased the
bandwidth and reduced latency .and it is used to provide a solution for high demand communication
systems like cellular mobile communication that requires high data rate less interference and better
Mobile Node coverage and connectivity. The antenna that form the massive antenna system is organized
in a somehow that allow a group of antenna to work as a transmitter and other make other jobs may be
standby to the transmitter antennas also The channel that connect transmitter and receiver and which
estimated with a sequence of signal called pilot signal, is important to simulate and model. Massive
MIMO has some main issues that are related to the technique used in the antenna selection and channel
utilization, we provide an overview of recent trends concerning channel utilization and antenna selection,
we then compare them and provide some open research area.
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Introduction

Sending a message from a source at a location to reach a destination somewhere far from the source is
still and continue to be the objective of the communication systems through ages. Nowadays the
communication system has some major challenges one challenge is multiple users that are to be served by
theantenna, connection stability, and the bandwidth. The antenna system, the processing and
communication technology has been evolved to fulfill the needs, one common application is the wireless
LAN starting from a single antenna, multiple antenna, and MIMO.MIMO has been evolved from single
user MIMO and multi-user MIMO. multi-user MIMO has been developed to provide multiple users
simultaneous accessibility and connectivity to the network resources. That is taking into consideration the
logic aspect of the capacity of users in the wireless LAN compared to the mobile cellular network users
which require more and more capability, also radar system is a respective example with the related issue
with the direct challenge of the fidelity and destruction of antenna signals. Massive MIMO has addressed
the issues mentioned moreover provides better bit rate and bandwidth and connectivity, but there are
some problems and questions related to the design and the operation of the Massive MIMO system one of
those challenges is the antenna selection process, is there a common technique used to select the antenna
that is to transmit the signal . Moreover the problem related to channel allocation between the receiver
and transmitter antennas, also some other challenges and troubles may affect the Massive MIMO antenna
system that is the sender device is using the pilot signal to determine the channel to connect to the user,
while that is a vital signal but it may be contaminated by interference with other signal causing a serious
issue in the channel allocation , some researchers found it's important to study the antenna selection issues
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and other researchers are interested in the channel allocation and pilot pollution issue, through that study
we have made a survey regarding the research on both sides and we will provide a comparative study ,
also will provide open research points and at the end will have a look for the tangential research areas that
are related to the Massive MIMO and are affected by our scope of study.

The next sections in the paper are organized as the following:
Il.  Antenna selection techniques
I1l.  channel allocation issues
IV.  open research areas
V.  tangential research areas and field of interest.

. Antenna selection techniques

in this section, | will provide a review of most recent trends and techniques used in Antenna Selection for
Massive MIMO Antennas, the Brainstorming figure shown below describe the techniques based on the
objective it has been used to achieve, along with the research papers that provide that work. Afterward, |
will provide a brief describe of each paper and how it worked to achieve the objective of its work the
following figurel shows the criteria based Antenna Selection in a brainstorming graph.
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FIGURE 1 ANTENNA SELECTION BRAINSTORMING

a-Antenna selection based on energy efficient selection

Using Massive MIMO to provide better bit rate and availability to connect users and mobile
devices is a challenge in terms of power consumption with Antenna selection in both direction as a sender
and receiver some work was seeking a vitality productive radio wire determination the first depended on
curved improvement was proposed for Massive MIMO remote correspondence frameworks. On the
condition That the channel limit of the cell is bigger than a specific edge, the quantity of transmitting
reception apparatus, the subset of transmitting radio wire and servable versatile terminals (MTs) were
mutually streamlined to amplify vitality productivity. The joint can be improved by utilizing well-ordered
advancement technique as vitality effectiveness is an exceptional inward capacity versus factors. The
ideal arrangement can be acquired through the thorough hunt. The proposed calculation can understand an
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indistinguishable execution from the ideal with low multifaceted nature. Additionally, it has confirmed by
investigation and numerical reproductions. The great executionpicks up of vitality proficiency is acquired
contrasting and no receiving wire determination.

The 2nd work was interested in accomplishing vitality proficiency in reception apparatus choice
with OFDM-based frameworks. OFDM framework with routine receiving wire determination approaches,
including per-subcarrier choice (i.e., choosing reception apparatuses autonomously for each subcarrier)
and mass choice (i.e., picking similar radio wires for all subcarriers), experiences a huge misfortune in
vitality effectiveness. a superior vitalityeffectiveness execution has been picked up by utilizing a versatile
receiving wire determination the method as long the quantity of dynamic RF (radio recurrence) chains as
the reception apparatus records are chosen based upon the channel condition. Besides, the calculation that
accomplishes a close idea execution with much lower intricacy when a number of reception apparatuses
are huge has been given also.The proposed antenna selection method in compared to other methods is
shown in figure 2.a and figure 2.b shows a comparative graph of antenna selection method versus energy
efficiency.
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Figure 2.b Energy Efficiency versus the number of transmit antenna

b-Antenna selection to achieve better channel capacity and bit error rate.

Also, another study has been done in focusing on achieving better channel capacity and
bit error rate while performing antenna selection algorithms in [3] an antenna selection
techniques has been reviewed with considering different criterion i.e., channel capacity and bit
error rate seeking both cost and hardware complexity reduction and It has proven that the
massive number of antennas that are the receiver equipped with, the better the performance is
achieved

Figure 3 Massive MIMO Antenna Selection Techniques based on user allocation.

[14] improving data rate or capacity with the usage of Spatial multiplexing rose up out of the way that in a
rich scrambling condition it is workable for the beneficiary to descramble signals that are transmitted all
the while from the different Antennas, in this manner one can send parallel free information streams and
accomplish general limit. An algorithm has been introduced that provide antenna selection based on a
general capacity formula, that is the subset with maximum capacity will be chosen.
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[33] Antenna selection for better channel capacity is very important for Massive MIMO deployment for
5G technology, two algorithms are introduced to provide Antenna selection, one depends on the Matrix's
operation that is by proving a sub-matrix due to a row operation and then a column operation and at last a
vector is yield that represents the antenna elements to be used in transmitting and receive, another
algorithm is based on the successive elimination idea by removing antennas that are less contribution to
the system.

c-Antenna selection technique based on better spectral and transmitenergy

Upgrade in ghostly and transmit vitality effectiveness is the principle target and This is

accomplished by permitting the number of radio wires and RF chains to become vast. Nonetheless, the
difficulties incorporate high framework many-sided quality and equipment vitality utilization by
performing reception apparatus determination the required number of RF chains has been diminished. [4]
A choice in view of raised enhancement is almost ideal and utilized as a kind of perspective. The
accomplished entirety rate is contrasted and that of an extremely basic plan that chooses the radio wires
with the most noteworthy got control. The power-based plan gives execution near the raised advancement
plot, for the deliberate channels. This perception shows a potential for significant decreases of monstrous
MIMO execution intricacy, by lessening the quantity of RF chains and performing receiving wire
determination utilizing straightforward calculations.
The same objective was in [6]but it used the norm and correlation based selection algorithm with low
complexity for energy efficiency maximization has been proposed. selection metric considers the effect of
the norm of each channel column and correlation between columns while attaining low computational
complexity.

[9] Different information numerous yields (MIMOQ) can enhance the ghastly effectiveness (SE) mutually
with the vitality proficiency (EE). Radio wire determination handle, that is essential for Massive MIMO
remote correspondence framework in both transmitting and accepting theend. This paper likewise
demonstrates some reception apparatus determination techniques for the enormously conveyed radio wire
framework.

d- joint multicast Beamforming based antenna selection

While in [7] the issue of joint multicast Beamforming and radio wire determination for different
co-channel multicast bunches was the motivation of work and the proposed algorithm has achieved
areduction in the number of required Antennas that's essential to produce the wanted signal level along
with less transmission power. The performance is satisfactory and has presented less complexity along
with improvement in other attributes as shown in the figure below.
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Figure 4 Average Spectral Efficiency Versus Selected Antennas

The goal is to augment the information rates. The ideal arrangement is [13] an exceptionally complex
thorough savage drive seek (BFS) over every single conceivable blend of receiving wires and clients. The
proposed calculation expects to boost the achievable aggregate rate and to make utilization of both the
spatial selectivity pick up and multi-client differing qualities pick up offered by the radio wire choice and
client planning, individually. The key thought of the proposed calculation was to progressively wipe out
both undesired transmit radio wires, the proposed calculation can accomplish close ideal execution with
low computational unpredictability.
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Figure 5 Performance comparison of sum-rate versus mobile users number for massive MIMO system

e-accurate transmit side and channel state information based Antenna selection

Another point of interest has been studied in [8] which is Precise transmit-side channel state
information (CSI) and a new algorithm named antenna group scheduling (AGS) algorithm which joins
reception apparatus choice and client booking for seeking after a further diminishment in criticism,
overhead has been proposed. The AGS was built to enhance channel along with selecting best Antennas
based on the best gain obtained. The Simulation has proven that the proposed method satisfy a
noteworthy input overhead decrease over the ordinary pillar framing systems (33%~50%) inside a similar
target aggregate rate needs.
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Figure 6 Antenna Selection groups

[12] This paper has focused its interest in the channel state information (CSI), acquiring the CSI assumes
a focal part to give high framework execution. a proficient transmit receiving wire determination
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technique acquiringthe measure of the required CSI for a massive MIMO system in the broadcast channel
has been used, the method is to use receiver chosen channel and feedback the selection to the transmitter
in the form of a feedback till all receiver finish then the transmitter will determine which antennas will be
used and which are to be neglected. The proposed antenna selection strategy is displayed at figure?.
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Figure 7 : Proposed Transmit Antenna Selection Strategy

f-Capacity and CPU time-based antenna selection

[10] In this paper, some algorithms "Molecule Swarm Optimization (PSO), Genetic Algorithm
(GA), and Artificial Bee Colony (ABC) "has been used and compared and they are used to achieve better
Antenna selection with Higher capacity and less CPU time, [17] As indicated by past methodologies
consider the issue of transmitting-receiving wire decision for gigantic numerous information different
yield frameworks by expanding the determinant modulus of the picked channel grid. In perspective of the
most extraordinary volume sub-lattice finding strategy, an ongoing reception apparatus byradio wire
iterative swapping improvement (RAISE) transmit receiving wire decision count with low memory cost
and low computational disease quality. The converging of the estimation is exhibited and the execution of
it is surveyed by amethod for numerical proliferations.

[19] Antenna selection with respect to system capacity and reasonable signal to noise ratio has been
investigated also the effect of the Antenna selection techniques on the coding system and the channel
capacity itself even if the channel capacity is one of the criterions. Performance comparison of antenna
selection methods is shown in figure 8.
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Figure 8 Performance comparison between various antenna selection scenarios

[27] Antenna selection techniques require more complex computation and that will be so difficult to
be implemented for the Massive MIMO antenna, the work provides better computation for joint
radio wire choice and Beamforming in Massive MIMO.The Antenna selection technique used will
provide better capacity and S/N ratio as well and is based on weight vector that is updated by
MVDR beamformer and the transmit antenna is selected.

e-Data rate and low cost based antenna selection.

[15] the proposed antenna selection is based on the idea of lowering the cost, size and the power
consumption by ranking the antennas based on their channel gain to all mobile stations, then the
transmitter compute the downlink sum rate with S(assumed the antenna to be used) consecutive antenna
elements, the transmitter select the S that is giving the highest sum-rate, the selected S antennas are used
to transmit and connect to n users however the rest are turned off for that time slot. The proposed antenna
selection technique provide better and less computation

[16] In this paper, a low-unpredictability ravenous client choice plan with straight zero forcing pre-coding
at the base station has been proposed. The complexity of the proposed algorithm is remarkably low i.e. O
(MK) while the performance is same as that of best greedy algorithm known so far.

[18] in that research, the main objective is to develop a practical solution for the complexity of the RF
switching by introducing binary switching system that performs the Antenna selection techniques and
reduce system cost and complexity.

I11. channel allocation issues

There are some issues and challenges in channel allocation process for massive MIMO system,
and there are researches done to solve this issues and provide a more efficient and reliable system, in this
section, | will list these areas based on the issue and provide the work done by researchers each per issue.
a-pilot contamination issue:
One of the greatest difficulties for massive MIMO is the pilot contamination. this paper has summarized
which also includes the possible solution to this problem. It was observed that many parameters need to
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be optimized during the implementation of massive MIMO based network structure. There is a possibility
to use evolutionary methods to design an optimum network.[20]

A discrete Fourier transform (DFT) with spatial basis expansion model (SBEM) used to perform the
uplink/downlink channels, the work shows that channel estimation of multi-users reduced training
resources, which dramatically reduced both training and feedback cost. [23]

[28] a comprehensive survey concerning Massive MIMO Pilot defilement in 5G, the pilot
defilement in Time division duplex has been investigated as it a result of the usage of non-
orthogonal pilot due to the limitation of coherence time, hardware impairment(phase noise,
amplifier Non-linearity, having QUADRATURE imbalance (1/Q) and quantization errors in receiver
is leading to a pilot contamination due to its effect of the transmitted signal and the received signal
as well as done in Bjornson work ) and non-reciprocal transceiver( the uplink and downlink is
considered reciprocal to each other. However, the existence of residual offset frequency spoil the
reciprocity of the transceiver and in turn, lead to the pilot contamination. The effect of pilot
contamination on energy efficiency using different pilot reuse factors.

Multi=ceall, Comparison of EE Values for Different Reuse Factors
B T T T

Enerpy Elficiency [MbitfJoulz|

— 7F: Reuse factor - 4
= = ZF: Reuse factor - 2 A
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Figure 9 : Effect of pilot contamination on energy efficiency using different pilot reuse factors.

The pilot contamination for Massive MIMO is one of the channel allocation great issues and in [40]
a pilot decontamination method has been provided for Massive MIMO in a cellular system, data and
pilot are aligned in the time-frequency plane, and they are organized in a way that allows users to
share data channel while the overlap of the pilot's channel is not allowed and channel state
information was used as a guide to assigning them to the channels. The Pilot data alignment is shown
with a respective cellular system layout in figure 10.
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Figure 10 Pilot data Alignment along with Cellular system Layout

b-Interference and spectral efficiency

the problem of interference and spectral efficiency represents a resident issue in multi-user Antenna
systems, but it has been solved in “massive MIMO” which allows asymptotic orthogonally and uses
simple processing methods.[21]

Mathematical analysis forFDD primarily correlated Massive MIMO has been modeled and
compared with TDD and provided abetter result.[22]

being a promising technology for 5G, Massive MIMO provide an essential gear in the train toward
the new mobile technology as it require better spectral efficiency and bit rate and that is provided by
Massive MIMO[24]

[30] provide a technology that will aid as a primary stone in building a new cellular system 5G
system is a great concern and Massive MIMO plays the main role in that but it has some issues that
should be carefully considered and allowed in order to play its role efficiently in the 5G team of top
players technology , some of the issues that affecting the application of Massive MIMO are pilot
contamination , beam-forming need huge number of channel state information and that represent a
problem especially for the downlink , FDD is so difficult to be deployed however it's more than
suitable for TDD due to the reciprocity between UL and DL and what makes it attractive for
Massive MIMO is the royal rule of delivering multi-user better access to the network along with
better bit rate and utilization.

[34] Massive MIMO deliver the requirements of spectral efficiency, multi-user and practical
solution to the interference issue. Massive MIMO has the following capabilities Array Gain (require
channel knowledge in uplink and downlink which require channel state information CSI ), Diversity
Gain (transmit signal over multiple fading path),Spatial Multiplexing gain (increase in capacity
due to transmitting over multiple independent Antennas),Interference reduction(based on sensing
and sending over empty channel) due to these four capabilities of the massive MIMO it manages to
provide better channel capacity, throughput, and less interference.

[36] Massive MIMO has provided an advantage for interference reduction, using decoding
techniques like constrained partial group decoding (CPGD),using multiple cell processing (MCP)
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along with (CPGD) to eliminate interference .moreover it provides a result signal sum rate reaches
the sum rate obtainedby FDMA and TDMA.
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Figure 11 Per cell capacity versus SNR (dB) for fixed number of users per cell.
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The needs of both terahertz communication and required coverage distance as well has been addressed in
[38], the massive MIMO antenna uses very cheap and small components in the design of the array
elements, to satisfy the objective of terahertz communication the antenna should be

subtle which is in Micro and that is impossible for the metal, another material called Plasmatic material is
used to support the propagation of surface Plasmon polariton waves (SPP). a square uniform
PLASMONICNANO-antenna array is shown in figure 12.
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Figure 12 A square uniform PLASMONICNANO-antenna array

graphite is a material that supports such a setup and is used in designing the massive MIMO antennas,
that deliver terahertz waves and propagate for more distance. Figure 13 shows the gain of metallic and
PLASMONIC NANO-antenna arrays at different frequencies as a function of their footprint.
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Fig. 13 Gain of metallic and PLASMONIC NANO-antenna arrays at different frequencies as a function
of their footprint

[41] Nowadays there are heavily increment in the appeal of mobile wireless applications and
devices,moreover, the upcoming wireless technologies that will require more and more bandwidth and
channel that understand all of that needs. In [41] channel estimation and interference determination has
introduced through a mechanism called sounding the channel , which depends on the estimation of the
channel impulse response through transmitting a signal and receiving it , and then processing it to get the

impulse response, the system relay in a MIMO system that's to evaluate the channel response and avoid
interference.
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Figure 14 Example of a two-path model

Channel State Information CSI, is used to provide channel and range between sender and receiver in MU-
MIMO, [43] a problem related to that is the range of the channel is up to square of the number of base
station , despite before CSI the range is constant so it represent a problem to the efficiency and reliability
of base station antennas in [43] a novel control channel design for MU-MIMO, Faros, has been shown to
allow base station antennas to scale up to 100s.Faros used open loop beam-forming and coding gain to
solve the issuemoreover, itprovides a smooth control over space, time and code resources.

- Y
- ing
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p Downlink c Uplink
(c) Downlink data (d) Uplink data

Figure 15 an example of faros frame structure
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In Figure 15 (a), the base station beam sweeps a beacon that provides the users with time- frequency
synchronization and the base-station ID. If a user needs to be paged, the base station will simultaneously
beam a paging sequence towards that user. In Figure 15.(b), users send orthogonal uplink pilots in
scheduled slots. Users that require random access or association send an uplink pilot in the one of the
reserved slots.In Figure 15.(c) and (d), the base station leverages the acquired CSI to provide downlink
and uplink data connectivity, as well as any remaining control channel information, over the efficient

MU-MIMO link.

[44] High mobility is an issue in mobile communication system and in TDD Massive MIMO system
require low latency signal processing and more spectral efficiency and bandwidth , the reciprocity
between uplink and downlink is a challenge in [44] an implementation based on hardware has been
proposed and provided a solution for the reciprocity issue along with channel estimation, moreover a
switching based on router has been shown to provide better bandwidth and low latency. For better
understanding the overall massive MIMO system is shown in figure 16.

Base station (111111191 User terminals

Precoder

Dietector

Figure 16 a simplified massive MIMO system.
being one of the most important technologies of 5G mobile technology ,Massive MIMO has a great
issue in the deployment of 5G picocells as pico users will suffer severely from interference, two tier
pre-coding algorithm has been introduced in [46] that is depends on the CSI between the Micro
Base Station MBS and Pico Base Station PBS , it provided a solution for the interference issue as in
inter-tier and inter-cluster form. A network layout of the Heterogeneous network is shown in figure

17.
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Figure 17 Network layout for the considered heterogeneous network.

c-Channel Model

Massive MIMO is still acting as the main stone on the 5G technology as it addresses channel
requirements and heterogonousnetwork[25], in that study the channel modeling is defined to be a
tradeoff between:

1-Accuracy: which mean how far is the model from the field of application.

2-Generality: how close is my model to my application

3-Simplicity: is it easy to deploy or use or difficult in terms of computational and implementation.

Accuracy
SCM
N\ X COST2100
:"-,
-+ Simplicity
METIS
Generality

Figure 18 Categorization of the trade-offs made by different modern simulation and design models used
for cellular network research and standardization.

the three factor used to compare and estimate the model is shown as a spiral graph and shows some
famous models in color coded.
the application as stated before will require a modification to the channel model in order to meet the
application needs, some trends to enhance the model are:
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ahigh spatial resolution

b-joint behavior across time, space, and frequency

c-Non-stationary model

d-Data-centric propagation model

the work was ended with the most required model Nowadays is the one that will fulfill the needs of the
5G application.

two main changes in the channel modelhave been introduced in [26], the used channel mode is anon-
stationary wideband multi-conformalellipse and the spherical wave-front instead of plane wave-front, the
numerical analysis performed in paper proved thatthe channel model used here is capable of capturing
specific characteristics of the Massive MIMO channel.

#
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Figure 19. A wideband multi-confocal ellipse model for massive MIMO systems.

[29] delivering better channel throughput to multi-user and the enhancement of the channel
utilization is considered thevery important aspect of the Massive MIMO and will address the urgent
requirement of the 5G technology goals. a verified technique called MIMO/CON deliver concurrent
channel access and estimation for achieving better channel throughput for all multi-users
simultaneously.

[31] closer look to the problem of channel loss in FDD system and how to make Massive MIMO
practical to be deployed,a drive for the scaling factor has shown that it's possible to estimate the
downlink channel for anon-reciprocal system like FFD system.
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Figure 20. User-signal angular spread introduced by local scatters with direction- of-arrival (DoA) 6 and

angular spread A. The number of bins denotes the angular resolution of BS antennas.

[32]as being a 5G key Technology to provide better energy efficiency and spectral efficiency, a realistic
channel model that provide the design and performance requirement is an essential. there is four recent

channel model that are to be listed. Channel model is classified into two main classifications:

correlation based stochastic model(CBSMs)
Geometry based stochastic model (GBSMs)

the following graph provides an overview of the main and sub-categories of the channel model.

Figure 21 Classification of massive MIMO stochastic channel models
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[35] MIMO channel model is very important as mentioned earlier and is the most wanted when it comes
to design and implementation on the application to be used in,some practical channel model is described
briefly as shown in the table below:

Unit 5CM SCME  WINNER Il sul VViNAX IEEE802.11n
Max bandwidth MHz 5 100 100 2:20 2 100
Frequency range GHz 2 26 26 14 211 25

No. of scenarios 3 3 12 & 3 &
Mo, of clusiers G 5 420 0 G 25

Mo. of taps 6 18-24 424 34 <] 1-18

Doppler Spectrum Classical Classical  Classical

Mormmalised Delay spread S 1.2 12 12 0920 2571-10 0-1.05

Path azimuth spread — 25 2 550 NA 23 2
at BS and M$ Degrees 939 939 0 > e
Shadow fading dB 410 410 38 85105 812 36

Standard Classical
Specific assica

(standard deviation)

Table 1. Comparison of standard channel model parameters

[37] MIMO performance is affected directly with the propagation parameters of the MIMO channel
anexcellent study for the propagation parameters that provides a clear picture of the MIMO channel
model has been provided in [37]

the received signal vector y(t) for M receiver Antennas is delivered as:

Y() = [ya(t).yz(t),..... ym(®)]"
Also the transmitted signal through N Transmitting Antennas is given by :
S(t) = [su(t),S2(t),....Sn(t)]

The Received signal Vector Y(t) is related to the Transmitting signal Vector S(t) by:

Y(t) = S()*H(t) + N(t) where N(t) is the additive Gaussian Noise and H(t) is the MIMO radio channel
matrix , then an analysis of the channel matrix H to get the power gain A which is obtained using the
Eigenvalue method. and the Eigenvector

M 22 A3 Aa As.......... ]

Representing the sub-channel connection between the sender and receiver.
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Figure 22. Two antenna arrays in a scattering environment. Representation of an uplink situation.

3 MIMO propagation scenarios are:
1-Uncorrelated Scenario: elements of H are completely de-correlated and the maximum value of the
Eigenvalue is obtained.

Figure 23 Uncorrelated MIMO propagation Scenario

2-Correlated Scenario
In theoccasion of Line of Sight (LOS), elements of H are correlated, then yield a lower number of Eigen
values.
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Figure 24 MIMO Correlated Propagation Scenario
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3-The Pinhole or Keyhole
Signals at both the TX and RX are de-correlated this sounds like having a metallic wall with a hole in its
half that allowing single sub-channel to be created.

Figure 25 MIMO The Pinhole or Keyhole Propagation scenario.

(MIMO) systems has a problem with thecorrelated based system and in [39] an evaluation of MIMO in
correlated Rayleigh system has been evaluated and a study to the bit error rate and nonlinear maximum
likelihood receiver a mathematical based approach has been introduced that provide aunified analysis of
correlated MIMO channel.

scatterer k

///////////

////////

S

Figure 26 Multipath propagation

111 Open research Areas
As Mentioned so many in that rich survey , Massive MIMO is a very important and interesting point of
research and promised technology that is provide a support for all the upcoming technologies in cellular
communication system as 5th generation mobile communication system , Military based application for
aviation and navigation based systems , Radar based systems , Internet of Things loT and Cognitive radio.
in that section | will provide some points that require more work and some that are still not covered:
1-Channel modeling
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Despite there are so many worksin that area, but still it needs more work to be done as stated in the survey
it depends on the field of application,environment, and system.

2-Physical layer design of massive MIMO

Issues related to the antenna size and material used in the fabrication of the material is an issue and still,
need more work

3-Milli-meter Wave

The design of Massive MIMO in such a system require, attention in relation to the design and channel
model

4-coding and processing stage

That is a nonstop research point as long as code developed, and hardware more work will be required
5-Diversity and Multiplexing

Despite it's already implemented but a work still required concerning the speed and efficiency
6-complexity of the transceiver system

More work still required to make it better designed and less complex

7-link layer and the above

More protocols require more work and implementation on the system with a comparative result to the
already deployed mode

8-Pilot contamination

Work still required to provide more and more solutions and alternatives with better result and reliable
solutions.

9-Uplink and Downlink analysis

Some of the key points that are required belong to the channel modeling but is extended here is the
geometry and mathematical modeling of the uplink and downlink along with the relation between
theangle of arrival DOA and angle of departure DOD

10-Massive MIMO in FDD

More work required to deliver a modeling for the system in FDD.

11-system cost
More work is required to provide better management and save of resources.

VI.  Tangential research areas and field of interest.

VIL.

some areas provideideas, or use the massive MIMO to enhance and strength its capabilities and
functionality, they are listed here and they are considered the top listed application for Massive MIMO in
the near future:

1-Cognitive radio

Cognitive radio is an application that arouses from the basic idea of frequency reuse, and its idea is to use
the bandwidth in case of being not used by its native application, and vacate that band when the patriot
user appears to gain it. more and more points of research and applications related to Massive MIMO is
provided here and some of them are

-usage of Massive MIMO in spectrum sharing for thecognitive radio system

-Energy Harvesting using Massive MIMO in cognitive radio

-Massive MIMO for cooperative cognitive radio

-Decontamination of pilot for cognitive Massive MIMO radio system

2-Internet of things

Internet of things is the technology which is considered the natural development of home automation and
control, providing a platform for management and control in an application in your hand that is able to
control and manage appliances inside the home , the vehicle being updated with the traffic and accidents
while driving , patient being tested and examined remotely, ... massive MIMO provide also an aid to the
application and implementation of such a system through the usage of cooperative Massive MIMO for
ISSN: 2233-7857 IJFGCN
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Wireless Sensor Networks WSN and gain the advantages of Massive MIMO for better channel
bandwidth,modeling, and efficiency.

3-5th Mobile generation

One of the well-known technologies that will shape the future is the5th generation of mobile technology
and there is no doubt that it depends on some major aspects of the usage of Massive MIMO systems to
provide better bandwidth,speed, low cost and less power consumption.

4-Radar system

The radar system is used for navigation, aviation, air defense and missile system. using an antenna that
delivers more capability regarding fading and scattering will make the radar system more precise in
detecting objects, and here comes the rule of Massive MIMO that play in aradar system, researcher are
working for modeling of Massive MIMO in radar system in order to be implemented and adapted.

Figure 27 Tangential research areas

Conclusion

Massive MIMO is imperative and essential for the upcoming technologies, there are some issues related
to the Antenna selection process and other related to channel allocation and estimation, all over that page
I have provided a technical review of the most recent and important research papers that address both
areas, moreover an open research point has been stated as well, at the end | have provided some tangential
research areas that may provide a great source of information and expertise.
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