
The problem of integrated cognition devices belongs to a
multi-disciplinary area of advanced 5G and beyond networks.
The multi-disciplinary focusing on cognitive models at Base
Transceiver Stations (BTS) and Mobile Switching Networks
(MSN), such as system architectures, Device Sensors, com-
puting techniques, computation intelligence algorithms, mo-
bile devices, Multiplexing devices, helps to reveal a broader
and deeper understanding of system architecture and signal
processing are part of everyday life and society. Over the past
decades many cognitive architectures have been proposed and
steadily developed, based on different approaches and com-
putational intelligence methodologies for the network up-gra-
dations, but still current cognitive architectures are far from
the goal of covering the requirements for general intelligence
in the area of Advanced networks like 5G and beyond wire/
wireless Networks. Recent research in the area of evolutionary
computational algorithms and genetic programming is used in
this study as an inspiration for developing the new version of
integrated cognitive architecture devices for advanced com-
munication networks are the knowledge applied to the archi-
tecture as well for Industry 4.0 requirements.

A cognitive architecture models and computing algorithms
specifies the underlying infrastructure for an intelligent

communication networks. Briefly, architecture includes those
aspects of developments in Latest BTS, MSN, computing al-
gorithms and Computational intelligent techniques that are
constant over time and across different application domains
like Cognitive Radio Networks, Software Defined Networks
and all wireless Ad hoc Networks. The cognitive devices must
have the capacity typically include, the short-term and long-
termmemories that store content about the user’s information,
nodes information, computational evolutionary algorithms,
and knowledge about data transmission along with the speed
of the Network transmissions. The advanced on chip boards,
Artificial Intelligence, Deep Learning and Machine Learning
models are expecting to give the solutions for the problems
involved in the advanced wireless networks.

This special issue aims to address the various issues on
cognitive architectures, computational intelligence algo-
rithms like Hardware Description Languages, Signal pro-
cessing, Communication devices, Artificial Intelligence
(AI) algorithms, Machine Learning, Deep Learning on
5G and beyond Networks and the papers contributed high
quality theoretical and practical works. The proposed sub-
missions and presentations should be original and unpub-
lished works.
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1 Papers in the special issue

The Special Issue is composed of seven contributions.
Bhawna Chaudhary et al. proposes the immense need for

improving road safety and demand for enhancing the overall
driving experience, the utility of vehicular ad-hoc networks
technology (VANET) becomes well pronounced. But, the ma-
jor setbacks of VANET are centralized architecture and the
lack of privacy-preserving mechanisms. As it is evident,
blockchain technology is gaining attention because of the fea-
tures like decentralization, distributive, cooperative mainte-
nance and non-tampering nature. This paper presents a
decentralized architecture of VANET comprising block chain
technology. The proposed blockchain-based model for
VANET works in four stages: blockchain network initializa-
tion, vehicle registration, pseudonym upload, and blockchain
maintenance. This can efficiently solve the problems emerg-
ing in centralized architectures and helps in resolving trust
issues between the entities. We propose an algorithm for
protecting location privacy and providing anonymity.
Experimental analysis proves that the given architecture per-
forms better than the existing solutions.

Anh-Tu Le et al. focus to implement machine type com-
munications (MTCs) in next generation mobile networks,
Narrowband -Internet of Things (NB- IoT) need be studied.
Such NB- IoT has been released by the third-generation part-
nership project (3GPP) as a promising method to exhibit ex-
tended coverage and low energy consumption, especially for
cheap MTC devices. However, the existing NB- IoT using
orthogonal multiple access (OMA) scheme cannot provide
connectivity for a massive MTC devices. In this paper, we
consider NB- IoT using non-orthogonal multiple access
(NOMA). We find that power allocation factors for devices
in clustering users are necessary to exhibit differences in term
of performance of devices which belong to clustering MTC
devices. The worse situation of imperfect successive interfer-
ence cancellation (SIC) is further studied due to main reason
of degraded system performance. We derive closed-form ex-
pressions of outage probability for devices in a cluster to high-
light main parameters affecting quality of devices. We verify
our mathematical analysis via Monte-Carlo simulations.

Usman Rauf Kamboh et al. describes about the objective of
the study is to consider the foremost high-tech issue of mobile
radio propagation i.e. path loss for an outdoor and indoor
environment for mmWave in a densely populated
area.60[GHz] mmWave is a win-win for the 5th Generation
radio network. Several measurements and simulations are per-
formed using the simulator” Smart Cognitive 3D Ray Tracer
build inMATLAB. Two of the main parameters (pathloss and
received signal strength (RSS)) of the radio propagation are
obtained in this study. To compute the pathloss and RSS, 5G
3GPP mobile propagation model is selected due to its flexi-
bility of scenario and conditions beyond 6GHz frequency. For

indoor simulations, we again chose 5G 3GPP mobile propa-
gation model. It is evident from the recent previous studies
that there is still not enough findings in the ray tracing spe-
cially cognitive 3D ray tracing. The suggested alternative cog-
nitive algorithm here deals with less iterations and effective
use of resources. The conclusions of this work also comprise
that the pathloss is reliant on separation distance of base sta-
tion and receiver. The abovementioned frequency and inter-
connected distance reported here provide better knowledge of
mobile radio channel attributes and can be also used to design
and estimate the performance of the future generation (5G)
mobile networks.

Vivek Gupta et. al focus on wireless communication tech-
nology is used in various applications and therefore the avail-
ability of wireless spectrum is a serious concern. The number
of cellular users is increasing rapidly. The 5G network will be
able to cater to the requirements of the increasing users.
However, the spectrum efficiency needs to be improved.
Cooperative spectrum sensing is being widely used by cogni-
tive radios for utilizing the available spectrum in an efficient
manner. Evolutionary Algorithm based optimization methods
are used in various applications and have proved to be very
efficient. These algorithms can also be used for optimizing the
cooperative spectrum sensing in cognitive radios. In this pa-
per, two methods are proposed for optimal Cooperative
Spectrum Sensing for5G cognitive networks. The optimiza-
tion algorithms are designed using whale optimization algo-
rithm (WOA) and Particle Swarm Optimization (PSO). The
objective is to increase the probability of detection by optimiz-
ing the ‘weighting vector’. In the first method, WOA is used
for cooperative spectrum sensing optimization in cognitive
radios. In the second method, WOA method is improved
using the PSO algorithm. A hybridized WOA-PSO algorithm
is proposed to further improve the probability of detection.
The results obtained are compared with other existing algo-
rithms. The proposedmethods perform better than the existing
methods.

S B Goyal et. al deals with the Spectrum sensing (SS) is a
concept of cognitive radio systems at base transceiver stations
that can find the white space i.e. licensed spectrum owned by
primary users (PU), for transmission over a wireless network
without any channel interference. The cognitive radio network
is designed to overcome the problem of the limited radiofre-
quency spectrum as most of the applications are dependent on
wireless devices in5G. The major concern that arises here is
the detection of spectrum availability. The traditional ap-
proaches can solve this issue but consume a large amount of
time and prior information about PU and spectrum. The ob-
jective of this paper is to give a solution to resolve such issues.
In this paper, we have used the learning capabilities of deep
learning algorithms such as Convolution neural network
(CNN) and Recurrent neural network (RNN) for spectrum
sensing without prior knowledge of PU. The proposed model
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is termed ensemble CNN and RNN (ECRNN) to learn the
features of spectrum data and predict the spectrum availability
at base transceiver stations in 5G. The simulation result of the
ECRNN showed the improvement of accuracy of the system
with a reduction in losses that occurred during the false alarm
of prediction as well as an improvement in the probability of
detection. ECRNN had analyzed PU statistics and result in
better spectrum sensing. This paper also supported multiple
Sus that would increase the speed of spectrum sensing and
data transmission over the available limited spectrum at the
same time.

Wali Ullah Khan et. al proposes a Non-orthogonal multiple
access (NOMA) is expected to play a critical role in heteroge-
neous networks (HetNets) for beyond fifth-generation (5G)
wireless systems. The unrivaled benefits of NOMA along
with the multi-tier architecture of HetNets has the potential
to significantly improve the performance of cellular networks.
Motivated by such possibilities, this article provides a new
resource optimization scheme for efficient cellular device as-
sociation and optimal power control in NOMA-enabled
HetNet. Our objective is to maximize the energy efficiency
of the proposed HetNet while guaranteeing the signal
decoding and minimum rate of each cellular device. The prob-
lem of cellular device association and power control is jointly
formulated as a non-convex optimization. Since the problem
of energy efficiency is coupled with both devise association
and power control, it contains high complexity and, hence, it
is very difficult to obtain the joint solution. To obtain an effi-
cient solution and reduce the complexity, we decouple the
original problem into two subproblems for efficient device
association and optimal power control. For any given power
allocation of base stations (BSs), we first adopt dual theory for
cellular device association, and then a new sequential quadrat-
ic programming (SQP) is employed to calculate the optimal
power control. Later, we also present the benchmark subopti-
mal power control method which is based on Karush-Kuhn-
Tucker conditions. Monte Carlo simulation results unveil that
the proposed NOMA resource optimization scheme in HetNet
can significantly improve the system performance compared
to the benchmark NOMA and orthogonal multiple access
(OMA) schemes.

Haythem Bany Salameh et al. explores his research on
adaptive routing and spectrum assignment protocol for hetero-
geneous Full-duplex (FD) and half-duplex (HD) cognitive
radio (CR) networks. The key design goal of the developed
protocol is to select a path between a source destination pair,
and to optimally assign channels to each hop along the select-
ed path. One main feature of the proposed protocol is that it
takes into account the dynamic activity of Primary Users
(PUs) over radio channels. To that end, radio channels are

characterized in terms of their average availability-time, and
the proposed protocol selects the channels with maximum
availability-time. Another main feature of the proposed proto-
col is considering network heterogeneity, where the connected
devices may have HD or FD transmission capabilities. The
proposed protocol follows a segmentation strategy that relies
on the existence of HD nodes. It choses the path with least
number of path-segments (and hence minimum HD nodes) to
minimize the likelihood of time-shared transmissions, and
hence improves network throughput. Compared to existing
FD-based schemes, simulation results show that the proposed
routing scheme provides considerable enhancement on the
overall network performance.
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