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Novel Analytical Framework for harnessing
Cognitive Radio Resource Optimization in 5G
Networks
Vani B P, R. Sundaraguru

Abstract: The adoption of cognitive radio technology is
characterized by various beneficial characteristics that can
facilitate better spectrum sensing performance in a 5G network
and thereby acting as a boosting element towards a high data
transmission rate. However, it is also characterized by various
challenges that limit the significant development in resource
utilization in 5G. Therefore, this paper introduces a novel and
simplified mechanism that facilitates the 5G network to perform
better in data transmission and its associated quality of it. The
proposed system also performs modeling using practical
constraints associated with the usage of cognitive radio over 5G
networks using a convex optimization approach. The model is
simulated using practical environmental parameters to prove that
the proposed system excels better performance in faster processing
and quality signal in contrast to the existing resource allocation
scheme exercised in 5G networks.
Keywords: Cognitive Radio, Internet of Things, 5G networks
Resource, Cost.

I. INTRODUCTION
5G network is basically meant for supporting the connectivity
among the applications that demand higher data transmission
capabilities [1] [2]. It consists of the transmission and
communication area that ranges in the geographic area called
cells. All the devices of wireless form in 5G cells performs
data transmission with each other using radio waves that are
facilitated by an array of the local antenna as well as
sophisticated transceivers [3]. There is an ongoing study that
discusses the usage of millimeter waves to further improve the
transmission rate in 5G.[4]. It is believed that the adoption of
5G offers supportability towards millions of communication
devices, which offers an appropriate communication bridge in
Internet-of-Things (IoT) networks [5][6]. However, apart
from the beneficial aspect of a 5G network, it has associated
challenges, too [7]. The first challenge is associated with the
usage of the frequency band in 5G networks as there is less
number of higher spectrum band availability.
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The second challenge is associated with the coverage and the
deployment aspect of 5G network as it has a restricted range
of operation. For higher range, beamforming is used for
supporting higher frequency; however, still, the challenges
remain, which are the usage of 5G antenna. The third problem
is associated with building cost and purchasing costs
associated with initial network construction, which is quite
higher. The fourth problem is associated with the
supportability of the device, which is extremely less in present
times. The fifth challenge is associated with security issues in
5G. In the present time, it has been seen that the adoption of
cognitive radio offers a significant advantage to improve the
performance of a 5G network [8]. The biggest capability of
cognitive radio technology is its potential to address the
scarcity problems of the spectrum with the aid of accessing
dynamic spectrum as well as sharing spectrum [9].
Interestingly, this process of cognitive radio technique has
absolutely no dependency on increasing the expenditure of
surplus resources of radio frequencies. It can significantly
control the cost, capital, and overall expenditure. The existing
research trend is basically to ensure that there is a presence of
multiple spectrums with multiple heterogeneous wireless
networks considering multiple attributes of it viz. space,
frequency, time, polarization, etc. There have been various
survey work carried out on the cognitive radio network on 5G,
where various environmental scenarios have been considered
viz. presence of microcells and small cells, ii) presence of
communication system and radar, iii) the presence of different
satellite services, etc. [10]. By including intelligence towards
different types of wireless networks, cognitive radio
technology can offer various beneficial information to the 5G
networks. Moreover, harnessing the capability of the smart
antenna with better beam forming capacity can actually boost
the performance of 5G networks. Apart from this, usage of
Licensed Shared Access over cognitive radio technology
dynamically can facilitate better sharing of spectrum, time,
and frequency. Finally, cognitive radio also assists in
integrating various devices of self-organizing capability that
can be built with more potential to further assists in forming a
network with self-optimized wireless nodes in the 5G
network. However, it is not that simple to incorporate
cognitive radio in the 5G network as it has its own challenges
that are required to be explored and investigated. The biggest
challenging factor associated with the usage of the cognitive
radio over the 5G network is the resource constraint, which is
quite difficult. Hence, the proposed system has introduced a
novel analytical solution that is meant for overcoming the
performance tradeoff associated with resource allocation in a
5G network when cognitive radio is incorporated.
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The organization of the proposed manuscript is as follows:
Section “A” discusses the existing literature where different
techniques are discussed for detection schemes used in 5G
network and cognitive radio technology is briefed, followed
by a discussion of research problems in Section “B” and
proposed solution in “C”. Section II discusses system
implementation along with the backbone strategy used and
algorithm implementation, followed by a discussion of result
analysis in Section III. Finally, the conclusive remarks are
provided in Section IV.

algorithm. Kliks et al. [30] have presented a discussion about
the environmental mapping scheme to present a sophisticated
architecture considering the software-defined network as well
as the virtualization environment. Therefore, it can be seen
that there is various work being carried out towards improving
the 5G networking system where the inclusion of cognitive
radio is proven to be highly helpful. The next section
discusses the open end research challenges associated with
the use of cognitive radio in 5G networks.

A. The Background
This section discusses the existing research work towards the
proper utilization of the resource factor associated with 5G
networks. Most recently, the adoption of cognitive radio has
significantly improved the performance of the 5G network
with respect to its resources. The work of Wang et al. [11] has
considered the usage of artificial intelligence, where the
resource spectrum is targeted to be improved. Another recent
work of Balieiro et al. [12] has a virtual networking system
has been improved for better access using a unique mapping
model. The work of Bega et al. [13] [14] has used a deep
learning approach over a cognitive radio targeted for
predicting the capacity to hold an upcoming traffic system.
Dudin et al. [15] have developed a model for evaluating the
quality of experience by constructing architecture for the
allocation of resources using involuntary services. The work
carried out by Halabian [16] has presented an optimization
concept for resource allocation that is carried out in a
distributed manner. Kakalou et al. [17] have used the concept
of an environmental map of radio considering the
heterogeneous environment for the cognitive radio network.
Khan et al. [18] have used the evidence theory for formulating
effective feature extraction schemes over cognitive radio for
obtaining better spectral efficiency. Liu et al. [19] have used a
wavelet filter to perform optimization for improving the data
transmission rate for the unlicensed user using an intelligent
search algorithm. Thummaluru et al. [20] have used the
concept of MIMO for improving the performance of the
reconfigurable antenna. Yan et al.[21] have used deep
learning as well as a reinforcement learning mechanism in
order to perform the allocation of the resource over the 5G
network. Ali-Tolppa et al. [22] have used a self-organizing
concept in order to perform anomaly detection over 5G
cognitive networks. Bahaei et al. [23] have discussed the
full-duplex concept using cognitive radio over 5G networks.
Kryszkiewicz et al. [24] have also used the environment map
concept for the sharing of spectrum using a contextual
approach. Masek et al. [25] have enhanced the standard
process of licensed Shared access in order to control the
spectrum management system over the 5G network. A similar
form of discussion has also been carried out by Sadreddini et
al. [26], where the mobile network operator concept has been
used for performing the utilization of resources. Xu et al. [27]
have presented a mechanism of spectrum sensing where a
time-varying channel has been used for the cognitive radio
system. The work of Yau et al. [28] has discussed various
schemes assisting in perform of 5G mobile networks and
studied their effectiveness. Zhang et al. [29] have discussed
the spectrum of lean management towards catering up
management of dynamic spectrum using the water-filling

C. The Proposed Solution
The prime purpose of the proposed system is to address the
open research problems briefed in the prior section. The
concept used in the proposed solution is basically an
analytical method that has an explicit design module to
improve the performance of cognitive radio operation when
integrated with a 5G network. The schematic diagram of the
proposed system is as follows:
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System parameters

B. The Research Problem
Significant research problems are as follows:
 The adoption of multiple numbers of cellular structure
and its associated components inclusion was not
significantly studied in 5G networks
 Inclusion of cognitive radio in 5G was found not to
consider a beamforming strategy, which is one of the
significant concepts to be considered.
 The inclusion of a cognitive radio network should be
characterized by various practical constraints
associated with the resources which are not
considered in the existing system.
 The environment of 5G considered in the existing
scheme was found to be implemented using a
controlled environment where flexibility and scope
of the study are significantly required.
Therefore, the problem statement of the proposed study
can be stated as “To develop a cost-effective framework that
can perform simplified resource management considering the
practicality of constraint associated with cognitive radio
usage over-improving spectrum sensing in 5G network”.

Antenna configuration

Binary Coefficient

resources
Constraint

Cut-off
Signal quality

disciplined convex programs

Fine-tuning
parameter

Assess the successful probability
Compute Cost Effective Beam-forming

Fig.1 Proposed Schematic Diagram
The implementation of the proposed study is carried out
considering a different number of the cells in the 5G network.
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The implemented strategy of the allocation of resources is
developed considering the essential characteristics of the
cognitive radio network, which is classified into primary and
secondary users. Fig.1 highlights the scheme of the proposed
system that consists of essential system parameters viz. i)
antenna configuration, ii) binary coefficient, and iii)
constraints. The study considers the constraint of the resource
factor that is required to be allocated to the subcarriers in 5G
networks. These resources factors consider signal quality in
the presence of artifacts and threshold mainly. The proposed
study represents the problem of resource allocation as
non-convex problems that are transformed to convex
programmed for discipline form as a part of the solution. The
study also uses a fine-tuning parameter in order to perform
normalization of traffic. The proposed study finally performs
the evaluation of the success probability for allocating the
resources towards the subcarriers in 5G networks, which is
later followed up by evaluating cost-effective beamforming.
Therefore, the proposed system uses a simplified,
cost-effective mechanism in order to perform resource
allocation while using cognitive radio-based 5G networks.
The next section outlines system implementation.
II. SYSTEM IMPLEMENTATION
In order to develop a comprehensive framework for offering
seamless and quality-oriented data transmission over 5G
networks, the adoption of a cognitive radio system is
essentially beneficial aspect. The proposed system design
emphasizes an effective resource allocation scheme over 5G
networks where devices are considered to be equipped with
cognitive radio. This section discusses the assumptions that
are considered while implementing the following by briefing
of backbone strategy, design implementation, and algorithm
implementation.
A. Assumption Considered
The primary assumption of the proposed system is to consider
the presence of both the multiple numbers of cells of
secondary type as well as primary systems. The center point
of the system is considered as a position for the primary
system, whereas it also consists of primary users as well as the
primary base station. The study considers that secondary
cognitive radio possesses a different number of secondary
cells that are distributed in uniform fashion within the primary
system. There are various numbers of the secondary cells
present in the secondary cognitive radio while it performs the
distribution of the primary system into uniform fashion. The
primary systems are assumed to be asynchronous, and so are
the secondary cells, which is highly practical. Therefore, this
results in interference owing to the leakage of the spectrum in
both the system (secondary and primary). The public sensing
nodes are assumed to assists in the sensing spectrum, while
the synchronization is carried out for secondary cells. The
proposed study assumes the predefined information about the
better possibility of distribution of power, which is followed
by an assignment of subcarrier on the basis of the maximum
interference factor.
B. Backbone Strategy
The proposed system implements the concept of 5G
network-enabled with cognitive radio, which is targeted for
encapsulating multiple forms of services for upcoming times
in mobile networks. The base concept of the proposed study is
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based on the consideration that it is not feasible for the 5G
network to offer high data transmission rate with minimized
delay all the time as well as it is also not feasible to cater up
the dynamically growing demands of the user. Hence, the
proposed system adopts the inclusion of a cognitive radio
network, which is considered to be an appropriate technology
in order to sort out the challenges associated with the scarcity
of quality spectrum in 5G. It is to be known that there are low
efficiencies of utilization associated with the resources of the
spectrum over normal networks. The primary reason for the
adoption of cognitive radio in the proposed system is the fact
that it can successfully prevent wastage of resources
connected to the spectrum considering the temporal domain.
It also targets to increase the cumulative efficiency of the
spectrum associated with the network. Another interesting
fact about the adoption of cognitive radio in the proposed
system is that it can be highly capable of performing an
effective resource allocation to the subcarriers. It is because
there are dual user forms in cognitive enabled 5G
communication viz. primary user and secondary user (also
called cognitive user). When the users are facilitated with
licensed resources of the spectrum and can perform random
data transmission than it is called a primary user. However,
there are no exclusive resources of the spectrum to the
cognitive users in the 5G network. By doing this operation, it
is now possible to perform complete utilization of the
resources of the spectrum that are sensed, and such spectrum
resources normally are facilitated to the primary users.
However, this operation of sensing is only carried out for the
users that are considered to be free, and hence a better degree
of utilization of the resources could be significantly increased
over the 5G networks. The complete study implementation
strategy is towards improving the process of spectrum sensing
as an effective performance of the sensing spectrum is directly
proportional to the complete performance of the cognitive
radio. This directly contributes to the cumulative rate of data
transmission over the 5G network. Therefore, the proposed
study considers the concept associated with spectral leakage,
and therefore, a problem is represented in the form of a
non-linear approach where the idea is to perform the
transformation of the non-convex to convex form. The
proposed system performs an optimization of the allocation of
the resource in the form of power and also performs an
optimal assignment of the subcarrier. The proposed strategy
rejects the possibility of fractional structures while adopting
convex optimization in progressive order in order to ensure
the characteristics of convergence. Therefore, the proposed
study offers analytical modeling, which is meant for
identifying the most sustainable condition for performing the
allocation of resources. The study offers proof that the
adoption of cognitive radio over the 5G network can
significantly enhance the performance of data transmission.
The next section discusses design implementation
C. Design Implementation
The proposed system considers the 5G system that is enabled
with cognitive radio with a single primary system and a
different number of the secondary cell system. The primary
system consists of a base station and users, which is
considered to be positioned at the center of the region. For the
secondary system,

3019

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Novel Analytical Framework for harnessing Cognitive Radio Resource Optimization in 5G Networks
a consistent distribution is carried out nearby to the primary
system, and it consists of various numbers of secondary cells
too.
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PU

Fig.2 Proposed System Model
The complete analysis was carried out considering downlink
transmission where the respective base station forwards the
signal to all users, and any signals that are received from
different base stations are considered as interference. The
model considers one cell allocated for all users. The available
base stations act as an access point for all users while the
receiver/transmitter is connected with one antenna. The
secondary users are allocated with the frequency by the base
station of the secondary system where sub-carriers (free and
occupied) are designed from the complete band of frequency.
The system then evaluates the signal-to-interference noise
ratio considering power on subcarriers within specific cells,
channel gain from the base station (of the secondary system)
to user (secondary) and standard noise (Gaussian white),
interference caused by secondary cells due to asynchronous
data transmission. The study also performs quantification of
interference due to transmission between two systems, while
it is to be noted that all the sub-carriers will give rise to the
interference for the 5G-based communication system. Apart
from this, it should be noted that both OFDM and FBMC are
the best approaches in the 5G communication system;
however, FBMC can be stated to offer better protection
against interference as their leakage of the spectrum is very
less. Therefore, the analysis of interference assists in
assessing the patterns of power dissipation over the
subcarriers. The development of this model consists of
constraint adoption, where three types of constraints.
According to the first constraint, the cumulative cost of
secondary cells is associated with the fact that the cumulative
resource of all subcarriers over all cells should not be more
than threshold power. The second and third constraint is
associated with the accessibility of all subcarrier by individual
unique users. The study considers the concept of optimization
considers the fact that both continuous as well as discrete
attributes could induce increased complexity; moreover ratio
of any function of non-convex to the linear form of the
function is always a structure related to non-convex form. It is
believed that properties of interference from co-channel could
represent all non-convex forms of characteristics. In order to
maximize the performance of data transmission 5G networks,
the proposed system considers that there is a uniform power
distribution, which is followed by the proceedings of
assigning sub-carriers depending upon the higher value of the
signal to interference noise ratio. The proposed system also
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formulates a condition where the selection of subcarriers is
carried out where the preliminary distribution of power is
extracted by assigning the less amount of power over all the
individual subcarriers. The assignments of the subcarriers are
executed until it reaches the state of convergence. Apart from
this, the proposed system considers various forms of
attributes and conditions in order to perform optimization of
the allocation scheme of resources. The next section discusses
the algorithm that is constructed for computing the probability
factor associated with resource allocation so that investigation
can be carried out in a deeper stage.
D. Algorithm Implementation
The core aim of the proposed algorithm is to ensure a better
form of allocation of the resource where the cognitive radio
network plays a significant role in 5G networks. The
algorithm takes the input of constraint factor of resource,
binary coefficient, a configuration of the antenna, the value of
an artifact, and the probability that finally leads to an outcome
of the probability of allocating precise resources for given
traffic as well as beamforming. The step of the algorithm is as
follows:

The brief explanation of the above algorithm is as follows:
After initializing the users and amount of the data to be
forwarded, the algorithm makes use of a convex
optimization-based approach for better formulation of model
mathematically. The algorithm considers three intrinsic
variable beamforming mapping matrix, normalization
attribute of constraint associated with resource, and reduction
attribute of resource consumption. All the mobile users are
considered, and computation is carried out for resources
present in the channel system allocated on the basis of binary
coefficient and antenna coefficient. The real and imaginary
values are extracted from the communication channel that is
allocated, which is further followed by normalization of all
the constraints connected to the resource.
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Upon comparing the normalizing attributed to constraint with
the normalized value of it, the system can offer information
associated with the saturation states.
The non-positive index is used for assigning the numerical
value of the probability factor. The proposed algorithm infers
that the state of the convex program in disciplined form is
non-feasible if the assigned probability value is found to be
higher than 1.
Table.1 Symbol Used
Symbol
α

Meaning
antenna
configuration
binary coefficient

Symbol
γ

θ
ψ

resource constraint
signal
quality
constraint

τ
n

u

number of users

c

fp

fine-tuning parameter

β

ψ

Meaning
cut-off
resource
constraint
signal
quality
constraint
artifact value
quantity of total
transmit cognitive
radio
quantity
of
resource
constraints

III. RESULT ANALYSIS
The proposed logic has been implemented considering 12
subcarriers considering 4-6 numbers of cells and the
equivalent number of users too. The study considers the
channel capacity of 15 kHz, considering the range of the cells
as 2 kilometers. The analysis has been carried out over
MATLAB, where comparative analysis is done with respect
to existing schemes that emphasize resource efficiency, like in
the proposed system. The existing schemes used for
comparison are energy harvesting [31], scheduling approach
[32][33][34], and bio-inspired techniques [35][36].

proposed system offers a better quality of the signal, and also
it takes reduced processing time. The core reason behind this
outcome is that the proposed system carries out dynamic
computing using convex optimization principle towards
better convergence rate that lowers the dependencies towards
network attributes. On the other hand, existing approaches use
too much of the iterative attribute for improving the resource
allocation in the 5G network, and therefore the processing
time shoots up while signal quality degrades. Hence, the
proposed system offers a better balance between good signal
quality and reduced processing time.
IV. CONCLUSION
This paper has presented a discussion about the resource
allocation scheme using cognitive radio technology in 5G
networks. Following are the contribution of the proposed
study: i) A novel analytical scheme capable of boosting the
data transmission rate over 5G networks, ii) Reduced resource
dependencies owing to the usage of convex optimization
scheme, iii) A perfect balance between resource allocation
and transmission efficiency, iv) Proposed system offer higher
signal quality in presence of artifacts in wireless medium and
lower algorithm processing time to prove the reduced
computational complexity associated with it.
REFERENCES

Table.2 Signal quality analysis

Resource allocation schemes
Existing
Scheduling
approaches
using MIMO
Energy
harvesting
Bio-inspired
techniques
Proposed system

Signal quality (Probability)
0.6
0.3
0.47
0.7

Table.3 Processing time comparison

Resource allocation schemes
Existing
Scheduling
approaches
using MIMO
Energy
harvesting
Bio-inspired
techniques
Proposed system

Processing time (Sec)
0.40
0.65
0.58
0.32

The analysis shows that i) energy harvesting scheme [31]
doesn’t offer maximized device connectivity but it supports
peak traffic condition and higher applicability, ii) scheduling
based scheme [32][33][34] offers better supportability to both
peak traffic condition and maximized connectivity of device
but it doesn’t offer higher applicability. Existing bio-inspired
based techniques [35] [36] has similar performance to the
energy harvesting scheme, whereas the proposed system
offers all the supportability towards higher applicability,
higher device connectivity, and also supports peak traffic
condition. The outcome shown in table 2 and 3 shows that the

Retrieval Number: B6655129219/2019©BEIESP
DOI: 10.35940/ijitee.B6655.129219
Journal Website: www.ijitee.org

3021

1. Wang, Yi, Jian Li, Lei Huang, Yao Jing, Andreas Georgakopoulos, and
Panagiotis Demestichas. "5G mobile: Spectrum broadening to
higher-frequency bands to support high data rates." IEEE Vehicular
technology magazine 9, no. 3 (2014): 39-46.
2. Agyapong, Patrick Kwadwo, Mikio Iwamura, Dirk Staehle, Wolfgang
Kiess, and Anass Benjebbour. "Design considerations for a 5G
network architecture." IEEE Communications Magazine 52, no. 11
(2014): 65-75.
3. Curtis, Jeffery, Hongyu Zhou, and Farshid Aryanfar. "A fully
integrated Ka-band front end for 5G transceiver." In 2016 IEEE
MTT-S International Microwave Symposium (IMS), pp. 1-3. IEEE,
2016.
4. MacCartney, George R., Junhong Zhang, Shuai Nie, and Theodore S.
Rappaport. "Path loss models for 5G millimeter wave propagation
channels in urban microcells." In Globecom, pp. 3948-3953. 2013.
5. Palattella, Maria Rita, Mischa Dohler, Alfredo Grieco, Gianluca Rizzo,
Johan Torsner, Thomas Engel, and Latif Ladid. "Internet of things in
the 5G era: Enablers, architecture, and business models." IEEE Journal
on Selected Areas in Communications 34, no. 3 (2016): 510-527.
6. Militano, Leonardo, Giuseppe Araniti, Massimo Condoluci, Ivan
Farris, and Antonio Iera. "Device-to-device communications for 5G
internet of things." EAI Endorsed Trans. Internet Things 1, no. 1
(2015): 1-15.
7. Vani, B. P., and R. Sundaraguru. "Novel Analytical Model for
Resource Allocation Over Cognitive Radio in 5G Networks."
In Proceedings of the Computational Methods in Systems and
Software, pp. 312-321. Springer, Cham, 2019.
8. Hong, Xuemin, Jing Wang, Cheng-Xiang Wang, and Jianghong Shi.
"Cognitive radio in 5G: a perspective on energy-spectral efficiency
tradeoff." IEEE Communications Magazine 52, no. 7 (2014): 46-53.
9. Lin, Siyu, Linghe Kong, Qian Gao, Muhammad Khurram Khan,
Zhangdui Zhong, Xi Jin, and Peng Zeng. "Advanced dynamic channel
access strategy in spectrum sharing 5G systems." IEEE Wireless
Communications 24, no. 5 (2017): 74-80.
10. Vani, B. P., and R. Sundaraguru. "Insights on Significant Implication
on
Research
Approach
for
Enhancing
5G
Network
System." Indonesian Journal of Electrical Engineering and Informatics
(IJEEI) 7, no. 3 (2019): 586-598.
11. Wang, Dan, Bin Song, Dong Chen, and Xiaojiang Du. "Intelligent
cognitive radio in 5G: AI-based hierarchical cognitive cellular
networks." IEEE Wireless Communications 26, no. 3 (2019): 54-61.
12. Balieiro, Andson, Marcos Falcão, and Kelvin Dias. "An Evolutionary
Scheme for Secondary Virtual Networks Mapping onto Cognitive
Radio Substrate." Wireless Communications and Mobile Computing
2019 (2019).

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Novel Analytical Framework for harnessing Cognitive Radio Resource Optimization in 5G Networks
13. Bega, Dario, Marco Gramaglia, Marco Fiore, Albert Banchs, and
Xavier Costa-Perez. "DeepCog: Cognitive Network Management in
Sliced 5G Networks with Deep Learning." In IEEE INFOCOM
2019-IEEE Conference on Computer Communications, pp. 280-288.
IEEE, 2019.
14. Maimó, Lorenzo Fernández, Ángel Luis Perales Gómez, Félix J. García
Clemente, Manuel Gil Pérez, and Gregorio Martínez Pérez. "A
self-adaptive deep learning-based system for anomaly detection in 5G
networks." IEEE Access 6 (2018): 7700-7712.
15. Dudin, Basel, Najah Abu Ali, Ayman Radwan, and Abd-Elhamid M.
Taha. "Resource Allocation with Automated QoE Assessment in
5G/B5G Wireless Systems." IEEE Network 33, no. 4 (2019): 76-81.
16. Halabian, Hassan. "Distributed resource allocation optimization in 5G
virtualized networks." IEEE Journal on Selected Areas in
Communications 37, no. 3 (2019): 627-642.
17. Kakalou, Ioanna, Kostas Psannis, Sotirios K. Goudos, Traianos V.
Yioultsis, Nikolaos V. Kantartzis, and Yutaka Ishibashi. "Radio
Environment Maps for 5G Cognitive Radio Network." In 2019 8th
International Conference on Modern Circuits and Systems
Technologies (MOCAST), pp. 1-4. IEEE, 2019.
18. Khan, Muhammad Sajjad, Junsu Kim, Eung Hyuk Lee, and Su Min
Kim. "An Efficient Contention-Window Based Reporting for Internet
of Things Features in Cognitive Radio Networks." Wireless
Communications and Mobile Computing 2019 (2019).
19. Liu, Miao, Zhenxing Sun, Yan-chang Liu, and Cun Zhao. "The
Optimization Algorithm for CR System Based on Optimal Wavelet
Filter." Wireless Communications and Mobile Computing 2019
(2019).
20. Thummaluru, Sreenath Reddy, Mohammad Ameen, and Raghvendra
Kumar Chaudhary. "Four-Port MIMO Cognitive Radio System for
Mid-Band 5G Applications." IEEE Transactions on Antennas and
Propagation (2019).
21. Yan, Mu, Gang Feng, Jianhong Zhou, Yao Sun, and Ying-Chang
Liang. "Intelligent resource scheduling for 5G radio access network
slicing." IEEE Transactions on Vehicular Technology 68, no. 8 (2019):
7691-7703.
22. Ali-Tolppa, Janne, Szilard Kocsis, Benedek Schultz, Levente Bodrog,
and Marton Kajo. "Self-Healing and Resilience in Future 5G Cognitive
Autonomous Networks." In 2018 ITU Kaleidoscope: Machine
Learning for a 5G Future (ITU K), pp. 1-8. IEEE, 2018.
23. Shikh-Bahaei, Mohammad, Y-S. Choi, and Daesik Hong. "Full-duplex
and cognitive radio networking for the emerging 5G systems."
Wireless Communications and Mobile Computing 2018 (2018).
24. Kryszkiewicz, Paweł, Adrian Kliks, Łukasz Kułacz, Hanna Bogucka,
George P. Koudouridis, and Marcin Dryjański. "Context-based
spectrum sharing in 5G wireless networks based on Radio
Environment Maps." Wireless Communications and Mobile
Computing 2018 (2018).
25. Masek, Pavel, Evgeny Mokrov, Krystof Zeman, Aleksey
Ponomarenko-Timofeev, Alexander Pyattaev, Sergey Nesterov, Sergey
Andreev, Jiri Hosek, Konstantin Samouylov, and Yevgeni
Koucheryavy. "A practical perspective on 5g-ready highly dynamic
spectrum management with lsa." Wireless Communications and
Mobile Computing 2018
26. Sadreddini, Zhaleh, Pavel Masek, Tugrul Cavdar, Aleksandr Ometov,
Jiri Hosek, Irina Gudkova, and Sergey Andreev. "Dynamic resource
sharing in 5g with lsa: Criteria-based management framework."
Wireless Communications and Mobile Computing 2018 (2018).
27. Xu, Tianheng, Honglin Hu, and Mengying Zhang. "Sliced Sensing
System: Toward 5G Cognitive Radio Applications Under Fast
Time-Varying Channels." IEEE Systems Journal 13, no. 2 (2018):
1297-1307.
28. Yau, Kok-Lim Alvin, Junaid Qadir, Celimuge Wu, Muhammad Ali
Imran, and Mee Hong Ling. "Cognition-inspired 5G cellular networks:
A review and the road ahead." IEEE Access 6 (2018): 35072-35090.
29. Zhang, Wensheng, Cheng-Xiang Wang, Xiaohu Ge, and Yunfei Chen.
"Enhanced 5G cognitive radio networks based on spectrum sharing
and spectrum aggregation." IEEE Transactions on Communications
66, no. 12 (2018): 6304-6316.
30. Kliks, Adrian, Leonardo Goratti, and Tao Chen. "REM: Revisiting a
cognitive tool for virtualized 5G networks." In 2016 23rd International
Conference on Telecommunications (ICT), pp. 1-5. IEEE, 2016.
31. G. Liu, M. Sheng, X. Wang, W. Jiao, Y. Li, and J. Li, “Interference
alignment for partially connected downlink MIMO heterogeneous
networks,” IEEE Trans. Commun., vol. 63, no. 2, pp. 551–564, Feb.
2015.
32. M. Benmimoune, E. Driouch, W. Ajib, and D. Massicotte, “Joint
transmit antenna selection and user scheduling for massive MIMO
systems,” in Proc. IEEE Wireless Commun. Netw. Conf. (WCNC’15),
New
33. Orleans, LA, USA, Mar. 9–12, 2015, pp. 381–386.

Retrieval Number: B6655129219/2019©BEIESP
DOI: 10.35940/ijitee.B6655.129219
Journal Website: www.ijitee.org

34. Y. Barayan, I. Kostanic, and K. Rukieh, “Performance with MIMO for
the downlink 3GPP LTE cellular systems,” Univers. J. Commun.
Netw., vol. 2, no. 2, pp. 32–39, 2014.
35. F. Rusek et al., “Scaling up MIMO: Opportunities and challenges with
very large arrays,” IEEE Signal Process. Mag., vol. 30. no. 1, pp.
40–60, Jan. 2013.
36. T. O. Olwal, M. T. Masonta, and F. Mekuria, “Bio-inspired energy and
channel management in distributed wireless multi-radio networks,”
IET Sci. Meas. Technol., vol. 8, no. 6, pp. 380–390, Nov. 2014.
37. T. O. Olwal, B. J. van Wyk, P. O. Kogeda, and F. Mekuria,
“FIREMAN: Foraging-inspired radio communication energy
management in green multi-radio networks,” in Green Networking and
Communications: ICT for Sustainability, S. Khan and J. L. Mauri, Eds.
Boca Raton, FL, USA: Taylor & Francis, CRC Press, 2013, pp. 29–47.

BIOGRAPHY OF AUTHORS
Mrs. Vani B P Completed B.E in E&C (2005) at Alpha
College of Engg. VTU and M.Tech in Digital Electronics
(2011) at SSIT, Tumkur, VTU and doing her research in
5G and cognitive networks under VTU. Overall
Teaching experience is 12 years. The area of research
includes wireless communication and Networking.
Presented papers in National/International conferences
and Guided UG projects.
Dr. R Sundaraguru received AMIE inE&C in 1993,
M.E in Communication systems in 1997 at Thiagarajar
College of Engg. Madurai and Ph.D. in wireless
communication from Anna University Chennai. He is
currently working as Professor and Head in the
department of ECE, Sir MVIT. He has around 3 years of
industrial experience as a service/assistant engineer and
around 21 years in teaching. His area of research
includes wireless communication, Image processing, Networking, VLSI, and
Embedded systems. To his credit, he has published a paper in reputed
International journals and IEEE Conferences, about 7 papers in International
Journal and 15 papers in National and International conferences.

3022

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

